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2.1.2.2 Legal Description of Klamath Falls Area Air Quality Zone Boundaries and Open 
Burning Control Area. 

 
Klamath Falls area has two other boundaries associated with woodstoves and open burning.  The 
Klamath County ordinance defines an Air Quality Zone where controls are placed on 
woodstoves and open burning. This is a larger area than the UGB and is shown in Figure 2 and 
described below. 
 

Figure 2: Klamath Falls Area Air Quality Zone Boundary 
 

 
 
 

Klamath County has developed an air quality zone (AQZ) in an ordinance associated 
with the maintenance plan.  The AQZ encompasses an area larger than the UGB and includes 
subdivisions outside of the major urban center. The Klamath County rules that affect the AQZ 
also affect the UGB and are used when determining the worst-case PM10 season emissions and 
annual emissions for woodstoves and open burning. 
 

Legal Description of the Klamath Falls Air Quality Ordinance Area 
(Air Quality Zone) 

 
Beginning at the Corner common to T.37S.,R.8E., T.37S.,R.9E., T.38S.,R.9E. and 
T.38S.,R.8E.W.M.; thence North along the West Line of Section 31, approximately 
0.5 miles to the West 1/4 corner of Section 31; thence East along the East-West 
center Section line of Sections 31 and 32, approximately 1.5 miles to the N.E. 

AQZ Proposal BoundaryExhibit A
Klamath County

Air Quality Zone (AQZ) Boundary
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Corner of the S.W. 1/4 Section of Section 32; thence South along the North-South 
center Section line of Section 32, T.37S.,R.9E. and Sections 5 and 8, 
T.38S.,R.9E.W.M., approximately 2.5 miles to the North 1/4 Corner of Section 17; 
thence East along the North Line of Section 17, approximately 0.5 miles to the 
N.E. Corner of Section 17; thence South along the East line of Section 17, 
approximately 1.0 mile to the N.W. Corner Section 21; thence East along the 
North line of  Section 21, approximately 1.0 mile to the N.E Corner of Section 21; 
thence North along the West line of Section 15, approximately 1.0 mile to the 
N.W. Corner of Section 15; thence East along the North line of Sections 15 and 
14, approximately 1.5 miles to the North 1/4 Corner of Section 14; thence South 
along the North-South center section line of Section 14, approximately 1.0 mile to 
the South 1/4 Corner of Section 14; thence East along the North line of Sections 
23 and 24, approximately 1.5 miles to the N.E. Corner of Section 24; thence 
South along the East line of Sections 24, 25 and 36, approximately 3.0 miles to 
the N.W. Corner of Section 6, T.39S.,R.10E.W.M.; thence East along the North 
line of Section 6, approximately 0.5 miles to the North 1/4 Corner of Section 6; 
thence South along the North-South centerline of Section 6, approximately 1.0 
miles to the South 1/4 Corner of Section 6; thence East along the North line of 
Sections 7, 8, 9 and 10, approximately 3.0 miles to the North 1/4 Corner of 
Section 10; thence South along the North-South center Section line of Section 10 
and 15 to the intersection with the North Right-of-Way of the abandoned Oregon-
California and Eastern (O.C.&E.) Railroad; thence Northwesterly along the 
North Right-of-Way line to the intersection with the North-South center Section 
line of Section 17; thence South along the North-South center Section line of 
Sections 17, 20 and 29 to the S.E. corner of the N.W. 1/4 of Section 29; thence 
West along the East-West center Section line of Sections 29 and 30, T.39S.,R.10E. 
and Section 25, T.39S.,R.9E.W.M., approximately 2.5 miles to the West 1/4 
Corner of Section 25; thence South along the East line of Section 26, 
approximately 0.5 miles to the S.E. corner of Section 26; thence West along the 
South line of Section 26, approximately 0.7 miles to the intersection with the East 
Right-of-Way of the Union Pacific Railroad; thence Northwesterly along the 
Easterly Right-of-Way line to the intersection with the East-West Center Section 
line of Section 22; thence West along the East-West center Section line of 
Sections 22,21,20 and 19, T.39S.,R.9E. and Sections 24 and 23, 
T.39S.,R.8E.W.M., approximately 5.3 miles to the West 1/4 Corner of Section 23, 
T.39S.,R.8E.W.M.; thence North along the West line of Sections 23 and 14, 
approximately 1.5 miles to the N.W. Corner of Section 14; thence East along the 
North line of Section 14, approximately 0.5 mile to the North 1/4 Corner of 
Section 14; thence North along the North-South center Section Line of Sections 
11 and 2 T.39S.,R.8E. and Section 35 T.38S.,R8E, approximately 2.75 miles to the 
South Right-of-way line of Highway 140; thence Northwesterly along the South 
Right-of-way of Highway 140, approximately 0.25 miles to the intersection of 
Highway 140 and South line of Section 26; thence West along the South Section 
line of Section 26, approximately 0.35 miles to the S.W. Corner of Section 26; 
thence North along the West line of Sections 26 and 23, approximately 1.5 miles 
to the South right-of-way line of Lakeshore Drive; thence Northwesterly along the 
South right-of-way line Lakeshore Drive, approximately 1.0 mile to the South 
right-of-way line of Highway 140; thence Northwesterly along the South Right-of-
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way line of Highway 140, approximately 2.2 miles to the intersection of Highway 
140 and the West Line of Section 8; thence North along the West line of Section 8 
and 5 approximately 1.5 miles to the N.W. Corner of Section 5; thence East along 
the North line of Section 5, 4, 3, and 2, across Klamath Lake, then along the 
North line of Section 1, approximately 5.0 miles to the point of beginning. 

 
Additionally, the Department has specific rules that address open burning for commercial, 

demolition, construction and industrial open burning. These rules are identified for densely 
populated locations in the state as cities over 4,000 people in population and within three miles 
of the corporate city limits of these cities and are termed Open Burning Control Areas. These 
rules are located in 340-264-0100 and summarized below. 
 

Generally areas around the more densely populated locations in the state and valleys 
or basins which restrict atmospheric ventilation are designated open burning control 
areas. The practice of open burning may be more restrictive in open burning control 
areas than in other areas of the state. The specific open burning restrictions 
associated with these Open Burning Control Areas are listed in OAR 340-264-0080 
through 340-264-0200 by county. The Open Burning Control Areas of the eastern 
part of the state are defined as follows: 

 
All areas in or within three miles of the incorporated city limit of all cities with a 
population of 4,000 or more. 

 

2.1.2.3 Klamath Falls Area Transportation Analysis Zone Boundary 

 
The Klamath Falls Area Transportation Boundary is the same as the Urban Growth 

Boundary. 
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SECTION 2.2  SUMMARY OF EMISSIONS DATA 
The summary table of emission data that is presented here includes stationary point 

sources, stationary area sources, non-road mobile sources, and on-road mobile sources.  In the 
following summary figures, the 1996 annual and seasonal stationary point source emission 
values are calculated from the information presented to the Department in the annual reports 
from the individual point sources.  Summary emissions are expressed as graphs in Figures 3, 4, 5 
and 6. 

 

Table 2.2.1 Klamath Falls UGB 1996: Summary of Emissions by Source Type 

 
Source Category Annual 

Emissions (tons) 
Percent  
of Total 

Worst Case Day 
Emissions (Lbs) 

Percent of 
Total 

Point  409 30% 2,516 22% 
Area 419 31% 5,338 46% 

Non-road Engines 81 6% 1,307 11% 
On-Road Mobile 463 34% 2,493 21% 

Total 1,372 100% 11,654 100% 
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Figure 3:  Distribution of Annual PM10   Emissions (Tons/yr) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: The stationary point source emissions represented in Figures 3 and 4 are estimated actuals based on the 1996 
reported values from the annual reports. 

 
 
 

Figure 4:  Percentage of PM10 Annual Emissions for 1996 (Tons/yr) 
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Figure 5:  Distribution of Seasonal PM10 Emissions (Lbs/day) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: The stationary point source emissions represented in Figures 5 and 6 are estimated daily actuals based on the 
1996 reported values from the annual reports. 

 
 
 

Figure 6:  Percentage of PM10 Seasonal Emissions for 1996 (Lbs/day) 
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SECTION 2.3  STATIONARY POINT SOURCES 

2.3.1 Introduction and Scope 

Point sources are defined as stationary industrial sources emitting more than 5 tons per 
year of PM10.  Emission information has been compiled and reported for each applicable 
individual point source within the Klamath Falls UGB.  Sources inside the Klamath Falls UGB 
which emit less than 5 tons per year of PM10 are included in the area source category. Appendix 
A, Table A-1 contains a listing of all point sources considered for this emission inventory. 
 

Significant PM10 Point sources in Klamath Falls UGB and one mile outside the UGB are 
summarized in Table 2.3.1. Detailed emissions data and background data for each point source 
included in this inventory are shown in Appendix A Table A-2 and Table A-3. 
 

2.3.2 Methodology and Approach 

Stationary point source emissions and compliance data for the State of Oregon is 
maintained in a database of permitted sources that includes two major classifications:  (1) A2 
and/or synthetic minor sources emitting 5 to 99 tons per year, and (2) Title V sources emitting 
100 tons or more per year.  Point sources in this database were carefully screened in order to 
select sources located inside or within one grid cell of the Klamath Falls UGB. 
 

Estimates of emissions were made when Oregon Air Contaminant Discharge Permits 
(ACDPs), Synthetic Minor permits, or Title V permits was issued.  In cases where draft Title V 
permits were pending, emission factors that could be reasonably assumed were applied.  
Emission factors used to calculate permitted pollutant levels in the various permit types were 
based on:  1) methods and procedures given in AP-428, 2) the result of detailed local studies or 
experience, 3) source tests, or 4) chemical mass balance calculations. 

 
For this inventory, there were two years of major point source emissions calculated: the 

1996 attainment year and the year 2000.  The second year was calculated because it is the last 
year of complete annual source reports and it accurately reflects the changes that have recently 
occurred with the Klamath Falls industrial point sources. 

2.3.2.1 Annual Emission Calculations 
 

The Emission Inventory Group, Technical Services Section, Air Quality Division of the 
Oregon DEQ reviews these emission factors during the annual update of the emission inventory.  
These emission factors, together with the annual production levels, are used to estimate annual 
emissions.  Data used in the estimates include: emission factors, annual throughput or process 
rate from source submitted annual reports, and operation schedule.  These emissions estimates 
are given in Appendix A of this inventory. 
 

Annual point source emission estimates are calculated and saved in electronic 
spreadsheet format.  Data from the spreadsheets are either manually or electronically entered into 
the DEQ database (ACSIS) for storage and reporting purposes.  Copies of the spreadsheets for 
point sources are provided in Appendix A. 
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According to EPA guidance, rule effectiveness is not required for PM10 emission 

inventories.  As such rule effectiveness was not applied to the Klamath Falls 1996 Attainment 
Year and 2015 Maintenance Year SIP emission inventories. 
 

2.3.2.2 Seasonal Emission Calculations 
To determine typical daily emissions from point sources during the PM10 season, a 

seasonally adjusted activity level had to be found for each source.  The equation for calculating 
typical daily emissions follows: 
 

Typical PM10= Annual Emissions     x __________SAF_____________ 
Season Emissions  (tons/yr)  (# of Activity Days x # Weeks) 
 

The typical annual activity levels in days per week and weeks per year were found in the 
sources’ permits.  Seasonal adjustments of the typical annual activity levels to the PM10 season 
for permitted sources inside the Klamath Falls UGB was performed using permitted operating 
times. 
 

2.3.3 Summary of Stationary Point Source Emissions 

Stationary point source 1996 emissions have been summarized by firm and by category 
in Table 2.3.2.  The recalculated year 2000 emissions are presented in Table 2.3.3.  Table 2.3.1 
summarizes the annual, and worst-case day point source emissions and includes information on 
daily, weekly, and yearly activity.  

 
Figures 7 – 10 summarize the estimated actual annual and typical day emissions 

calculated from the 1996 activity level submitted by each individual point source in their annual 
report to the department.  To simplify the percent contribution pie charts, sources with 1% or less 
of the emissions were not labeled. 
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POINT SOURCE SUMMARIES 

Table 2.3.1:  Klamath Falls UGB:  Summary of 1996 Point Source Emissions 

 

Source Description Permit #

PM10 Daily 
Activity 

(Hrs/day)
PM10 Activity 

(Day/week)
PM10 Activity 

(Weeks/yr)

PM10 

Estimated 
Actual Annual 

Emissions 
(tons/yr)

PM10 Season 
Worst Case 

Day  
Emissions 
(lbs/day)

Jeld-Wen, Inc. 18-0006 16 - 24 5 - 7 49 - 50 47.6 439.4
Collins Products,  LLC 18-0013 22 - 23 7 48 - 51 244.2 2,666.4
Columbia Forest Products 18-0014 (1) 24 7 51 108.2 712.4
Klamath Veneer,  Inc. 18-0023 24 7 46 7.8 107.1
Klamath Pacific Corporation 18-0074 12 NA NA 0.8 144.0
Aqua Glass West 18-0093 17 5 45 0.6 44.8

Category Subtotal 409.2 4,114.1

Point Source Total 409.2 4,114.1

Notes

NA is Not available

1)  Columbia Forest Products has worst case day emissions that calculated lower than typical day emissions due to changes that occurred in the permit. The calculation 
methodology used to estimate Typical Day and WCD is the same as the other point sources but those changes produced this anomaly. Therefore, for this source the 
WCD is set equal to the Typical Day.
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Table 2.3.2:  Klamath Falls UGB:  Summary of 1996 Point Source Emissions by Firm 

 

 
 
 
 
 
 
 

Source Description Permit #

PM10 Estimated 
Actual Annual 

Emissions (tons/yr)
PSEL 

(tons/yr)

PM10 Season 
Typical Day 
Estimated 

Actual 
Emissions 
(lbs/day)

PM10 Season 
Worst Case Day 

Emissions 
(lbs/day)

Jeld-Wen, Inc. 18-0006 47.6 57.6 297.2 439.4
Collins Products, LLC 18-0013 244.2 371.1 1,383.7 2,666.4
Columbia Forest Products 18-0014 (1) 108.2 98.0 712.4 712.4
Klamath Veneer, Inc. 18-0023 7.8 17.4 48.2 107.1
Klamath Pacific Corporation 18-0074 0.8 4.9 68.9 144.0
Aqua Glass West 18-0093 0.6 4.9 5.2 44.8

Category Subtotal 409.2 553.9 2,515.7 4,114.1

Point Source Total 409.2 553.9 2,515.7 4,114.1

Notes:

1)  Columbia Forest Products has worst case day emissions that calculated lower than typical day emissions due to changes that occurred in the permit. 
The calculation methodology used to estimate Typical Day and WCD is the same as the other point sources but those changes produced this anomaly. 
Therefore, for this source the WCD is set equal to the Typical Day.
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Table 2.3.3:  Klamath Falls UGB:  Summary of 2000 Point Source Emissions by Firm 

 
 
 
 
 

Source Description Permit #

PM10 PSEL 
Annual 

Emissions 
(tons/yr)

PM10 Estimated 
Actual Annual 

Emissions 
(tons/yr)

PM10 Season Typical 
Day Estimated 

Actual Emissions 
(lbs/day)

PM10 Season 
Worst Case Day 
Estimated PSEL 

Emissions 
(lbs/day)

Jeld-Wen, Inc. 18-0006 59 41.6 272.6 445.3
Collins Products, LLC (1) 18-0013 406 216.9 926.4 2,811.4
Columbia Forest Products 18-0014 98 66.3 370.7 658.2
Klamath Veneer, Inc. (3) 18-0023 12 0.0 0.0 0.0
Klamath Pacific Corporation 18-0074 3 0.8 69.9 86.4
Aqua Glass West (2) 18-0093 1.8 1.7 14.9 14.9

Category Subtotal 327.3 1,654.5 4,016.3

Point Source Total 327.3 1,654.5 4,016.3

Notes:
1)  In 2001 Collins Products has 152 Tons of Unassigned PSEL and Credits which must be used by 2007.
    Calculation for determining daily PSEL from Credits is 152 Tons *2000 lb/t /365 days per year
2)  For this source the calculated WCD is less than the Typical day due to changes that occurred in the permit so for this inventory, 
    the WCD is assigned to be equal to the higher Typical day value.
3)  Klamath Veneer did not operate in the year 2000



 

Oregon 1996 Klamath Falls UGB PM10 Attainment Year & 2015 Maintenance Year SIP Emission Inventories 
 

 
22 

Figure 7:  Distribution of Annual Point Source PM10 Emissions, 1996 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Note: In Figures 7 and 8, these Stationary Point Source emissions are estimated actuals. 

 
 

Figure 8:  Percentage of Annual Point Source PM10 Emissions, 1996 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Note: Sources with estimated emissions of 0% were not labeled for chart simplicity 
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Figure 9:  Distribution of Seasonal Daily Point Source PM10 Emissions, 1996 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Note: In Figures 9 and 10, these Stationary Point Source emissions are estimated actuals. 

 
Figure 10: Percentage of Seasonal Daily Point Source PM10 Emissions, 1996 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Note: Sources with estimated emissions of 0% were not labeled for chart simplicity 
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SECTION 2.4  STATIONARY AREA SOURCES 

2.4.1  Introduction and Scope 

This section describes the development of the emissions inventory for stationary area 
source in the Klamath Falls UGB for the 1996 PM10 Attainment Year.  Area sources included in 
this inventory are stationary and collectively represent relatively small and numerous individual 
sources. Included in the area source category are four groups of distinct area source emission 
contributors: waste disposal, treatment and recovery (including residential , industrial, and 
commercial open burning); small stationary fuel and wood use (including residential, industrial, 
and commercial combustion); small point sources (industrial point sources with PM10 plant site 
emission limits (PSEL) less than 5 tons per year); and miscellaneous sources (forest fires, 
structural fires, slash burning, and commercial food preparation).  

 
 Table 2.4.1 lists the procedures used to develop the emission estimates for the various 
categories of area source PM10 emissions included in the Klamath Falls UGB inventory. 
Estimated emissions represented in this inventory occur on an annual basis and on a worst-case 
day during the four month PM10 season of January, February, November, and December of 1996.  

2.4.2  Methodology and Approach 

2.4.2.1 Source Category Identification 
 

Discussion of guidance documents and broad methodology used to calculate stationary 
area source emissions can be found in Part 1.  The list of stationary area sources included in the 
inventory was based on the EPA Procedures Document2 and the PM10 Emission Inventory 
Requirements68.  These area sources were compared to sources evaluated in the 1996 Klamath 
Falls CO Maintenance Plan487 and the Medford 1998 Base Year Emission Inventory486, and the 
annual inventory of point source categories. 
 

Emission factors were taken from the EPA Procedures Document2, the SCC’s and 
Emission Factors25, the Compilation of Air Pollution Emission Factors (AP-42)8, various EPA 
Surveys, and local studies conducted by the Oregon Department of Environmental Quality or 
environmental consulting firms.  Any errors in estimated emissions could occur in the multiplier 
values used, in the accuracy of calculations, or in mistakes in the construction of equations.  
Therefore, estimated emissions were checked for reasonableness by a number of approaches:  1) 
using alternative multiplier values when possible; 2) comparing estimates with the results of 
earlier area source inventories; and 3) performing independent checks on the accuracy of the 
multiplier values, the methodologies, and the emission calculations. 
 

Seasonal activity factors were taken from the EPA Procedures Document2 or were 
derived by DEQ and based upon season specific activity levels.  
 
2.4.2.2 Prevention of Double Counting 
 

Special care was taken to prevent double counting of emissions and emission sources 
associated with area and point sources. Area sources were first reviewed to identify categories 
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already counted in the point source inventory. Industrial open burning was not included with 
point sources because it is generally illegal under Oregon rules and would only occur outside of 
a company's permitted and reported activities.  
 

2.4.3  Summary of Stationary Area Source Emissions 

A summary of the stationary area source inventory is shown in Table 2.4.2 for the major 
area source categories.  Annual emissions and daily emissions, adjusted for activity during the 
PM10 season, are shown. Summary area source emissions are expressed as graphs in Figures 11 
through 15. 
 

2.4.4  Discussion of Area Source Categories 

Each of the major area source categories, as shown in Tables 2.4.1 and 2.4.2, is 
comprised of area source types.  Detailed descriptions of the emission estimation process for 
these categories are provided in Tables 2.4.3 through 2.4.21. Discussion of data sources, 
emission factors, seasonal adjustment factors, and activity levels which effect the area source are 
included for each area source type.  Applicable state regulations affecting a specific area source 
emission category are included in the notes on each category summary table. The following 
sections describe these major categories; subsections corresponding to individual area source 
types are included. 
 

2.4.4.1  Waste Disposal, Treatment, and Recovery 
This category includes disposal, treatment, recovery and clean-up of solid and liquid 

wastes by incineration and open burning.  It also includes waste material disposal from 
industrial, commercial / institutional, and residential sources in open outdoor fires, burn barrels 
or incinerators which do not meet DEQ emission limits, or burn in a manner in which 
combustion air is not effectively controlled and combustion products do not vent through a stack 
or chimney. 

 
 

2.4.4.1.1 Commercial / Institutional On-Site Incineration 
This category consists of the disposal of solid waste, infectious waste, or crematory 

incinerator waste from industrial and commercial/institutional sources by combustion.  
Combustion occurs in a structure or furnace for the purpose of reduction in volume or weight of 
the waste material. The main type of Commercial Incineration is crematory incinerators or 
crematoriums, human and animal. There are four such sources in Klamath Falls UGB. Each 
source has an air quality permit issued by DEQ and emissions are relatively low due to the 
requirements of the state. Emissions are calculated based on permit emission estimates, using 
available source test data to determine emission factors and hours per day, month or year to 
calculate daily or annual emissions from these facilities. Methodology, information sources, and 
a summary of estimated emissions from commercial and institutional incineration are shown in 
Table 2.4.8. 
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2.4.4.1.2 Commercial / Institutional Open Burning 
 

Commercial open burning is prohibited throughout Klamath County except by special 
letter permit issued by a DEQ Eastern Region Office.  Construction and demolition open burning 
is prohibited in Klamath County within special control areas and allowed outside of special 
control areas as defined by DEQ rules.  The Klamath Falls UGB, however, falls within a burn 
ban area for the city limits and a restrictive ordinance within the urban growth boundary outside 
the city limits.  Applicable state regulations are from 340-264-0010, 0020, 0030, 0040, 0050, 
0060, 0070, 0080, 0100, 0180 (effective date 10-14-1999). 

 
Emissions for commercial open burning were calculated by assessing the estimated 

quantity of legal and illegal burns within the Klamath Falls UGB.  Due to the current burn ban 
standards, legal open burning is not allowed within the UGB, therefore, the emissions 
represented in the Commercial Open Burning Category are associated directly with illegal open 
burning activity.  Details of the procedure are explained in Table 2.4.10 and Appendix B, Tables 
B-8a through B-8c.  The emission factors are from AP-42, Table 2.5-18, and are an average of 
the factors for open burning of refuse.  Commercial open burning activity is taken from the EPA 
guidance document Procedures for the Preparation of Emission Inventories for Carbon 
Monoxide and Precursors of Ozone2 and occurs 7 days per week, 52 weeks per year.  A DEQ 
calculated seasonal adjustment factor (1.0) is used which reflects a uniform application of illegal 
open burning on an annual basis. 

 
Methodology, information sources, and a summary of estimated emissions from 

commercial open burning are shown in Table 2.4.10. 
 

2.4.4.1.3 Industrial Open Burning  
 

Industrial open burning is prohibited throughout Klamath County counties except by 
special letter (hardship) permit issued by DEQ Eastern Region Office.  DEQ permit tracking 
does not indicate if the hardship burn permit is issued for residential, commercial, or industrial 
purpose, however.  Emissions were calculated by allocating the employee population in SIC 
groups 20 - 39 to the Klamath Falls UGB.  Data on UGB employment was developed by 
Klamath Falls City Planner Cameron Gloss (Ref. 333).  The loading factor of 160 tons/1,000 
employees for industrial open burning is based on the value provided in the EPA Procedures 
Document2, Table 4.6-2.  The emission factors are from AP-42, Table 2.5-18 and are an average 
of the factors for open burning of wood and refuse.   

 
 Industrial open burning is assumed to occur 7 days per week, 52 weeks per year.  A 

DEQ calculated seasonal adjustment factor (1.0) is used which reflects a uniform application of 
illegal open burning on an annual basis.  
 

Methodology, information sources, and a summary of estimated emissions from 
industrial open burning are shown in Table 2.4.9. 
 

2.4.4.1.4 Residential Open (Backyard) Burning 
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Residential open burning is prohibited inside the Klamath Falls city limits during PM10 
season and is restricted in the rural Klamath Falls UGB. For outside the city limits of Klamath Falls,  
but inside the UGB, the Klamath County Fire District #1 and Environmental Health Department 
prohibits residential open burning during fire season, typically July 1 through mid-October. Permits 
are issued for residential open burning in rural parts of the Klamath Falls UGB on days outside the 
fire season when the woodstove advisory is green. Open burning is also banned on yellow and red 
days regulated by the Klamath County Health Department during the wood stove curtailment 
season, usually during October  - February.  
 

Methodology, information sources, and a summary of estimated emissions from 
residential open burning are shown in Table 2.4.11. 
 
Legal Burning 

 
PM10 emissions were estimated by distinguishing between legal and illegal burning.  In 

Klamath Falls, there are two areas of importance when dealing with open burning.  The smaller area 
is comprised of the city limits.  Inside the city limits the populace needs a permit to burn material 
during the times of the year when burning is allowed.  The second area of concern is the urban 
growth boundary (UGB).  Outside the city limits, but in the UGB, residents can burn any non-
garbage items without a permit as long as the "pile" is smaller than 4' x 6'.  The tons of legally burnt 
material inside the city limits was estimated by acquiring the number of open burning permits issued 
by Klamath County Fire District #1 and from the Environmental Health Department (ref 335).  The 
permits are issued on an annual basis and each permit is assumed to be used one time in the spring 
and once in the fall equaling 2 burns per permit issued.  The amount burned out of the city but in the 
UGB was estimated by using a per capita open burning rate of 450 tons/1000 people from the EPA 
guidance document Procedures for the Preparation of Emission Inventories for Carbon Monoxide 
and Precursors of Ozone2.  The size of the burn piles is assumed to be the legal limit described on 
the permit application.  The type of material burned in each instance was estimated by reviewing the 
illegal burn violation reports for incidences whose only violation was burning on yellow or red days 
(no prohibited material burned).  Using these pile composition reports gave an indication of what 
types of materials and how much of each type comprise the legal burn piles.  The pile size is then 
multiplied by material specific density values to obtain the total weight per burn.  The number of 
tons of each type of material (leaves, wood, and brush) burned can then be calculated.  The tons of 
each material burned are then multiplied by material specific emission factors from EPA guidance 
documents to determine the total legal emissions.  For example, to calculate the annual emissions 
from brush, the equation is: 
 

issued permits * factor * %  brush * pile size * density brush pile = amount brush burned. 
 

amount of brush burned * brush emission factor = PM10 emissions. 
 
The ‘% brush’ refers to the relative percentage of material burned that is brush.  The other legal 
materials considered are wood and leaves/grass.  Because residential open burning is prohibited 
during the PM10 season, there will be no typical or worst case day emissions from legal burning. 
 
Illegal Burning 

PM10 emissions from illegal burning were estimated by obtaining the number of residential 
open burning violations in the Klamath Falls area reported by the KCFD #1 (Ref 335).  It was 
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assumed that 90% of the violations occurred in the UGB based on DEQ Eastern Region 
observations.  These 90% were divided into two parts, 47% in the city limits and 53% outside the 
city limits but in the UGB based on the similar population split.  The amount of material in each of 
these burns was then calculated with the same process as the legal burning except with the 
introduction of a garbage percentage and requisite emission factor.  In addition, the weight per burn 
also increased 50% because pile size is one of the main criteria making these burns illegal.  To 
calculate the annual emissions for garbage, the equation is: 
 

Reported Violations * % Garbage burned * Factor * avg.  Pile Size * density Garbage pile = amount garbage burned. 
Amount of garbage burned * Garbage Emission Factor = PM10 emissions. 

 
The ‘% garbage’ refers to the relative percentage of illegal material burned.  Some of the otherwise 
legal material was burned out of season, in a prohibited area, in too large a pile, or when the day was 
considered a yellow or red day resulting in the violation.  The amount contributed by these other 
materials was calculated by replacing the % garbage with the correct percentage for the wood, brush, 
or grass/leaves. 

  
 

2.4.4.2  Small Stationary Fuel and Wood Use 
This category includes small furnaces, heaters, heating units, and cooking devices, which 

produce emissions less than 5 tons per year.  Four main types of fuel are used within the Klamath 
Falls UGB by industrial, commercial/institutional, and residential sources: fuel oils, natural gas, 
liquefied petroleum gas (LPG), and wood. Wood fuel use is only evaluated for residential 
sources where it is primarily used in fireplaces, wood stoves, furnaces, and in rare cases for 
cooking.  To accurately reflect the industrial fuel oil use, the amount of fuel use by the permitted 
Title V and ACDP sources is not included here.  This area source calculation includes only the 
small non-permitted industrial and commercial sources where fuel oil use is primarily for space 
heating purposes. 
 
 
 
 

2.4.4.2.1  Fuel Oil Combustion  
 
Fuel oil emissions from industrial and commercial sources are from fuel consumption in 

large or small boilers, furnaces, heaters, and other heating devices.  Residential fuel oil emission 
sources are primarily from fuel consumption in furnaces, heaters, and other heating devices.  For 
this inventory, industrial and commercial fuel oil consumption includes residual oil, distillate oil, 
and kerosene use; residential fuel oil consumption includes distillate and kerosene use only. 
 

