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APPENDIX A

COST ANNUALIZATION MODEL

Figures A-1 and A-2 provide an overview of the cost annualization model as used for analysis of

the proposed rule, and as will be used for analysis of the final rule respectively.  Inputs to the model differ

in each analysis because for the analysis of the final rule, data from the 2001 Meat Products Industry

Survey detailed questionnaire will be used in addition to other data from the proposal analysis.  The inputs

for proposal include the capital and operating and maintenance (O&M) costs for incremental pollution

control developed by EPA, and a variety of secondary sources.  The cost annualization model calculates

four types of compliance costs for a site:

• Present value of expenditures — before-tax basis

• Present value of expenditures — after-tax basis

• Annualized cost — before-tax basis

• Annualized cost — after-tax basis

There are two reasons why the capital and O&M costs should be annualized.  First, the initial

capital outlay should not be compared against a site's income in the first year because the capital cost is

incurred only once in the equipment's lifetime.  That initial investment should be spread over the

equipment's life.  Second, money has a time value.  A dollar today is worth more than a dollar in the future;

expenditures incurred 15 years from now do not have the same value to the firm as the same expenditures

incurred tomorrow.  

The cost annualization model is defined in terms of 1999 dollars because the latest year for which

financial data will be available from the detailed survey is 1999.  Pollution control capital and O&M costs

are estimated in 1999 dollars and used to project cash outflows.  The cash outflows are then discounted to

calculate the present value of future cash outflows in terms of 1999 dollars.  This methodology evaluates

what a business would pay in constant dollars for all initial and future expenditures.  Finally, the model
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Figure A-2

Cost Annualization Model for the Final Analysis
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calculates the annualized cost for the cash outflow as an annuity that has the same present value of the cash

outflows and includes the cost of money or interest.  The annualized cost is analogous to a mortgage

payment that spreads the one-time investment of a home into a defined series of monthly payments.

Section A.1 discusses the data sources for inputs to the cost annualization model for the proposal

analysis as well as the final analysis.  Section A.2 summarizes the financial assumptions in the model. 

Section A.3 presents all steps of the model with a sample calculation.

A.1 INPUT DATA SOURCES

A.1.1 EPA Engineering Cost Estimates

The capital and O&M costs used in the cost annualization model are developed by EPA’s

engineering staff.  The capital cost is the initial investment needed to purchase and install the equipment; it

is a one-time cost.  The O&M cost is the annual cost of operating and maintaining the equipment.  O&M

costs are incurred every year of the equipment's operation.  For proposal, EPA estimated average

compliance costs for a series of model facilities based on subcategory, size, and discharge type (for details

see Development Document, U.S. EPA, 2002).  For the final rule, EPA will use model facilities developed

from detailed questionnaire data. 

A.1.2 Secondary Data

The cost annualization model is developed in terms of constant 1999 dollars.  Hence, as necessary,

all costs are deflated to 1999 dollars for the cost annualization model using a cost deflator.  As mentioned

above, engineering cost estimates are already in 1999 dollars.  However, in the proposal analysis, income

measures and the variance of their distributions were derived from Census data in 1997 dollars and need to

be adjusted.  EPA calculated the implicit price deflator for Food and Kindred Products from Bureau of

Economic Analysis’ Gross Domestic Product by Industry data (U.S. DOC, 2000).  For analysis of the final

rule, income measures and other survey data will be in 1999 dollars. 
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The depreciation method used in the cost annualization model is the Modified Accelerated Cost

Recovery System (MACRS).  MACRS allows businesses to depreciate a higher percentage of an

investment in the early years and a lower percentage in the later years. 

Tax rates are determined by the Federal tax rate plus the national average state tax rate.  Table A-

1 presents the Federal tax rate for corporations and individuals (CCH, 1999b).  The Federal tax rate is

calculated from a graduated system with a tax rate for each level of taxable income.  Table A-2 lists each

state's top corporate and individual tax rates and calculates national average state tax rates (CCH, 1999a). 

The cost annualization model uses the average state tax rate because of the complexities of the industry; for

example, a site could be located in one state, while its corporate headquarters are located in a second state. 

Given the uncertainty over which state tax rate applies to a given site’s revenues, the average state tax rate

— rounded to three decimal points — is used in the cost annualization model for all sites (i.e., 6.6 percent

corporate tax rate and 5.6 percent personal tax rate). 

For the proposal analysis, taxable income — earnings before interest and taxes (EBIT) — is

derived from Census data.  Derivation of EPA’s estimate of EBIT for model facilities is discussed in more

detail in Appendix B.  For the final analysis, EPA will use the value of EBIT reported in the survey.  The

value of EBIT determines the tax bracket for the site. 

The cost annualization model incorporates variable tax rates according to the level of income to

address differences between small and large businesses.  For example, a large business might have a

combined tax rate of 40.6 percent (34 percent Federal plus 6.6 percent State).  After tax shields, the

business would pay 59.4 cents for every dollar of incremental pollution control costs.  A small business,

say a small sole proprietorship, might be in the 20.8 percent tax bracket (15 percent Federal plus 5.8

percent State).  After tax shields, the small business would pay 79.2 cents for every dollar of incremental

pollution control.  The net present value of after-tax cost is used in the closure analysis because it reflects

the long-term impact on its income the business would actually experience.

The discount rate is the minimum rate of return on capital required to compensate debt holders and

equity owners for bearing risk.  It is also called the marginal weighted average cost of capital or the
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Table A-1
Federal Tax Table

Corporate Tax Rate Individual Tax Rate

Taxable Income
($1,000)

Average
Effective
Tax Rate

Taxable Income
($1,000)

Average
Effective
Tax Rate

$0 - $50 15% $0 - $25.75 15%

$50 - $75 25% $25.75 - $62.45 28%

$75 - $100 34% $62.45 - $130.25 31%

$100 - $335 34% * $130.25 - $283.15 36%

$335 - $10,000 34% More than $283.15 40%

$10,000 - $15,000 35%

$15,000 - $18,333 35% *

More than $18,333 35%
Source: CCH, 1999b.  2000 U.S. Master Tax Guide. Chicago, IL: CCH.
* For the $100,000 to $335,000 taxable income range, the actual tax rate is 38% and for taxable income between
$15,000,000 and $18,333,333, the actual rate is 39%. However, these rates were temporarily imposed to phase out
certain benefits and hence, are not used here.
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Table A-2
State Income Tax Rates