Fuel oil use emissions estimates are based on the U.S. Department of Energy/Energy 
Information Administration document State Energy Data Report: Consumption Estimates, 1960-
1999343, population data333, and County Business Patterns334.  Fuel oil use estimates for 
industrial sources have been adjusted by proportioning Klamath Falls UGB SIC group 20 - 39 
employee population (Appendix B, Table B-5) to state-wide SIC group 20 - 39 employee 
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population and applying the ratio to state-wide industrial fuel oil use; industrial fuel oil 
consumption estimates are summarized in Appendix B, Table B-5.  Fuel oil use estimates for 
commercial sources have been adjusted by proportioning county-wide SIC group 50 - 99 
employee population to state-wide SIC group 50 - 99 employee population and applying the ratio 
to state-wide commercial fuel oil use; commercial fuel oil consumption estimates are 
summarized in Appendix B, Table B-5. 
 

These estimates assume that a portion of the commercial and industrial activity within 
Klamath County occurs within the UGB.  Industrial and commercial fuel oil use in this category 
is assumed to be used for space heating for employees working in a facility.  Oregon DEQ Air 
Contaminant Discharge Permits (ACDPs) are issued based on process related emissions only.  
Facilities that are included in the point source inventory report total fuel oil use on an annual 
basis as part of the ACDP requirements.  For this inventory the fuel oil use reported in the ACDP 
is assumed to be used for processes related purposes: not for space heating or other uses.  
Emission factors for industrial and commercial sources are from the supplemental Short List of 
AMS SCC's and Emission Factors25 and AP-42, Tables 1.3-5,6, & 78 with the exception of the 
emission factors for industrial distillate fuel oil which are assumed to be the same as those for 
commercial distillate fuel oil.  Seasonal adjustment factors and activity levels are taken from the 
EPA Procedures Document2, Table 5.8-1. 
 

Fuel oil use emissions estimates for residential sources are calculated using State Energy 
Data Report:  Consumption Estimates, 1960-1999343 and population data333.  Population 
estimates can be found in Appendix B, Table B-5.  Fuel oil use estimates for residential sources 
have been adjusted by proportioning Klamath Falls UGB housing units using fuel oil to state-
wide housing units using fuel oil and applying the ratio to state-wide residential fuel oil use; 
residential fuel oil consumption estimates are summarized in Appendix B, Table B-5. Emission 
factors are from the supplemental Short List of AMS SCC's and Emission Factors25 and AP-42, 
Table 1.3-18.  Seasonal adjustment factors and activity levels are taken from the EPA Procedures 
Document2, Table 5.8-1.  A summary of the emissions estimates and assumptions for fuel oil use 
are shown in Table 2.4.3. 
 

2.4.4.2.2  Natural Gas and Liquefied Gas Combustion 
 
Emissions from industrial and commercial sources are primarily from natural gas and 

liquefied petroleum gas (LPG) fuel consumption in large or small boilers, furnaces, heaters, and 
other heating devices. Emissions from residential sources are primarily from natural gas and 
LPG fuel consumption in furnaces, heaters, and other heating devices. 

 
Natural Gas and LPG consumption by industrial, commercial, and residential sources was 

estimated using data from the State Energy Data Report: Consumption Estimates, 1960-1999343, 
population estimates for Oregon333, and County Business Patterns334.  Natural gas and LPG fuel 
use estimates for industrial sources have been adjusted by proportioning Klamath Falls UGB SIC 
group 20 - 39 employee population (Appendix B, Table B-5) to state-wide SIC group 20 - 39 
employee population and applying the ratio to state-wide industrial natural gas and LPG fuel use; 
industrial natural gas and LPG fuel consumption estimates are summarized in Appendix B, Table 
B-5.  Natural gas and LPG fuel use estimates for commercial sources have been adjusted by 
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proportioning Klamath Falls UGB SIC group 50 - 99 employee population (Appendix B, Table 
B-5) to state-wide SIC group 50 - 99 employee population and applying the ratio to state-wide 
commercial natural gas and LPG fuel use; commercial natural gas and LPG fuel consumption 
estimates are summarized in Appendix B, Table B-5.  Industrial and commercial natural gas and 
LPG fuel use in this category is assumed to be used for space heating for employees working in a 
facility.  Oregon DEQ Air Contaminant Discharge Permits (ACDP) are issued based on process 
related emissions only.  Facilities that are included in the point source inventory provide reports 
on total natural gas and LPG fuel use on an annual basis as part of the ACDP requirements.  For 
this inventory the natural gas or LPG fuel use in these ACDP reports is assumed to be used for 
processes related purposes and is included in the point source inventory, not for space heating or 
other uses.  Emission factors for industrial and commercial sources are from AP-42, Tables 1.4-
5,6 & 78, for uncontrolled small industrial boilers.  The emission factor for residential LPG use is 
from the supplemental Short List of AMS SCC’s and Emission Factors25 for area sources, 
because AP-42 does not list residential LPG emission factors.  Seasonal adjustment factors and 
activity levels are taken from the EPA Procedures Document2, Table 5.8-1. 

 
Natural gas and LPG fuel use emission estimates for residential sources are calculated 

using State Energy Data Report: Consumption Estimates, 1960-1999343 and population data333.  
Population estimates can be found in Appendix B, Table B-1.  Natural gas and LPG fuel use 
estimates for residential sources have been adjusted by proportioning county-wide housing units 
using natural gas and LPG fuels to state-wide housing units using natural gas and LPG fuels and 
applying the ratio to state-wide residential natural gas and LPG fuel use.  Estimates are 
summarized in Appendix B, Table B-5. This method was chosen due to the lack of specific 
information for natural gas and LPG fuel heating devices in the Klamath Falls UGB and the low 
PM10 emissions generated from natural gas and LPG. Emission factors are from AP-42, Tables 
1.4-5,6 & 78, for uncontrolled small industrial boilers, commercial boilers, and residential 
furnaces.  Seasonal adjustment factors and activity levels are taken from the EPA Procedures 
Document2, Table 5.8-1. 

 
A summary of the emissions estimates and assumptions for natural gas and LPG fuel use 

are shown on Table 2.4.4 and on Table 2.4.5 respectively. 
 

2.4.4.2.3 Residential Wood Combustion 
 

Wood is an important residential space-heating source in Oregon.  As a heating source, 
wood contributes a significant percentage of pollutants to the airshed when compared to fuel oil 
and natural gas.  Because the PM10 season in Klamath Falls occurs during the winter months 
when residential wood combustion is at its height, emissions from residential wood burning are 
considered to be significant. 
 

Information on wood use for the Klamath Falls UGB was taken from the results of a 
wood heating survey conducted within the Klamath Falls area in 1992 - 1993 and covers 
estimated usage during the 1993 heating season. Similar information was collected for the 1999 
heating season. These surveys provided DEQ with information on the percentage of homes in the 
Klamath Falls UGB that used wood stoves and fireplaces, and an estimate of the average number 
of cords burned during the 1993 and 1999 heating season in wood stoves and fireplaces. Survey 



 

Oregon 1996 Klamath Falls UGB PM10 Attainment Year & 2015 Maintenance Year SIP Emission Inventories 
 

 
32 

data was restricted to reflect data for Klamath Falls zip codes only in order to more closely 
characterize the wood burning activity within the UGB. The Klamath County Environmental Health 
Division - Air Quality, which implements the wood-burning ordinance, supplied additional 
information. Because the public is generally unable to ascertain what type of emission control their 
wood stove utilizes, the survey results for certified wood stoves was adjusted to represent a 25% 
catalytic to 75% non-catalytic stove mix. This conclusion allows the use of different emission factors 
for catalytic and non-catalytic stoves. The PM10 emissions from certified stoves, non-certified 
stoves, and fireplaces was then summed to give the total PM10 emissions for the residential wood 
heating category. 
 

The average number of cords burned during the 1996 calendar year was estimated by 
multiplying the 1992-1993 cords burned values by the ratio of 1993 Heating Degree Days to 1996 
Heating Degree Days.  Because the survey year was not the same as the inventory year the relative 
use of woodstoves were averaged between 1993 survey data and 1999 survey data.  Survey results 
also provided information on wood types burned and allowed a wood density adjustment to be made 
to determine the tons of wood burned.  The number of wood stoves and fireplaces used in 1993/1999 
was estimated by multiplying the percentages of wood stoves and fireplaces obtained from the 
1993/1999 wood heating season by the estimated occupied housing units in the Klamath Falls UGB 
in 1996.  The number of occupied housing units was then multiplied by the average number of cords 
burned per device to give the total number of cords burned. The weight of a typical cord of wood 
used survey result information on the species of wood burned and EPA wood density information to 
determine the tons/typical cord burned.  The total cords burned by device were multiplied by the 
tons/cord to give the total wood burned by each device.  Finally a PM10 emission factor based upon 
the type of wood burning device was applied to determine PM10 emissions from the burning of wood 
in wood stoves, pellet stoves, and fireplaces.  Seasonal adjustment of annual emissions to a typical 
day was based upon EPA seasonal adjustment factor methodology and was based upon a Heating 
Degree Day ratio of maximum 1996 HDD during the PM10 season to 1996 average HDD. 
 

Example calculations are included on individual spreadsheets.  Detailed information 
about data sources, assumptions, and calculations are shown in Table 2.4.6, Appendix B, Tables 
B-1, B-2, B-3a&b and B-9. 
 

2.4.4.3 Small Stationary Point Sources 
 

Emissions from small point sources include permitted stationary point sources within the 
Klamath Falls UGB, which emit less than 5 tons/year PM10 according to their PSEL.  Emissions are 
estimated as actual emissions for 1996 and determined by the current ACDP review report and 
annual report for 1996.  Seasonal adjustments were assumed to be uniform (1), and activity was 
assumed to be 1-7 days/week depending upon the source. 

Methodology, information sources, and a summary of estimated emissions from these small 
point sources are shown in Table 2.4.14.   
 

2.4.4.4 Miscellaneous Area Sources 
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The area sources described in this section are combustion sources and may result from 
anthropogenic activity or natural causes. Source types include forest wildfires, prescribed 
burning, structural fires, agricultural field burning and commercial food preparation. 

These sources contribute to air pollutant levels which may be intermittent in nature or 
may be the result from forestry activity.  Intermittent emission sources include forest wild fires 
and structural fires.  Emission sources from forest activity include slash burning from logging or 
land clearing activities.  Prescribed burning designed for forest health or wildlife habitat 
enhancement is included as an element of slash burning. Emission factors used for each source 
category are identified by AP-42 or other appropriate source.   

 

2.4.4.4.1 Forest Wildfires 
Forest wild fires are uncommon in the Klamath Falls UGB portion of Klamath County.  

Mike Ziolko of the Oregon Department of Forestry (ODF) in Salem provides 1996 region-wide 
data for the amount of smoke generated from forest fires (Ref. 476). Ziolko provided total 
suspended particulate matter emissions from wildfire and an estimate of PM10 emissions in the 
Klamath-Lake Fire Protection District administered by the Department of Forestry. He also 
provided a ton per acre fuel usage and a total acreage in the Klamath-Lake Fire Protection 
district. Using USGS maps and comments from state fire officials, the district-wide values were 
adjusted to estimate the incidence of wildfires occurring within, or in areas adjacent to, the 
Klamath Falls UGB. Since most of the lands in the Klamath-Lake Fire Protection District are to 
the North and East of Klamath Falls and the prevailing winds are from the southwest, it was 
assumed the impact to the Urban Growth Boundary would be 50% (or less) of the regional 
smoke impact from the district. 

 
There are no recent studies examining fuel load and emission factors for wildfires. 

Estimates of the tons of material burned are calculated using a wildfire fuel consumption rate of 
60 tons/acre from ODF and DEQ estimations on local conditions in western Oregon, equivalent 
to the 60 ton/acre from AP-428. Worst-case day emissions for the PM10 season were calculated 
by dividing the tons burned during January through February and November through December 
by the number of season days and multiplying by a composite emission factor for the area. Since 
there were no fires during this season the emissions are zero. 

 
A summary of emissions estimates from forest wildfires and supporting data are given in 

Table 2.4.18. 
 

2.4.4.4.2 Prescribed Burning - Slash Burning 
 

Slash burning is not significant within the Klamath Falls UGB.  Emissions from slash 
burning fuel loading were estimated using county and region-wide data provided by the Oregon 
Department of Forestry in the 1996 Oregon Smoke Management Annual Data Report349.  These 
values were adjusted to reflect estimated slash burning inside or immediately adjacent to the 
UGB (estimated by factoring amount of square mile of Klamath County as compared to the 
UGB). A 25-mile Special Protection Zone (SPZ) surrounding the Klamath Falls UGB limits slash 
burning in the winter months. “Prescribed burning in the SPZ will be allowed only when the smoke 
management meteorologist believes there will be no measurable smoke impacts within the PM10 
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nonattainment area”291.  In addition, Oregon State Department of Forestry also implements a 
voluntary smoke management program to avoid smoke impacts to Klamath Falls. The voluntary 
program has worked well, and there have been very few reported smoke impacts to Klamath Falls. 
In 1996, there were no smoke impacts or intrusions into Klamath Falls and it was assumed that the 
voluntary program is 90% effective at keeping smoke out of the UGB. 
 

Slash burning was inventoried for both the annual and the worst case day during the PM10 
season.  A composite emission factor was used that assumes one third of the burning was in mixed 
conifer type, Ponderosa Pine type, and under-burning in a Pine type.  The amount of slash burned by 
each method during the particulate season will be identified and the appropriate emission factors 
from AP-428 used to calculate PM10 emissions.  An emission factor of 37 pounds/ton (AP-428, Table 
13.1-4) for prescribed burning was used.  Worst case day PM10 season emissions from slash burning 
in the Klamath Falls UGB will be calculated by dividing emissions from slash burning during the 
months comprising the particulate season by the total number of weekdays during this period. 

 
A summary of emissions estimates from prescribed burning and supporting data is given 

in Table 2.4.12. 
 

2.4.4.4.3 Structural Fires 
 

Information on the annual number of structural fires within the Klamath Falls UGB was 
provided by the State of Oregon Fire Marshals’ Office on a monthly basis for 1996.  The number of 
fires occurring on a typical and worst case day basis during the PM10 season is estimated by dividing 
the total fires occurring during January, February, November, and December by the number of days 
during this period (120 days).  The PM10 seasonal adjustment factor is assumed to be uniform (1). 

 
Estimates of the material burned were made using EPA EIIP Guidance321 which 

recommends a fuel loading factor of 1.15 tons of combustible material per fire.  Worst case PM10 
season day emissions are obtained by multiplying the average number of fires occurring per day 
during the PM10 season by 1.15 tons.  AP-428 provides only total particulate emission factors, 
however, the EPA document Gap Filling PM10 Emission Factors for Selected Open Area Dust 
Sources156 recommends an assumption that the total particulate emission factor be used to represent 
PM10 emissions attributed to structural fires.  Activity was assumed to be 7 days/week. Data is 
presented in Table 2.4.13. 

 

2.4.4.4.4 Agricultural Field Burning 
 

This category includes disposal of agricultural waste and sterilization of fields for 
agricultural crops by on-site broadcast burning.  One known agricultural field inside the UGB has 
been identified and was assumed to be burned in 1996.  There are no other known agricultural fields 
inside the UGB.  Field burning activity was identified both annually and seasonally (January-
February, November-December).  The amount of fuel (straw stubble) burned is calculated by 
multiplying the acres burned by 2.05 tons of fuel/acre (based on a modified OMNI Report, 1986, 
and a survey of County Extension Agents).  Worst case day emissions for the PM10 season are 
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calculated by dividing the amount burned by the number of weekdays during the PM10 season times 
a DEQ generated emission factor.   

A summary of emissions estimates from agricultural field burning and supporting data is 
given in Table 2.4.16. 
 

2.4.4.4.5 Commercial Food Preparation 
 

Emission from Commercial Food Preparation have been historically disregarded as 
insignificant in Oregon’s past PM10 emission inventories as has been the case in many US States.  
Based on newly gathered information from California’s food preparation methodology 
documentation282 and the restaurant supporting increase in population in the Klamath Falls UGB, 
charbroiling and deep frying have been added as significant sources of PM10. 
 

Information on the number of charbroilers was based on a telephone survey performed by 
DEQ staff to characterize the population of cooking devices in the Medford area.  The Medford data 
was used as a surrogate based on population for the Klamath Falls area.  Emissions calculations will 
be based on California (CARB) methodology, weighted seasonal adjustment due to tourism during 
summer months, and amalgamated emission factors combining California’s varied studies and 
source tests. Data is presented in Table 2.4.17. 
 
 
 

2.4.4.5 Fugitive Dust 
 
Fugitive dust includes sources such as storage piles, road sanding, construction activity, 

agricultural tilling, pesticide and fertilizer application. 
 

2.4.4.5.1 Aggregate Storage Piles 
 

Aggregate storage piles in the Klamath Falls UGB are generally used for concrete 
production, asphalt production, roadway construction activity, and road sanding.  Information on 
the number, size, and location of the aggregate storage piles in the Klamath Falls UGB was 
provided by local public works offices at the County and the Oregon Department of 
Transportation (ODOT).  The pile information is being collected for 1996.  The PM10 emissions 
from the piles were estimated by using the AP-428, Section 13.2.4 methodology.  This method 
estimates the PM10 emissions from a storage pile during unloading or loading operation and wind 
erosion. 

 
The loading and unloading on the piles will likely have a much greater impact on PM10 

emissions during wind events.  The effects of wind erosion on the storage pile were considered 
minimal because Klamath Falls does not typically experience heavy wind gusts. Many of the 
large piles belong to permitted sources that are required to use dust suppression techniques.  
Wind erosion from these wet piles will likely be minimal.  Pile emissions that are included in the 
facility permit will be part of the stationary point source inventory.  Often the piles by the 
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County or State are covered or within a three sided shed.  A summary of the aggregate storage 
pile emissions and assumptions are shown in Table 2.4.20. 
 

2.4.4.5.2 Road Sanding 
 
Road sanding material storage piles was identified through inquiry with state, county, and 

municipal jurisdictions, the location of road sanding stockpiles, the nature of the material used, and 
the manner in which the aggregate is applied (timing, locations, and quantity).  Emission factors 
were estimated based upon information resulting from abrasion tests on cinder and road sand 
samples taken from Klamath Falls and LaGrande respectively and were used in combination with 
AP-42 guidance.  ODOT provided a detailed sanding log for seasonal monthly and worst case day 
comparison and Klamath County provided total sanding activity within the UGB. Emissions 
estimates accounted for the length of time the material was present on the roadways and the residual 
collection techniques used.  Seasonal adjustments and activity level were determined by estimating 
days of application through conversation with local sources (augmented by review of applicable 
climatological data).  Table 2.4.19 summarizes PM10 emissions from road sanding in the Klamath 
Falls UGB. 
 

 

 

2.4.4.5.3 Heavy New Construction 
 
Information on construction of new roads, widening existing roads, and construction of 

new subdivisions during 1996 were provided by ODOT, Klamath County, and city government 
public works departments within the Klamath Falls UGB.  Activity levels for each project 
including the number of acres under construction, the months under construction, and the 
construction location were assumed to be 5 days per week.  The acres and months under 
construction were multiplied by an emission factor of 416 tons/acre/month to get the amount of 
PM10 emitted.  This emission factor was obtained from AP-428 Section 13.2.3-1.  The emission 
factor was converted from total particulate to PM10 using a ratio taken from the Gap filling 
document (Ref. 156).  Activity levels in AP-42 were considered at 30 days per month and an 
adjustment was made to reflect 5 days per week.  Drying factors were not used during the day 
even though water is required by DEQ to be applied to the site when constructing.  The result is 
expected to yield a higher than normal emissions.  No winter days are considered dry days 
because of the low temperatures, frequent heavy precipitation, and high surface moisture 
content.  Because of these winter conditions, the typical and worst case days during PM10 season 
are expected to be negligible.  Table 2.4.21 summarizes PM10 emissions from heavy new 
construction activity in the Klamath Falls UGB. 

2.4.4.5.4 Agricultural Wind Erosion/Fallow Fields 
 
Agricultural wind erosion emissions resulting from wind entrained dust were calculated 

based on land use information provided by the City of Klamath Falls and information from 
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Agricultural Census of Klamath County 1997 and adjusted to 1996 values. It was assumed that an 
even distribution of dust was applied countywide and that the percentage of the UGB would reflect 
the amount of wind erosion from agricultural fields. A composite emission factor for agricultural 
wind erosion was taken from Agricultural Activities Influencing Fine Particulate Matter 
Emissions, by MRI, March 25, 1996 (Ref. 255).  The largest wind emission factors were chosen 
from this document in table 5-1 for Corn and Wheat to apply to the crops grown in the Klamath 
UGB.  However, the Texas crop factors were eliminated from the calculation based on climatic 
and topographical considerations.  The decision of which emission factor to apply to each crop 
was made through the assumption of the type of bare field conditions leading to the wind erosion 
as either more similar to a corn field or a wheat field.  The emission factor for fallow fields was 
taken as the average of agricultural wind erosion emission factors times 4%, assuming 70% 
ground cover (Ref. 243).  Seasonal adjustment factors were determined based upon seasonal 
planting and harvesting schedules specific to the area.  Data is presented in Table 2.4.15. 
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2.4.4.5.5 Fertilizer Application 
 

Information for the PM10 emission inventory for fertilizer application was estimated based 
on a proportion of Klamath County and was included both annually and seasonally for agriculture 
but only on an annual basis for the commercial/residential fertilizers.  It has been found that fertilizer 
application in the Klamath Falls UGB occurs predominantly in the spring, summer, and fall seasons 
but in rare cases there may be application near the end of the winter PM10 season limits. 
 

Commercial/Residential fertilizer application was addressed through the collection of 
specific commercial property acres such as golf courses and the government acreage, and adding to 
that an estimate of commercial property to account for the landscaped portion needing fertilizers.   

 
The UGB fertilized cropland acres were calculated from the 1997 Census of Agriculture for 

Klamath County (Ref. 398) by factoring an estimated amount in farmland in the UGB as reported by 
the change between 1992 and 1997 per annum used in a straight line ratio. 

   
The 1996 annual and worst case PM10 season day emissions resulting from the application of 

fertilizer to agricultural lands were calculated by applying a Feb/March EF of 0.210 lbs/year/acre to 
the cropland and an EF of 0.105 lbs/year/acre to the grassland/rangeland acres and other 
commercial/residential applications.  The EFs were taken from the MRI document Agricultural 
Activities Influencing Fine Particulate Matter Emissions (Ref. 255).  Data is presented in Table 
2.4.7. 
 
 

2.4.4.6  Stationary Area Sources Not Included in the Inventory 
 

Stationary Area Sources that were not represented in the emission inventory include sources 
that do not contribute significant levels of PM10 to the nonattainment airshed.  These Stationary Area 
sources include the following. 

2.4.4.6.1 Residential Solid Waste Incineration 
 

Oregon Administrative Rules (Chapter 340, Division 230) define refuse burning equipment 
as a device designed to reduce the volume of solid, liquid, or gaseous refuse by combustion.  The 
cost of applications and fees is considered prohibitive for a residential application of this type of 
municipal waste disposal.  Residential solid waste disposal in the Klamath Falls UGB occurs 
through commercial waste collection, on-site combustion in open burn barrels, and in some cases, 
within wood stoves and fireplaces. This type of burning is captured in the open burning sections. 

 

 

2.4.4.6.2 Architectural Coatings 
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Estimated annual PM10 emissions from the application of architectural coatings will not be 

calculated due to lack of availability of both an appropriate emission factor and a known size 
fraction.  This source contributes an insignificant amount of PM10 annually.  Contributions during 
the winter PM10 season are considered insignificant because architectural surface coating activity is 
generally limited by meteorology. 

2.4.4.6.3 Orchard Heating 
 
 Estimated annual PM10 emissions from orchard heating will not be calculated due to lack of 
orchards within the Klamath Falls UGB.  This source contributes an insignificant amount of PM10 
annually.  

2.4.4.6.4 Orchard Pruning Burning 
 

There are no known orchards within the Klamath Falls UGB.  This is due to the high 
elevation and colder temperatures. Klamath County grows 8 acres of apples, unlikely to be within 
the UGB. 

2.4.4.6.5 Agricultural Tilling /Field Plowing 
 
There are no known agricultural tilling operations within the UGB. It is assumed that wind 

erosion and fallow fields from agricultural lands will cover any potential agricultural tilling 
operations within the UGB.  

2.4.4.6.6 Pesticide Application 
 
Emissions from commercial, residential, and agricultural pesticide/insecticide /rodenticide 

application were roughly calculated and determined to be insignificant. According to Oregon State 
University Agricultural Extension Service Personnel, due to the modification of application 
procedures from dusting to moisture based adhesives, the emissions of particulate due to pesticide 
application has significantly diminished in the Klamath Falls UGB area. 

2.4.4.6.7 Agricultural Stack Burning 
 

There is insignificant agricultural burning within the Klamath Falls UGB and no known 
stack burning activity inside the UGB. Any agricultural stack burning activity would be considered 
under Agricultural Field burning. It is assumed that any stack burning activity will be addressed in 
Field Burning within the UGB. 

2.4.4.6.8 Agricultural Propane Burning 
 

There is insignificant agricultural burning within the Klamath Falls UGB and no known 
propane activity inside the UGB. Any agricultural propane activity would be considered under 
Agricultural Field burning. It is assumed that any propane burning will be addressed in the Field 
Burning activity. 
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2.4.4.6.9 Industrial On-site Incineration 
 
There is insignificant industrial on-site incineration within the Klamath Falls UGB. Any 

industrial incineration activity would require a permit from DEQ and there are no industrial 
incineration permits issued in Klamath County. Any incineration is included in commercial 
incineration category.  

2.4.4.6.10  Fallow Fields 
 
There are no known fallow field operations within the UGB. It is assumed that wind erosion 

from agricultural lands will cover any potential fallow fields within the UGB.  

2.4.4.6.11 Asphalt roofing kettles 
 
There are no known asphalt roofing kettles within the Klamath Falls UGB in 1996. 
 

2.4.5 Stationary Area Source Comparison 
 

The area source categories listed above are compared and summarized in Figures 11 
through 14 and in Tables 2.4.1 and 2.4.2.  Additionally, Figures 15 through 22 summarize the 
individual sub-categories. 
 



 

Oregon 1996 Klamath Falls UGB PM10 Attainment Year & 2015 Maintenance Year SIP Emission Inventories 
 

 
41 

Figure 11:  Distribution of Annual Stationary Area Source Emissions, 1996 
 
 
 
 

 

 

 

 

 

 

 

 

 
 
 
Figure 12:  Percentage of Annual Stationary Area Source Emissions, 1996 
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Figure 13:  Distribution of Seasonal Stationary Area Source Emissions, 1996 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 14:  Percentage of Seasonal Stationary Area Source Emissions, 1996 
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Figure 15: Annual Emissions from Waste Disposal Emissions Divided by Individual Categories, 
1996 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 16:  Seasonal Emissions from Waste Disposal Emissions Divided by Individual Categories, 
1996 
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Figure 17: Annual Emissions from Area Source Emissions Divided by Sector Application, 1996 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18: Seasonal Emissions from Fuel and Wood Use Sources Divided by Sector Application, 
1996 
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Figure 19: Annual Emissions from Miscellaneous Area Sources Divided by Individual Categories, 
1996 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20: Seasonal Emissions from Miscellaneous Area Sources Divided by Individual 
Categories, 1996 
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Figure 21: Annual Emissions from Fugitive Dust Sources Divided by Individual Categories, 1996 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22: Seasonal Emissions from Fugitive Dust Sources Divided by Individual Categories, 1996 
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AREA SOURCES SUMMARIES 
 

Table 2.4.1:  Klamath Falls UGB 1996 PM10 Season:  Summary of Estimation Procedures 
for Area Sources 

 
Continued next page 

 

 

 
 
 
 
 

 Table SCC Estimation
Source Description Number Label Approach

    WASTE DISPOSAL, TREATMENT, & RECOVERY
  Residential Open Burning 2.4.11 26-10-030-000 Activity Level
  Industrial Open Burning 2.4.9 26-10-010-000 Per Capita
  Commercial / Institutional Open Burning 2.4.10 26-10-020-000 Per Capita
  Commercial / Institutional On-Site Incineration 2.4.8 26-01-020-000 Activity Level

    SMALL STATIONARY FUEL & WOOD USE
Industrial Fuel Type & Usage
     Fuel Oil Combustion 2.4.3 21-02

       Distillate/Kerosene Fuel Oil 2.4.3 21-02-004-000 Commodity-Consumption
       Residual Fuel Oil 2.4.3 21-02-005-000 Commodity-Consumption

     Natural Gas Combustion 2.4.4 21-02-006-000 Commodity-Consumption
     Liquid Petroleum Gas Combustion 2.4.5 21-02-007-000 Commodity-Consumption

Commercial / Institutional Fuel Type & Usage
     Fuel Oil Combustion 2.4.3 21-03

       Distillate/Kerosene Fuel Oil 2.4.3 21-03-004-000 Commodity-Consumption
       Residual Fuel Oil 2.4.3 21-03-005-000 Commodity-Consumption

     Natural Gas Combustion 2.4.4 21-03-006-000 Commodity-Consumption
     Liquid Petroleum Gas Combustion 2.4.5 21-03-007-000 Commodity-Consumption

Residential  Fuel Type & Usage
     Fuel Oil Combustion 2.4.3 21-04

       Distillate/Kerosene Fuel Oil 2.4.3 21-04-004-000 Commodity-Consumption
     Natural Gas Combustion 2.4.4 21-04-006-000 Commodity-Consumption
     Liquid Petroleum Gas Combustion 2.4.5 21-04-007-000 Commodity-Consumption

Wood Fuel Combustion - Residential Only
       Fireplaces 2.4.6 21-04-008-001 Activity Level
       Woodstoves - Certified Catalytic 2.4.6 21-04-008-030 Activity Level
       Woodstoves - Certified Non-Catalytic 2.4.6 21-04-008-050 Activity Level
       Woodstoves - Conventional & FP Insert 2.4.6 21-04-008-051 Activity Level
       Exempt Pellet Stoves 2.4.6 21-04-008-053 Activity Level
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    SMALL POINT SOURCES
Permitted Sources (>5 tons/year, < 100 tons/year) 2.4.14 23-07-060-000 Commodity-Consumption

    MISCELLANEOUS AREA SOURCES
Other Combustion 28-10
     Forest Wild Fires 2.4.18 28-10-001-000 Activity Level
     Slash Burning 2.4.12 28-10-005-000 Activity Level
     Structural Fires 2.4.13 28-10-030-000 Activity Level

        Agricultural Field Burning 2.4.16 28-01-500-001 Activity Level
        Commercial Food Preparation 2.4.17 23-02-002-000 Per Capita

& 23-02-080-000 Per Capita

    FUGITIVE DUST
  Aggregate Storage Piles 2.4.20 25-30-000-060 Activity Level
  Road Sanding 2.4.19 22-94-000-002 Activity Level
  Heavy New Construction 2.4.21 22-11-010-000 Activity Level
  Agricultural Tilling / Field Plowing Not Significant
  Fallow Fields Not Significant
  Agricultural Wind Erosion 2.4.15 27-30-100-000 Activity Level
  Pesticide Application Not Significant
  Fertilizer Application 2.4.7 28-01-000-999 Activity Level

  Notes:
     SCC (Source Classification Code) Label:  The 8-digit, 4-part codes system used by US EPA Factor Information & Retrieval (FIRE) 

database and AIRS Facility Subsystem (AFS) to list and identify individual processes or unit operations that generate air emissions.