State

Basis for States

Corporate Income
 Tax Rate

With Graduated
Tax Tables

Personal Income Tax
Upper Rate

With Graduated
Tax Tables

Alabama 5.00% 5.00% $3,000+

Alaska 9.40% $90,000+ 0.00%

Arizona 8.00% 5.04% $150,000+

Arkansas 6.50% $100,000+ 7.00% $25,000+

California 6.65% 9.30% $47,000

Colorado 4.75% 4.75%

Connecticut 7.50% 4.50% $10,000+

Delaware 8.70% 6.40% $60,000+

Florida 5.50% 0.00%

Georgia 6.00% 6.00% $10,000+

Hawaii 6.40% $100,000+ 8.75% $40,000+

Idaho 8.00% 8.20% $20,000+

Illinois 4.80% 3.00%

Indiana 3.40% 3.40%

Iowa 12.00% $250,000+ 8.98% $52,000+

Kansas 4.00% 6.45% $30,000+

Kentucky 8.25% $250,000+ 6.00% $8,000+

Louisiana 8.00% $200,000+ 6.00% $50,000+

Maine 8.93% $250,000+ 8.50% $33,000+

Maryland 7.00% 4.80% $3,000+

Massachusetts 9.50% 5.95%

Michigan 2.20% 4.40%

Minnesota 9.80% 8.00% $50,000+

Mississippi 5.00% $10,000+ 5.00% $10,000+

Missouri 6.25% 6.00% $9,000+

Montana 6.75% 11.00% $71,000+

Nebraska 7.81% $50,000+ 6.99% $27,000+

Nevada 0.00% 0.00%

New Hampshire 8.00% 0.00%

New Jersey 7.25% 6.37% $75,000+

New Mexico 7.60% $1Million+ 8.20% $42,000+

New York 7.50% 6.85% $20,000+

North Carolina 7.50% 7.75% $60,000+

North Dakota 10.50% $50,000+ 12.00% $50,000+

Ohio 8.50% $50,000+ 7.30% $200,000+

Oklahoma 6.00% 7.00%



Table A-2 (cont.)
State Income Tax Rates

State

Basis for States

Corporate Income
 Tax Rate

With Graduated
Tax Tables

Personal Income Tax
Upper Rate

With Graduated
Tax Tables
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Oregon 6.60% 9.00% $5,000+

Pennsylvania 9.99% 2.80%

Rhode Island * 9.00% 10.40% $250,000+

South Carolina 5.00% 7.00% $12,000+

South Dakota 6.00% 0.00%

Tennesee 6.00% 0.00%

Texas 0.00% 0.00%

Utah 5.00% 7.00% $7,500+

Vermont * 9.75% $250,000+ 9.45% $250,000+

Virginia 6.00% 5.75% $17,000+

Washington 0.00% 0.00%

West Virginia 9.00% 6.50% $60,000+

Wisconsin 7.90% 6.77% $15,000+

Wyoming 0.00% 0.00%

    Average: 6.58% 5.59%
Source: CCH, 1999a.  2000 State Tax Handbook. Chicago, IL: CCH.
Basis  for rates is reported to nearest $1,000.
* Personal income tax rates for Rhode Island and Vermont based on federal tax (not taxable income).
+ Tax rates given here are equivalents for highest personal federal tax rate.



     1 The effect of this assumption is to assume there is no tax shield for S corporations and limited liability
corporations (LLCs).  S corporations and LLCs will see no change in tax shield benefit because they do not pay
taxes.  The persons to whom the income is distributed, however, will see the change in earnings due to incremental
pollution control costs; there is no tax shield benefit.
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weighted average of debt and equity rates.  The discount rate is used to calculate the present value of the

cash flows.  As recommended by the Office of Management and Budget (OMB), for the proposal analysis,

a real discount rate of 7 percent is used to represent the opportunity cost of capital (OMB, 1996).  For the

final analysis, the discount rate for each site will be obtained from the survey data.  For sites that do not

report a discount rate, EPA will assign the median discount rate as the opportunity cost of capital.

Average taxes paid is used to limit the tax shield to the typical amount of taxes paid in any given

year.  For the proposal analysis, it is calculated as the amount of tax paid in 1999 by the model facility (see

Appendix B for more detail).  In the final analysis, average taxes paid will be calculated from the 1997,

1998, and 1999 taxes paid by the site. 

Corporate structure is used for the purpose of estimating tax shields on expenditures.  A C

corporation pays federal and state taxes at the corporate rate.  An S corporation or a limited liability

corporation distributes earnings to the partners and the individuals pay the taxes.  For the purpose of the

proposal analysis, EPA assumes that all model facilities pay federal and state taxes at the corporate rate. 

In the final analysis, EPA will distinguish corporate structure based on detailed survey data.  The tax rate

for S corporations and limited liability corporations will be presumed to be zero.1  All other entities will be

assumed to pay taxes at the individual rate.  

A.2 FINANCIAL ASSUMPTIONS

The cost annualization model incorporates several financial assumptions:



     2 EPA examined straight-line depreciation, Internal Revenue Code Section 169 and 179 provisions as well as
MACRS for depreciation.  Straight-line depreciation writes off a constant percentage of the investment each year. 
MACRS offers companies a financial advantage over the straight-line method because a company's taxable income
may be reduced under MACRS by a greater amount in the early years when the time value of money is greater.  

Section 169 provides an option to amortize pollution control equipment over a 5-year period (RIA, 1999). 
Under this provision, 75 percent of the investment could be rapidly amortized in a 5-year period using a straight-
line method.  The 75 percent figure is based on the ratio of allowable lifetime (15 years) to the estimated usable
lifetime (20 years) as specified in Section 169, Subsection (f).  Although the tax provision enables the site to
expense the investment over a shorter time period, the advantage is substantially reduced because only 75 percent
of the capital investment can be recovered.  Because the benefit of the provision is slight and sites might not get the
required certification to take advantage of it, the provision was not included in the cost annualization model. 

EPA also considered the Section 179 provision to elect to expense up to $24,000 if the equipment is
placed into service in 2001 or 2002 (RIA, 1999).  The deduction increased to $25,000 if the equipment is placed
into service in 2003 or later.  EPA assumes that this provision is applied to other investments for the business
entity.  Its absence in the cost annualization model may result in a slightly higher estimate of the after-tax
annualized cost for the site.
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• Depreciation method is the Modified Accelerated Cost Recovery System (MACRS).2 
MACRS applies to assets put into service after December 31, 1986.  MACRS allows
businesses to depreciate a higher percentage of an investment in the early years and a
lower percentage in the later years.

• There is a six-month lag between the time of purchase and the time operation begins for
the pollution control equipment.  A mid-year depreciation convention may be used for
equipment that is placed in service at any point within the year (CCH, 1999b, ¶1206). 
EPA chose to use a mid-year convention in the cost annualization model because of its
flexibility and the likelihood that the equipment considered for pollution control could be
built and installed within a year of initial investment.  Because a half-year of depreciation
is taken in the first year, a half-year needs to be taken in the 16th year of operation.
Consequently, the cost annualization model spans a 16-year time period.

• The pollution equipment has an operating lifetime or class life between 20 and 25 years.  It
is considered 15-year property.  

The depreciable life of the asset is based on, but is not equivalent to, the useful life of the asset. 

The Internal Revenue Service (IRS) establishes different “classes” of property.  For example, a race horse

is 3-year property.  The Internal Revenue Code Section 168 classifies an investment as 15-year property if

it has a class life of 20 years or more but less than 25 years.  Section 168(e)(3)(E) lists a municipal

wastewater treatment plant as an example of 15-year property (CCH, 1999b, ¶1240; RIA, 1999).  The cost

annualization model, therefore, incorporates a 15-year depreciable lifetime.  Thus, for the purpose of the

calculating depreciation, most components of the pollution control capital costs considered in this analysis
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would be 15-year property.  According to IRS requirements, pollution control equipment can be

depreciated, but the total cost of the equipment cannot be subtracted from income in the first year.  In other

words, the equipment must be capitalized, not expensed (CCH, 1999b, ¶991; and RIA, 1999, Section 169).

A.3 SAMPLE COST ANNUALIZATION SPREADSHEET

In Table A-3, the spreadsheet contains numbered columns that calculate the before- and after-tax

annualized cost of the investment to the site.  The first column lists each year of the equipment's life span,

from its installation through its 15-year depreciable lifetime.

Column 2 represents the percentage of the capital costs that can be written off or depreciated each

year.  These rates are based on the MACRS and are taken from CCH (1999b).   Multiplying these

depreciation rates by the capital cost gives the annual amount the site may depreciate, which is listed in

Column 3.  Depreciation expense is used to offset annual income for tax purposes; Column 4 shows the

potential tax shield provided from the depreciation expense—the overall tax rate times the depreciation

amount for the year.  

Column 5 is the annual O&M expense.  In this example, Year 1 shows six months of O&M

($10,000 ÷ 2 = $5,000).  Year 1 and Year 16 show only six months of O&M expenses because of the mid-

year convention assumption for depreciation.  For Years 2 through 15, O&M is a constant amount. 

Column 6 is the potential tax shield or benefit provided from expensing the O&M costs.

Column 7 lists a site's annual pre-tax cash outflow or total expenses associated with the additional

pollution control equipment.  Total expenses include capital costs, assumed to be incurred during the first

year when the equipment is installed, plus each year's O&M expense.  

Column 8 is the adjusted tax shield.  The potential tax shield is the sum of the tax shields from

depreciation (Column 4) and O&M/one-time costs (Column 6).  If the potential tax shield for any year

exceeds the 3-year average taxes paid, the tax shield is limited to the average taxes paid by the facility.  In

Table A-3 example, the potential tax shield in Year 2 is $2,052 plus $2,160 = $4,212.  This exceeds the
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Table A-3
Cost Annualization Model

INPUTS

surv_id 999

INPUTS disc_rate 7.00%

    Survey ID #: 999 corp_tax 1

    Option Number: ebit $23,000

1999 Federal Corp.Tax Table: Federal Individual Tax Table: tax_99 $2,333

    Initial Capital Cost ($): $100,000 Taxable
Income

Average
Effective
Tax Rate

Taxable
Income

Average
Effective
Tax Rate

opt_cap $100,000

    Annual Operation & Maintenance Cost ($): $10,000 opt_om $10,000

    Real Discount Rate: 7.0%

    Corporate Tax Structure 1 $0 15.0% $0 15.0%

    EBIT $23,000 $50,000 25.0% $25,750 28.0%

    1999 Taxes Paid $2,333 $75,000 34.0% 62450 31.0%

     Marginal Income Tax Rates: $100,000 34.0% 130250 36.0%

        Federal 15.0% $335,000 34.0% 283150 39.6%

        State 6.6% $10,000,000 35.0%

        Combined 21.6%



Table A-3 (cont.)
Cost Annualization Model
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Column 1 2 3 4 5 6 7 8 9

Year Depreciation
Rate

Depreciation
For Year

Tax Shield
From

Depreciation O&M Cost
O&M
Tax Shield Cash Outflow

Adjusted
Tax

Shield

Cash Outflow
After

Tax Shields

1 5.00% $5,000 $1,080 $5,000 $1,080 $105,000 $2,160 $102,840

2 9.50% $9,500 $2,052 $10,000 $2,160 $10,000 $2,333 $7,667

3 8.55% $8,550 $1,847 $10,000 $2,160 $10,000 $2,333 $7,667

4 7.70% $7,700 $1,663 $10,000 $2,160 $10,000 $2,333 $7,667

5 6.93% $6,930 $1,497 $10,000 $2,160 $10,000 $2,333 $7,667

6 6.23% $6,230 $1,346 $10,000 $2,160 $10,000 $2,333 $7,667

7 5.90% $5,900 $1,274 $10,000 $2,160 $10,000 $2,333 $7,667

8 5.90% $5,900 $1,274 $10,000 $2,160 $10,000 $2,333 $7,667

9 5.91% $5,910 $1,277 $10,000 $2,160 $10,000 $2,333 $7,667

10 5.90% $5,900 $1,274 $10,000 $2,160 $10,000 $2,333 $7,667

11 5.91% $5,910 $1,277 $10,000 $2,160 $10,000 $2,333 $7,667

12 5.90% $5,900 $1,274 $10,000 $2,160 $10,000 $2,333 $7,667

13 5.91% $5,910 $1,277 $10,000 $2,160 $10,000 $2,333 $7,667

14 5.90% $5,900 $1,274 $10,000 $2,160 $10,000 $2,333 $7,667

15 5.91% $5,910 $1,277 $10,000 $2,160 $10,000 $2,333 $7,667

16 2.95% $2,950 $637 $5,000 $1,080 $5,000 $1,717 $3,283

Sum 100.00% $100,000 $21,600 $150,000 $32,400 $250,000 $213,461

Present Value $65,856 $14,225 $94,267 $20,362 $194,267 $171,081

W/20 year life:

After Tax Shield Before Tax Shield

Present Value of Incremental Costs: $171,081 $194,267

Annualized Cost: $18,110 $20,565

Notes:  This spreadsheet assumes that a modified accelerated cost recovery system (MACRS) is used to depreciate capital expenditures.
Depreciation rates are from 1995 U.S. Master Tax Guide for 15-year property and mid-year convention.
First Year is not discounted.
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Present Value of Cash Outflows ' j
n

i'1

cash outflow, yeari

(1 % real discount rate)i&1

Annualized Cost ' Present value of cash outflows × real discount rate

1 & (real discount rate % 1)&n

average taxes paid over the last three years ($2,333) and hence, the tax shield for Year 2 is $2,333.  This

approach is conservative in that the limit is applied every year when a company may opt to carry losses

forward to decrease tax liabilities in future years.  An alternative approach is to limit the present value of

the tax shield to the present value of taxes paid for the 15-year period.  Should the first approach appear to

overestimate cost impacts, the second approach may be examined as a sensitivity analysis.

Column 9 lists the annual cash outflow less the adjusted tax shield (Column 7 minus Column 8);

a site will recover these costs in the form of reduced income taxes.  The sum of the 16 years of after-tax

expenses is $250,000 (1999 dollars), i.e., the sum of the capital expense ($100,000) and 15 years of O&M

($150,000).  The present value of these payments is $194,267.  The present value calculation takes into

account the time value of money and is calculated as:

The exponent in the denominator is i-1 because the real discount rate is not applied to the cash outflow in

Year 1.  The present value of the after-tax cash outflow is used in the closure analysis to calculate the post-

regulatory present value of future earnings for a site.

The present value of the cash outflow is transformed into a constant annual payment for use as the

annualized site compliance cost.  The annualized cost is calculated as a 16-year annuity that has the same

present value as the total cash outflow in Column 9.  The annualized cost represents the annual payment

required to finance the cash outflow after tax shields.  In essence, paying the annualized cost each year and

paying the amounts listed in Column 8 for each year are equivalent.  The annualized cost is calculated as:



     3 Note that post-tax annualized cost can be calculated in two ways.  The first way is to calculate the annualized
cost as the difference between the annuity value of the cash flows (Column 7) and the adjusted tax shield (Column
8).  The second way is to calculate the annuity value of the cash flows after tax shields (Column 9).  Both methods
yield the same result.  
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where n is the number of payment periods.  In this example, based on the capital investment of $100,000,

O&M costs of $10,000 per year, a tax rate of 21.6 percent, and a real discount rate of 7 percent, the site’s

annualized cost is $20,565 on a pre-tax basis and $18,110 on a post-tax basis.3

The pre-tax annualized cost is used in calculating the cost of the regulation.  It incorporates the

cost to industry for the purchase, installation, and operation of additional pollution control equipment as

well as the cost to federal and state government from lost tax revenues.  (Every tax dollar that a business

does not pay due to a tax shield is a tax dollar lost to the government.)  Post-tax annualized costs are used

to shock  the market model because they reflect the cost to industry.
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APPENDIX B

FACILITY-LEVEL ANALYSIS

EPA used publicly available information to project facility-level impacts under the proposed

rule. EPA based its facility-level analysis on the U.S. Census Bureau’s 1997 Economic Census of the

following four industries: Animal (Except Poultry) Slaughtering (NAICS 311611), Meat Processed From

Carcasses (NAICS 311612), Rendering and Meat Byproduct Processing (NAICS 311613), and Poultry

Processing (NAICS 311615). The Census provides detailed revenue and cost information by

employment class, which EPA used to build model facilities. To analyze facility-level impacts based on

the Economic Census data, EPA compared estimated compliance costs with four measures of income: 

C Average establishment revenues

C Average establishment earnings before interest and taxes (EBIT)

C Average establishment net income

• Average establishment cash flow

Each level of analysis more closely approaches the goal of using estimated compliance costs to draw

strong inferences about definable impacts on the establishment, but each level of analysis requires

additional assumptions to generate the test data. Thus, each level of analysis presents a tradeoff. For

example, the relationship between facility net income and the impact of compliance costs is much more

clearly defined than the relationship between facility revenues and compliance cost impacts. Estimating

average facility net income requires more assumptions than estimating average facility revenues,

however, and that increases the uncertainty about the baseline benchmark against which impacts are

measured.

Section B.1 presents an intuitive overview of the strategy EPA used to develop model facilities

and measures of their income. Average facility values and the variance of those values are discussed in

sections B.2.1 through B.2.4 below — one section for each of the four proposed levels of analysis.

Section B.3 describes issues concerning subcategorizing the proposed model facilities and matching

those facilities with the engineering model facilities. Section B.4 examines a question concerning the
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probability that some facilities may be projected to have negative income in the baseline. Section B.5

outlines some qualifications and limitations of the methodology used to model meat product facilities.

B.1 GENERAL MODELING STRATEGY

For each level of analysis, EPA’s strategy was similar. First, average revenues, net income, or

cash flow was estimated for model establishments of different sizes. EPA based its size classification for

developing model establishments on facility employment, taking advantage of the detailed information

the Census Bureau provides by employment class. Table B-1 presents the number of establishments by

employment class within each industry. The number of employment classes within each industry is large,

providing a good level of detail, and the number of observations within each employment class is

generally large. Thus, the average facility income measures should not be skewed by a small number of

atypical observations.

Using average income alone as the basis for projecting economic impacts on model

establishments imposes a limitation on the analysis.  Simple comparison of average compliance costs

with the model facility’s average income generates an all-or-nothing result: all facilities represented by a

particular model incur impacts identical to those of the model facility.  For example, if the model facility

is projected to close because it incurs compliance costs exceeding cash flow, then all facilities

represented by that model are projected to close.  In reality, however, incomes of the actual facilities that

the model represents compose a distribution around the mean income (i.e., the model facility’s income)

for that group of facilities. Actual facilities that are smaller than the average, therefore, may be negatively

impacted by the proposed rule even if the model facility appears unaffected. Conversely, larger-than-

average facilities may be unaffected by the rule even if the model facility is affected.