     "Activity Level" - emission rate estimated on basis of quantity of reported levels of specific (or related) activity
 ( i.e., fire department permits, complaints, survey results)

     "Per Capita"  -  emission rate estimated on basis of area population and using a per person multiplier ( or "per thousand people" ).
     "Commodity-Consumption"  -  emission rate estimated on basis of commercial product as indicated by the quantity of sales,

production or consumption of a class of commercial articles.
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Table 2.4.2:  Klamath Falls UGB 1996 PM10 Season:  Summary of Emissions from Area 
Sources 

 

Source Description Table # SCC Code

PM10 Annual
Emissions
(tons/yr)

PM10 Season Worst
Case Day Emissions

(lbs/day)

WASTE DISPOSAL, TREATMENT, & RECOVERY
  Commercial / Institutional On-Site Incineration 2.4.8 26-01-020-000 0.4 8.7
  Industrial On-Site Incineration 26-01-010-000 N/A N/A
  Commercial / Institutional Open Burning 2.4.10 26-10-020-000 1.1 6.3
  Industrial Open Burning 2.4.9 26-10-010-000 5.3 28.8
  Residential Open Burning 2.4.11 26-10-030-000 118.6 535.2
  Orchard Prunings Burning Not Significant Not Significant

Category Subtotal 125.4 579.1

SMALL STATIONARY FUEL & WOOD USE
  Industrial
     Fuel Oil Combustion 21-02
       Distillate 2.4.3 21-02-004-000 0.6 4
       Residual 2.4.3 21-02-005-000 0.4 3
       Kerosene 2.4.3 21-02-000-000 0.0 1

(8) Less Industrial Point Source Emissions 0.0 0
     Natural Gas Combustion 2.4.4 21-02-006-000 4.2 27
     Liquid Petroleum Gas Combustion 2.4.5 21-02-007-000 0.2 39

Industrial Subtotal 5.5 74

  Commercial / Institutional
     Fuel Oil Combustion 21-03
       Distillate 2.4.3 21-03-004-000 0.2 33
       Residual 2.4.3 21-03-005-000 0.1 26
       Kerosene 2.4.3 21-03-011-000 0.0 2
     Natural Gas Combustion 2.4.4 21-03-006-000 1.3 232
     Liquid Petroleum Gas Combustion 2.4.5 21-03-007-000 0.0 2

Commercial Subtotal 1.6 294

  Residential
     Fuel Oil Combustion 21-04
       Distillate 2.4.3 21-04-004-000 0.1 13
       Residual 2.4.3 21-04-005-000 0.0 0
       Kerosene 2.4.3 21-04-011-000 0.0 1
     Natural Gas Combustion 2.4.4 21-04-006-000 1.6 244
     Liquid Petroleum Gas Combustion 2.4.5 21-04-007-000 0.0 8
     Wood Combustion
       Fireplaces 2.4.6 21-04-008-001 42.4 662
       Woodstoves - Certified Catalytic 2.4.6 21-04-008-030 18.6 290
       Woodstoves - Certified Non-Catalytic 2.4.6 21-04-008-050 53.5 835
       Woodstoves - Conventional & FP Insert 2.4.6 21-04-008-051 137.8 2,151
       Exempt Pellet Stoves 2.4.6 21-04-008-053 3.9 61

Residential Subtotal 257.8 4,265

Category Subtotal 264.9 4,633
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   Note Small Point Source estimated actual emissions are based on 1996 reported activity. 

 
 
 
 
 
 
 
 
 
 
 
 
 

SMALL POINT SOURCES
  Permitted Sources (<5 tons/year) 2.4.14 23-07-060-000 6.8 28

Category Subtotal 6.8 28

MISCELLANEOUS AREA SOURCES
  Other Combustion 28-10
     Forest Wild Fires 2.4.18 28-10-001-000 2.4 0
     Prescribed Burning 2.4.12 28-10-005-000 2.4 2
     Structural Fires 2.4.13 28-10-030-000 0.6 4
     Agricultural Field Burning 2.4.16 28-01-500-001 1.5 0
     Agricultural Field Propaning Not Significant Not Significant
     Agricultural Stack Burning Not Significant Not Significant
     Commercial Food Preparation 2.4.17 23-02-002-000 6.9 13

& 23-02-080-000 4.3 8
Category Subtotal 18.0 26

FUGITIVE DUST
  Aggregate Storage Piles 2.4.20 25-30-000-060 0.0 0
  Road Sanding 2.4.19 22-94-000-002 0.4 52
  Heavy New Construction 2.4.21 22-11-010-000 1.9 0
  Agricultural Tilling / Field Plowing Not Significant Not Significant
  Fallow Fields Not Significant Not Significant
  Agricultural Wind Erosion 2.4.15 27-30-100-000 0.5 19
  Pesticide Application Not Significant Not Significant
  Fertilizer Application 2.4.7 28-01-000-999 0.9 0

Category Subtotal 3.7 72

Area Source Total 418.8 5,338

NA indicates category or pollutant is not applicable.
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Table 2.4.3:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From Fuel 
Oil Use 

Annual 
(1) (2) (7)

KLAMATH FALLS UGB 1996 PM10 (4) (6) Worst
NONATTAINMENT AREA Fuel Oil Emission (3) Activity           (5) Typical Case

SCC Use Factor PM10 Level Annual Day Day
Area Code (10^3 gal) (lbs/10^3 gal) SAF (d/wk) (tons/yr) (lb/day) (lb/day)

  Residential Use
    Distillate Oil 21-04-004-000 438 0.4 1.8 7 0.1 0.8 13.4
    Residual Oil 21-04-005-000 0 19.3 1.8 7 0 0 0
    Kerosene 21-04-011-000 21 0.4 1.8 7 4.3E-03 4.1E-02 6.5E-01

---------- ---------- ----------
Total Residential Fuel Oil Emissions 0.1 0.9 14.1

  Commrcl./Inst. Use
    Distillate Oil 21-03-004-000 341 1.1 1.8 6 0.2 2 33
    Residual Oil 21-03-005-000 46 6.2 1.8 6 0.1 2 26
    Kerosene 21-03-000-000 21 1.1 1.8 6 1.1E-02 1.3E-01 2.0E+00

---------- ---------- ----------
Total Commercial/Institutional Fuel Oil Emissions 0.3 4 61

  Industrial Use
    Distillate Oil 21-02-004-000 1,300 1.0 1.0 6 0.6 4 4
    Residual Oil 21-02-005-000 102 8.6 1.0 6 0.4 3 3
    Kerosene 21-02-000-000 8 1.0 1.8 6 4.1E-03 4.6E-02 7.4E-01

---------- ---------- -----------
Industrial Fuel Oil Emissions 1.1 7 8

(8) Less Industrial Point Source Emissions 4.52 11 11
---------- ---------- -----------

Total Industrial Fuel Oil Emissions 0.0 0 0

Total Area Source Fuel Oil PM10 Emissions 0.4 5 75

PM10 Emissions
PM10 Season 
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Notes:
1) Klamath Falls UGB Fuel Oil Use estimates from Appendix B, Table B-5.
2) Emission Factors (EFs) are from the EPA Procedures Document, AP-42; (Ref. 216), 

Category Fuel Oil type EF Source/Comments
All: Kerosene AP-42 does not contain specific Efs for Kerosene.  Efs for #2 Distillate Oil were applied

 to kerosene combustion due to similarity of fuel type and gross heating value
 (approx. 140,000 BTU/gal) and use as a space heating oil.

Residential : Distillate & Kerosene EF from Table 1.3-1(pg. 1.3-12); Residential furnace, Filterable PM 
Residual EF from Table 1.3-1(pg. 1.3-12); Filterable PM. Residential furnaces do not burn this

 type of fuel. 
Residual Oil (ASTM #5) equation: 9.19 (s) + 3.22 where s = % sulfur which in Oregon 
has a regulatory limit of 1.75 = 19.3 lb/103 gal. 

Commercial: Distillate & Kerosene Cumulative EF for PM10 from Table 1.3-7(pg. 1.3-17); Commercial Boilers 
Residual Cumulative EF for PM10 from Table 1.3-7(pg. 1.3-17); Commercial Boilers 

Residual Oil (ASTM #5) equation: 5.17A  where A= 1.2 = 6.2 lb/103 gal. 
Industrial: Distillate & Kerosene Cumulative EF for PM10 from Table 1.3-6 (pg. 1.3-17); Industrial Boilers 

Residual Cumulative EF for PM10 from Table 1.3-5(pg. 1.3-16); Industrial Boilers 
Residual Oil (ASTM #5) equation: 7.17A  where A= 1.2 = 8.6 lb/103 gal. 
Distillate and Residual oil assumed to be constant process; Kerosene assumed 
used for space heating

3) Seasonal Adjustment Factor (SAF) calculated  based upon 1996 HDD by DEQ as follows:
            Heating Degree Days (HDD) from Appendix B, Table B-9.
            PM10 SAF 1996 1996

Annual PM10 Season
HDD HDD
Total Total

---------- ----------
5,826 3,410

            PM10 SAF = (1996 Peak Season HDD Total * 12 months) / (1996 Annual PM10 HDD Total * 4 months)
            PM10 SAF = 1.8

4) Activity is at the indicated number of days per week.

5) Annual Emissions [tons/yr] = LPG use [10^3 gal] * EF [lb/10^3 gal] / (2000 [lbs/ton])
6) Typical PM10 Season Day Emissions [lbs/day] = 

   ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr])
7) Heating Degree Day (HDD)data from Appendix B, Table B-9.

Worst Case Day Emissions [lbs/day] = 
(((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr]))*(worst case day PM10 multiplier)
   Worst Case Day PM10 multiplier = (1996 PM10 Season Maximum HDD  / 1996  PM10 Season Average HDD)

1996 Annual Total 1996 PM10 Season 1996 PM10 Season
HDD Maximum HDD Average HDD
5,826 452 28

           Worst Case Day PM10 multiplier = 15.9
8) Data for Stationary Point sources using Diesel #2 is from Point source Tables 

SAF = 1.00 Activity (days/wk)= 6.00
 1996 PM10 

Source Usage EF Annual Season
Number Source Name (1000 gal.) (lbs/1000 gal) (Tons/Yr) (lbs/day)

18-0013 Collins, boiler #8 1168.0 3.66 2.137 0
18-0013 Collins, boiler #9 584.0 1.20 0.350 0
18-0014 Columbia 0.0 0.00 0.000 0
18-0020 Industrial Oils 99.8 40.80 2.036 11
18-0074 Klamath Pacific 0.0 0.00 0.000 0

-------- -------- --------
1851.8 4.523 11

Emissions taken from actual emission factors by source test results
Subtraction of Permitted Industrial Source emissions to prevent double-counting from Industrial diesel emissions 
results in a negative number.  Therefore, it is assumed to be zero for the purposes of this inventory.

PM10 Emissions
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Table 2.4.4:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From Natural 
Gas Use 

 

 

KLAMATH FALLS (1) (2) Annual 
UGB NONATTAINMENT AREA 1996 PM10 (4) (6) (7)

 NG Emission (3) Activity (5) Typical Worst Case
SCC Use Factor PM10 Level Annual Day Day

Area Code (10^6 ft3) (lbs/106 ft3) SAF (days/wk) (tons/yr) (lb/day) (lb/day)

      Residential Use 21-04-006-000 419 7.60 1.8 7 1.6 15 244

      Commercial/Institutional Use 21-03-006-000 341 7.60 1.8 6 1.3 15 232

      Industrial  Use 21-02-006-000 1,567 7.60 1.0 6 6.0 38 38
                  (8) Less Industrial Point Sources 1.8 11 11

----------- ----------- -----------
                          Net Industrial  NG Use Emissions 4.2 27 27

Total  Area Source NG Use Emissions 7.1 57 503

  PM10 Emissions
PM10 Season

Notes:
1) Klamath Falls UGB natural gas use estimates from Appendix, Table B-5.
2) Emission Factors (EFs) are from AP-42, Table 1.4-2 (Ref. 216).

PM10 EFs represent Total PM (filterable and condensable).
  Industrial PM10 EF represents small industrial boiler (10-100 10^6 Btu/hr).
  It is assumed that large industrial boilers usage is included in point source inventory.

3) Seasonal Adjustment Factor (SAF) is based upon  Heating Degree Days (HDD) 
 SAF = ((1996 PM10 Season HDD Total) * (12 months) / (1998 Annual HDD Total * 4 months)) [See Appendix B, Table B9. ]

1996 1996
Annual Total PM10 Season

HDD Total HDD
5,826 3,410

SAF= 1.8
It is assumed that industrial usage is constant year around and that the higher emission factor addresses annual fluctuations

4) Activity is at the indicated number of days per week.
5) Annual Emissions [tons/yr] = LPG use [10^3 gal] * EF [lb/10^3 gal] / (2000 [lbs/ton])
6) Typical PM10 Season Day Emissions [lbs/day] = 

   ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr])
7) Worst Case Day Emissions [lbs/day] = 

((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / ((Activity Level [days/wk] * 52 [weeks/yr])*(worst case day multiplier))
   Worst Case Day PM10 multiplier = (1996 PM10 Season Maximum HDD  / 1996  PM10 Season Average HDD)

1996 Annual Total 1996 PM10 Season 96 PM10 Season (See Appendix B, Table B9)
HDD Maximum HDD Average HDD
5,826 452 28

           Worst Case Day PM10 multiplier = 15.9
8) Data for Stationary Point sources using Natural Gas is from source permit data in Appendix A.

SAF= 1.00 Activity( 6.00
1996 PM10

Source Usage EF Annual Season
Number Source Name (M ft3) (lb/M ft3) (Tons/Yr) (lbs/day)

18-0006 Jeld Wen * 0.00 2.00 0.0 0
18-0012 Collins Products Boiler 621.12 2.50 0.8 5
18-0013 Collins Products Boiler 753.70 2.50 0.9 6
18-0014 Columbia Plywood* 0.00 2.50 0.0 0
18-0093 Aqua Glass 39.10 2.50 0.0 0

------------ --------- ---------
Totals 1413.93 1.8 11

* Assumes that facilities did not use significant amounts of natural gas

PM10 Emissions
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Table 2.4.5:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From 
Liquefied Petroleum Gas Use 

 

 

 
 
 
 
 
 
 
 
 

PM10 Emissions
KLAMATH FALLS UGB (1) (2) Annual 
 NONATTAINMENT AREA 1996 PM10 (4) (6) (7)

 LPG Emission (3) Activity (5) Typical Worst Case
SCC Use Factor PM10 Level Annual Day Day

Area Code (10^3 gals) (lbs/10^3 gal) SAF (days/wk) (tons/yr) (lb/day) (lb/day)

          Residential Use 21-04-007-000 247 0.40 1.8 7 0.05 0.5 8

         Commercial/Institutional Use 21-03-007-000 45 0.40 1.8 6 0.01 0.1 1.6

         Industrial  Use 21-02-007-000 735 0.60 1.8 6 0.2 2 39
                  (8) Less Industrial Point Sources 0.0 0 0

-------- -------- --------
Net industrial LPG Emissions 0.2 2 39

Total UGB LPG Emissions 0.3 3 49

PM10 Season 

Notes:
1) Klamath Falls UGB liquified petroleum gas (LPG) Use estimates from Appendix, Table
2) Emission Factors (EFs) from AP-42, Table 1.5-1 (Ref. 216) and are for propane.  The EF used above for Residential use is

llthe EF for Commercial boilers.  There is no EF listed for residential
fPM10 EFs are for Filterable Particulate Matter

( )3) Seasonal Adjustment Factor (SAF) is based upon  Heating Degree Days
( )SAF = ((1996 PM10 Season HDD Total) * (12 months) / (1996 Annual HDD Total * 4

h ))
[See Appendix B, Table

1996 1996
Annual Total PM10 Season

HDD Total HDD
5,826 3,410

SAF= 1.8
4) Activity is at the indicated number of days per

k5) Annual Emissions [tons/yr] = LPG use [10^3 gal] * EF [lb/10^3 gal] / (2000
lb / )6) Typical PM10 Season Day Emissions [lbs/day]

   ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52
k / )7) Worst Case Day Emissions [lbs/day]

((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr]))*(worst case day
l i li )   Worst Case Day 10 multiplier = (1996 10 Season Maximum HDD  / 1996 10 Season Average

)1996 Annual
l

1996 PM10 Season 1996 PM10 Season
HDD Maximum HDD Average HDD
5,826 452 28

           Worst Case Day 10 multiplier = 15.9
8) No industrial sources were found to be using LPG on Annual Reports or current
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Table 2.4.6:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From 
Residential Wood Use 

 

 
 

(2) Annual PM10 Season
1996 (3)   (7) (8)

(1) Wood Fuel PM10 (4) (5)    (6) Typical Worst Case
Woodburning  Use EF PM10 Activity Annual Day Day

Device (tons/yr) (lbs/ton) SAF (days/wk) (tons/yr) (lb/day) (lb/day)

Klamath Falls UGB

21-04-008-001
Fireplace without Insert 2,449.2 34.6 1.8 7 42.4 409 662

21-04-008-030
Certified Cat Wood-Stove 1,818.9 20.4 1.8 7 18.6 179 290

21-04-008-050
Cert Non-Cat Wood-Stove 5,456.6 19.6 1.8 7 53.5 516 835

21-04-008-051
Conv Wood Stove and FP Insert 9,003.6 30.6 1.8 7 137.8 1,329 2,151

21-04-008-053
Exempt Pellet Stove 885.1 8.8 1.8 7 3.9 38 61

 
Total 19,613.3 256.0 2,470 3,999

PM10 Emissions

Notes:
1) Woodburning Device categories include:

              Conventional Fireplaces without Insert
              Total of Conventional Wood Stoves and Fire Places with Insert
              DEQ Certified Wood Stoves (Non-Catalytic)
              DEQ Certified Stoves (Catalytic)
              Exempt Pellet Stoves

2)

(a) (c)
1996 1996

Survey (b) Annual 
Wood Fuel Survey Season Wood Fuel

         Woodburning  Use to  Use
     Device (tons/yr) Annual Multiplier (tons/yr)

            Fireplace without Insert 1,875.1 1.31 2,449.2        
            Certified Cat Wood-Stove 1,392.5 1.31 1,818.9        
            Cert Non-Cat Wood-Stove 4,177.6 1.31 5,456.6         

Conv Wood Stove and FP Insert 6,893.2 1.31 9,003.6        
            Exempt Pellet Stove 677.6 1.31 885.1           

Total 15,016.0 19,613.3      

Notes:
a) 1996 data from an average of 1993 and 1999 DEQ Wood Heating survey  (See Appendix B, Table B-2).

c) 1996 Annual Wood Fuel Use (tons/yr) = 1996 Survey Wood Fuel Use [tons/yr] *  Survey Season to Annual Multiplier [unitless]

Wood fuel use estimates from Appendix B, Tables B-2 and B-3. Based upon 1993 & 1999 Klamath Falls Wood Stove Survey and averaged. 
1993 cords factored down to 1996.
Survey represents Heating season only.  Survey season data is factored upward to include the rest of the year where an annual multiplier is 
used for annual emissions.

b) Multiplier based upon 50 degree day cutoff for use of wood stoves outside of "wood stove heating season" (OCT to MAR) basis, 
96 Klamath Falls PM10 App. B, Tbl B9
     of 1993 & 1999 wood stove survey (Ref. 115&348). Assumes woodstoves use generally decreases when daily temperature is above 50 
degrees farenheit.
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3) Emission factors are from EPA document "Compilation of Air Pollutant Emission Factors", (AP-42), (Ref. 15).
           Residential Fireplaces: AP-42, Chapter 1.9, Table 1.9-1.
           Woodstoves and Pellet stoves: AP-42 (Ref.216), Chapter 1.10, Table 1.10-1.

4) Seasonal Adjustment Factor (SAF) calculated  based upon 1996 HDD by DEQ as follows:
            Heating Degree Days (HDD) from Appendix B, Table B-9.
            1996 1996 1996

Annual PM10 Season PM10 Oct - Mar
HDD HDD HDD
Total Total Total

---------- ---------- ----------
5,826 3,410 4454

EPA Seasonal Adjustment Factor formula [Ref. 2, pg. 5-22]  = (Peak Season activity * 12 months) / (Annual activity * season months) 
Heating Degree Days (HDDs) are used here as a surrogate for activity levels.  
Wood burning activity for home heating is directly related to HDDs and indicates increased activity levels.
           1996 PM10 SAF = (1996 Peak Season HDD Total * 12 months) / (1996 Annual PM10 Season HDD Total * 4 months)
           1996 PM10 SAF = 1.8

5) Activity is at the indicated number of days per week.
6) Annual emissions [tons/year] = (1996 Survey Wood Fuel Use [tons/year] * emission factor [lbs/ton] ) / 2000 [lbs/ton] 
7) Typical PM10 Season Day Emissions [lbs/day] = 

   ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr])
8) Worst Case Day Emissions [lbs/day] = 

   ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr]))*(worst case day multiplier)
   Worst Case Day PM10 multiplier = (1996 PM10 Season Maximum HDD  / 1996  PM10 Season Average HDD)

1996 PM10 Season
1996 Annual Total Maximum HDD 1996 PM10 Season

HDD (Date: 1/22/1996) Average HDD
5,826 46 28

           Worst Case Day PM10 multiplier = 1.6
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Table 2.4.7:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From 
Agricultural Fertilizer Application 

 
 

 
 
 
 
 
 
 

Notes:
1)

2)

UGB Acres = (1997 crop/pastureland) * (1992 to 1997 factor) *  (1.035% of Klamath Co farmland inside UGB) 

AP-42 does not address fertilizer application in the 1995 edition, section 9.2.1, is still a work in progress for the US EPA.Therefore used 
1997 Census of Agriculture, OSU Ext. Serv (ref 419)
Agricultural Fertilizer Application crop/pastureland acres from 1997 Agricultural Census for Klamath County, Oregon ,Table 10.  [REF. 
398] and adjusted for 1996 values using the percent agricultural product difference from 1992 to 1997. OSU Extension Service (ref 

The percentage (1.035%) comes from Klamath County Land Use Calculation (Append. B, Table B-10), as the percentage of Klamath 
County farmland inside the UGB.

Annual
(1,3,5) (2) (2) (2) (4,5) (6) 7 8 (9) (10) (11)

Type

Total
Estimated
Klamath
County
Acres

Estimated
Klamath
County
Acres

Fertilized
UGB Acres
Fertilized

EF
(lb/acre)

Klamath
County
Annual
PM10

Emissions
(tons/yr)

Seasonal
Adjustment

Factor (SAF)

Activity
Level
(days/
week)

UGB
Annual

Emissions
(tons/yr)

UGB
Typical

Season Day
Emissions
(lbs/day)

UGB
Worst Case
Season Day
Emissions
(lbs/day)

SCC 28-01-700-
000
Agricultural Fertilizer
A li i     Hay Crops 90149 45812 474 0.21 4.8 0.05 6 0.05 0.01 0.03
      Apples 8 4 0 0.21 0.0 0.05 6 0.00 0.00 0.00
      Barley 25514 12935 134 0.21 1.4 0.05 6 0.01 0.00 0.01
      Dry Onions 278 141 1 0.21 0.0 0.05 6 0.00 0.00 0.00
      Grass Seed Crops 201 102 1 0.21 0.0 0.05 6 0.00 0.00 0.00
      Oats 2566 1300 13 0.21 0.1 0.05 6 0.00 0.00 0.00
      Potatoes 8951 4549 47 0.21 0.5 0.05 6 0.00 0.00 0.00
      Rye 89 45 0 0.21 0.0 0.05 6 0.00 0.00 0.00
      Wheat 6008 3039 31 0.21 0.3 0.05 6 0.00 0.00 0.00
     Straw berries 17 9 0 0.21 0.0 0.05 6 0.00 0.00 0.00
Subtotal 133780

P l d
95101 48327 500 0.105 2.5 0.05 6 0.03 0.01 0.02

Total 228,881 116,264 1,204 6.8 0.1 0.0 0.0

Commercial - Other Fertilizer
A li i       Golf Courses (approx. # =
3)

256 256 0.105 0.01 0.00 6 0.0134 0 0
      Open
S

2,048 2,048 0.105 0.11 0.00 6 0.1075 0 0
      Government

ildi
1,024 924 0.105 0.1 0.00 6 0.0485 0 0

Total 0.2 0 0

Residential Fertilizer
A li i

12 21,133 13,133 0.105 1.1 0.00 7 0.6895 0 0
Total 0.7 0 0

Klamath County
l

253,341 17.8

Klamath Falls UGB 17,564 0.9 0.0 0.0

PM10 Season
PM10 Emissions
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Based on conversations with several golf course managers in the Portland and Medford areas,
     the average size of an 18 hole golf course is from 80 to 110 acres.  The average of that range is 95 acres.
     When multiplied, 95 acres * 2 golf courses = 190            acres

Harbor Isle Golf Course  = 66 acres (Source Erik Nobel, City Planning)
Commercial land based on Klamath County Landuse (Appendix B Table B-10)
Open space and Government Buildings based on Klamath County Landuse (Appendix B Table B-10)
Residential Acres from Klamath Co. Landuse (Appendix B Table B-10)

3) Application Frequency assumed at once per year.  Includes compounds of Nitrogen, Phosphorus, and Sulfate. 
     Information based on Fertilizer Guide , "Pastures," by J. Hart, et. al., FG 63, Revised April 1996. 
     Ref. 258 (1 of 6).

4)

5) Due to complete lack of information for rangeland/pasture fertilization or commercial / residential landscaping 
      emission factors, the Feb/March Cropland EF number divide by 2 was used in order to represent grasslike 
      characteristics, but without exceeding potentialEF limits due to excess ground cover.

6) UGB PM10 Emissions [tons/yr.] = (emission factor [lbs/acre]) * (UGB acres) / (2000 [lbs/ton])
    Klamath County PM10 Emissions [tons/yr.] = (emission factor [lbs/acre]) * (County acres) / (2000 [lbs/ton])

7)

Emission Factor from MRI, Agricultural Activities Influencing Fine Particulate Matter Emissions,  Table 4-20, 
p. 4-23. [REF. 255]

1996 PM10 Seasonal Adjustment Factor (SAF) = (1996 PM10 Season Application Days Total * 12 months) / 
(1996 Annual Application Days Total * 4 months)

Category

Annual 
Application 

Days

PM10 
Season 

Application 
Days SAF

Agricultural 131 2 0.05
Commercial 184 0 0.00
Residential 214 0 0.00

Assumes 2 days of potential 
fertilizer application in the PM10 

season

Notes

Table Below is based on Appendix B, Table B-11

Crop Type

Total 1997 
Klamath 
County 

Agric. Acres

1997 
Klamath 

County Acres 
Fertilized

96 
adjustment 

factor

1996 
Adjusted 
fertilized 

acres
     Hay Crops 97351 49472 0.93 45812
      Apples 8 4 1.00 4
      Barley 23789 12089 1.07 12935
      Dry Onions 278 141 1.00 141
      Grass Seed Crops 201 102 1.00 102
      Oats 2150 1093 1.19 1300
      Potatoes 8951 4549 1.00 4549
      Rye 89 45 1.00 45
      Wheat 5696 2895 1.05 3039
     Straw berries 17 9 1.00 9
Subtotal 138530 70399
      Pasture 96058 48815 0.99 48327
Total 234,588    119,214     116,264  



 

Oregon 1996 Klamath Falls UGB PM10 Attainment Year & 2015 Maintenance Year SIP Emission Inventories 
 

 
59 

 

 

 
 
 
 
 
 
 
 
 

8) Activity Levels data is from the EPA Document  Procedures for the Preparation of Emission Inventories for Carbon Monoxide 
and Precursors of Ozone, Volume I: General Guidance for Stationary Sources Pg. 5-18. (Ref. 2)
No specific activity days information is provided; the activity days for pesticide application are used here.

Category Days/week
Agricultural 6
Commercial 6
Residential 7

9) UGB Annual Emissions [tons/yr.] = (UGB Acres * EF [lb/acre])*/ 2000 [lbs/ton]
10) Typical PM10 Season Day Emissions [lbs/day] = 

   ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr.])
11) Worst Case Day Emissions [lbs/day] = 

   ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr.]))*(worst case day multiplier)
PM10 Season Worst Case Day for Commercial & Residential Fertilizer =  0, activity does not occur during the winter PM10 season.

Category

Annual 
Application 

Days

PM10 Season 
Maximum 

Application 
Days

PM10 
Season 

Average 
Application 

Days

Worst 
Case 
Day 

Factora

Agricultural 131 2 1 2.0
Commercial 184 0 0 0.0
Residential 214 0 0 0.0

a) Worst Case Day Factor =  Maximum season application days/average season application days
PM10 Season Typical Day for Commercial & Residential Fertilizer =  0, activity does not occur during the winter PM10 season.

12) Used data from Klamath County Landuse Acres (Appendix B10)

Assumes maximum 2 days of 
potential fertilizer application 

in the PM10 season

Notes

Fertilizer most common application period assumed by ODEQ to be between April and October using Medford as surrogate
Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

AG Growing season Month Activity days6,10 0 0 0 0 27 25 27 27 25 0 0 0 131
Commercial Activity6,10 0 0 0 26 27 25 27 27 25 27 0 0 184
Residential Activity6,10 0 0 0 30 31 30 31 31 30 31 0 0 214



 

Oregon 1996 Klamath Falls UGB PM10 Attainment Year & 2015 Maintenance Year SIP Emission Inventories 
 

 
60 

Table 2.4.8:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From On-Site 
Commercial/Institutional Incineration 

 
(1) (2) (2) (3) (4) (5) (6) (7)

Area Source ACDP Number / Name

Activity 
Level 
(d/wk)

Hours 
per day

PM10 

Seasonal 
Adustment 

Factor (SAF) EF, (lbs/hr)

PM10 

Emissions 
Annual 
(PSEL) 
(t/yr)

 PM10 

Season 
Typical 

Day 
(lbs/day)

 PM10 

Season 
Worst Case 

Day 
(lbs/day)

SCC 26-01-020-000
Commercial Incineration

Klamath Falls UGB
18-0018 Robert Edwards, Jr. M.D. 7 2 1 0.11 0.08 0.2 0.4
18-0085 Klamath Humane Society 4 2 1 0.30 0.04 0.4 0.6
18-0087 Eternal Hills Memorial 2 2 1 1.1 0.1 1.9 2.2
18-0088 Klamath Cremation Service 3 5 1 1.1 0.2 2.6 5.5

Total 0.4 5.1 8.7
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(1) Source ACDP Number/Name is Oregon D.E.Q. Air Contaminant Discharge Permit number.
     All incinerators in the State of Oregon must be permitted and have design review, permits, source tests
     and continuous emission monitoring.

(2) Operating Schedule from review reports in permit:  
18-0018 60 hours/mo 720 hours / yr. (assume 2 hr/day, 7 days/week, 52 weeks/year) 
18-0085 2 hr/day, 180days/year 
18-0087 2 hr/day, 2 days/week, 52 weeks/year 
18-0088 6 hr/day, 3 days/week, 52 weeks/year 
(3) Seasonal Adjustment Factor (SAF) is from EPA Guidance "Procedures for the
     Preparation of Emission Inventories For CO and Precursors of Ozone" (ref 2)

(4) Emission factors are from permits and/or source tests. Assumes PM = PM10 for 18-0085 and 18-0087 and 18-0088.

(5) Annual emissions [tons/yr] = Plant Site Emission Limits (PSELs) listed in DEQ Minimal Source ACDP's.

(6) Typical Day Emissions = short term PSEL [lbs/hr] from a permit when available * operating hours/day from op. Schedule in permit.
or when the short term rate is not available, the typical day emissions  = ((annual [tons/yr]) *2000 [lbs/ton] (SAF)) / ((activity) * (52 wks/yr))

(7) Worst Case Day = ((annual [tons/yr]) * 2000[lbs/ton] * (SAF)) / ((activity) * (52 wks/yr))
 or Worst Day Emissions = short term PSEL [lbs/hr] from a permit when available * operating hours/day from op. Schedule in 
permit when emissions are higher than typical day.
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Table 2.4.9:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From   
Industrial Open Burning 

 

 
 
 
 
 
 
 
 
 
 
 

SCC 26-10-010-000
(1) (2) (3) (4) (5) (6) (7)

Material Burned Industrial Emission
Loading Factor Population Factor Activity PM10 Annual PM10 Season

(tons/1000 mfg 
emplyees/ yr)

(1000 mfg 
employees) (lbs/ton) (days/wk) SAF (tons/yr)

Worst Case 
Day (lbs/day)

Legal Burning
0 4.1 16 7 0 0.0 0

Illegal Burning
160 4.1 16 7 1 5.3 28.8

Total Emissions 5.3 28.8

    PM10 Emissions

Notes
1)

For legal burning, the material loading is zero.  The DEQ prohibits industrial open burning inside the Klamath Falls UGB 
as defined in OAR 340 Division 264.  OAR 340-264-0010 makes an exception for industrial open burning if
the DEQ issues a letter permit.  In 1996 the DEQ issued no letter permits.
b)  For illegal burning, the material loading is from Ref. 2,  Table 4.6-2, p. 4-38.

2) The industrial employee population for the Klamath Falls UGB is estimated in Appendix B, Table B-7, UGB SIC Population. 

3) Emission Factor (EF) was taken from AP-42, Table 2.5-1 for industrial open burning of refuse SCC 5-03-002-02 

4) Activity is taken from the EPA guidance document Procedures for the Preparation of Emission Inventories 
For Carbon Monoxide and Precursors of Ozone (Ref.2), Page 5-18.

5) Seasonal Adjustment Factor (SAF)  (peak season activity * 12 months)/(annual activity * 4 months)
Legal Burning
SAF = ( 0 burning peak Season Activity * 12 months)/(0 annual open burns* 4 mon undefined
The peak season is PM10 season from November 1 through the end of Febuary.  
Although mathematically this equation is undefined, the SAF does not affect emissions and is assumed to be 0.
Illegal burning
SAF = ( 4 months burning peak Season Activity * 12 months)/(12 months annual open burns* 4 months) = 1

6) Annual PM10 emissions [tons/year] =
  (Material Burned [tons/1,000 ind employees/yr] * Industrial pop [1,000 employees] * EF [lbs/ton])/ 2000 [lbs/ton]

7) PM10 Season Emissions [lbs/day] =
  ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity [days/wk] * 52 [wks/year])

The Material loading was estimated by multiplying the material loading factor (Ref. 2, pg. 4-38) by the annual industrial 
population in the Klamath Falls UGB.
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Table 2.4.10:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From 
Commercial Open Burning 

SCC  26-10-020-000
(1) (2) (3) (4) (5) (6) (7)

Material Burned Commercial Emission
Loading factor Population Factor Activity PM10 Annual PM10 Season

(tons/1000 mfg 
employees/ yr)

(1000 mfg 
employees) (lbs/ton) (days/wk) SAF (tons/yr)

Worst Case Day 
(lbs/day)

(a)
0 11.1 16 7 0 0.0 0.0

(b)

24 5.9 16 7 1 1.1 6.3
Total Emissions 1.1 6.3

    PM10 Emissions

Legal 
Burning

Illegal 
Burning
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Table 2.4.11:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From 
Residential Open Burning 

 

Notes
1) a) For legal burning, the material loading is zero.  The DEQ prohibits commecial and industrial open burning inside 

the Klamath Falls UGB as defined in OAR 340 Division 264.  OAR 340-264-0180 makes an exception for commercial  
open burning if the DEQ issues a letter permit.  In 1996 the DEQ issued no letter permits.

b) For illegal burning, the material loading was estimated by using only the part of the commercial population outside of 
the city limits but within the UGB.  Since incorporated areas have additional open burning controls and enforcement, DEQ 
assumes that commercial  sources in these areas are under tighter control. The burn would be very visible and therefore 
dissuades people from burning illegally.  The material loading factor of 24 tons/1000 rural employees was taken from Ref. 2, 
Procedures for the Preparation of Emission Inventories for Carbon Monoxide and Precursors of Ozone, Volume I: 
General Guidance for Stationary Sources , EPA-450/4-91-016, p. 4-38.

2) Since the material loading factor used for illegal burning estimation is for rural population only, 
 the number of rural commercial employees was calculated as follows:
The ratio of the population within UGB but outside City Limits to the total K. Falls UGB population is
 21,600/40,365:  = 0.54 (from Appendix B, Table B-1).
 This ratio was applied to the total K Falls commercial population to determine the rural subset of the commercial population.

3) Emission Factor (EF) was taken from AP-42 5th ed., Table 2.5-1 for commercial open burning of refuse.

4) Activity is taken from the EPA guidance document Procedures for the Preparation of Emission Inventories 
For Carbon Monoxide and Precursors of Ozone 2 , Page 5-18.

5) Seasonal Adjustment Factor (SAF) estimated as follows: (peak season activity * 12 months)/(annual activity * 4 months)
Legal Burning

0

Illegal burning
1

6) Annual PM10 emissions [tons/year] =
  (Material Burned loading factor [tons] * Commercial Population [1,000s] * EF [lbs/ton])/ 2000 [lbs/ton]

7) PM10 Season Emissions [lbs/day] =
  ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity [days/wk] * 52 [wks/year])

SAF = ( 4 months burning peak Season Activity * 12 months)/(12 months annual open burns* 4 months) = 

SAF = ( 0 burning peak Season Activity * 12 months)/(0 annual open burns* 4 months) = 
The peak season is PM10 season from November 1 through the end of Febuary.  

Although mathematically this equation is undefined, the SAF does not affect emissions and is assumed to be 0.

SCC 26-10-030-000
Res. Burning - UGB outside the City Limits

(1a) (2a) (3a) (4a) (5a) (6a) (7) (8)

Material Burned 
(Per Capita Open 

Burning Rate)
Residential 
Population

Emission 
Factor Activity

Seasonal 
Adjustment 

Factor

PM10 
Annual 

Emissions

PM10 
Season 

Typical Day 
Emissions

PM10 Season 
Worst Case 

Day Emissions
[tons/1000 
people-yr]

[1000 
people]

[lb PM10/
ton burned] [days/week] [tons/yr] [ lb/day ] [lb/day]

450 21.6
Wood 30% 19 7 0.8 27.7 125.2 125.2
Brush 40% 15 7 0.8 29.2 131.8 131.8
Leaves 30% 38 7 0.8 55.4 250.4 250.4

112.3 507.4 507.4
Legal Burning - Permitted in City Limits

(1c) (2c) (3c) (4c) (5c) (6c) (7) (7)

Material Burned
Permits 
Issued

Emission 
Factor Activity

Seasonal 
Adjustment 

Factor
PM10 

Annual 

PM10 
Season 

Typical Day 
Emissions

PM10 Season 
Worst Case 

Day Emissions
[tons/permit] [lb/ton] [days/wk] [tons/yr] [ lb/day ] [lb/day]

0.4 656
Wood 30% 19 7 0.8 1.5 6.8 6.8
Brush 40% 15 7 0.8 1.6 7.1 7.1
Leaves 30% 38 7 0.8 3.0 13.5 13.5

6.1 27.4 27.4
Illegal Burning - City Limits

(1b) (2b) (3b) (4b) (5b) (6b) (7) (8)

Material Burned
Number of 
Violations

Emission 
Factor

PM10 
Seasonal 
Activity

Seasonal 
Adjustment 

Factor
PM10 

Annual

PM10 
Season 

Typical Day 

PM10 Season 
Worst Case 

Day Emissions
[tons/violation] [lb/ton] [days/wk] [tons/yr] [ lb/day ] [lb/day]

0.8 13
Wood 20% 19 7 0.2 0.02 0.0 0.0
Brush 30% 15 7 0.2 0.02 0.0 0.0
Leaves 30% 38 7 0.2 0.06 0.1 0.1

Municipal Garbage 20% 16 7 0.2 0.02 0.0 0.0
0.12 0.15 0.15

Illegal Burning - Outside City Limits
(1b) (2b) (3b) (4b) (5b) (6b) (7) (8)

Material Burned
Number of 
Violations

Emission 
Factor

PM10 
Seasonal 
Activity

Seasonal 
Adjustment 

Factor
PM10 

Annual

PM10 
Season 

Typical Day 
Emissions

PM10 Season 
Worst Case 

Day Emissions
[tons/violation] [lb/ton] [days/wk] [tons/yr] [ lb/day ] [lb/day]

0.8 15
Wood 20% 19 7 0.4 0.02 0.0 0.0
Brush 30% 15 7 0.4 0.03 0.1 0.1
Leaves 30% 38 7 0.4 0.07 0.1 0.1

Municipal Garbage 20% 16 7 0.4 0.02 0.0 0.0
0.14 0.30 0.3

Total PM10 Emissions 119 535 535
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Violation Summary
31 total violations during 1996
13 city limit violations (90% and 47% factoring)
1 PM10 season city limit violation 

15 Outside city limit violations (90% and 53% factoring)
2 PM10 season outside city limit violations

13 =((31*90/100)*47/100) = city limit documented violations
15 =((31*90/100)*53/100) = outside city limit documented violations

Notes:
1) a)  Legal and illegal burning inside the UGB but outside the City Limits are accounted for by using population

of the area inside the UGB outside the City Limits (Ref 272).  Per capita open burning rate for the area within
UGB outside the City Limits is based on the value 450 tons/1,000 people/year.
Method per EPA guidance document "Procedures for the Preparation of Emission Inventories
For Carbon Monoxide and Precursors of Ozone 2  ", Table 4.6.2.
Outside the city limits residents can burn any non garbage items without a permit as long as the "pile" is
smaller than 4' x 6'.Residents in the city limits can only burn with a permit 2 weeks in the fall and 2 weeks in the spring.

b)  For illegal burning inside the UGB the per violation open burning rate is estimated by the Grants Pass Fire
 District  (ref 323) and used here based on the assumption that amount of the material burned per violation
in Klamath Falls is approximately the same as in Grants Pass, (Append B-8b).

c)  For legal burning inside the City Limits, the per permit open burning rate was estimated by
the Grants Pass Fire District (ref 323) and used here based on the assumption that amount of the material
burned per permit in Klamath Falls is approximately the same as in Grants Pass, (Append B-8a).

2) a) Estimate of the residential population inside the Klamath Falls UGB but outside the Klamath Falls City limits.
    Appendix Table B-1 (Ref # 333)
Population of the area between 1996 city limits and UGB is 40,365 - 18,765 = 21,600. Ref. 333.
b)  Number of 1996  violations reported by Klamath County Fire District #1, Ref.#335.
c) Number of 1996 permits issued by Klamath Falls Fire District and Klamath County

Environmental Health Department.  Ref.#335.
Permits and violations are for Air Quality Control Area. Larry Calkins of
ODEQ ER estimated that 90 % of those permits and violations were issued on the territory of UGB. (Ref. 335)
All the permits issued by the Environmental Health Department for 4'x6' burns are annual permits.  (Ref. 335).
 We assume that each annual permit was used twice during the 1996 (once in spring and once in fall).
Permits and violations numbers include agricultural burning.
47 % of the UGB population resides in the city limits which allows us to
assume that 47 % of the UGB permits and violations were issued inside the city limits.

Permit summary
1550 permits were issued in Klamath County in 1996

Assumed 90% of AQ Control Area permits were issued in the UGB
Assumption: 53% of open burning permits were issued in the UGB outside city limits.

739 permits outside the city limits
203 during PM10 Season of Jan.-Feb.1996 and Nov.-Dec. 1996

47% of the UGB population resides in the city limits.
656 permits issued in city limits
180 permits in city limits during PM10 season
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3) a) Average EF for brush, grass, and wood taken from the EPA AP-42, Table 2.5-5 (5th Ed.), see Appendix B-8b. 
b) Average EF for brush, grass, wood, and municipal trash from EPA AP-42, Table 2.5-5(5th Ed.), see App B-8b. 
c) Average EF for brush, grass, and wood taken from the EPA AP-42, Table 2.5-5 (5th Ed.), see Appendix B-8b. 

4) a), b), and c)  Activity is taken from the EPA guidance document Procedures for the Preparation of Emission
 Inventories For Carbon Monoxide and Precursors of Ozone 2 , Page 5-18.

5) Seasonal Adjustment Factor (SAF) - generic formula =
(peak season PM10 activity/ annual PM10 activity) / ( 4 mo. Season/ 12 mo. Year) 

a)  The peak season for the PM10 season is from November 1 through the end of February.  
Res. Burning - UGB outside the City Limits

SAF = (203/739)/(4/12) 0.82
Peak season activity and annual activity numbers are from Klamath County 
Fire district #1 and Klamath County Environmental Health Department. (Ref. 335).
Illegal Burning - City Limits

b)  SAF = (1 Violations, Peak Season/ 13 Violations, Annually) / (4 months/ 12 months) = 0.2
Illegal Burning - Outside the City Limits

b)  SAF = (2 Violations, Peak Season/ 15 Violations, Annually) / (4 months/ 12 months) = 0.4
Legal Burning - Permitted in City Limits

c)  SAF =  (180/ 656) / (4/ 12) = 0.82

6) a) Annual PM10 emissions [tons/year] =
((Per Capita Open Burning Rate [tons/1,000 people-yr.]) * (Residential Population [1,000 people]

 * (EF [lb./ton]))/ (2000 [lb./ton])
b) Annual PM10 emissions [tons/year] = (Material burned [tons/violation] * (Number of violations)

 * EF [lb./ton]/(2000 lb./ton)
c) Annual PM10 emissions [tons/year] = (Material burned [tons/permit] * (Number of permits)*(2 burns/permit)

* EF [lb./ton]/(2000 lb./ton)
7) PM10 Typical Day Emissions [lb./day] =

((Annual Emissions [tons/year]) * (2000 [lb./ton]) * (SAF))/ ((Activity [days/wk]) * (52 [wk./year]))

8) PM10 Worst Case Day Emissions [lbs/day]
PM-10 emissions from illegal burning are assumed to be equal to the typical day PM-10 season emissions. 
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Table 2.4.12:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From 
Prescribed Burning 

(1) (1) (2) (3) (4) (5) (6) (7)

Area
Total Tons 

Burned
PM10 EF 
(lbs/ton)

PM10 Seasonal 
Adjustment 

Factor
Activity 
(d/wk)

Annual 
(tons/yr)

PM10 

Season 
Typical 

Day 
(lbs/day)

PM10 Season 
Worst Case 

Day (lbs/day)

SCC 28-10-005-000
Klamath County
USFS, BLM, State, & Private Forest La 210973 37 0.01 7 393.66 278.44 278.44

Total UGB ( 0.60%) (3) 127 37 0.01 7 2.38 0.17 1.68

PM10 Emissions
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(1)  Smoke Management 1996 Annual Report , Oregon Department of Forestry.
     Tables 7A, and 7B.  [REF. 349] 

(2) Emission Factors for Eastern Oregon
    Eastern Oregon
   Emission Factors
           (Lbs/Ton)

PM-10 = 37

The emission factors for Particulate Matter & Total Suspended Particulate are from  the 
AP - 42, page 13.1-10, Table 13.1-4.
 Eastern Oregon is Mainly comprised of Ponderosa Pine and Mixed Conifer

                 Eastern Oregon

Particulate Matter - 10 (lb/ton)
                                Mixed Conifer  = 26

Ponderosa Pine = 26
Underburning Pine = 60

-------------
Average for Region (Estimated Composite) = 37

(3) PM10 Season Tons Burned = unrestricted area in Klamath County PM10 Season tons burned  for November, December, January and February 
     (69,029 Tons of material burned in November * 26 lbs of emissions/ton / 2000 lbs per ton = Tons of Emissions/PM10 Season). 
   There was no burning in December,  January or February of 1996.
    UGB estimates = 0.6% of Klamath County * Total Emissions for Klamath County (Annually and Seasonally).
    Smoke Management Plan = Assumes 90% effectiveness; Most burning takes place N & E of Klamath Falls with prevailing winds from SE.
    For seasonal adjustment factors, used unrestricted Klamath County forests plus restricted forest tons burned on a monthly basis in order
    to make proper estimations.
   Seasonal Adjustment Factor (SAF) = (Estimated UGB Emissions for the Season * 12)/(Estimated UGB Emissions for the Year * 4)

Annual Tons Season Tons Klamath Co. = 5944 sq. miles
     Klamath County (Nonrestricted plus 210973 905 UGB = 37 sq. miles
         restricted forest Burning - Total) UGB = 0.60% of Total Klamath County Land Area
    90% Effectiveness of Smoke Mgt Pla 21097 90 Klamath County Square Miles taken from US Census Bureau at

http://quickfacts.census.gov/qfd/states/41/41035.html from Oregon
     Estimated UGB 127 1      Bluebook under Local Communities; Klamath County.

UGB Square Miles calculated by Larry Calkins DEQ from ODOT map
SAF = 0.01

Assumes all emissions evenly distributed over Klamath County, and Voluntary 
Smoke Management Program is 90% effective. No smoke Intrusions were reported for 1996.
PM10 Season = Nov. - February, 120 days

(4) Activity level set at 7 days per week as there is no regimented weekly burning restriction, therefore burning could occur on any day of the week.

(5) Annual Emissions t/yr = ((tons burned) * (EF [lbs/ton])) / (2000 [lbs/ton])

(6) PM10 Season Typical Day Emissions = (((annual tons per year) * (EF [lbs/ton])) / ((activity [d/wk]) * (52 [wks/yr]))) * SAF

(7) The  worst case day emissions are assumed to be where smoke management was not effective.
     The UGB emissions from Slash Burning:
 '    = (The typical slash burning day emissions in the County[278.44lbs/day]) * (UGB percent of total Klamath County Land Area [0.60%])
     SAF would be  considered zero for a red day because of burning permit restrictions during low ventilation (yellow & red).
     days according to the burn advisory for the Klamath Falls area. This is based on a formal agreement between 
    Oregon Department of Forestry and DEQ called a Special Protection Zone for the Klamath Falls Basin. (ref 291)
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Table 2.4.13:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From 
Structural Fires 

 

 

 

(1) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
PM10 Emissions

Area
Annual # 
of Fires

PM10 

Season # 
of Fires

Fuel 
Loading 
Factor 

(tons/fire)

Annual 
Tons 

Burned
Particulate EF 

(lbs/ton)
% of PM10 

in PT
Activity 

(days/wk)

Seasonal 
Adjustment 

Factor (SAF)

Annual 
PM10 

(tons/yr)

PM10 

Season 
Typical 

Day 
(lbs/day)

PM10 

Season 
Worst 

Case Day 
(lbs/day)

SCC Code: 28-10-030-000
Structural Fires/Klamath Falls
Klamath Falls Fire District #1

92 40 1.15 105.8 10.8 100% 7 1 0.57 4.14 4.14

Notes:
(1) Number of fires in Klamath Falls Fire District #1 provided by the State Fire Marshall for 1996. Ref. 273.
See #9 for seasonal data.

(2) Since the information about the structure types and the extent of the material burned in each fire was not collected, the default 
  fuel loading factor of 1.15 [tons/fire] from  the EIIP , Ref. 321 , Chapter 18, page18.4-2 was used.

(3) Annual tons burned = (number of structural fires) * (fuel loading factor [tons/fire])

(4) Particulate emission factor is from EIIP, Ref. 321, Chapter 18, Table 18.4-1.

(5) "% of PM10 from Particulate" found in "GAP Filling PM10 Emission Factors for Selected Open Area Dust Sources," (REF. 156) 
       assumed AP-42 Particulate factors to represent PM10.

(6) Activity level (days/wk) is from the EPA Procedures Document, Table 5.8-1, p. 5-18. (REF. 7)

(7) Seasonal Adjustment Factor (SAF) if from the EPA Procedures Document, 5.8-1, p. 5-18, and is assumed to be uniform. (REF. 7)

(8) Annual PM10 (tons/yr) = ((No. of fires in 1996) * (Particulate Emission Factor [lbs/ton]) * (% of PM10 from particulate)) / (2000 [lbs/ton])
0.25 fires/day average (for average fires/day = annual number of fires / 365 days per year).

(9) PM10 Season Typical Day [lbs/day] =  ((No. of fires in PM10 Season) / (120 days in season))  * (fuel loading factor [tons/fire]) *  (EF [lbs/ton]) * 
     (% of PM10 from particulate) * (SAF) 

According to Linda Palmer of The State Fire Marshal's office (reference 273):
"our data, provided from the Oregon All Incident Reporting System, shows that in 1996, Klamath County FD #1 reported the following 
  number of structural fires for these months:"
   January      -  11
   February     -  12
   November   -   9
   December   -   8

(10) PM10 Season Worst Case Day[lbs/day] is assumed to be the same as typical day.
     Structural fires are reported for the year and are assumed to be evenly distributed throughout  the year.  The Worst Case Day assumed one 
     average structural fire on that day.
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Table 2.4.14:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From Small 
Point Sources 

 
(2) (3) (4) (5) (6) (7) (9) (8)

 
Activity PM10 Season PM10 PSEL Actual PM10 Season Worst case

 Level Adjust Annual Annual Typical Daily PM10 Season
Source (days/week) (SAF)  (t/yr)  (t/yr)  (lbs/day) Short Term PSEL

 (lbs/day)
SCC 23-07-060-000
Small Point Sources

Source ID Source Name
18-0020 Industrial Oils, Inc. 7 1 2.10 2.10 11.54 11.54
18-0022 Electro Scientific Ind. Inc. 0 1 1.00 2.10 0.00 0.00
18-0043 Nu-Mix Concrete 5 0 0.02 0.00 0.00 0.00
18-0056 Merle West Medical Center 7 1 0.02 0.01 0.05 0.11
18-0070 Jefferson State Redimix 5 0 0.15 0.15 0.00 0.00
18-0086 Sturdi-Craft, Inc. 4 1 0.78 0.78 7.65 7.65
18-0094 Fini Enterprises 5 1 0.02 0.02 0.15 0.15
18-0095 Rogue Aggregates, Inc 7 0 2.60 0.50 0.00 0.00
18-0097 Kingsley Field AFB 5 1 2.80 1.1 8.46 46.40

 Total Small Point Sources 9.49 6.76 27.86 65.85

Particulate Emissions
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Notes:
1) These small sources fall below the point source cutoff level of 5 tons/year but contribute to overall PM10 concentrations within 

the UGB or 1 mile from the UGB.
For sources with no PM10 PSEL all PT emissions are assumed to be PM10.  
Where the minimal source permits indicated "less than 5 tons/year" an emission limit of 4.9 tons/year was assumed.

2) Source ID is DEQ Source Permit number.  Source information was collected from DEQ permit files for sources within the UGB or 
1 mile outside.

3) Sources identified using from DEQ ACSIS computer system and may be Synthetic Minor, A2, or B source category.
4) Activity is at the indicated days/week as indicated in the source permit.
5) Seasonal Adjustment Factor (SAF) is from EPA Procedures Document (Ref. 2)  and assumes uniform activity throughout the year.
6) Annual PT emissions from  permit that was in effect in 1996 Plant Site Emission Limit.
7) Annual PM10 emissions from permit that was in effect in 1996 Plant Site Emission Limit.
8) PM10 Season PSEL or Worst Case Day Emissions [lbs/day] = ((emissions [lbs/hour] * operating hours) * SAF)

or, where hourly emissions rates were not available, 
PM10 Season PSEL or Worst Case Day Emissions [lbs/day] = ((Annual PSEL emissions * 2000[lbs/ton])* SAF) /
 (operating[wks/yr] * activity[days/wk])

9) Source information from permit files and ACSIS, from Appendix B, Table B-4.
Source Name Source ID Notes
Industrial Oils, Inc. 18-0020
Electro Scientific Ind. Inc. 18-0022 ESI not operating in 1996 - current PSEL 1 ton/year
Nu-Mix Concrete 18-0043 Nu-Mix did not operate in 1996 permit good until 2002
Merle West Medical Center 18-0056
Jefferson State Redimix 18-0070 Jefferson State does not operate in winter
Sturdi-Craft, Inc. 18-0086
Rogue Aggregates, Inc 18-0095 Rogue Aggregates does not operate in winter
Fini Enterprises 18-0094
Kingsley Air Force Base 18-0097 Short term PSEL = 8 hours * 5.8 lbs/hr * 1 SAF

Typical Season Daily (lb/day) = ((Annual actual emissions * 2000[lbs/ton])* SAF) / (operating[wks/yr] * activity[days/wk])
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Table 2.4.15:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From 
Agricultural Wind Erosion/Fallow Fields 

 

(1) Information from Agricultural Census of Klamath County 1997 and adjusted to 1996 values. See appendix Table B-11.
     (REF. 243)      Makes several assumptions regarding cropland, cropland harvested and orchards (see #7 & 8 below). UGB acres adjusted (see #9 below)

(2) Composite Emission Factors for agric. wind erosion taken from Agricultural Activities
     Influencing Fine Particulate Matter Emissions, by MRI,  March 25, 1996. (REF. 255)
     Using table 5-1 and eliminating Texas crops based on climatic and topographical considerations the largest wind EFs were chosen for Corn
      and Wheat to apply to the crops grown in the Klamath UGB.  The application of EF to each crop was through the preparer's assumption of
      the type of bare field conditions leading to wind erosion as either more similar to a corn field or a wheat field.
     EF for fallow fields taken as average of agric. wind erosion emission factors * 4%, assuming 70%
     ground cover.  See REF. 243, Figure 1-1, "Soil Loss Ratio as a Function of Percent of Soil
     Covered by Nonerodible Materials," p. 1-4.

(3)  PM10 Emissions [tons/yr] = ((acres) * (EF [lbs/acre])) / 2000 [lbs/ton]

(4) PM10 Emissions Typical Day [lbs/day] = ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr]))

(5)1996 PM10 Seasonal Adjustment Factor (SAF) = (1996 PM10 Season Dry Days Total * 12 months) / (1996 Annual Dry Days Total * 4 months)
     258 days in 1996 w/o precipitation and  64 dry days during the (Jan, Feb, Nov, Dec) season SAF = 0.74     (reference 93 - Klamath Falls 2SSW station)

(6) Worst Case Day = ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr]))*(worst case day multiplier)
     1998 data from Local Climatological Data Summary for Medford used as a surrogate (ref 275)
     Worst case day multiplier = Maximum season wind (2 minute) speed/ Average season wind speed

WCD multiplier = 9.4 4.375  = Season Average wind speed 41 = maximum 2 minute wind speed

(7) From Klamath County Land Use Table [Appendix B, Table B10 ] which states 2370 acres farm use UGB / 228881 acres Klamath County = 1.03% .
    