To deal with this limitation, EPA estimated the distribution of facility income around the model

facility mean. In order to do this, EPA obtained from the Census Bureau a special tabulation of the

variances and covariances of important income components around their respective mean within each

employment class (U.S. Census Bureau. 2001). Combining this information with the assumption that

these observations are normally distributed around the mean, EPA constructed a distribution of

revenues, EBIT, net income, and cash flow for the group of facilities represented by each model. Given
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Table B-1
Number of Establishments by Industry and Employment Class, 1997

Establishment Size by
Number of Employees

Number of Establishments in NAICS Industry:
311611:
Animal 

Slaughter

311612:a

Meat Processed
From Carcasses

311613:b

Rendering

311615:
Poultry

Processing
1 to 4 507 293 27 54

5 to 9 275 176 30 18
10 to 19 225 206 40 15

20 to 49 141 246 81 35
50 to 99 79 140 62 34

100 to 249 64 143 0 67
250 to 499 33 68 0 79

500 to 999 21 25 0 97
1,000 to 2,499 39 0 0 70

2,500 or Greater 9 0 0 5
Total 1,393 1,297 240 474

Source: U.S. Census Bureau, 1997a through 1997d.
a Due to disclosure issues, the 500-to-999-employee establishment size for NAICS 311612 (Meat Processed From
Carcasses) includes data for 2 facilities with employment between 1,000 and 2,499 and 1 facility with employment
greater than 2,500.
b Due to disclosure issues, the 50-to-99-employee establishment size for NAICS 311613 (Rendering) includes data
for 10 facilities with employment between 100 and 249 and 1 facility with employment between 250 and 499.



1 The standard deviation of a distribution is equal to the square root of the variance of the distribution.  Thus,
standard deviation and variance are equivalent ways of measuring the dispersion of a distribution around its mean
value.  A larger variance for a given mean value reflects a more dispersed distribution; the curve in Figure B-1 would
be flatter.
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the large number of observations within each employment class (see Table B-1), the assumption of a

normal distribution around each mean should be acceptable. 

Having generated a distribution around the model facility mean, EPA compared estimated

compliance costs with an appropriate benchmark for each model in order to project the number and

percentage of facilities estimated to close under the effluent guideline. Suppose, for example, that a

model facility has an average cash flow of $100,000. That model facility represents an entire class of

facilities, some of which will earn cash flow less than $100,000. If compliance costs are estimated to be

$40,000 for the model facility, then the model facility itself would not be projected to close, but other

facilities in the same class with cash flow of $40,000 or less would be expected to close. Given the mean

and variance of cash flow for that model class, the probability that facilities in that class earning less than

$30,000 in cash flow can be readily calculated. Multiplying that probability by the number of facilities in

the class results in the projected number of closures for that class.  Multiplying the projected number of

closures by the average number of employees per facility in the employment class results in an estimate

of employment impacts. 

This methodology is illustrated in Figure B-1.  The curve represents the cumulative distribution

function for cash flow around the model facility average of $100,000.  For the purpose of this

illustration, EPA set the standard deviation of the distribution equal to 100,000, and EPA assumed cash

flow is normally distributed.1  The vertical line marking the estimated average annualized compliance

costs of $40,000 determines the probability of closure.  Reading from the point on the graph where the

distribution function intersects the compliance cost marker, the probability that a facility earns cash flow

that is less than $40,000 per year is about 28 percent.  Note, however, that the distribution function also

shows that about 16 percent of facilities in this class already have cash flow less than zero before the

regulation is promulgated (the point where the distribution crosses the $0 value).  Therefore, the

incremental probability that a facility in this model class will close due to the regulation is about 12
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Figure B-1
Baseline Distribution Function for 
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2 EPA cannot evaluate the effect of the regulation on facilities with negative cash flow in the baseline
(“baseline closures”).  As discussed in Section 3.1.2, the basis for EPA’s closure analysis is that an establishment
must have positive earnings prior to the regulation, and negative earnings after regulation.  If an establishment has
negative earnings prior to the regulation, then it may very well close even if the regulation is never promulgated. 
Thus, closure of such an establishment should not be considered an impact of the regulation.  

3 EPA explored the implications of using different data sources to estimate the variance of income
distribution, as well as alternative assumptions concerning the distribution of income within each class.  The
sensitivity analyses are presented in Appendix E.
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percent (28 percent minus 16 percent).2  Multiplying this incremental probability of closure by the

number of establishments in the model class results in EPA’s projected number of closures due to the

proposed rule. 

To employ this modeling strategy, EPA must develop measures of several parameters used to

create the models.  First, EPA must develop estimates of average model facility income in each class to

be examined.  Second, it must estimate the variance — or dispersion — of income for each class.  EPA

used a variety of publicly available data sources to develop its estimates of these parameters.  Third, EPA

must estimate how income is distributed (i.e., the shape of the cumulative distribution function) in each

class.  As described above, EPA assumes that facility income is normally distributed in each class. 

Finally, EPA must match its model facilities developed from economic and financial data to the model

facilities used to estimate compliance costs based on engineering data.  Each of these components in

EPA’s modeling strategy is examined in detail in the sections to follow of this Appendix.3

B.2 FACILITY INCOME

B.2.1 Facility Revenues 

The Census Bureau publishes the value of total shipments by employment size for each NAICS

code, along with the number of facilities in that size class. The value of total shipments includes the

value of primary and secondary shipments as well as resale, contract, and other miscellaneous receipts.

This makes the value of total shipments a reasonable proxy for total revenues. EPA calculated average

facility revenues by employment class within each industry as the value of total shipments divided by the

number of establishments in each class. EPA obtained from the Census Bureau the variance of the value
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of shipments around the mean within each employment class. Table B-2 presents the mean and standard

deviation of revenues for each employment class in the affected NAICS codes.

B.2.2 Facility EBIT

B.2.2.1 Average Facility EBIT by Employment Class

Next, EPA estimated average model facility EBIT in each class.  EBIT is calculated by subtracting

cost of goods sold, general, sales, and administrative costs (GS&A), and depreciation and amortization

from total revenues.  EBIT then becomes the basis for calculating model facility net income and cash

flow. 

As with revenues, EPA compared estimated compliance costs and the distribution of EBIT by

employment class to project the number and percentage of facilities expected to incur costs exceeding

specified percentages of EBIT. There are no clearly defined thresholds for measuring impacts relative to

EBIT, as there are for income measures like cash flow. Although clearly a facility would be projected to

close if its pretax annualized compliance costs exceeded its EBIT, a facility would also be projected to

close if its compliance costs were some fraction of EBIT (i.e., if the facility also had to pay taxes and

make interest payments on loans out of EBIT to remain open). Nonetheless, using EBIT as a benchmark

against which to compare compliance costs is an improvement over using revenues alone as an income

measure, since the latter make no allowance for facility operating costs. 

EPA used 1997 Economic Census data to estimate model facility EBIT and its variance by

employment class within each NAICS industry (U.S. Census Bureau, 1999a - 1999d).  Facility revenues

were estimated by value of shipments.  The Census Bureau provides most of the significant categories of

operating costs that would be included in EBIT. For each of the four meat product NAICS industries, the

Bureau provides: 

C Payroll and material costs directly attributed to the employment class level

C Benefits, depreciation, rent, and purchased services attributed at the industry level
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Table B-2
Model Facility Income Mean and Standard Deviation by Employment Class

 
 NAICS 
 Establishment
 Employment  
 Size Class

Income Measure (x $1,000) Standard Deviation (x 1,000)

Revenues Net Income Cash Flow Revenues Net Income Cash Flow
NAICS 311611: Animal (Except Poultry) Slaughtering

 1 to 4 $440 $28 $33 292 56 56

 5 to 9 $1,265 $46 $55 842 89 89
 10 to 19 $2,655 $64 $86 1766 147 147

 20 to 49 $8,413 $336 $382 5598 617 617
 50 to 99 $22,490 $1,303 $1,438 14964 2260 2260

 100 to 249 $69,474 $2,696 $3,248 46227 5211 5211
 250 to 499 $160,914 $4,005 $4,714 107069 8024 8024

 500 to 999 $262,734 $4,983 $6,924 174819 10403 10403
 1,000 to 2,499 $677,948 $29,321 $33,489 451095 53662 53662

 $ 2,500 $1,426,054 $9,934 $18,501 948872 31988 31988
NAICS 311612: Meat Processed From Carcasses

 1 to 4 $413 $30 $40 381 81 81
 5 to 9 $1,393 $152 $181 1286 320 320

 10 to 19 $2,845 $160 $204 2626 367 367
 20 to 49 $7,452 $462 $562 6877 1079 1079

 50 to 99 $19,049 $1,823 $2,045 17581 3819 3819
 100 to 249 $52,075 $4,510 $5,450 48062 9936 9936

 250 to 499 $105,066 $6,308 $7,555 96969 13266 13266
 500 to 9991 $172,089 $14,364 $16,840 158827 31591 31591

 1,000 to 2,499 NA NA NA NA NA NA
 $ 2,500 NA NA NA NA NA NA

NAICS 311613: Rendering
 1 to 4 $860 $14 $40 1155 311 311

 5 to 9 $3,818 $510 $572 5128 794 794
 10 to 19 $6,476 $608 $730 8697 1047 1047

 20 to 49 $11,681 $1,879 $2,244 15688 3199 3199
 50 to 992 $17,108 $2,406 $3,069 22976 4476 4476

 100 to 249 NA NA NA NA NA NA
 250 to 499 NA NA NA NA NA NA

 500 to 999 NA NA NA NA NA NA
 1,000 to 2,499 NA NA NA NA NA NA

 $ 2,500 NA NA NA NA NA NA



Table B-2 (cont.)
Model Facility Income Mean and Standard Deviation by Employment Class

 
 NAICS 
 Establishment
 Employment  
 Size Class

Income Measure (x $1,000) Standard Deviation (x 1,000)

Revenues Net Income Cash Flow Revenues Net Income Cash Flow
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NAICS 311615: Poultry Processing
 1 to 4 $258 $7 $18 158 28 28

 5 to 9 $759 $23 $40 465 70 70
 10 to 19 $3,292 $453 $484 2017 631 631

 20 to 49 $11,721 $2,428 $2,564 7184 3266 3266
 50 to 99 $14,881 $1,463 $1,618 9120 2225 2225

 100 to 249 $29,999 $2,324 $2,745 18386 3966 3966
 250 to 499 $71,300 $3,466 $4,602 43698 5956 5956

 500 to 999 $117,768 $13,362 $14,784 72177 20658 20658
 1,000 to 2,499 $182,579 $17,045 $20,179 111898 29094 29094

 $ 2,500 $321,884 $1,072 $7,856 197275 4551 4551
1 Due to disclosure issues, data for 2 facilities with 1,000 < employment < 2,499, and 1 facility with 2,500
employment combined in lower category for NAICS 311612.
2 Due to disclosure issues, data for 10 facilities with 100 < employment < 249, and 1 facility with 250 < employment
< 499 combined in lower category  for NAICS 311613. 
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In addition to payroll and material costs, the Bureau provides capital expenditures and value added

directly attributed to the employment class level.

EPA used a additional assumptions to distribute industry-level costs to the employment class

level:

C Employment benefits were assumed to be proportionate to payroll.

C Depreciation was assumed to be proportionate to capital expenditures.

C Rent payments were assumed to be proportionate to capital expenditures.

C Building repairs were assumed to be proportionate to capital expenditures.

C Equipment repairs were assumed to be proportionate to capital expenditures.

C Communications were assumed to be proportionate to the value of shipments.

C Legal services were assumed to be proportionate to the value of shipments.

C Accounting services were assumed to be proportionate to the value of shipments.

C Data processing services were assumed to be proportionate to the value of shipments.

C Advertising services were assumed to be proportionate to value added.

C Refuse removal was assumed to be proportionate to material costs

Using capital expenditures to distribute depreciation, rent, and repair costs to the employment class level

is based on the implicit assumption that capital expenditures are proportionate to capital stocks. For

example, expenditures on building repairs are presumably a function of buildings owned; because that

information is not available, EPA used an additional assumption that in general, capital stocks by

employment class are proportionate to capital expenditures by employment class.

EPA thus calculated model facility EBIT as the average value of shipments (payroll, material

costs, benefits, depreciation, rent, and all specified purchased services) within each employment class.