(8) Activity is the given number of days wind erosion may take place. Since it is a natural event no controls are possible .

(1) (1) (1) & (7) (2) (5) (8) (3) (4,5) (6)

Crops

Klamath 
County 
Acres

Estimated 
UGB Acres

Composite 
PM10 EF 
(lbs/acre) SAF

Activity 
days/week

PM10 

Emissions 
(tons/yr)

PM10 

Emissions 
Typical 

Season Day 
(lbs/day)

PM10 Emissions 
Worst Case 
Season Day 

(lbs/day)

SCC 27-30-100-000

     Hay Crops 90149 933 0.428 0.74 7 0.20 0.817 7.65
      Apples 8 0 0.428 0.74 7 0.00 0.000 0.00
      Barley 25514 264 0.428 0.74 7 0.06 0.231 2.17
      Dry Onions 278 3 0.428 0.74 7 0.00 0.003 0.02
      Grass Seed Crops 201 2 0.428 0.74 7 0.00 0.002 0.02
      Oats 2566 27 0.428 0.74 7 0.01 0.023 0.22
      Potatoes 8951 93 0.428 0.74 7 0.02 0.081 0.76
      Rye 89 1 0.428 0.74 7 0.00 0.001 0.01
      Wheat 6008 62 0.428 0.74 7 0.01 0.054 0.51
     Straw berries 17 0 0.428 0.74 7 0.00 0.000 0.00
      Pasture 95101 985 0.428 0.74 7 0.21 0.862 8.08
AGRICULTURAL WIND EROSION:
TOTAL ACRES - Agricultural Wind Erosion 228,881

UGB 2370 0.51 2.07 19.43
Total UGB Farmland as 1.035% of Klamath County Farmland (9)
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Table 2.4.16:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From 
Agricultural Field, Stack, Propane Burning 

 

(1) (2) (3) (4) (5) (9) (6) (7) (8)

Burning Type Acres

Loading
Factor

(tons/acre)
Tons

Burned EF (lbs/ton) SAF

Weekly
Activity

(days/wk)

PM10

Annual
Emissions
(tons/yr)

PM10

Season
Typical Day
Emissions
(lbs/day)

PM10

Season
Worst Case

Day
Emissions
(lbs/day)

28-01-500-000
28-01-501-000
28-01-502-000
Agricultural Field Burning 68 2 136.00 22.00 0.00 7 1.5 0.0 0.0
Agricultural Propane Burning 0 0.71 0.00 102.00 0.00 7 0.0 0.0 0.0

lbs/ft
3

ft
3
 Burned

Agricultural Stack Burning 0 0.10 0.00 24.17 0.00 7 0.0 0.0 0.0

Total 68 136.00 1.5 0.0 0.0

(1)  Information taken from ODEQ staff observation of one agricultural field inside UGB.
     Larry Calkins observed field burning in Spring of 2001 and determined size was approximately 68
     No Propane or stack burning observed or known in UGB

(2) Loading factors (tons/acre) found in 1986 OMNI report ([REF 41] in Field Burning Notebook)
     Omni report indicates 1.91 tons/acre are propaned and 72% of the loose straw had been previously removed
     It is estimated that Klamath Falls area has ~30% of the straw production than where Omni conducted the
    Omni conducted the study in Willamette Valley were straw production is much greater than East of the
    Rodney Todd, Klamath County Extension Agent estimates 2 tons/acre loading factor for Klamath
    Agricultural field burning LF: (1.91 tons/acre)/(1-0.72)*(30%) = 2.05 tons/acre Straw
    Omni study also states that during propane burning only 37% of the remaining stubble/straw is actually

b d    Propane burning LF: 1.91 tons/acre * 0.37 = 0.71 tons/acre
   Weekly Activities estimated to be 7 days per week for all activities.
     The stack burning loading factor is in lbs/ft3  since emission factors are based on pile size.

(3) Tons burned = (acres) * (EF [tons/acre]) for field and propane

(4) Emission factor (lbs/ton) is from AP-42 Open Burning for Headfire Wheat and Barley (ref.8) Chapter 2.5.2.3 Table 2.5-5

(5)  Seasonal adjustment factor = ((peak season [tons]) * (12 months))/((annual season [tons]) * (4 months))
     Since the peak season for field burning and propaning is zero due to regulations prohibiting the activity, the SAF is

(6) Field burning & propaning=
     PM10 Annual Emissions [tons/year] = (emission factor [lbs/ton]) * (tons burned) / (2000 [lbs/ton])
     Stack burning =
     PM10 Annual Emissions [tons/year] = (EF [lbs/ton]) * (((ft3 burned) * (loading factor [lbs/ft      3 ] )) /  (2000  [lbs/ton]))  /  (2000 [lbs/ton])

(7)  PM10 season typical day emissions = ((annual [tons/yr]) * (2000 [lbs/ton] * (SAF)) / (7 days * 52 weeks/yr)

(8)  For Field burning and propaning, the following formula was used to estimated the worst case
d     PM10 season worst case day emissions = ((annual [tons/yr]) * (2000 [lbs/ton] * (SAF)) / (7 days * 52 weeks/yr)

(9) Field burning can occur any day of the week as long permitted by the meteorological conditions
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Table 2.4.17:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From 
Commercial Food Preparation 

 

 

 
 

(7) (1) (2) (3) (4) (5) (6) (6)

Source

Estim. No. of 
Applicable 

Restaurants or 
Deep Fryers

PM EF 
[lbs/year-
restaurant]

Seasonal 
Adjustment Factor 

(SAF)
Activity 

(days/wk)

PM10 

Annual 
Emissions 
[tons/yr]

PM10 

Season 
Typical 

Day  
Emissions 

PM10 

Season 
Worst Case 

Day  
Emissions 

SCC 23-02-002-000
Commercial 
Restaurants with 
Charbroilers 8 1763 0.3 7 6.9 12.6 12.6

SCC 23-02-080-000
 Deep Fryers 160 54 0.3 7 4.3 7.9 7.9

Total UGB 11.2 20.5 20.5

# of fryers = 1996 Klamath Falls UGB Pop/252 [people/fryer] = 160 Deep fat fryers
Number of Med/Ash AQMA charbroiling restaurants = 

# of restaurants in Jackson Co * (1998 AQMA pop/1998 Jackson Co. pop) * ave % w/ Charbroilers.
(10% of restaurants having charbroilers is an assumption made by SCAQMD ref 282 pg V.2-1)

# of restaurants in Jackson county = 420 1998 Jackson County Population = 172,800
# of restaurants in AQMA = 333 1998 AQMA Pop (ref 414) = 137,098

# of restaurants w/ charbroilers in AQMA = 26
Number of Klamath Falls UGB charbroiling restaurant(# restaurants w/charbroilers in Med/Ash AQMA / 1998 Medford Population) *
                                                                   (1996 Population in Klamath Falls UGB)

1996 population of Klamath Falls UGB = 40,365
26 charbroilers (AQMA)/137,098 people = 1.93E-04 Charbroilers/person in Medford-Ashland AQMA
# of restaurants w/ charbroilers in Kfalls UGB = 8

(2) According to the Sacramento Metropolitan Air Quality Mgmt District,  the California Air Resources Board, & 
     the County of Santa Barbara Air Pollution Control District, the PM Emission Factor for Charbroiling
     was estimated at 3000 lbs/year-restaurant. [REF 282]
     According to the Bay Area Air Quality Management District, based on specific source testing,
     the PM EF for Charbroiling was estimated at 526 lbs/year-restaurant. [REF 282]

1763 = Average of the two possible EFs
     According to the same organizations listed above in note 4, the PM Emission Factor for Deep Frying is 54 lbs/year-fryer.

Deep Frying EF= 54
     PM10 Emissions assumed at 100% of PM EF.

(1) Estimated No. of restaurants calculated using Jackson County and Medford AQMA as a surrogate. Calculated by ratio of number of 
charbroiling restraunts per population. Obtained from 1998 County Business Patterns for Jackson County (REF 416) using methodological 
recommendations from the California Air Resources Board.  See REF 282.
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(3) Seasonal Adjustment Factor (SAF) =
     According to restaurant owners and managers surveyed in Medford and Ashland, approx. 60 % of annual business
     is accrued during the six months of "summer season," the remaining 40% of annual income 
     is realized during the alternative six month "winter season."

     Summer season SAF = May - October = 0.7
     Winter season SAF = November - February = 0.3

year total 1
(4) Activity = 7 days per week for commercial food preparation

(5) Annual Emissions [tons/yr] = 
     ((estim. No. of restaurants) * (PM EF [lbs/0.5 yr-rest.]) * (SAF)) / (2000 [lbs/ton])

(6) Typical Day and Worst Case Day Emissions are the assumed the same due to uniform activity & lack of applicable restrictions.
     Typical Day and Worst Case Day Emissions = 
     ((estim. No. of restaurants) * (PM EF [lbs/0.5 yr-rest.]) * (SAF)) / ((activity [days/wk]) * (52 [wks/yr]))

(7)   Charbroiling emission factors are not quantified as yet in the EPA's AP-42 for national sources.  Emission factors were obtained, 
     however, from the California Air Resources Board based on EI development in the Ventura, South Coast, and Bay Area districts.
     Telecon 4/21/97 with Ray Asregadoo, CARB, @ (916) 324-7901.
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Table 2.4.18:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From Forest 
Wildfires 

(1) (1) (1) (2) (4) (5) (1) (6) (7) (8) (9) (10) (11)

Area

# Fires in 
PM10 

Season

Annual 
Acres Fuel 

Burned

Acres 
Burned 
during 
PM10 

Season

Fuel Amount 
per Acre 
Burned 

(tons/acre)
Annual Tons 
Burned  1996

Tons 
Burned  
PM10 

Season
PM TSP EF 
(lbs/ton)

PM10 EF 
(lbs/ton)

Activity 
(days/wk) SAF

PM10 
Annual 
(tons/yr)

PM10 Season 
Typical Day 

(lbs/day)

PM10 

Season 
Worst Case 

Day 
(lbs/day)

SCC 28-10-001-000

Forest
Klamath-Lake Fire Protection District (3) 0 559 0 60 33540 0 38 30 7 0 503 0 0

TOTAL for Klamath Falls UGB 0 3 0 60 159 0 38 30 7 0 2.4 0 0
% of Klamath-Lake Fire Protection District in UGB (13) 0.47%

------ PM10 Emissions ------
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Notes
(1)Email correspondance from Mike Ziolko, Oregon Department of Forestry, Aug 16 and 28,

2001 ( f #4 6)(2)Fuel amount per acre burned is based on 60 tons/acre burned. Email Correspondence from Mike Ziolko (ref #476)  Also, a
Q i b d   local conditions in western Oregon and consistent with 60 tons/acre given in AP-42 for forests in the
ifi i i     Table 11.1-1m AP-

(3)Email from Mike E Ziolko (ref #476); Mike said he used PM10 ratio of
i(4)Annual tons burned in Klamath-Lake District of State Forestry = (acres burned) * (Fuel amount per acre

b d [ / ])(5)Tons burned in Klamath-Lake District of State 10 Season = (acres burned
d i

10 Season) * (Fuel amount per acre
b d)(6)Emission Factor for Forest

ildfi
30 Lbs/ton

b d      Hardy, C.C. Ward, D.E.; Einfield, W. 1992.  PM2.5 emissions from a major wildfire using a GIS; rectification of
i b      In: Proceedings of the 29th annual meeting of the Pacific Northwest International Section, Air and Waste Management

A i i 1992     11-13; Bellevue, WA, Pittsburgh, PA; Air and Waste management Association. revised 5/29/96. (file name:1996
ildfi l )(7)Forest wild fires are uncontrolled, thus there is an equal chance for ignition on

d il b i(8)Seasonal Adjustment Factor = (peak season acres burned) * (12 months) / (annual acres
b d) * (4

10 season
h )SAF 0

(9)Annual Tons / Year Emissions =
(

10 Emission Factor * Annual Tons Bunred in Klamath-Lake
i i ) /(10)PM10 Season Typical Day Emissions =

(
10 EF * tons burned in Klamath-Lake

i i
10season) / (120 days in10

)(11)PM10 Season Worst Case Day = ((tons burned in Klamath-Lake
i i

10 Season * 10 EF) / (120 days in 10).  This category is assumed the
     as the typical day because wildfires are relatively unpredictable and

ll bl(12)No applicable State regulations; No Control Efficiency, Rule Effectiveness, or
l i     applied to this category.  This category is completely uncontrolled due to

l f(13)Total UGB as part of Klamath-Lake Fire Protection District % is based on an assumption that wildfire smoke is
l di ib d    Over Klamath-Lake Fire Protection District. Since most of emissions from district are north of Klamath Falls

f i i    normally attributed to Klamath Falls UGB emitted to north
f G                             Klamath-Lake Fire Protection
i i

3906 sq.
il

0.95
%UGB 37 sq.

il
50%

UGB 0.95 of Total Klamath County Land 0.47
Assumes all emissions evenly distributed over Klamath-Lake Fire Protection District less 50%

% Reduction
Balance

UGB Emissions
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Table 2.4.19:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From Road 
Sanding 

 
 

 
 
 
 
 
 

1) Both Klamath County and ODOT perform some sanding out side
the UGB.  The ODOT sanding volume within the UGB was actual as determined
by ODOT using milepost data and amount of sanding material used per day.
Klamath County gave a total winter usage and a Countywide usage and those
were ratioed to the days and amounts used by ODOT.

2) Tons applied = yds applied * tons per yard.  1700 pounds per yard 
for cinder and 2500 lbs per yard for 1/4- were used.
The estimate for cinder obtained from ODOT Ashland office, the estimate for 1/4"- 
obtained from Medford local rock products supplier.

3) 1996 was a heavy year for snow, based on conversations with Bob Doran 
of ODOT district. Severe snow event was determined by the highest day
of material application by ODOT.  It is assumed that the ODOT highest day is the same
higest day for Klamath County. January 18, 1996 was the highest day with 93 cubic yards 
applied to UGB roadways by ODOT and an estimated 28 cubic yards applied by Klamath 
County.  It is assumed that the City of Klamath Falls has no emissions on worst day, 
because they either apply deicers or just plow the streets. Apportioned Klamath Co.
road sanding by day as shown in Table B-6b.

(1) (2) (3) (5) (6) (4) (7) (8) (9)
Area Worst Case PM10 1998 PM10

   Facility/ SCC 1996 1996 Day Seaonal PM10 1998 Pm10 Worst
   Operation Code aggreagate aggreagate aggregate Adjustment activity Emission annual Season Case day
   Type applied applied applied Factor level Factor emissions Typical Day emissions

[CuYds] [Tons] [Tons] (SAF) [days] [lbs/ton] [tons/yr] (lbs/day) [lbs/day]
KLAMATH FALLS UGB NONATTAINMENT AREA

Road Sanding 22-94-000-002

Klamath County
Cinder use 430.0 365.5 23.6 2.80 2 0.405 0.0740 3.9919 9.6
1/4"- use 0.0 0.0 0.0 2.80 2 0.369 0.0000 0.0000 0.0
ODOT
Cinder use 0.0 0.0 0 2.80 7 0.405 0.0000 0.0000 0
1/4"- use 1439.0 1798.8 116.25 2.80 7 0.369 0.3317 5.1110 43

City of Klamath Falls (10) 0 0.0 0.0 2.80 7 0.369 0.0000 0.0000 0

Total 2164.3 139.9 0.4058 9 52
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5) Seasonal adjustment factor was developed as follows:
SAF= (PM10 Season Activity)*(12 months)/(annual activity)*(4 season months)
Sanding Activity

PM10 Season Activity Annual Season Activity
Klamath County 402 430
ODOT 1345 1439
Total 1746.91 1869.00

SAF= 2.80

6) In Klamath County Roads (ref 472) are swept end of each storm event so activity
level was considered to be 2 days per week. ODOT (ref 471) waits until end of season.

7) Tons annual emissions = (Tons aggregate) * (EF [lbs/ton]) / (2000 [lbs/ton])

8) Worst case day emissions= (Tons aggregate) * (EF [lbs/ton])
     assuming all sanding occured on one day only (as can be expected due to
     historical meteorology in the Klamath Falls area).

The SAF factor was included for informational purposes only.  It was not used to 
develop the worst case day estimate.

9) 1996 data is actual.

10)  The City of Klamath Falls uses anti-icing agents and there is assumed there is little to no 
PM10 emissions from the use of this agent.

When communicating with ODOT personnel within the last few years there 
has been an increased use of magnesium chloride as an anti-icing agent. Very 
little sanding is currently conducted by ODOT.

4) EF (lb/ton) = 2000 f (s/100)
Cinder where s= 7.79 Average silt content of cinder samples 

from Klamath Falls stockpiles which were subjected to 
abrasion test.  (Ref 160, p. 43.)

f= 0.0026 fraction.  (Ref 156, p.40)
 A default value for the PM10 in the silt.

EF= 2000 * (.0026) * (7.79/100)
= 0.405

1/4"- s= 7.09 Average silt content of road sand samples
from La Grande stockpiles which were subjected to 
abrasion test.  (Ref 160)

f= 0.0026 fraction.  (Ref 156, p.40)
EF= 2000 * (0.0026) * (7.09/100)

= 0.369
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Table 2.4.20:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From 
Aggregate Storage Piles 

 

 

 
 

(1) (2) (3) (4) (5) (6) (7) (8)

Area Source Transferred Emission
(Owner) Quantity Factor Activity PM10 Annual PM10 Season PM10 Season

(tons) (lbs/ton) (days/wk) SAF (tons/yr) (lbs/day) (lbs/day)
SCC 25-30-000-060

ODOT 1,439 0.000091 2.3 1.3 0.0001 0.0014 0.0014
Klamath County 7,407 0.002401 2.3 1.3 0.0089 0.1913 0.1913
City of Klamath Falls Controlled

Total 8,846 0.009 0.1927 0.1927

    PM10 

Emissions Typical Day Worst Case

Notes
1) Storage pile locations within the UBG were determined by requesting information from Bob Doran of ODOT in 

Klamath Falls (ref. 471) and by contacting Stan Strictland of Klamath County (ref. 472).
2) Transfer amounts provided by Klamath Co. Public Works and ODOT. Klamath County Transfer rates identified as 

175 days per year disturbance total from all piles combined (ref 472). ODOT disturbances based on number days of 
roadsanding disturbances (Appendix B Table B-6a).  The Klamath Falls did not submit data and piles are assumed 
covered and fugitive emission controlled. ODOT pile is covered on 3 sides (a shed); therefore assumes only 1/4 of 
the normal emissions.

3) Emission Factor (EF) calculations based upon AP-42 (Ref. 216), Chapter 13.2.4.
k(.0032)(U/5)^1.3 lb/ton E= emission factor, lb/ton

E=  ----------------- k= particle size multiplier
(M/2)^1.4 U= mean wind speed, mph (winter Peterson School)

M= moisture content, % (Klamath Falls Cinder = 
For the Klamath Falls UGB Average value; Klamath Falls Road)

Road Sanding Cinders Sand/gravel piles
k(.0032)= 0.00112 0.00112 k= 0.35 (pm-10) (*)
U/5= 1.08 1.08 U= 5.4 mph (*)
M/2= 6.45 0.385 M= 12.9 % (*)

M= 0.77 % (*)
Road Sanding 
E= (0.00112) 1.08E+00 ^1.3 =

6.45E+00 ^1.4

E= 1.12E-03 1.11E+00 = 1.24E-03 = 9.11E-05 lb/ton
1.36E+01 1.36E+01

Maintenance Piles
E= (0.00112) 1.08E+00 ^1.3 =

3.85E-01 ^1.4

E= 1.12E-03 1.11E+00 = 1.24E-03 = 4.71E-03 lb/ton
2.63E-01 2.63E-01

(*) k = particle size multiplier from AP-42, Chapter 13.2.4-3, Ref. 216.
U = Mean wind speed [mph] from Peterson School for Jan-Mar; Oct-Dec 1996 from EPA's AIRS database
M = moisture content (%) from Midwest Research Institute,
     Interoffice Communication, August 1995 (Ref. 160).
 Transferred amount is sum of road sanding piles and road maintenance piles and therefore the EFs were 
averaged to create an EF appling to both types of material.
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Table 2.4.21:  Klamath Falls UGB 1996 PM10 Season:  Area Source Emissions From New 
Heavy Construction Activity 

 

 
Notes

1) The Construction amounts and times were obtained from phone conversations with the public works departments for the City,
 county and state governments. To determine Acres Per Month; used Mid May through September as the following: 
Ownership Acreage Months Acres / Month
ODOT 36.93 4.5 8.207
Klamath County 3.5 4.5 0.778
Klamath Falls City 0 0 0
(a) ODOT's Klamath Falls office supplied the state data (telephone conversation with Bob Doron ODOT [ref. 477]:  Washburn Way
164000 sq ft length/width & 296,280 sq ft sloping disturbance and 871,2000 sq ft grading and widening; OC&E trail 147840 sq ft 
length/width & 129360 sq ft sloping - 4 to 5 months: 

36.93 acres

(b)  Fax from Stan Strictland, Klamath County Public Works - Foothills boulevard - 
      17.5 acres X 20% in 1996 - 5 months in 1996- 5 days per week.
       Stan stated that of the 17.5 acres of construction that 20% of this construction was completed in 1996. (Ref. 472)
(c)  No information from the City of Klamath Falls provided.

2) Emission Factor (EF) calculations based upon AP-42 (Ref. 216), Section 13.2.3-1.  The EF was converted from total
particulate to PM10 using a ratio taken from the GAP filling document, Ref.  156. Used 1.2 Tons/Acre/Month TSP from AP-42
                                                PM10/TSP ratio is the average of topsoil removal, cut and fill and aggregate hauling.

              (0.22+0.23+0.27)/3 = .24 Composite PM10/TSP Ratio
(1.2 Tons TSP/Acre/Month)*(0.24 Tons PM10/Ton TS 0.288 Tons PM10/Acre/Month
AP-42 - Activity level assumed at 30 days per month. Therefore the adjustment factor for 5 days per 
week is created based on a year.
(.288 [T/ac/mo] * (5 [days] * 52 [weeks] / 30 [days/mo] * 12 [mos]) 0.208
0.288 [tons/ac/mo] * 2000 [lbs/ton 416 lbs/acre/month

3) Activity based upon number of working days/wk as indicated in Klamath County (ref 472). Assume state workers also work 5 days/wk.
5.0 Days/Wk

4) Seasonal Adjustment Factor (SAF)=   (peak season activity * 12 months)/(annual activity * 4 months)
   In telephone conversation with Richard Roseburg, Chief Agronomist with OSU Extension Service, (Ref 465), the soil moisture content
   in Klamath Falls is typically too high to generate dust from construction activity from November through February. Therefore, there 
   are no days (typical or worst case) where wintertime dust is generated between November through February.

SAF = [No days where winter dust during PM10 season*12 months]/[Annual Days of precipitation*4 months]
SAF = 0.0

5) Annual PM10 emissions [tons/year] = (Annual Emissions [Acres/Months] * EF[lbs/acre/month]/2000)
PM10 Season Emissions {lbs/day] = (Annual Emissions [tons/yr] * 2000 [lbs/ton] * SAF / Activity [days/wk] * 52 [wks/year])

Foot to Acreage conversion: ((164000 + 296280 + 871200 + 147840 + 129360) sq. ft.) / (43560 sq ft / acre

(1) (1) (1) (2) (3) (4)

Area Source Area * Time of Emission
(Owner) Total Acres Construction Factor Activity PM10 Annual PM10 Season

(Acres/ Months) (lbs/Acre/Month) (days/wk) SAF (tons/yr) (lbs/day)
SCC 25

36.93 8.2 416 5.0 0.0 1.7 0.0
3.5 0.8 416 5.0 0.0 0.2 0.0

0 416 5.0 0.0 0 0
Total 1.9 0.0

 PM10 Emissions

(5)

Klamath County - UGB (b)
ODOT- UGB (a)

Klamath Falls (c)
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SECTION 2.5  NON-ROAD MOBILE SOURCES 

2.5.1 Introduction and Scope 

Within the Klamath Falls UGB, non-road mobile emission source categories inventoried 
include gasoline and diesel-powered vehicles and equipment, aircraft, and railroads.  
Commercial waterborne vessels were not inventoried due to lack of suitable environment and 
little to no documented activity. These vehicle categories are grouped into three equipment 
types: two-cycle gasoline engines, four-cycle gasoline engines, and diesel engines.  A summary 
of emissions from non-road mobile sources can be found in Table II.5.1. 

 

2.5.2 Non-Road Vehicles and Equipment 

Emissions from off-road vehicles and equipment were evaluated using the Nonroad 
Engine and Vehicle Emission Study – Report49a, and revision, Methodology to Calculate 
Nonroad Emission Inventories at the County and Sub-county Level, Final Report49b.  The 
companion documents, Nonroad Emission Inventories for CO and Ozone Nonattainment 
Boundaries51c, provided emission inventory data for Spokane.  The Nonroad study (completed in 
1991) was prepared by the EPA Office of Mobile Sources (OMS).  These studies categorized 
and reported emissions for off-road vehicles and equipment for selected nonattainment areas.  
The Spokane Consolidated Metropolitan Statistical Area (CMSA) was one area studied. 
 

Because of its proximity and socio-economic similarity to Klamath Falls, the Spokane 
CMSA is considered to have per capita area source emission rates similar to Klamath Falls and 
was chosen as a surrogate.  OMS indicated that a purpose of a Nonroad Study was to provide 
emission data for scaling of nonattainment areas similar to the nonattainment area being 
inventoried50.  At the request of DEQ, the data provided in the Nonroad Study for the Spokane 
CMSA was supplemented with more detailed information regarding the contribution of gasoline 
and diesel vehicles and equipment51a.  The supplementary data provided by OMS was used to 
prepare the non-road emission estimates submitted in this SIP attainment-year inventory. 

 
Following receipt of the revised non-road data51a, 51c from OMS in August of 1992, the 

non-road emission estimates for the Oregon nonattainment areas were revised and expanded.  
Although recreational waterborne vessels are included in the Nonroad Study, the emission 
estimate methodology utilized a 1998 CARB document entitled Public Meeting to Consider 
Approval of California's Pleasure Craft Exhaust Emissions Inventory for calculation purposes.  
This decision was made for a couple reasons one of which being the CARB data included 
information specific to personal watercraft. 
 
 

2.5.2.1 Vehicle Categories 
Vehicle categories used in the Nonroad Study51a, 51c include Lawn and Garden 

Equipment, Off-Highway Recreation Equipment, Construction Equipment, Industrial 
Equipment, Agricultural Equipment, Light Commercial Equipment, Logging Equipment, and Air 
Service Equipment.  These vehicle categories are grouped into three equipment types: two-cycle 
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gasoline engines, four-cycle gasoline engines, and diesel engines.  A summary of emissions from 
non-road mobile sources can be found in Table 2.5.1. 
 

The OMS Nonroad Study data was generated using two approaches that are identified in 
the Nonroad Study as Inventory A and Inventory B.  The emission estimates for the 1996 
Inventory Year for Klamath Falls used an average of Inventory A and B, as recommended by 
EPA49b. 
 

The approach taken with the inventory in this Report was to factor the emission estimates 
for the Spokane CMSA, as given in the revised Nonroad studies49a,51a, using population estimates 
of Klamath Falls UGB.  Spokane CMSA 1990 population was utilized with information on 
Spokane Ozone Nonattainment Area CO emissions to develop a per capita emission factor for 
the pollutant from each equipment type.  The per capita emission factor for each equipment type 
was then applied to the Klamath Falls UGB 1996 population to estimate emissions. 
 

The non-road vehicle PM10 emission factors include tailpipe emissions from the Nonroad 
studies49a, 51a.  The seasonal adjustment factors used are taken from the revised Nonroad 
studies49a, 51a.  No State regulations pertaining specifically to non-road vehicles or equipment 
emissions were in effect for the 1996 inventory year, therefore control efficiency, rule 
effectiveness and rule penetration have not been applied to the non-road inventory calculations. 
 

The details of these calculations and summary emissions are shown in Tables II.5.2, 
II.5.3, and Table II.5.4. 
 

2.5.3 Aircraft 

 This emission inventory includes only airports within the Klamath Falls UGB that use 
FAA operated control towers.  The aircraft categories included are commercial air, general 
aviation, air taxi, and military aircraft activities located at the airports listed below: 
 Airport Site   Name 
 Klamath Falls   Klamath Falls International Airport 
 
 Aircraft emissions included in this inventory are limited to activities taking place in the12 
month period beginning January 1, 1996 and ending December 31, 1996.  The inventory 
accounts only for particulate emissions from aircraft engine exhaust related to fossil fuel 
combustion.  Emissions from airport support equipment, aircraft auxiliary power units, and 
airport vehicle traffic are included as a subcategory for aircraft service equipment in the non-
road mobile 2-cycle (Tables 2.5.2), 4-cycle (Table 2.5.3), and diesel (Table 2.5.4) estimates.  
Factors that affect aircraft exhaust emissions are aircraft type, engine type, fuel consumption in 
each mode of operation, and time spent in each mode (time-in-mode).  EPA has established 
default values for time-in-mode, aircraft engine type, and mixing height.  However, the site-
specific data was utilized, if available, for a more accurate estimate of emissions. 
 
 The emissions estimate was compiled following guidelines established in the EPA’s 
Procedures for Emission Inventory Preparation Volume IV: Mobile Sources, 1992 (Ref. 91).  
Emissions were estimated utilizing different techniques for each aircraft category.  All 
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particulate emission factors were obtained from EPA’s Procedures for Emission Inventory 
Preparation Volume IV: Mobile Sources, 1989 & 1992 (Ref. 91 & Ref. 200). 
 
 The activity surrogate used was the number of landing and takeoff (LTOs) cycles made 
by aircraft.  LTOs can also be used as a single unit of activity related to an emission factor per 
LTO when the aircraft category is considered a single group as is done in this inventory. 
Commercial air carriers, air taxi, general aviation, and military emissions are simply calculated 
by multiplying LTOs by an emission factor per LTO.  Commercial air carrier and military 
aircraft fleet make-up is included in the Table Appendix C, Table C5 but was not utilized in 
particulate emission calculations. 
 
 The seasonal adjustment factor was calculated utilizing monthly LTO data found on the 
Federal Aviation Administration (FAA) Air Traffic Activity Data System (ATADS) web site 
(Ref. 434) for the PM10 season of January, February, November, and December of 1996.  
Background data for the seasonal activity can be found  
 
 Specific emission estimation procedures are described bellow for the general air craft 
categories: 1) commercial air carriers and military air craft, and 2) air taxi and general aviation. 
 
Commercial Air Carriers and Military Aircraft: 
  
 Activity levels for Military Aircraft were determined from information provided in a 
query of the FAA Air Traffic Activity Data System (ATADS) web site (Ref. 434).  Activity 
levels for Commercial Air Carriers the FAA Air Traffic Activity Statistics of Certified Route 
Carriers: Table 7 (Ref. 436).  The ATADS site lists all eight airports with FAA operated control 
towers and air-traffic activities categorized by commercial air carriers, air taxi, general aviation 
and military aircraft.  The air-traffic activities reported as LTOs include both takeoff and landing 
as an LTO, however EPA emission factors define each landing and take-off cycle as an LTO.  
Therefore, the number of LTOs provided in these reports was divided by 2 in order to obtain the 
number of ‘EPA-type’ LTOs. However in Table 7 only landings are reported; it is assumed that 
the aircraft also take-off to complete a true LTO cycle.  Table 7 reports LTOs by aircraft type.  
When commercial LTOs reported in Table 7 were greater than LTOs reported in ATADS, it was 
determined that the difference must represented air taxi aircraft.  This difference between 
commercial LTOs (Table 7) was then subtracted from the air taxi LTOs given in the ATADS 
web site, keeping the total number of LTOs consistent. 
 
 To calculate emissions the emissions factors from EPA’s Procedures for Emission 
Inventory Preparation Volume IV: Mobile Sources, 1989 (Ref. 91) were multiplied by the LTOs 
for the aircraft category. 
 
Air Taxi and General Aviation: 
 
 Activity levels for Air taxi and general aviation were determined from information 
provided in a query of the FAA’s Air Traffic Activity Data System (ATADS) web site (Ref. 
434).  Table 7 reports LTOs by aircraft type.  When commercial LTOs reported in Table 7 were 
greater than LTOs reported in ATADS, it was determined that the difference must represented 



 

Oregon 1996 Klamath Falls UGB PM10 Attainment Year & 2015 Maintenance Year SIP Emission Inventories 
 

 
86 

air taxi aircraft.  This difference between commercial LTOs (Table 7) was then subtracted from 
the air taxi LTOs given in the ATADS web site, keeping the total number of LTOs consistent. 
 
 To calculate emissions for these categories, default emission factors (per LTO) provided 
in EPA’s Procedures for Emission Inventory Preparation Volume IV: Mobile Sources, 1989 
(Ref. 91) were used.  An average of the commercial and general aviation emission factors was 
used to estimate the air taxi particulate emissions, due to lack of specific particulate emission 
factors in the EPA documents.  The particulate emission factors are multiplied by the total LTOs 
of the corresponding group to obtain the total pounds of pollutant produced.  
 
 Once particulate emissions for each category of aircraft were calculated, the emissions 
were summed to produce the total yearly emission for the airport in tons.  A summary of the 
annual and worst case PM10 season day emission estimates and assumptions for aircraft activity 
are shown on Table 2.5.5. 
 

2.5.4 Waterborne Vessels 
  This category normally includes emissions from both commercial and recreational 
marine vessels. There are two bodies of water in Klamath County that fall within the UGB 
boundary; Lake Ewana and Upper Klamath Lake.  However, these waterbodies only support 
recreational activities such as fishing, and pleasure boating.  Therefore the estimates include 
emissions of PM10 from pleasure (recreational) craft vessels and not commercial vessels.   
 
 The 1999 Oregon Recreational Boating Survey346 provided by the Oregon State Marine 
Board was used as the information source for this category.  It summarizes recreational marine 
activity by “use days”.  Use days are defined as “any part of a 24-hour period during which the boat 
was used”.  The use days for the 1996 survey year are included on pages 146 and 148 in Appendix J 
of the boating report.  The typical day is reported to consume 6.5 gallons of fuel and lasted for an 
average of 5 hours.  The EFs used to estimate the emissions are calculated from the California Air 
Resources Board document, Data from Public Meeting to Consider Approval of California's 
Pleasure Craft Exhaust Emissions Inventory, 1998.  The EFs in lbs/hr were calculated from the 
equipment populations, yearly usage, and emissions data given in Table 12 p. 20.  The Spokane 
Non-road study was used as the surrogate to apportion the use days into the respective engine type 
classification based on the number of each type of craft in the study.  Activity is assumed to be 7 
days/week.  According to the 1996 Boating Survey (page 24), approximately 9% of the annual 
boating in Oregon takes place during the PM Season: November, December, January, and February 
yielding a SAF of 0.09. 
 
 A summary of the annual and worst case PM10 season day emission estimates and 
assumptions for recreational marine vessels is shown on Table 2.5.7. 
 

2.5.5 Railroads  
 Emissions from railroad operations were estimated following the recommended 
methodology in Volume IV: Mobile Sources91.  This method required determining annual fuel 
consumption of both line-haul and yard (switch) locomotives operating within the UGB, and 
applying the PM10 emission factors given for each type of locomotive.   
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 Class 1 and Class 2 & 3 railroads were considered for the emission inventory.  Three 
Class 1 railroads operated within the Klamath Falls UGB in 1996; Burlington Northern Santa Fe 
(BNSF), Union Pacific (UP), and Amtrak. The sole Class 2 & 3 railroad operating in Klamath 
County was Klamath Northern Railroad, and this railroad did not operate in the UGB during 
1996 (Ref. 422). 
 
 Both the BNSF and UP railroads supplied line-haul fuel consumption for Klamath 
County for the year 1997, as 1996 data was unavailable due to rail corporation mergers.  UGB 
line-haul fuel consumption data for these two railroads was determined by proportioning county 
fuel consumption to UGB fuel consumption using the ratio of track length within Klamath 
county to track length within Klamath Falls UGB.   
 
 BNSF was the only class 1 railroad to report any yard fuel consumption within Klamath 
County for 1997. As the UGB contains Klamath County’s only rail yard (determined from DEQ 
GIS mapping services), all BNSF yard fuel consumption was assumed to occur within this yard. 
 
 Amtrak locomotives were treated as line-haul locomotives, and Amtrak operations within 
the Klamath Falls UGB were proportioned using Amtrak fuel consumption within Klamath 
County in the same fashion as the BNSF and UP line-haul fuel consumption.  The following 
steps were used to determine Amtrak fuel consumption within Klamath County: 

1. Amtrak does not own the track it uses, therefore the total number of Amtrak 
locomotives operating daily during 1996 on Burlington Northern Santa Fe and Union 
Pacific track was obtained from BNSF and UP representatives (refs. 426 & 432).  

2. Using Amtrak timetables (containing arrival and departure times, destinations, and 
track mileposts), average train speeds were estimated between specific destinations 
(refs. 431 & 464).   

3. These speeds were then correlated with county track lengths taken from UP and 
BNSF railroad information (refs. 433 & 467) to determine the average time each train 
spent within the county in question per day. 

4. The length of time trains spent idling per day and the locations where idling occurred 
was also ascertained from Amtrak timetables. 

5. Times from steps #3 and #4 were then divided by an average hourly Amtrak 
locomotive fuel consumption rate, calculated from an annual rate given in the EPA 
Regulatory Support Document Locomotive Emission Standards (ref. 427), resulting in 
daily fuel consumption per locomotive. 

6. Results from step #5 were multiplied by the total number of locomotives operating 
daily (obtained in step #1).   

7. Results from step #6 were then multiplied by 365 to obtain total annual locomotive 
fuel consumption by county. 

 
 In summary, locomotive fuel consumption within the Klamath Falls UGB during 1996 
consisted of line-haul fuel consumption by BNSF and UP engines, line-haul fuel consumption by 
Amtrak locomotives, and yard fuel consumption by BNSF yard locomotives.  This fuel 
consumption was multiplied by the appropriate locomotive emission factors to obtain railroad 
emissions within the UGB.  Activity and seasonal adjustment factors of line haul and of yard 
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operations were considered to be uniform throughout the year.  Full calculations may be found 
on Table 2.5.6 and Appendix C, Tables C-2 through C-4. 
 

2.5.6 Non-Road Mobile Source Comparison 

 
The non-road mobile source categories listed above are compared and summarized in 

figures 23 through 26 and in Table 2.5.1.  Each category is summarized independently in Tables 
2.5.2 through 2.5.7. 
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Figure 23:  Distribution of Annual Non-Road Mobile Source Emission Summary, 1996 
 
 
 
 

 

 

 

 

 

 

 
 
 
 
 
 
Figure 24:  Percentage of Annual Non-Road Mobile Source Emission Summary, 1996 
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Figure 25:  Distribution of Seasonal Non-Road Mobile Source Emission Summary, 1996 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
Figure 26:  Percentage of Seasonal Non-Road Mobile Source Emission Summary, 1996 
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NON-ROAD MOBILE SOURCE SUMMARIES 

Table 2.5.1:  Klamath Falls UGB 1996 PM10 Season:  Summary Emissions From Non-Road 
Mobile Sources 

 

Source Description SCC Code
PM10 Annual Emissions

(tons/yr)

PM10 Season Worst
Case Day Emissions

(lbs/day)

NON-ROAD MOBILE SOURCES
  Off-Highway Veh, 2-Cycle Gas 22-60-000
     Off-Highway Recreation 22-60-001-000 0.00 0
     Construction Equipment 22-60-002-000 0.00 0
     Industrial Equipment 22-60-003-000 0.00 0
     Lawn & Garden Equipment 22-60-004-000 0.67 3.6
     Agricultural Equipment 22-60-005-000 0.00 0
     Lt. Commercial Equipment 22-60-006-000 0.11 0.6
     Logging Equipment 22-60-007-000 0.00 0
     Air Service Equipment 22-60-008-000 0.00 0

Subtotal 2- Cycle Gas 0.78 4.2

  Off-Highway Veh, 4-Cycle Gas 22-65-000
     Off-Highway Recreation 22-65-001-000 0.00 0
     Construction Equipment 22-65-002-000 0.00 0
     Industrial Equipment 22-65-003-000 0.00 0
     Lawn & Garden Equipment 22-65-004-000 1.45 7.9
     Agricultural Equipment 22-65-005-000 0.00 0
     Lt. Commercial Equipment 22-65-006-000 0.11 0.6
     Logging Equipment 22-65-007-000 0.00 0
     Air Service Equipment 22-65-008-000 0.00 0

Subtotal 4- Cycle Gas 1.56 8.5

  Off-Highway Veh, Diesel 22-70-000
     Off-Highway Recreation 22-70-001-000 0.00 0
     Construction Equipment 22-70-002-000 8.27 44.8
     Industrial Equipment 22-70-003-000 0.89 4.8
     Lawn & Garden Equipment 22-70-004-000 0.00 0
     Agricultural Equipment 22-70-005-000 0.00 0
     Lt. Commercial Equipment 22-70-006-000 0.22 1.2
     Logging Equipment 22-70-007-000 0.00 0
     Air Service Equipment 22-70-008-000 1.79 9.7

Subtotal Diesel 11.17 60.5

  Off-Highway - Other
     Aircraft 22-75-000-000 58.67 1203.8
     Railroads 22-85-002-000 4.96 27.2
     Recreational Marine Vessels
22-82-005-000, 22-82-010-000, 22-82-020-000 3.51 2.7

Subtotal Other 67.15 1234

Non-Road Mobile Source Total 80.66 1306.99
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Table 2.5.2:  Klamath Falls UGB 1996 PM10 Season:  Non-Road Source Emissions From 
Non-Road Vehicles & Equipment, Two-Cycle 

 

 

(1) (2) (3) (4) (5) (6) (7) (8)
PM10

Klamath Falls PM10 Activity Seasonal
UGB EF Level Adjustment Annual  Typical Day Worst Case Day

Equipment Type 1996 Population     (lbs/person) (d/wk) Factor (SAF) (t/yr) (lbs/day) (lbs/day)

Klamath Falls UGB
SCC 22-60-001-000
Recreational Equip 40,365 0.000 7 0.0 0.0 0 0
 
SCC 22-60-002-000
Construction Equip 40,365 0.000 7 0.0 0.0 0 0

SCC 22-60-003-000
Industrial Equip 40,365 0.000 7 0.0 0.0 0 0

SCC 22-60-004-000
Lawn/Garden Equip 40,365 0.033 7 0.99 0.7 4 4
 
SCC 22-60-005-000
Agricultural Equip 40,365 0.000 7 0.0 0.0 0 0

SCC 22-60-006-000
Lt Commrcl Equip 40,365 0.006 7 0.99 0.1 1 1

SCC 22-60-007-000
Logging Equip 40,365 0.000 7 0.0 0.0 0 0

SCC 22-60-008-000
Air Service Equip 40,365 0.000 7 0.0 0.0 0 0

------- ------- -------
Total  0.8 4 4

PM10 Emissions

Notes:
1) Recreational Equipment does not include Water Recreation Vehicles; as are defined in the Nonroad

Emissions Inventories (Ref. 49a and 51c).  See Recreational Waterborne Vessels category.
2) Klamath Falls UGB 1996 population based on population number developed by Cameron Gloss 

(City Planner for Klamath Falls), Ref. 333. (see  Appendix B, Table B-1).
3) The per capita emission factors are derived from the Nonroad Emission Inventories (Ref. 50 and 51c).

Particulate Matter (2-cycle): NAA PM Emissions NAA Emission Factora

Spokane CMSA 1990 Pop 2-cycle (CO Area) PM
(tons/year) (lbs/person)

Recreational Equip 361,364 0 0.0000
Construction Equip 361,364 0 0.0000
Industrial Equip 361,364 0 0.0000
Lawn-Garden Equip 361,364 6 0.0332
Agricultural Equip 361,364 0 0.0000
Light Commercial 361,364 1 0.0055
Logging Equip 361,364 0 0.0000
Air Service Equip 361,364 0 0.0000

Total 7
a) Emission Factor [lbs/person] = (Emissions [t/yr] * 2000 [lbs/ton])/(Population)
b) Spokane CMSA 1990 population for the PM10 (CO Area) NAA are U.S. Census estimates (Ref. 51c).
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4) Activity level assumes 2-cycle engine activity could occur any day of the week.
5) Seasonal Adjustment Factors (SAF):

Recreation and Lawn/Garden Equipment SAFs reflect seasonal use of chainsaws, snowblowers,
 and snowmobiles.
The PM10 SAF are derived from factors given in
 EPA's "Nonroad Engine & Vehicle Emission Study" (Ref. 50, 51c, and Appendix C, Table C1);
 Typical Winter Day (tpwd) particulate matter emissions were not calculated in the Non-Road Study.
 The PM10 SAF was calculated in Appendix Table C-1 as follows:
 Particulate Matter(PM10) SAF =
(((PM [tons/yr in CO area]) / (365 [days/yr])) * 120 [days/PM season])) * 12 [months])) /
 ((PM [tons/yr in CO Area]) * (4 [months])

Particulate Matter (2-cycle):
Spokane CMSA 1990 Pop Note

a

Recreational Equip 361,364 0.0 0.0
Construction Equip 361,364 0.0 0.0
Industrial Equip 361,364 0.0 0.0
Lawn-Garden Equip 361,364 0.99 0.99
Agricultural Equip 361,364 0.0 0.0
Light Commercial 361,364 0.99 0.99
Logging Equip 361,364 0.0 0.0
Air Service Equip 361,364 0.0 0.0
a) Data indicated zero(0) PM emissions.  The SAF formula results in an undefined number (called "#DIV/0!" by Excel)
and zero(0) is used here.

6) Annual Emissions [tons/yr] = (Klamath Falls UGB Population * Emission Factor [lb/person]) / 2000 [lbs/ton]
7) Typical Day Emissions [lbs/day] = ((Annual Emissions [tons/yr] * 2000 [lbs/ton]) * SAF) /

 (activity level [days/wk] * 52 [wks/yr])
8) Worst Case Day Emissions are assumed to be equal to typical day emissions.

Seasonal
Adjustment
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Table 2.5.3:  Klamath Falls UGB 1996 PM10 Season:  Non-Road Source Emissions From 
Non-Road Vehicles & Equipment, Four-Cycle 

 

(1) (2) (3) (4) (5) (6) (7) (8)
PM10

Klamath Falls PM10 Activity Seasonal
UGB EF Level Adjustment Annual Typical Day Worst Case Day

Equipment Type 1996 Population (lbs/person) (d/wk) Factor (SAF) (t/yr) (lbs/day) (lbs/day)

Klamath Falls UGB
SCC 22-65-001-000
Recreational Equip 40,365 0.000 7 0.0 0.0 0 0
 
SCC 22-65-002-000
Construction Equip 40,365 0.000 7 0.0 0.0 0 0

SCC 22-65-003-000
Industrial Equip 40,365 0.000 7 0.0 0.0 0 0

SCC 22-65-004-000
Lawn/Garden Equip 40,365 0.072 7 1.0 1.5 8 8
 
SCC 22-65-005-000
Agricultural Equip 40,365 0.000 7 0.0 0.0 0 0

SCC 22-65-006-000
Lt Commrcl Equip 40,365 0.006 7 1.0 0.1 1 1

SCC 22-65-007-000
Logging Equip 40,365 0.000 7 0.0 0.0 0 0

SCC 22-65-008-000
Air Service Equip 40,365 0.000 7 0.00 0.0 0 0

------- ------- -------
Total  1.6 8 8

PM10 Emissions

Notes:
1) Recreational Equipment does not include Water Recreation Vehicles; as are defined in the Nonroad

Emissions Inventories (Ref. 49a, and 51c).  See Recreational Waterborne Vessels category.
2) Klamath Falls UGB 1996 population based on population number developed by Cameron Gloss 

(City Planner for Klamath Falls), Ref. 333. (see Appendix B, Table B-1).
3) The per capita emission factors are derived from the Nonroad Emission Inventories (Ref. 50 and 51c).

Particulate Matter (4-cycle): NAA PM Emissions NAA Emission Factor
Spokane CMSA 1990 Pop 4-cycle (CO Area) PM

(tons/year) (lbs/person)
Recreational Equip 361,364 0 0.0000
Construction Equip 361,364 0 0.0000
Industrial Equip 361,364 0 0.0000
Lawn-Garden Equip 361,364 13 0.0719
Agricultural Equip 361,364 0 0.0000
Light Commercial 361,364 1 0.0055
Logging Equip 361,364 0 0.0000
Air Service Equip 361,364 0 0.0000
Total 14
a) Emission Factor [lbs/person] = (Emissions [t/yr] * 2000 [lbs/ton])/(Population)
b) Spokane CMSA 1990 population for the PM10 (CO Area) NAA are U.S. Census estimates (Ref. 51c).
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4) Activity level assumes 4-cycle engine activity could occur any day of the week.
5) Seasonal Adjustment Factors (SAF):

Recreation and Lawn/Garden Equipment SAFs reflect seasonal use of chainsaws, snowblowers, and snowmobiles.
The PM10 SAF are derived from factors given in
 EPA's "Nonroad Engine & Vehicle Emission Study" (Ref. 50,  51c and Appendix C, Table C1);
 Typical Winter Day (tpwd) particulate matter emissions were not calculated in the Non-Road Study.
 The PM10 SAF was calculated in Appendix Table C-1 as follows:
 Particulate Matter(PM10) SAF =
(((PM [tons/yr in CO area]) / (365 [days/yr])) * 120 [days/PM season])) * 12 [months])) /
 ((PM [tons/yr in CO Area]) * (4 [months])

Particulate Matter (4-cycle):
Spokane CMSA 1990 Pop Notea

Recreational Equip 361,364 0.0 0.0
Construction Equip 361,364 0.0 0.0
Industrial Equip 361,364 0.0 0.0
Lawn-Garden Equip 361,364 0.99 0.99
Agricultural Equip 361,364 0.0 0.0
Light Commercial 361,364 0.99 0.99
Logging Equip 361,364 0.0 0.0
Air Service Equip 361,364 0.0 0.0
a) Data indicated zero(0) PM emissions.  The SAF formula results in an undefined number (called "#DIV/0!" by Excel)
and zero(0) is used here.

6) Annual Emissions [tons/yr] = (Medford-Ashland AQMA Population * Emission Factor [lb/person]) / 2000 [lbs/ton]
7) Seasonal Emissions [lbs/day] = ((Annual Emissions [tons/yr] * 2000 [lbs/ton]) * SAF) /

 (activity level [days/wk] * 52 [wks/yr])
8) Worst case day emissions are assumed to be equal to typical day emissions.

Seasonal
Adjustment
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Table 2.5.4:  Klamath Falls UGB 1996 PM10 Season:  Non-Road Source Emissions 
From Non-Road Vehicles & Equipment, Diesel 

 

(1) (2) (3) (4) (5) (6) (7) (8)
PM10

Klamath Falls PM10 Activity Seasonal
UGB EF Level Adjustment Annual Typical Day Worst Case Day

Equipment Type 1996 Population     (lbs/person) (d/wk) Factor (SAF) (t/yr) (lbs/day) (lbs/day)

Klamath Falls UGB
SCC 22-70-001-000
Recreational Equip 40,365 0.000 7 0.0 0.0 0 0
 
SCC 22-70-002-000
Construction Equip 40,365 0.410 7 1.0 8.3 45 45

SCC 22-70-003-000
Industrial Equip 40,365 0.044 7 1.0 0.9 5 5

SCC 22-70-004-000
Lawn/Garden Equip 40,365 0.000 7 0.0 0.0 0 0
 
SCC 22-70-005-000
Agricultural Equip 40,365 0.000 7 0.0 0.0 0 0

SCC 22-70-006-000
Lt Commrcl Equip 40,365 0.011 7 1.0 0.2 1 1

SCC 22-70-007-000
Logging Equip 40,365 0.000 7 0.0 0.0 0 0

SCC 22-70-008-000
Air Service Equip 40,365 0.089 7 0.99 1.8 10 10

------- ------- -------
Total  11.2 61 61

PM10 Emissions

Notes:
1) Recreational Equipment does not include Water Recreation Vehicles; as are defined in the Nonroad

Emissions Inventories (Ref. 49a, and 51c).  See Recreational Waterborne Vessels category.
2) Klamath Falls UGB 1996 population based on population number developed by Cameron Gloss 

(City Planner for Klamath Falls), Ref. 333. (see  Appendix B, Table B-1).
3) The per capita emission factors are derived from the Nonroad Emission Inventories (Ref. 50 and 51c).

Particulate Matter (Diesel): NAA PM Emissions NAA Emission Factor
Spokane CMSA 1990 Pop Diesel (CO Area) PM

(tons/year) (lbs/person)
Recreational Equip 361,364 0 0.0000
Construction Equip 361,364 74 0.4096
Industrial Equip 361,364 8 0.0443
Lawn-Garden Equip 361,364 0 0.0000
Agricultural Equip 361,364 0 0.0000
Light Commercial 361,364 2 0.0111
Logging Equip 361,364 --------- 0.0000
Air Service Equip 361,364 16 0.0886
Total 100
a) Emission Factor [lbs/person] = (Emissions [t/yr] * 2000 [lbs/ton])/(Population)
b) Spokane CMSA 1990 population for the PM10 (CO Area) NAA are U.S. Census estimates (Ref. 51c).
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4) Activity level assumes diesel engine activity could occur any day of the week.
5) Seasonal Adjustment Factors (SAF):

Recreation and Lawn/Garden Equipment SAFs reflect seasonal use of chainsaws, snowblowers, and snowmobiles.
The PM 10 SAF are derived from factors given in
 EPA's "Nonroad Engine & Vehicle Emission Study" (Ref. 50,  51c and Appendix C, Table C1);
 Typical Winter Day (tpwd) particulate matter emissions were not calculated in the Non-Road Study.
 The PM 10 SAF was calculated in Appendix Table C-1 as follows:
 Particulate Matter(PM 10) SAF =
(((PM [tons per winter day/yr in CO area]) / (365 [days/yr])) * 120 [days/PM season])) * 12 [months])) /
 ((PM [tons/yr in CO Area]) * (4 [months])

Particulate Matter (4-cycle):
Spokane CMSA 1990 Pop

Notea

Recreational Equip 361,364 0.0 0.0
Construction Equip 361,364 0.99 0.99
Industrial Equip 361,364 0.99 0.99
Lawn-Garden Equip 361,364 0.0 0.0
Agricultural Equip 361,364 0.0 0.0
Light Commercial 361,364 0.99 0.99
Logging Equip 361,364 0.0 0.0
Air Service Equip 361,364 0.99 0.99
a) Data indicated zero(0) PM emissions.  The SAF formula results in an undefined number (called "#DIV/0!" by Excel)
and zero(0) is used here.

6) Annual Emissions [tons/yr] = (Medford-Ashalnd AQMA Population * Emission Factor [lb/person]) / 2000 [lbs/ton]
7) Seasonal Emissions [lbs/day] = ((Annual Emissions [tons/yr] * 2000 [lbs/ton]) * SAF) /

 (activity level [days/wk] * 52 [wks/yr])
8)  Worst case day emissions are assumed to be equal to typical day emissions.

Seasonal
Adjustment
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Table 2.5.5:  Klamath Falls UGB 1996 PM10 Season:  Non-Road Source Emissions From 
Aircraft 

(1) (2) (3) (4) (5) (6) (7)
 

 PM EF Activity

Seasonal 
Adjustment 

Factor Annual
Typical 

Day Worst Case Day
Area/Airport LTOs (lbs/LTO) (days/week) (t/yr) (lbs/day) (lbs/day)

Klamath Fall International Airport

SCC 22-75-001-000
Military Aircraft 7,475 15.23 7 0.8 56.9 265 1,177

SCC 22-75-020-000
Commercial Aircraft 1,736 1.18 7 0.9 1.0 5 12

SCC 22-75-050-000
General Aviation 16,164 0.02 7 0.5 0.2 0 2

SCC 22-75-060-001
Air Taxi 1,889 0.6 7 1.8 0.6 6 13

  TOTAL Klamath Falls 
UGB PM10 Emissions: 27,264 58.7 276 1,204

PM Emissions
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Continued next page 

 

 

 

 

 

 

Notes:
(1) The acronym LTOs stands for "landings and takeoffs."
        Klamath Falls International Airport Annual Landings & Takeoffs (LTOs) from Appendix C, Table C-5
        For the EI purposes, LTOs = Total operations/2.
(2) PM Emission Factors from Appendix C, Table C-5:
       The particulate emission factors were obtained from Procedures for Emission Inventory Preparation, 
        Volume IV, Mobile Sources, 1989 , Ref 200, page 5-10. 
(3) Activity assumed to be uniform at 7 days per week.



 

Oregon 1996 Klamath Falls UGB PM10 Attainment Year & 2015 Maintenance Year SIP Emission Inventories 
 

 
100 

 

 

4) Seasonal Adjustment Factor (SAF) calculated  based upon 1996 Landings & Take-Offs (LTOs) by DEQ 
     as follows:
         EPA Seasonal Adjustment Factor formula [Ref. 2, pg. 5-22]  = 
               (Peak Season activity * 12 months) / (Annual activity * season months) 

Aircraft 
Category Annuala

PM10 
Seasonb

1996 PM10 
Season 
SAFd

Military 
Aircraft 7,475      2,111          0.8
Commercial 
Aircraftc 1,736      550             0.9
General 
Aviation 16,164    2,484          0.5
Air Taxi 1,889      1,148        1.8
All Aircraft 
Categories 27,264    6,292          0.7

           a)  Data for 1996 Annual Landings and Take-Offs from Appendix C, Table C-5.
           b)  Data for 1996 PM10 Season Landings and Take-Offs from Appendix C, Table C-6.
           c)  Data for the 1996 Commercial Aviation LTOs during PM10 Season is not available.  
                    The value used here is estimated (see Appendix C, Table C-6).
           d) Seasonal Adjustment Factor  = (1996 PM10 Season LTOs * 12 months) / (1996 Annual LTOs * 4 months)  
(5) Annual Emissions (tons/yr) = ((LTOs per Year) * (EF [lbs/LTO])) / (2000 [lbs/Ton])
(6) Typical PM10 Season Case Day Emissions [Lbs per Day] = 
         (Winter Month LTOs)/(Activity [Days per Winter Month]) * (EF [lbs/LTO])
(7) Worst Case PM10 Season Day emissions are assumed to be equal to the typical day emissions.
      Worst Case Day Emissions [lbs/day] = 
         ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr]))
        *(worst case day multiplier)

Aircraft 
Category

1996 
PM10 
Season 

Maximu
ma

1996 PM10 
Season 

Averagea

PM10 
Season 

Worst Case 
Day 

Multiplierb

Military 
Aircraft 78 17 4
Commercial 
Aircraft 10 5 2
General 
Aviation 115 21 6
Air Taxi 21 9 2
All Aircraft 
Categories 132 47 3

           a)  PM10 Season Landings and Take-Offs from Appendix C, Table C-6.
           b) Worst Case Day PM10 multiplier = (1996 PM10 Season Maximum LTOs  / 1996 PM10 Season Average LTOs)

1996 LTOs 

1996 LTOs 
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Table 2.5.6:  Klamath Falls UGB 1996 PM10 Season:  Non-Road Source Emissions From 
Railroads 

 

 
 
 
 

Notes:
1)  Fuel consumption calculation method from DEQ 1996 County-by-county Railroad emisison inventory.
     See Appendix C, Table C-2 for Line Haul fuel consumption calculations.
     See Appendix C, Table C-4 for Amtrak Line Haul fuel consumption calculations.
     See Appendix C, Table C-3 for Yard Operation fuel consumption calculations.
2)  All locomotive emission factors are from EPA document EPA 420-F-97-051: 
      Emission Factors for Locomotives (Ref. 427).  This document indicates only PM (particulate matter) 

emission factors. 
      E-mail correspondence with Rich Wilcox, EPA Modeling Team Leader (Ref. 425) states that all PM
      from locomotive exhaust is PM10 or smaller.  