Because revenues, payroll, and cost of materials are the most significant components of EBIT, the error

introduced by distributing industry-level data among employment classes should be small.  Table B-3

presents Census data used to estimate EBIT at the employment class level. For NAICS 311613
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Table B-3
Components of 1997 Earnings Before Interest and Taxes Data by Industry

Component

NAICS 311611 NAICS 311612 NAICS 311613 NAICS 311615
Dollars

(Millions)
Percent
of Costs

Dollars
(Millions)

Percent
of Costs

Dollars
(Millions)

Percent
of Costs

Dollars
(Millions)

Percent
of Costs

1997 Census of Manufactures Revenue Data Distributed by Employment Class
Total Value of Shipmentsa $54,501.6 NA $25,005.5 NA $2,571.9 NA $31,656.1 NA

1997 Census of Manufactures Cost Data Distributed by Employment Class
Total Payrolla $3,245.8 6.4% $2,324.5 11.7% $269.2 14.6% $4,036.5 15.6%
Total Cost of Materialsa $45,996.3 90.1% $15,846.5 80.0% $1,325.2 71.9% $19,678.2 76.0%

1997 Census of Manufactures Cost Data Distributed by 6 Digit NAICS Industry
Total Benefits $710.5 1.4% $605.8 3.1% $72.1 3.9% $997.4 3.9%
Depreciation $340.0 0.7% $343.3 1.7% $95.5 5.2% $483.6 1.9%
Rental Payments $477.8 0.9% $124.8 0.6% $21.2 1.1% $139.9 0.5%
Purchased Services $289.2 0.6% $553.1 2.8% $59.0 3.2% $542.9 2.1%

Repair $188.3 0.4% $190.5 1.0% $47.7 2.6% $381.4 1.5%
Communication $13.1 0.0% $160.5 0.8% $2.3 0.1% $57.3 0.2%
Legal $14.0 0.0% $8.1 0.0% $1.2 0.1% $9.1 0.0%
Accounting $10.3 0.0% $11.1 0.1% $0.6 0.0% $6.1 0.0%
Advertising $38.3 0.1% $89.4 0.5% $3.6 0.2% $57.0 0.2%
Computer $6.6 0.0% $5.9 0.0% $0.4 0.0% $5.5 0.0%
Refuse Removal $18.7 0.0% $87.5 0.4% $3.1 0.2% $26.5 0.1%

Estimated Costsb $51,059.6 100.0% $19,797.9 100.0% $1,842.1 100.0% $25,878.6 100.0%
Source: U.S. Census Bureau, 1997a through 1997d.
a Totals presented in this table are from published Census data; average values per establishment used in calculations are based on revised data provided by Census
in a special tabulation.
b Calculated from Census data as the sum of payroll, materials, benefits, depreciation, rental, and purchased service costs.
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(rendering), payroll and material costs make up over 86 percent of estimated costs (where estimated

costs equal the sum of payroll, material costs, benefits, depreciation, rent, and purchased services). For

NAICS 311611 (slaughter), 311612 (processing), and 311615 (poultry), payroll and material costs exceed

90 percent of estimated costs.

Table B-4 presents a sample calculation of average establishment EBIT by employment class

within each industry using these assumptions.  With few exceptions, EBIT increases monotonically with

establishment size. For animal slaughtering establishments (NAICS 311611) and poultry processors

(NAICS 311615), EBIT for the largest employment class is smaller than EBIT for many other classes. 

This might indicate that some of these very large establishments are cost centers for larger business

establishments.

B.2.2.2 Variance of EBIT by Employment Class 

Although the variance of revenues (value of shipments) is directly provided by the Census

special tabulation, the variance of EBIT needs to be estimated. EBIT is a linear function of its revenue

and cost components. Thus, the variance of EBIT can be estimated using the standard statistical

relationship where the variance of a linear function is itself a linear function of the variance and

covariance of its constituents.

To estimate the distribution of EBIT for each model facility, EPA used the variance and

covariance of the value of shipments (R), payroll (P) and material costs (M) for each employment class

provided by Census.  Given that mean EBIT, x&E, for an employment class is: 

xE ' xR & x P & xM

where x&i denotes the mean value of revenues, R, payroll, P, and material costs, M.  EPA computed the

variance of EBIT, FE
2, as:

FE
2 ' FR

2 % FP
2 % FM

2 & 2FRM & 2FRP % 2FPM



B-13

Table B-4
Average Estimated Components of 1997 EBIT by Employment Class

Establishment
Size by Number
of Employees

Number of
Establish-

ments

Components of EBIT per Establishment

Revenuesc

($ thousands)

Employment
Costsd

($ thousands)
Material Costse

($ thousands)

Purchased
Servicesf

($ thousands)
Depreciationg

($ thousands)
EBIT

($ thousands)
NAICS 311611: Animal (Except Poultry) Slaughtering

1 to 4 507 $408.3 $37.7 $318.9 $9.7 $4.5 $37.6
5 to 9 275 $1,175.2 $111.0 $939.8 $18.5 $8.2 $97.6
10 to 19 225 $2,465.9 $281.4 $1,969.9 $44.3 $20.0 $150.3
20 to 49 141 $7,814.5 $799.2 $6,173.2 $100.0 $42.8 $699.3
50 to 99 79 $20,890.8 $1,992.1 $16,159.2 $289.2 $125.0 $2,325.3
100 to 249 64 $64,534.8 $4,458.4 $53,391.3 $1,129.5 $512.8 $5,042.8
250 to 499 33 $149,473.0 $9,254.7 $130,659.0 $1,609.5 $658.3 $7,291.5
500 to 999 21 $244,054.0 $20,216.7 $202,413.0 $3,996.5 $1,803.4 $15,624.4
1,000 to 2,499 39 $629,747.0 $46,913.2 $518,008.0 $8,844.5 $3,871.4 $52,109.9
2,500 or Greater 9 $1,324,664.0 $81,251.8 $1,191,097.0 $17,308.1 $7,958.6 $27,048.4