Engine Type
PM emission 
factor (g/gal) grams/pound

emission 
factor 

(lb/gal)a

Line Haul 6.70 0.0022046 0.015
Switch 9.20 0.0022046 0.020

a) PM emission factor (lb/gal) = PM emission factor (g/gal) * grams/pound
3)  Weekly Activity is assumed to occur every day of week.
4)  The "PM10 Season" for this EI is the four full months of January, February,  and November, December .

Rail service is considered constant due to its commecial role. Passenger service occurs year round.   
Shipping of commodities occurs year-round for manufacturing and industry.
Seasonal fuel consumption is assumed to be uniform
Seasonal Adjustment Factor (SAF) = 1.0

5) Annual Emissions [t/yr]   =   ((gallons fuel burned) * (EF)) / (2000 [lbs/ton])
6) Seasonal Emissions [lbs/day]   =   (Annual Emissions [t/yr]) * (2000 [lbs/t]) * SAF / ([days/yr])
7) Worst Case Day emissions (lbs/day) = (Seasonal Emissions [lbs/day] * Worst Case Day Multiplier) 
     Rail Service is considered constant due to its commecial role. 
     Rail service is dependent upon only economic conditions and daily fuel consumption is 
     not effected by meteorological conditions.   

Worst Case Day Multiplier = 1.0

(1) (2) (3) (4) (5) (6) (7)
LOCOMOTIVE EMISSIONS PM10 Emissions

Fuel
Consumption

PM10 Emission
Factor

Weekly
Activity

Seasonal
Adjustment

Factor
Annual

Emissions
 Seasonal
Emissions

Worst Case
Day

Emissions
[gallons] [lbs PM10/gal] [d/wk] [t/yr] [lbs/day] [lbs/day]

Railroads within
Klamath Falls UGB
SCC 22-85-002-005

Line Haul Locomotives 444,789 0.015 7 1.0 3.3 18 18
SCC 22-85-002-010

Switching Yard Locomotives 164,980 0.020 7 1.0 1.7 9 9

[t/yr] [lbs/day] [lbs/day]
TOTAL Klamath Falls PM10 Emissions from RAILROADS 5.0 27 27
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Table 2.5.7:  Klamath Falls UGB 1996 PM10 Season:  Non-Road Source Emissions From 
Recreational Marine Vessels 

 

 

 
Continued next page 
 
 
 
 
 
 
 
 
 

(1) (2) (3)  (3) (3) (4) (4)  (4)    (5) (6) (7) (8) (9)

Recreational marine 
vessels              

22-82-005-000        
22-82-010-000        
22-82-020-000 Waterbody

Use days 
1996

Avg. 
boat trip 
length 
(hrs)

Use days 
by Boats 
with 2-
cycle 

engines

Use days 
by boats 
with 4-
cycle 

engines

Use days 
by boats 

with diesel 
engines 

2-cycle 
(gasoline) 
motors EF, 

lbs/hr

4-cycle 
(gasoline) 
motors EF, 

lbs/hr

Diesel 
motors 

EF, 
lbs/hr SAF

Activity 
level 

(d/wk)

PM 
Emissions 
(tons/ year)

PM Season 
Emissions 
typical day 

(lb/day)

PM Season 
Worst case 

day 
emissions 
(lb/day)

185 5 111 59 16 0.172 0.009 0.032 0.09 7 0.05 0.02 0.04
  

7,973 5 4772 2524 677 0.172 0.009 0.032 0.09 7 2.16 1.07 1.71
3,147 5 1884 996 267 0.172 0.009 0.032 0.09 7 0.85 0.42 0.67

46 5 28 15 4 0.172 0.009 0.032 0.09 7 0.01 0.01 0.01
1,622 5 971 513 138 0.172 0.009 0.032 0.09 7 0.44 0.22 0.35

: Total = 3.5 1.7 2.7

Upper Klamath Lake

Veteran's Park
Lake Ewana

Pelican Marina
Moore Park Marina #1
Moore Park Marina #2

Klamath Yacht Club

Notes:
1) Use days for 1996 on the portions of Lake Ewauna and Upper Klamath Lake were taken from the 1996 Oregon 

Recreational Boating Survey Appendix J p. 146, 148 (ref. 346).  
2) Average boat trip length taken from the 1996 Oregon Recreational Boating Survey , p. 3 (ref. 346)
3) Engine use by surrogate city as applied is estimated below.

Spokane was chosen to act as a surrogate city/inventory area to determine the appropriate distribution of recreational 
marine engines into 2-cycle, 4-cycle , and diesel engines.
Spokane: Nonroad Emission Inventories for CO and Ozone Nonattainment Boundaries, Spokane, 
Energy and Environmental Analysis, Inc., for U.S. EPA, Office of Mobile Sources, Ann Arbor, MI.  July 1992.  (Ref. 51c)

Vessel Type Total Vessels
2-cycle 416
4-cycle 220 Use days are apportioned based on engine type distribution.
Diesel 59

Total 695

59.86%
31.65%
8.49%
100%

% of Total Vessels
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Continued next page 
 
 

6) Activity is at the indicated number of days.
7) The annual PM emissions were calculated as follows:

Annual Emissions [tons/yr]=
(Average fuel use, gal/day * boats with 2-cycle motors * 2 cycle EF/2000lb/ton) + 
(Average fuel use, gal/day * boats with 4 cycle motors * 4-cycle EF/2000lb/ton) +
(Average fuel use, gal/day * boats with diesel motors*  diesel EF/2000lb/ton) 

4) EF's for engine type calculated as follows:

(b) (c ) (c ) (c )

(a) (a) (a) (a) PM EF
(lbs/hr) Weighting Weighting Weighting

Equipment Type Engine Type Population
Usage
(hrs/yr)

PM
(tons/day)

One
Vessel

Factor
(G2) Factor (G4) Factor (D)

Vessels w/Outboard Engines G2 373,118 48 4.012 0.164 61016
Sailboat w/Auxiliary Engines G2 7,198 10 0.008 0.081 584
Personal Water Craft G2 67,789 41 0.858 0.225 15277
Vessels w/Inboard Engines G4 61,275 93 0.075 0.010 589
Vessels w/Outboard Engines G4 19,140 48 0.002 0.002 30
Sailboat w/Auxiliary Engines G4 5,745 10 0 0 0
Vessels w/Sterndrive Engines G4 236,744 73 0.228 0.010 2280
Vessels w/Inboard Jet Engines G4 27,640 73 0.027 0.010 270
Vessels w/Inboard Engines D 8,524 88 0.07 0.068 581
Sailboat w/Auxiliary Engines D 11,610 10 0.001 0.006 73

818,783
G2 G4 D

Weighted PM EF, lbs/hr (d) 0.172 0.009 0.032

(a) Data from Public Meeting to Consider Approval of California's Pleasure Craft Exhaust Emissions Inventory, 1998
     p. 20, Table 12 (ref. 347)
    Engine Types:  G2 = Gasoline, 2-Stroke Engine, G4 = Gasoline, 4-stroke Engine, D = Diesel
(b) PM EF (lbs/hr), One Vessel = {(PM [tons/day] x 365 [days/year]) / (Usage [hrs/year] x Population)} x {2000 lbs/ton}
(c ) Weighting Factor = (Population) * (corresponding PM EF, lbs/hr [One Vessel])
(d) Weighted PM EF (lbs/hr) = (Weighting Factor total) / (Engine Type Population total)

5) According to the 1996 Oregon Recreational Boating Survey (page 24),  approximately 9%
of the annual boating in Oregon takes place during the PM Season: November, December, January, and February (ref. 346).
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8) Typical PM10 Season Day Emissions [lbs/day] = 

   ((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / (Activity Level [days/wk] * 52 [weeks/yr])
9)  Worst case day emissions calculated as follows:

((Annual Emissions [tons/year] * 2000 [lbs/ton]) * SAF) / ((Activity Level [days/wk] * 52 [weeks/yr])
*(worst case day multiplier))
Worst case day multiplier is based on an actual 8 hr boating day instead of 5 hours for typical day (from 
1996 survey, page 21). 
Worst case day multiplier = worst case day hours / average day hours

Average Hours 5 Worst case multiplier = 1.6
Worst Case Day Hours 8
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SECTION 2.6  ON-ROAD MOBILE SOURCES 

2.6.1  Introduction and Scope 

  
The 1996 Klamath Falls UGB PM10 emission inventories from on-road mobile sources 

were completed in accordance with the current EPA emission inventory preparatory guidelines8, 

162, 163, 164 and approved emission factor model (PART5). 401   This component of the emission 
inventory was completed by DEQ, but incorporated several key elements and contributions from 
the ODOT and other local participants.  At various points in this section, reference is made to the 
material assembled into Appendix D and Appendix E of this report.  Appendix D provides 
supplemental, technical detail related to the development of the 1996 on-road motor vehicle 
emission inventory.  Like Appendix D, supplemental technical detail related to the development 
of the 2015 on-road motor vehicle emission inventory can be found in Appendix E.  
 

Figure 30 provides an overview of the emission inventory process for on-road mobile 
sources.  As shown in the boxed text of this figure, the two main steps in developing inventories 
were (1) link-based activity estimation using the EMME/2 transportation network travel demand 
model, (2) fleet PM10 emission factor estimation using EPA's PART5 model.  
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Figure 27.  Overview of Main Processing Steps and Software Used for the On-Road Mobile Source 
Emission Inventory.  

Transportation Model
(EMME/2)

Estimation of link-based vehicle
miles traveled (VMT).

Emission Factor Model
(PART5)

Estimation of on-road emission
factors (grams per mile of

travel).

Socioeconomic
Data

Traffic
Monitoring

Data

Local Fleet and
Vehicle

Operation Data

I/M and Fuel
Programs Data

Link Activity and
Network Data

Emission Factor
Data

PM10 Emission Inventory for On-road Mobile
Sources

 

2.6.2   Methodology and Approach 

2.6.2.1 Estimating Vehicle Activity 
 

Vehicle activity data used to estimate on-road mobile source emissions were obtained 
from ODOT's EMME/2 transportation network travel demand model.   The Oregon Department 
of Transportation, designed and completed the EMME/2 transportation network travel demand 
modeling for the Klamath Falls 1998 Transportation System Planning (TSP) required by the 
Oregon Department of Transportation and Department of Land Conservation and Development's 
Transportation Planning Rule.   DEQ benefited from this Transportation System Planning effort 
and was supplied the relevant data.   DEQ, in turn, reviewed the socioeconomic data and other 
assumptions contained within the EMME/2 model set up for 1996 as they pertain to the emission 
inventory development process. 
 
TRAVEL DEMAND MODEL 

A 1996 travel demand model using EMME/2 software was developed by ODOT's 
Transportation Planning Analysis Unit.  The model includes trip generation, trip distribution, and 
traffic assignment steps.  It was validated to 1996 ground counts.  Travel times were calculated 
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per link with delays as assigned to simulate stop and intersection controls.  The model generates 
24-hour traffic volumes, which were used to calculate vehicle miles traveled (VMT) for the 
region. 
 

Land use forecasts were prepared for the model based on current land use regulations and 
comprehensive plan updates for the City of Klamath Falls and parts of Klamath County.  The 
data was allocated to individual transportation analysis zones (TAZs) established within the 
EMME/2 model. Additional model documentation is provided in the Appendix D, Table D-6. 
 

Average daily and peak hour traffic volumes and speeds were used for the DEQ air 
quality analysis.  This data includes traffic links within the study area for 1996.  Predicted future 
year traffic is based on predicted population and employment growth, land use planning and 
projected household survey results.  The projected VMT growth in Klamath Falls is estimated to 
be one point nine percent (1.9%) per year. 
 
VEHICLE MILES TRAVELED (VMT) ESTIMATION 

Estimates of Vehicle Miles Traveled (VMT) were produced for the base year and future 
years using the EMME/2 model.  The 1996 base year transportation model was validated to an 
inventory of existing traffic counts using Federal Highway Administration guidelines. 
 

Vehicle activity in the form of vehicle miles traveled (VMT) were derived from the 
EMME/2 travel demand model developed by ODOT as part of the 1998 Transportation System 
Plan (TSP) and Transportation Improvement Program (TIP) for Klamath Falls.  As part of the 
Transportation System Plan an air quality conformity determination was also conducted.  The 
1998 TSP/TIP represented the anticipated transportation needs of the Klamath Falls area to the 
year 2015 and included roadway types useful for reporting purposes.  The validation of the 
EMME/2 network was considerably more extensive than the local Highway Performance 
Monitoring System (HPMS) network.  The data values reported in this document do not reflect 
HPMS-based adjustments. 
 

The EMME/2 data acquired from ODOT, modeled typical weekday activity in 1996 and 
2015.  These data included link distance, travel time, speed estimates and VMT for each link in 
the transportation network as well as the additional, off-network activity assigned to local travel. 
The location of link nodes (start and end points of the link segment) were also provided in order 
to properly place the location of activity within the Klamath Falls UGB.  Overall, the domain 
covered by the EMME/2 modeling is larger than that of the Klamath Falls UGB.  For the 
estimation of PM10 emission inventories, thus, only the links located within the Klamath Falls 
UGB were used to estimate vehicle activity (and thus emissions).  The ODOT provided the 
Klamath Falls UGB boundary along with the link node location data.482  The 1996 activity 
estimates were calculated by back casting the link-level activity from current count data and by 
projecting 1990 network output.  In summary, the 1996 vehicle activity data used in this PM10 
inventory are presented in Appendix D. 
 
 
 

2.6.2.1.1  Temporal Adjustments 
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Temporal adjustments to the VMT data were evaluated and made by the DEQ. The traffic 

volume data from several Automatic Traffic Recorders (ATR’s) were evaluated by DEQ and 
ODOT to estimate the average difference between Annual Average Weekday Traffic Volumes, 
AAWDT, (Monday – Friday), and Average Annual Daily Traffic, AADT, (Monday – Sunday).  
The Klamath Falls UGB VMT data received from the ODOT travel model is in Annual Average 
Weekday Traffic volumes, AAWDT, (Monday-Friday).  To estimate annual average emissions, 
VMT as AAWDT was adjusted to reflect VMT as AADT.   
 
 For the 1996 Klamath Falls UGB on-road mobile emission inventory AAWDT to AADT 
adjustment factors were assigned to the road types as follows: 
 

Rural Principal Arterial 0.95  
Rural Minor Arterial 0.95  
Rural Major Collector 0.87  
Rural Local 0.87  
Ramps 0.87  
Off network VMT Est. 0.87  
Unpaved Roads 0.87 

 
 
The traffic volume data (as AAWDT) from several Automatic Traffic Recorders were 

also evaluated by DEQ and ODOT to estimate the average seasonal differences between the 
annual average volumes and the PM10 season (Nov. - Feb.) volumes.  To account for the monthly 
variation of on-road activity for the PM10 season, temporal adjustment factors were estimated by 
DEQ for various road types.313 The evaluation of ATR volumes suggest PM10 seasonal 
adjustment factors ranging from 0.95 to 0.83 depending upon the road type.  
 
 For the 1996 Klamath Falls UGB on-road mobile emission inventory seasonal adjustment 
factors were assigned to the road types as follows: 
 

Rural Principal Arterial 0.952  
Rural Minor Arterial 0.914  
Rural Major Collector 0.831  
Rural Local 0.831  
Ramps 0.831  
Off network VMT Est. 0.831  
Unpaved Roads 0.831 

   
 

2.6.2.2 Emission Factor Modeling 
 

The EPA's PART5 model was used to calculate both tailpipe and road dust PM10 
emission factors from on-road mobile sources in accordance with EPA reference documents and 
guidelines401.  PART5 estimates emission factors in the units of grams per vehicle mile traveled 
(VMT) and includes the effects of fleet characteristics, vehicle operating conditions, I/M 
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programs, vehicle emission standards, fuel parameters, and ambient conditions.  Paved and 
unpaved road emission factors were based on locally measured roadway silt loading and local 
traffic characteristics where possible. Emission factors were developed for 1996 and 2015 under 
local modeling conditions.   
 

Location-specific data were used in place of the model’s default values when available.  
Input data addressing the following modeling parameters were used in the inventory process and 
were provided by the DEQ. 
 
• light-duty gasoline vehicle (LDGV) and light-duty diesel vehicle (LDDV) registration 

distribution,  
• local silt loading data, 
• local precipitation days, 
 

The PART5 1996 detailed documentation of the input data and specifications are included in 
Appendix D.  Detailed documentation of the PART5 2015 input data and specifications are 
included in Appendix E. 
 

2.6.2.2.1  Emission Scenarios 
Emission factors for an inventory scenario were completed representing annual, typical  

PM10 season day and worst case day differences in the reporting period.  One inventory was 
completed for the 1996 attainment year: annual, typical PM10 season day and worst case day 
inventories.  One inventory was completed for 2015 maintenance plan representing the 
continuation of existing programs. Additional detail the input parameters used in the emission 
scenarios is provided in Appendix D and Appendix E respectively. 
 

2.6.3 Summary of Mobile Source Emissions 

 
On-road mobile source emissions have been summarized in the following Figures and 

Tables by vehicle type for annual and seasonal worst case daily emissions. 
 

Using the procedures, data and models described above, the on-road mobile emission 
inventory was completed.  The results for the total emissions in the Klamath Falls UGB are 
shown in Figures 27 through 34.   
 
 Table 2.6.1 provides summary on-road mobile results.  The data in Table 2.6.2 shows that 
the majority of the on-road mobile source emissions originate from light-duty gasoline vehicles 
(automobiles) and light-duty gasoline trucks.  These two vehicle classes together emit 
approximately 89 percent of the annual on-road mobile emission inventory total. 
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Table 2.6.1:  On-Road Mobile Emissions Summary 
 

 
 

 

Table 2.6.2: Summary of Mobile On-Road Emissions by Vehicle Type 

 

 

Table 2.6.3: On-Road Mobile Emissions by Roadway Type 

 

1)  Non-modeled streets are oftem referred to as "off system" streets and typically include paved local streets and some minor collectors
To estimate the vehicle miles of travel (VMT) generated by the "off system" streets an additional 10% of the total VMT is included.

1996 PM10 
Annual Emissions

1996 PM10 
Typical Season 
Day Emissions

1996 PM10 Worst 
Case Season Day 

Emissions
(tons/year) (lbs/day) (lbs/day)

PM10 Total
On-Road Emissions 463 2,318 2,493

Description LDGV LDGT1 LDGT2 HDGV MC LDDV LDDT 2BHDDV LHDDV MHDDV HHDDV BUSES Total / Units

Annual 271 93 43 16 4 2 1 6 1 8 18 2 463
(tons/year)

Typical Season Day 1,359 466 216 79 18 8 3 31 3 38 89 9 2,318
(lbs/day)

Worst Case Season Day 1,461 501 232 85 19 8 4 33 3 41 96 9 2,493
(lbs/day)

Description Rural 
Principal 
Arterial

Rural 
Minor 

Arterial

Rural 
Major 

Collector
Rural 
Local Ramps

Off system 
VMT Est. 1

Unpaved 
Roads

Total / 
Units

Annual 253 91 36 6 4 36 37 463
tons/year

PM10 Typical Season Day 1,322 455 165 27 17 164 167 2,318
lbs/day

PM10 Worst Case Season Day 1,392 479 189 31 20 189 193 2,493
lbs/day
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Table 2.6.4:  On-Road Mobile Daily Emissions by Facility Type 

(1) (2)(3) (4) (4) (5) (5) (6) (6) (7)

VMT EF
 PM10

Emissions
Unadjusted

PM10 Annual

AAWD
 to

AADT

Adjusted
PM10

Annual
Emissions SAF

PM10
worst case

season
day

PM10
typical

season day

(miles/day) (g/mi) (g/day) (t/yr) (tpy) (lbs/day) (lbs/day)

Paved Roads
Rural Principal Arterial
Re-entrained road dust 272,318 2.326 633,336 254 0.95 242 0.952 1326 1260
Exhaust 272,318 0.090 24,509 10 0.95 9 0.952 51 49
Brake 272,318 0.013 3,540 1 0.95 1 0.952 7 7
Tire 272,318 0.009 2,451 1 0.95 1 0.952 5 5

Sub-Total 663,836 267 253 1390 1321

Rural Minor Arterial
Re-entrained road dust 97,636 2.326 227,075 91 0.95 87 0.914 457 434
Exhaust 97,636 0.090 8,787 4 0.95 3 0.914 18 17
Brake 97,636 0.013 1,269 1 0.95 0 0.914 3 2
Tire 97,636 0.009 879 0 0.95 0 0.914 2 2

Sub-Total 238,011 96 91 479 455

Rural Major Collector
Re-entrained road dust 42,407 2.326 98,628 40 0.87 34 0.831 180 157
Exhaust 42,407 0.090 3,817 2 0.87 1 0.831 7 6
Brake 42,407 0.013 551 0 0.87 0 0.831 1 1
Tire 42,407 0.009 382 0 0.87 0 0.831 1 1

Sub-Total 103,378 42 36 189 164

Rural Local
Re-entrained road dust 6,984 2.326 16,243 7 0.87 6 0.831 30 26
Exhaust 6,984 0.090 629 0 0.87 0 0.831 1 1
Brake 6,984 0.013 91 0 0.87 0 0.831 0 0
Tire 6,984 0.009 63 0 0.87 0 0.831 0 0

Sub-Total 17,025 7 6 31 27

Ramps
Re-entrained road dust 4,499 2.326 10,464 4 0.87 4 0.831 19 17
Exhaust 4,499 0.090 405 0 0.87 0 0.831 1 1
Brake 4,499 0.013 58 0 0.87 0 0.831 0 0
Tire 4,499 0.009 40 0 0.87 0 0.831 0 0

Sub-Total 10,968 4 4 20 17

Off network VMT 3

Re-entrained road dust 42,385 2.326 98,575 40 0.87 34 0.831 180 157
Exhaust 42,385 0.090 3,815 2 0.87 1 0.831 7 6
Brake 42,385 0.013 551 0 0.87 0 0.831 1 1
Tire 42,385 0.009 381 0 0.87 0 0.831 1 1

Sub-Total 103,322 41 36 189 164

Total Paved Emissions 1,136,539 456 426 2298 2149

Unpaved Roads
315 334.25 105,305 42 0.87 37 0.831 193 167

Total On-Road Emissions 1,241,844 499 463 2491 2316
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1)  VMT is from ODOT transportation model and EMME/2 (Ref. 482).
2) AP-42 Equation for paved road dust emission factors

7.3*(sL/2)^0.65*(W/3)^1.5
Where sL = Silt loading in grams/m2
Where W = Average fleet weight (in tons)
Emission Factors:
Average Fleet Weight (tons) 3

Paved Road Silt Loading (g/m2) 0.37 (Oregon Fugitive Dust Emission Inventory, Midwest
Research Institute, Ref. 160)

Emission
Factor

(grams/mile)
Total PM Emissions (AP-42 equation) 2.438
Exhaust emissions (Part5 program) 0.090
Brake-wear emissions (Part5 program) 0.013
Tire-wear emissions (Part5 program) 0.009
Re-entrained Road Dust (calculated) 2.326

3) Unpaved road emission factor (AP-42 calculation) = 334.25
4) Unadjusted PM10 emissions = total VMT * emission factor
5)  AADT to AAWD Annual Adjustment Factors are from calculations prepared by Howard Harris used in the Medford CO
     on-road mobile EI (Ref. 313).
6) Seasonal Adjustment Factors are from calculations prepared by Howard Harris used in the Medford CO on-road
     mobile EI (Ref. 313).
Worst case day emissions are annual emissions w/o daily traffic adjustment (4), converted to lbs/day, with a seasonal
    adjustment factor applied.
7)  Typical season day emissions are annual emissions with AAWD adjustment and seasonal adjustment, converted to lbs/day.
Totals do not exactly match totals in Tables D-3 and D-4 due to daily traffic adjustment factor averaging, and seasonal
    adjustment factor averaging.



 

Oregon 1996 Klamath Falls UGB PM10 Attainment Year & 2015 Maintenance Year SIP Emission Inventories 
 

 
114 

Figure 27:  Distribution of Annual PM10 Emissions by Vehicle Class, 1996 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
Figure 28:  Percentage of Annual PM10 Emissions by Vehicle Class, 1996 
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Figure 29:  Distribution of Seasonal Worst Case Day PM10 Emissions by Vehicle Class, 1996 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 30:  Percentage of Seasonal Worst Case Day PM10 Emissions by Vehicle Class, 1996 
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Figure 31:  Distribution of Annual PM10 Emissions by Facility Type, 1996 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 32:  Percentage of Annual PM10 Emissions by Facility Type, 1996 
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Figure 33:  Distribution of Seasonal Worst Case Day PM10 Emissions by Facility Type, 1996 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34:  Percentage of Seasonal Worst Case Day PM10 Emissions by Facility Type, 1996 
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PART 3: FUTURE YEAR EMISSION INVENTORY (2015) 
 

3.1 Future Year Emission Inventory 

The maintenance demonstration must show that total emissions in the future will not 
exceed the National Ambient Air Quality Standard (NAAQS) based on a roll forward (or 
proportional) analysis. This simple analysis technique called “roll forward” is used to predict 
future impacts on the Ambient Air Quality Standard, and is based on the premise that ambient 
PM10 concentrations at Peterson School will change in proportion to changes in emissions 
calculated in the emissions inventory.  In order to demonstrate continued attainment, future year 
anticipated ambient concentrations must be lower than the National Ambient Air Quality 
Standards (NAAQS) based on a proportional analysis of ambient concentrations compared to 
base year (1996) emissions.  The Clean Air Act dictates the maintenance plan must be for a 
minimum of 10 years.  The year 2015 is the future year chosen for this plan to correspond with 
the Act and Oregon Department of Transportation’s mandate of a 20 year planning horizon.  
 

3.2 Growth Factor Development 

 
 Since levels of growth are varied depending upon the type of PM10 source category, a 
variety of applicable growth factors were developed for application to the 2015 emission 
inventory.  The Department of Environmental Quality, and the Klamath Falls Air Quality Plan 
Advisory Committee assessed pertinent growth patterns within the Klamath Falls UGB.  Based 
on recommendations by the Advisory Committee, DEQ calculate the appropriate population, 
household, employment, VMT, aircraft activity, and selected employment growth rates.  DEQ 
provided growth assumption for wood use based on analysis of woodheating survey trends from 
1985 to 1999. 
 
 Projection of emissions data from the 1996 Attainment Year to the 2015 Maintenance 
Year required both activity growth projections and pollutant control assumptions.  The source 
categories of major point sources, stationary area sources, non-road mobile, and on-road mobile 
are discussed individually below as the method and/or requirements are unique for each. 
 

3.2.1 Major Point Sources: 
 
 The point sources were grown in the following manner.  Emissions for the calendar year 
2000 were estimated for each major point source to show the drop in emissions from the 1996 
base year to the most recently reported year.  Estimated actual emissions for the years 1997, 
1998, 1999 were calculated by the following three step process. First, the average annual 
emission growth (positive or negative) was calculated by subtracting the 1996 emissions from 
the 2000 emissions and dividing by the span of years in between (4).  This amount was then 
multiplied by the number of years progressed from 1996 and lastly, added to the 1996 estimated 
actual emissions.  In 2001, because there is no way of knowing what production level each 
source might have, the PM10 PSEL for each point source was assumed to represent the sources’ 
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annual emissions.  For the remaining forecast years, the emissions were estimated based on the 
following formula: 
 
2001 PSEL emissions + (2001 PSEL emissions * Industrial employment growth factor * # of years progressed from 

2001) 
 
The growth factor represents the average annual industrial population growth out to the year 
2015 that was developed by the Klamath Falls City Planning staff (Ref 333).  In addition, the 
Klamath Cogeneration Plant is scheduled to come on-line in 2001.  It was added to the list of 
facilities and its growth projected in a similar manner to 2015.  Lastly, the Klamath Expansion 
project is purely a 2 year project.  Once the facility is constructed it will operate for two years 
and shut down in accordance with its permit.  The project is anticipated to be on line in 2002.  
Therefore, PSEL emissions were added in for 2002 and growth-projected emissions were added 
for 2003.  

3.2.2 Area and Non-road Mobile Sources: 
 
 The 1996 Klamath Falls UGB base year emissions estimates were projected to the 2015 
Maintenance Year.  The growth rates that were developed by the City of Klamath Falls planning 
staff were applied by DEQ staff for the area and non-road mobile source categories.  With the 
exception of the area source category residential wood combustion, area, and non-road mobile 
sources were grown at a simple, linear, non-compounding rate from 1996 to 2015 using the 
following formula:  
 

1996 Attainment Year Value + [(Growth Rate) * (Number of Years from 1996) * (1996 Attainment Year Value)] 
 
For example, for a selected sub-category for the year 2015, with a 1996 value of 10 tons per 
year, and a growth rate of 1% the emissions would be : 
 

10 tpy in 1996 + [(.01 growth) * (22 years) * (10 tpy in 1993)] = 12.2 tpy in 2015 
 
 The residential wood combustion category subsections were grown in two ways.  
Fireplace, certified woodstove, and pellet stove growth assumed a growth rate according to the 
estimate of new devices added to both the existing stock of housing units in 1996 and to new 
housing built or projected to be constructed after 1996, using the formula: 
   

1996 emissions + [(emissions per device * (# of devices in existing RWC HUs+ 
  # of devices in new RWC HUs) * # of years from 1996] 

 
 Because of the decline in the population of the noncertified woodstove subcategory, a 
compounded negative growth rate was be selected in order to prevent the premature elimination 
of all devices that would occur if a linear rate of decline was applied.  The compound rate of 
decline is represented by the formula: 
 

(previous year emissions) * [1 + (-6.7% growth rate)] 
 
 



 

Oregon 1996 Klamath Falls UGB PM10 Attainment Year & 2015 Maintenance Year SIP Emission Inventories 
 

 
120 

 Control factors for area sources were evaluated.  The primary control program in place is 
for the control of emissions from residential wood combustion.  The continued switch to lower 
emitting wood stoves and fireplaces was assessed in light of DEQ survey information. 
 
 The summary table of emission data that is presented here includes stationary point 
sources, stationary area sources, non-road mobile sources, and on-road mobile sources.  
Summary future year emissions are expressed as graphs in Figures 35-40. 
 
 

3.2.3 On-Road Mobile Sources: 
 
 Mobile source projection was completed separately for (1) exhaust, brake, and tire wear, 
(2) paved road dust, and, (3) unpaved road dust and included changes in activity.  The EMME/2 
model was used by ODOT to predict 2015 link based VMT for the Klamath Falls MPO region.  
For travel in the remainder of the UGB, growth in VMT was based on historic traffic count data 
including HPMS data.  These data represent the total VMT (paved and unpaved).   
 
 Because of the localized nature of travel on unpaved roadways, ODOT assessed 
anticipated future year operation on unpaved roadways in the region.  The rate at which 
roadways are being paved over was examined as a part of the procedure to estimate the projected 
changes in activity. Because, worst case day emissions estimates will assume no pave-over of 
unpaved roads is occurring, any relative change in unpaved roadway miles would therefore result 
in the same change in unpaved fugitive emissions.  In other words, because the unpaved roads 
are assumed to be unpaved in the future year by holding the emission factor constant, the 
projects that pave the unpaved roads will be reflected in the VMT reductions in unpaved roads. 
 
 Any changes in exhaust, tire wear and brake wear emission factors were modeled 
automatically by the PART5 model taking into consideration emission standards and changing 
fleet characteristics for 2015.  Silt loading and precipitation were held constant for the forecast 
year.  The overall change in emissions is due only to changes in activity (total VMT).  Growth 
was then assumed to be linear between 1996 and 2015. 
 

3.3 2015 Emissions Summary 

 
The 2015 emissions from stationary point, stationary area, non-road mobile, and on-road 

mobile are summarized below in Table 2.7.1.  The emissions are further summarized in the 
figures that follow.  Finally the 2015 emissions are compared to the 1996 base year in the final 
two figures.  In figures 39 and 40, the 1996 industrial point sources are calculated from the 1996 
activity level submitted by each individual point source in their annual report to the department.  
The 2015 industrial point source emissions are based on the growth of the PSELs from 2001. 
The emissions growth for all of the individual sources can be found in Appendix E. 

 
 

Table 3.1 Klamath Falls UGB: 2015 Summary of Emissions by Source Type 
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Source Category Annual Emissions 

(Tons) 
Percent  
of Total 

Worst Case Day 
Emissions (Lbs) 

Percent of 
Total 

Point  764 41% 5,299 36% 
Area 399 21% 4,548 31% 

Non-road Engines 100 5% 1,625 11% 
On-Road Mobile 610 33% 3,259 22% 

Total 1,874 100% 14,732 100% 
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Figure 35:  Distribution of 2015 Annual PM10 Emissions (Tons/yr) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: In Figures 35 and 36, the Stationary Point Source emissions are calculated from PSELs 

 
Figure 36:  Percentage of 2015 Annual PM10 Emissions (Tons/yr) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1) Point Sources do not include CO-Gen. 
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Figure 37:  Distribution of Worst Case Day Seasonal PM10 Emissions (Lbs/day) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: In Figures 37 and 38, the Stationary Point Source emissions are calculated from PSELs 
 
Figure 38:  Percentage of 2015 Worst Case Day Seasonal PM10 Emissions (Lbs/day) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1) Point Sources do not include CO-Gen. 
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Figure 39: Comparison of 1996 Base Year and 2015 Forecast Year Annual Emissions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: In Figures 39 and 40, the 2015 Stationary Point Source emissions are calculated from PSELs 
 
Figure 40: Comparison of 1996 Base Year and 2015 Forecast Year Worst Case Day Emissions 
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PART 4: QUALITY ASSURANCE AND QUALITY CONTROL 

4.1 Introduction 
 The purpose of this section of the IPP document is to describe the quality assurance (QA) 
and quality control (QC) procedures that were utilized in preparing the 1993 emission inventory for 
the Klamath Falls UGB CO nonattainment area.  QA and QC were considered separate activities 
in this process where the QC is an internal system of routine technical activities implemented by 
inventory development personnel to measure and control the quality of the inventory as it is 
being developed, as well as actually checking the data generated. The QA is a planned system of 
review and audit procedures conducted by personnel not actively involved in the inventory 
development process.  QA included establishing QC procedures, training QC personnel, and the 
actual auditing of QC activity. 
 

4.2 Organization and Personnel 
 Anthony Barnack, who has experience with the emission inventory and air quality 
monitoring programs of the Department of Environmental Quality (DEQ), was appointed Quality 
Assurance Coordinator.  Steven Aalbers and Jeffrey Stocum performed the required source 
calculations at the DEQ Headquarters Office while Larry Calkins performed numerous source 
calculations from the Eastern Region office in Bend.  Cindy Foster completed point source 
calculations in the Klamath Falls office.  The bulk of the QA/QC assignments were completed by 
Jeffrey Stocum, York Johnson, and Chris Swab.  Wesley Risher, who has extensive emission 
inventory experience also performed some of the QA.  Assistance and input was also provided by 
point source control engineers in the DEQ Air Quality Division Program Operations section.  
 
 For transportation (highway motor vehicle) sources, outside assistance was obtained from 
the Oregon Department of Transportation, Highway Division. 
 
 The abbreviated organizational hierarchy for carrying out the Quality Assurance Program is 
shown below. 
 
Oregon Department of Environmental Quality 
Air Quality Division 
Andy Ginsburg 
Air Quality Division Administrator 
 Gerry Preston 
 Technical Services Manager 
  Emission Inventory 
   Steven Aalbers, Emission Inventory Specialist 
   Svetlana Lazarev, Emission Inventory Specialist 
   Jeffrey Stocum, Emission Inventory Specialist 
   Chris Swab, Emission Inventory Specialist 
   York Johnson, Emission Inventory Specialist   
   Wesley Risher, Emission Inventory Specialist 
  Quality Assurance 
   Anthony Barnack,  Environmental Analyst 
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 Peter Brewer, Air Quality Manager, DEQ Eastern Region (Bend Office) 
   Larry Calkins,  Air Quality Specialist 
   Cindy Foster,  Air Quality Specialist  
 Annette Liebe, Airshed Planning Manager 

Patti Seastrom,  PM10 SIP Coordinator  
 
 The bulk of the source data is limited to single sources of information.  Therefore, data 
evaluation relied heavily upon checking against previously compiled information, where available. 
 

4.3 DATA COLLECTION AND ANALYSIS 

4.3.1 Data Collection and Analysis 

 To ensure the comprehensive nature of the emission inventory, the listing of sources from 
EPA's Quality Assurance Plan10,11 guidance document and EPA’s Procedures for the Preparation of 
Emissions for Carbon Monoxide and Precursors of Ozone2 were used. The inventoried sources are 
marked under the appropriate pollutant category.  Only those sources that have been determined to 
operate in the inventoried areas were included.  Source categories that were not included were 
summarized with an explanation for their omission. 
 
 As discussed in Section 1.3, the source categories were divided into stationary point source, 
stationary area source, non-road mobile, and on-road mobile.  Stationary point source information is 
maintained by DEQ down to 5 tons per year, so a questionnaire/survey was not necessary to identify 
stationary area and point sources.  Emissions from stationary point sources were calculated on the 
basis of 1996 production levels and the best available emission factors (from TV source tests or from 
the permits). 
 
 Many of the stationary area sources and non-road mobile sources were estimated based upon 
commodity consumption or by applying per capita emission rates.  Population data was obtained 
from Portland State University, Population Research and Census Center272. Stationary area source 
emission estimates were based upon emission factors published in AP-428, AIRS “Short List” of 
AMS SCCs and Emission Factors25, DEQ estimates based on similar processes, and other 
documentable sources.  Highway mobile sources were based on EPA's PART5 model401 , ODOT’s 
transportation demand model, and EMME/2.  Locally available data was used for VMT mix, 
mileage accumulation by vehicle type.  Customized data included the County registrations for light 
duty vehicles (gas and diesel), anti-tampering program, vehicle inspection program, fuel volatility 
and temperatures. 
 
 Input data collection procedures relied heavily upon the EPA guidance documents.  Where 
possible, localized data were used in place of the EPA’s factors.  For example, residential open 
burning estimates based on local information are more accurate than nationally derived values 
because of the high degree of regulation in the Klamath Falls UGB.  In this case, use of local data is 
more appropriate than national data. 
 
 In all cases, the source of the information and validation for its use was documented in the 
calculation spreadsheets and checked at the time of QC for reliability and appropriateness.  
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4.4 DATA HANDLING 
 Data handling included: 1) coding formats and data recording, 2) data tracking, and 3) 
QA/QC (which included data checking, data correcting, and handling corrected data).  Specific 
additional procedures included checking data after conversion to the inventory format, checking for 
missing data, and reviewing the estimates. 
 

4.4.1 Data Coding and Recording 

 No modeling was performed for this SIP so coding the source emissions for entry into the 
model was not done. 
 

4.4.2 Data Tracking 
 Information obtained from source files, other divisions of the DEQ, other State, Federal, and 
local agencies, and private companies used in compiling the emission inventories were recorded in 
reference files, in appendices, and documented on the calculation spreadsheets.  The appendices and 
calculation spreadsheets were also stored electronically.  All emission factors, throughputs, seasonal 
adjustment factors, and activities were documented on the calculation spreadsheets in both hard copy 
and electronic copy.  All of the above mentioned information is kept at DEQ Headquarters. 
 

4.4.3 QA/QC Procedures - Checking and Correcting 
 The QA personnel generated QC forms and conducted any necessary training to ensure 
consistency and thoroughness by the QC personnel.  The QC forms followed the forms outlined in 
the Quality Assurance Implementation Instructions and Examples for SIP Inventory Development141.  
The forms are: 
 

 1.  Point source spreadsheet data form 
 2.  Point source correction form  
 3.  Area source calculation sheet check off list 
 4.  Area source appendices check off list 
 5.  Area source correction form 
 6.  Non-road mobile calculation sheet check off list 
 7.  Non-road mobile appendices check off list 
 8.  Non-road mobile correction form 
 9.  Summary sheet form 
10. Summary sheet correction form 

 
The QC of all source category emissions include:  
 

1.  Checking input data for inventory completeness, missing data, incorrect calculations, 
incorrect information, and reasonableness, and 

2.  Correcting the calculation sheets, summary sheets, and Appendices. 
 

The QA of the emission estimates include: 
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1.  A sample calculation of selected emissions, 
2.  Ensuring that all QC corrections were addressed, 
3.  Reviewing the emission summary for reasonableness, and 
4.  Ensuring that the data transferred between agencies and consultants are intact. 
 

4.4.3.1 Checking Data 

4.4.3.1.1 Inventory Completeness  
 Completeness of the inventory was determined by checking against the EPA QA Plan 
guidance source listings.  Double counting of sources was checked to ensure that source categories 
included in stationary point source categories were not also included in area or non-road mobile 
categories.  This check was documented on the QC - Summary sheet form.  
 

4.4.3.1.2 Missing Data 
 In order to ensure that all the necessary data was submitted for each stationary point source, 
forms were created to identify all the data elements required by EPA for each stationary point 
source.  Any parameter left blank during the initial completion of the form was considered a missing 
data element.  Further review of the source files and, as necessary, contact with facility personnel 
were procedures used to obtain the missing information.  If these steps did not result in supplying a 
missing data element, estimates were made based on similar point sources or from information 
contained in EPA publications.  Written documentation of the source of the data were recorded in 
the Emission Inventory notebook on the Data Error Report and Correction form as well as in the 
Audit Trail notebook. 
 
 Missing data for stationary area sources and non-road mobile sources can usually be 
identified by the inability to calculate emissions.  If the appropriate data was missing, a reasonable 
effort was made to acquire it.  If this was unsuccessful, estimates were made based on data of recent 
years or on information contained in EPA documents.  Missing data were recorded on the QC area 
and non-road mobile correction forms. 
 

4.4.3.1.3 Incorrect Calculations 
 In order to ensure that all the calculations were done correctly, the calculations were first 
reviewed to ensure that they were used correctly, then the electronic equations were reviewed to 
make sure that they were entered correctly.  Any improperly used or incorrect calculations were 
noted on the calculation sheet, in the Appendix, or on the correction form.  All calculation 
corrections were documented on the QC Correction Forms. 
 

4.4.3.1.4 Incorrect Information 
 In order to ensure that the information on the Summary Sheet, The Calculation Sheet and in 
Appendices are correct, all the explanations, titles, and reference were checked for accuracy and 
clarity.  Any changes were documented either directly on the sheet or on the QC correction forms. 
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4.4.3.1.5 Reasonableness 
 A reasonableness check was performed on the estimated emissions, activity levels, and 
emission factors using the Lakeview PM10 SIP488 submittal as a background comparison. 
 
 Stationary point source estimated emissions associated with the Air Contaminant Discharge 
Permit, Title V Permit, or Title V draft for each identified point source were reviewed in relation to 
similar sources.  In addition, the stationary point source production levels, source tests, and 
permitted emission factors were rechecked.  The source’s current operational status was also 
reviewed using notices of construction, permit addendums, and DEQ source inspector information.  
The references from which the emission factors and activity levels were taken were confirmed for 
the appropriateness of their use.  Any reasonableness errors were documented in the correction 
forms. 
 

4.4.3.2 Correcting Data 
 Receipt of information that necessitated a correction to the data used in the preparation of the 
emission inventories was documented on the Correction form.  For minor changes the corrections 
were noted on the actual spreadsheet with an explanation, a signature, and a date.  The correction 
was made to the electronic copy and the corrected version was printed and placed in the final draft 
notebook.  The correction information was placed in an audit trail notebook for QA examination. 
 

4.4.3.3 Sample Calculations 
 DEQ staff verified each inventory process step by duplicating a sample calculation for at 
least one source category.  Some of these were included in the emission inventory 
documentation. 
 

4.4.3.4 Corrections Review 
 The QA coordinator reviewed all the correction forms for accurate, appropriate and complete 
corrections.  This involved understanding why a correction was needed, why the original mistake 
was made, and whether the new information was accurate.  The QA coordinator(s) signed and dated 
the correction form after they were satisfied with the corrections. 
 

4.4.3.5 Reasonableness Review (QA) 
 The emissions estimate summaries were reviewed by DEQ and its peers to determine 
whether they were reasonable.  Peer review (QA) utilizes the resources and expertise of local/state 
agencies and industries to review emission estimates.  DEQ worked with the Klamath Falls Air 
Quality Plan Advisory Committee in this role. 
 
 Estimated per capita or per activity level emission estimates were compared with similar 
regions to insure reasonable data.  The proportion of emissions by category with those of a similar 
region (e.g., on-road mobile sources contribute 20% of total inventory) were also compared. 
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4.4.3.6 Reference Data Used to Facilitate QA 
 
Reference data commonly used to facilitate QA are presented in the table below: 
 

 
 

Reference 

 
 

Data 

 
Level of 

Resolution 
 
County and City Data Book - 1994 (U.S. 
Dept. of Commerce, Bureau of the Census) 

 
Population, housing, 
employment, income, 
climate, and others 

 
County, 

City 

 
Census of Population and Housing, Summary 
Population and Housing Characteristics 
(U.S. Dept. of Commerce, Bureau of the 
Census) 

 
Population, housing 

 
Townships, 
Sub-county 

 
County Business Patterns - Oregon, 1994 
(U.S. Dept. of Commerce, Bureau of the 
Census) 

 
Employment, establishments 
by Standard Industrial 
Classification (SIC) code 

 
County 

 
State Energy Data Report Consumption 
Estimates (U.S. Dept. of Energy, Energy 
Information Administration) 

 
Energy consumption by fuel 
type 

 
State 

Highway Statistics (U.S. Dept. of 
Transportation, Federal Highway 
Administration) 

VMT, on-road and off-road 
fuel consumption 

State 

 
Regional Interim Emission Inventories (U.S. 
EPA) 

 
Emissions of criteria 
pollutants (including PM and 
CO) 

 
County 

 
Census of Manufacturers (U.S. Dept. of 
Commerce, Bureau of the Census) 

 
Employment, hours worked, 
value of shipments by SIC 
code. 

 
County, 

State 

 

4.4.3.7 Computerized Checks 
Computerized checks have included several parts:  (1) verifying that each occurrence of 

data formatting resulted in equivalent emissions (or other data) before and after formatting, and 
(2) verifying the data totals and record lengths of any data transfers between agencies and 
consultants in the inventory process. 

 

4.4.4 Data Reporting 

 Hard copy of the completed emission inventory has been provided to EPA Region 10.  
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APPENDIX A: STATIONARY POINT SOURCES 
 

Appendix A, Table A-1: Point Source Summary Table 
 
Appendix A, Table A-2: Individual 1996 Stationary Point Source Emissions Calculations 
 
Appendix A, Table A-3: Individual 2000 Stationary Point Source Emissions Calculations 
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Appendix A, Table A-1: Point Source Summary Table 
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Appendix A, Table A-2: Individual 1996 Stationary Point Source Emissions Calculations 
 

  
18-0006 Jeld-Wen, Inc. 
18-0013 Collins Products, LLC 
18-0014  Columbia Forest Products 
18-0023 Klamath Veneer, Inc. 
18-0074 Klamath Pacific Corporation 
18-0093 Aqua Glass West, Inc 
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Appendix A, Table A-3: Individual 2000 Stationary Point Source Emissions Calculations  
 
 

18-0006 Jeld-Wen, Inc. 
18-0013 Collins Products, LLC 
18-0014  Columbia Forest Products 
18-0023 Klamath Veneer, Inc. 
18-0074 Klamath Pacific Corporation 
18-0093 Aqua Glass West, Inc 
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APPENDIX B: STATIONARY AREA SOURCES 
 
Appendix B, Table B-1: 1998 Census data for Oregon, Jackson County, and the Medford-
Ashland AQMA 
 
Appendix B, Table B-2: Medford-Ashland AQMA, 1996/97 Residential Wood Heating 
Survey Results 
 
Appendix B, Table B-3: Woodheating Survey Cordwood Usage Evaluation 
 
Appendix B, Table B-4: Klamath Falls UGB Small Point Sources 
 
Appendix B, Table B-5: Klamath Falls UGB Fossil Fuel Consumption Estimates 
 
Appendix B, Table B-6: Road Sanding Emission Calculation Data 
 
Appendix B, Table B-7: Klamath Falls UGB SIC Populations 
 
Appendix B, Table B-8: Residential Open Burning Tables 
 
Appendix B, Table B-9: Klamath Falls UGB Heating Degree Days, 1996 
 
Appendix B, Table B-10: Klamath County Land Use Calculations Data 
 
Appendix B, Table B-11: Klamath County Agricultural Crop Acreage 
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Appendix B, Table B-1: 1998 Census Data for Oregon, Klamath County, and the Klamath 

Falls UGB 
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Appendix B, Table B-2: Klamath Falls UGB, 1993 & 1999 Residential Wood Heating 

Survey Results 
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Appendix B, Table B-3: Woodheating Survey Data 

 
Appendix B, Table B-3a: 1993 Woodheating Survey Cordwood Usage Evaluation 
 
Appendix B, Table B-3b: 1999 Woodheating Survey Cordwood Usage Evaluation 
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Appendix B, Table B-4: Klamath Falls UGB Small Point Sources 
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Appendix B, Table B-5: Klamath Falls UGB Fossil Fuel Consumption Estimates 
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Appendix B, Table B-6: Road Sanding Emission Calculation Data 
 

Appendix B, Table B-6a.  ODOT Road Sanding Log 
 
Appendix B, Table B-6b.  Klamath County Road Sanding Log 
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Appendix B, Table B-7: Klamath Falls UGB SIC Populations 
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Appendix B, Table B-8: Residential Open Burning Tables 
 

Appendix B, Table B-8a.  Legal Residential Open Burning 
 
Appendix B, Table B-8b. Illegal Residential Open Burning 
 
Appendix B, Table B-8c. Percent of Each Category of Material Residential Open 

Burned 
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Appendix B, Table B-9: Klamath Falls UGB Heating Degree Days, 1996 
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Appendix B, Table B-10: Klamath County Land Use Calculations Data 
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Appendix B, Table B-11: Klamath County Agricultural Crop Acreage 
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APPENDIX C: NON-ROAD MOBILE 
 
Appendix C, Table C-1: Non-Road Engine Emission Inventories For Co And Ozone 

Nonattainment Boundaries, Spokane, Washington (Average Inventory 
[A+B/2]) 

 
Appendix C, Table C-2: Calculations of 1996 Fuel Use by Railroad Line-Haul 

Operations 
 
Appendix C, Table C-3: Calculations of 1996 Fuel Use by Railroad Yard Operations 
 
Appendix C, Table C-4a - 4c.  Calculations of 1996 Fuel Use by Amtrak 
 
Appendix C, Table C-5: Calculations of 1996 Annual Landings & Takeoffs (LTOs) 

and Emission Factors by Aircraft 
 
Appendix C, Table C-6: Klamath Falls International Airport 1996 PM10 Season 

Landings & Takeoffs (LTOs) by Aircraft Category 
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Appendix C, Table C-1: Non-Road Engine Emission Inventories For CO and Ozone 
Nonattainment Boundaries, Spokane, Washington (Average Inventory [A+B/2]) 
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Appendix C, Table C-2: Calculations of 1996 Fuel Use by Railroad Line-Haul Operations 
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Appendix C, Table C-3: Calculations of 1996 Fuel Use by Railroad Yard Operations 
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Appendix C, Table C-4a - 4c.  Calculations of 1996 Fuel Use by Amtrak 
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Appendix C, Table C-5: Calculations of 1996 Annual Landings & Takeoffs (LTOs) and 
Emission Factors by Aircraft 
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Appendix C, Table C-6: Klamath Falls International Airport 1996 PM10 Season Landings 
& Takeoffs (LTOs) by Aircraft Category 
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APPENDIX D: ON ROAD MOBILE 
 

Appendix D, Table D-1: Mobile PART 5 Emissions Factors and Link VMT 
 
Appendix D, Table D-2: Klamath Falls UGB PM10 1996 Annual: On-Road Mobile Sources 

PM10 Emissions by Vehicle Class 
 
Appendix D, Table D-3: Table D-3:  Klamath Falls UGB PM10 1996 Seasonal: On-Road 

Mobile Sources PM10 Emissions by Vehicle Class - Worst Case Day Emissions 
 
Appendix D, Table D-4: 1996 Seasonal: On-Road Mobile Sources PM10 Emissions by 

Vehicle Class - Typical Day Emissions 
 
Appendix D, Table D-5: PART5 Input and Output data 
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Appendix D, Table D-1: Mobile PART 5 Emissions Factors and Link VMT 
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Appendix D, Table D-2: Klamath Falls UGB PM10 1996 Annual: On-Road Mobile Sources 

PM10 Emissions by Vehicle Class 
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Appendix D, Table D-3: Table D-3:  Klamath Falls UGB PM10 1996 Seasonal: On-Road 
Mobile Sources PM10 Emissions by Vehicle Class - Worst Case Day Emissions 
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Appendix D, Table D-4: 1996 Seasonal: On-Road Mobile Sources PM10 Emissions by 
Vehicle Class - Typical Day Emissions 
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Appendix D, Table D-5: PART5 Input and Output Data 
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APPENDIX E: 2015 EMISSIONS FORECAST RESULTS 
 

 
Appendix E, Table E-1: 1996-2015 Klamath Falls UGB PM10 Annual Emissions Growth 

Summary 
 
Appendix E, Table E-2: 1996-2015 Klamath Falls UGB PM10 Seasonal Emissions Growth 

Summary 
 
Appendix E, Table E-3: Industrial Point Source PSEL Annual & Worst Case PM10 

Emission Growth for 1996, 2009, & 2015 
 
Appendix E, Table E-4: 1996-2015 Klamath Falls UGB PM10 Summary of Annual Point 

Source Emission Growth  
 
Appendix E, Table E-5: 1996-2015 Klamath Falls UGB PM10: Point Sources Summary of 

Worst Case Emission Growth  
 
Appendix E, Table E-6: Klamath Falls UGB PM10 Annual & Worst Case Emission Growth 

for 1996, 2009, & 2015 
 
Appendix E, Table E-7: 1996-2015 Klamath Falls UGB PM10 Area Source Annual 

Emission Growth Estimation 
 
Appendix E, Table E-8: 1996-2015 Klamath Falls UGB PM10 Area Source Seasonal 

Emission Growth Estimation 
  
Appendix E, Table E-9: Klamath Falls UGB PM10 Non-Road Mobile Emission Growth 

Summary for 1996, 2009 & 2015 
 
Appendix E, Table E-10: 1996-2015 Klamath Falls UGB PM10 Non-Road Mobile Annual 

Emission Growth Estimation 
 
Appendix E, Table E-11: 1996-2015 Klamath Falls UGB PM10 Non-Road Mobile Seasonal 

Emission Growth Estimation  
 
Appendix E, Table E-12: 2015 Klamath Falls PM10 Mobile PART 5 Emission Factors and 

Link VMT 
 
Appendix E, Table E-13: Klamath Falls UGB PM10 2015 Annual: On-Road Mobile Sources 

PM10 Emissions by Vehicle Class 
 
Appendix E, Table E-14: Klamath Falls UGB PM10 2015 Seasonal: On-Road Mobile 

Sources PM10 Emissions by Vehicle Class - Worst Case Day Emissions 
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Appendix E, Table E-15:  Klamath Falls UGB PM10 2015 Seasonal: On-Road Mobile 
Sources PM10 Emissions by Vehicle Class - Typical Day Emissions  

 
Appendix E, Table E-16: MOBILE PART5 Input and Output Data 
 
Appendix E, Table E-17: 1996 - 2015 Residential Wood Combustion Growth Tables 
 
Appendix E, Table E-18: Woodstove Population Forecast Tables 
 
 Appendix E, Table E-18a: 1996-2015 Klamath Falls Potential (Main and Back-up 

Devices) Woodstove Population Forecast 
 
 Appendix E, Table E-18b: 1996-2015 Klamath Falls Actual (Main Devices) 

Woodstove Population Forecast 
 
Appendix E, Table E-19: Klamath Falls Residential Wood Combustion Growth Rates 
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Appendix E, Table E-1: 1996-2015 Klamath Falls UGB PM10 Annual Emissions Growth 

Summary 
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Appendix E, Table E-2: 1996-2015 Klamath Falls UGB PM10 Seasonal Emissions Growth 

Summary 
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Appendix E, Table E-3: Industrial Point Source PSEL Annual & Worst Case PM10 
Emission Growth for 1996, 2009, & 2015 
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Appendix E, Table E-4: 1996-2015 Klamath Falls UGB PM10 Summary of Annual Point 
Source Emission Growth  
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Appendix E, Table E-5: 1996-2015 Klamath Falls UGB PM10: Point Sources Summary of 
Worst Case Emission Growth  
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Appendix E, Table E-6: Klamath Falls UGB PM10 Annual & Worst Case Emission Growth 
for 1996, 2009, & 2015 
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Appendix E, Table E-7: 1996-2015 Klamath Falls UGB PM10 Area Source Annual 
Emission Growth Estimation 
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Appendix E, Table E-8: 1996-2015 Klamath Falls UGB PM10 Area Source Seasonal 
Emission Growth Estimation 
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Appendix E, Table E-9: Klamath Falls UGB PM10 Non-Road Mobile Emission Growth 
Summary for 1996, 2009 & 2015 
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Appendix E, Table E-10: 1996-2015 Klamath Falls UGB PM10 Non-Road Mobile Annual 
Emission Growth Estimation 
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Appendix E, Table E-11: 1996-2015 Klamath Falls UGB PM10  Non-Road Mobile Seasonal 
Emission Growth Estimation  
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Appendix E, Table E-12: 2015 Klamath Falls PM10 Mobile PART 5 Emission Factors and 
Link VMT 
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Appendix E, Table E-13: Klamath Falls UGB PM10 2015 Annual: On-Road Mobile Sources 
PM10 Emissions by Vehicle Class 
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Appendix E, Table E-14: Klamath Falls UGB PM10 2015 Seasonal: On-Road Mobile 
Sources PM10 Emissions by Vehicle Class - Worst Case Day Emissions 
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Appendix E, Table E-15:  Klamath Falls UGB PM10 2015 Seasonal: On-Road Mobile 
Sources PM10 Emissions by Vehicle Class - Typical Day Emissions  
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Appendix E, Table E-16: PART5 Input and Output Data 
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Appendix E, Table E-17: 1996 - 2015 Residential Wood Combustion Growth Tables 
 

Appendix E, Table E-17a: Klamath Falls UGB PM10 Annual Emissions Growth 
from Residential Wood Combustion 

 
Appendix E, Table E-17b: Klamath Falls UGB PM10 Worst Case Day Emissions 

Growth from Residential Wood Combustion 
 
 Appendix E, Table E-17c: 1996 Emissions per Device Calculation Table 
  
 Appendix E, Table E-17d: 1999 Emissions per Device Calculation Table 
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Appendix E, Table E-18: Woodstove Population Forecast Tables 
 
 Appendix E, Table E-18a: 1996-2015 Klamath Falls Potential (Main and Back-up 

Devices) Woodstove Population Forecast 
 
 Appendix E, Table E-18b: 1996-2015 Klamath Falls Actual (Main Devices) 

Woodstove Population Forecast 
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Appendix E, Table E-19: Klamath Falls RWC Growth Rates 