NAICS 311612: Meat Processed From Carcasses
1 to 4 293 $383.3 $51.8 $261.5 $14.9 $9.9 $45.2
5 to 9 176 $1,294.4 $167.3 $755.0 $47.6 $27.2 $297.3
10 to 19 206 $2,642.5 $409.7 $1,693.0 $78.5 $41.0 $420.3
20 to 49 246 $6,921.8 $1,013.9 $4,660.3 $191.2 $93.0 $963.4
50 to 99 140 $17,694.5 $2,384.4 $11,392.4 $467.4 $205.4 $3,244.9
100 to 249 143 $48,372.6 $5,563.8 $32,007.8 $1,574.0 $872.6 $8,354.4
250 to 499 68 $97,595.6 $11,591.7 $65,486.4 $2,573.0 $1,157.9 $16,786.6
500 to 999a 25 $159,854.0 $20,177.4 $106,698.0 $4,647.7 $2,300.5 $26,030.4



Table B-4 (continued)
Average Estimated Components of 1997 EBIT by Employment Class

Establishment
Size by Number
of Employees

Number of
Establish-

ments

Components of EBIT per Establishment

Revenuesc

($ thousands)

Employment
Costsd

($ thousands)
Material Costse

($ thousands)

Purchased
Servicesf

($ thousands)
Depreciationg

($ thousands)
EBIT

($ thousands)
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NAICS 311613: Rendering
1 to 4 27 $798.8 $80.3 $645.5 $22.1 $24.0 $27.0
5 to 9 30 $3,546.5 $237.8 $2,240.0 $58.6 $57.5 $952.6
10 to 19 40 $6,015.4 $538.8 $4,105.3 $110.8 $113.4 $1,147.1
20 to 49 81 $10,850.3 $1,378.1 $5,539.5 $296.6 $338.9 $3,297.2
50 to 99b 62 $15,891.5 $2,753.3 $7,684.8 $516.0 $615.6 $4,321.7

NAICS 311615: Poultry Processing
1 to 4 54 $239.6 $42.4 $160.4 $13.5 $10.8 $12.6
5 to 9 18 $705.4 $132.3 $496.1 $20.2 $15.6 $41.2
10 to 19 15 $3,057.5 $304.2 $1,820.4 $47.3 $29.3 $856.4
20 to 49 35 $10,888.1 $807.3 $5,700.2 $195.8 $126.2 $4,058.6
50 to 99 34 $13,822.7 $1,592.7 $9,291.6 $223.4 $144.7 $2,570.2
100 to 249 67 $27,866.4 $4,145.4 $18,567.2 $558.3 $391.0 $4,204.5
250 to 499 79 $66,230.9 $9,074.6 $44,573.7 $1,473.5 $1,055.5 $10,053.7
500 to 999 97 $109,395.0 $16,393.6 $66,878.5 $1,979.3 $1,320.9 $22,822.8
1,000 to 2,499 70 $169,598.0 $30,106.8 $102,010.0 $3,999.1 $2,911.2 $30,570.8
2,500 or Greater 5 $298,999.0 $58,473.6 $215,803.0 $8,164.4 $6,301.3 $10,256.7

a Includes data for 1 facility with employment greater than 2,500 and 2 facilities with employment between 1,000 and 2,499, due to disclosure issues.
b Includes data for 1 facility with employment between 250 and 499 and 10 facilities with employment between 100 and 249, due to disclosure issues.
c Census value of shipments by employment class (including value of secondary shipments and miscellaneous receipts).
d Sum of Census payroll by employment class and Census industry benefits attributed to employment class by EPA using percentage of payroll.
e Census material costs by employment class.
f Sum of all other Census industry costs attributed to employment class by EPA using the following factors: rent and repairs—percentage of capital expenditure
(assumed proportionate to capital stocks); advertising—percentage of value added; refuse removal—percentage of material costs; communication, legal,
accounting, and computer services—percentage of total shipments.
g Census industry depreciation attributed to employment class by EPA using percentage of capital expenditure (assumed proportionate to capital stocks).
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where Fi
2 and Fij represent the variance and covariance of revenues, payroll, and material costs

respectively (Mendenhall et al., 1990).  Although payroll and material cost do not comprise all operating

expenses included in EBIT, they do comprise the vast majority of EBIT. Hence, excluding the variance

for the remaining components should not cause a significant error in the variance estimate.  

B.2.3 Facility Net Income

B.2.3.1 Average Facility Net Income by Employment Class

EPA calculated net income for each employment class model facility in each industry from

EBIT, using additional assumptions to estimate tax and interest payments. Data for these two additional

components of net income were derived from two Census Bureau publications, Annual Survey of

Manufactures (ASM) and Economic Census, along with the Internal Revenue Service code. Because one

must use an additional layer of assumptions to estimate net income from EBIT, the uncertainty associated

with the net income estimate is greater than that for EBIT.

Estimating tax payments is relatively straightforward. EPA assumed that establishment EBIT is

equal to business entity EBIT as the basis for calculating taxes. To estimate facility tax payments, EPA

multiplied the model facility’s EBIT by the sum of the relevant federal corporate income tax rate and the

average state corporate income tax. To estimate net income, EPA subtracted the estimated tax payment

from EBIT for each model facility. 

EPA estimated interest payments using a combination of ASM data on past investment by

industry, Census data on relative investment in buildings and equipment, and assumptions about

investment behavior. EPA first scaled ASM time series data on industry investment, which is based on

Standard Industrial Classification (SIC) codes, to represent the current NAICS meat product industries.

EPA then used the average percentages of meat product industry investment in equipment and structures,

as presented in the Economic Census, to divide the ASM investment time series into those two

components. 



4 For example, interest payments on equipment investment for the year 1997 would equal the sum of interest
paid in year 25 of loans from 1973 plus the interest paid in year 24 of loans from 1974, and so on.
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In estimating interest payments from the time series of past investment in equipment and

structures, EPA made a series of assumptions concerning industry borrowing behavior. EPA assumed

that:

C All investment in each year was funded through bank loans.

C The interest rate on those loans was equal to the nominal prime rate for that year plus 1
percent. (Since ASM investment time series data is in nominal terms, a nominal interest
rate is appropriate.)

C The average loan period was 7 years for equipment and 25 years for structures. 

Using these assumptions, EPA developed a time series estimate of loan payments made by the industry,

and the portion of each year’s loan payments accounted for by interest (e.g., using the Lotus @IPAYMT

function). Total interest payments in the baseline year equals the sum of this year’s interest payments on

the stream of past years’ investment.4  Interest payments were then attributed to each employment class

based on the percentage of industry investment accounted for by that employment class in the 1997

Census. Table B-5 presents a sample calculation of establishment net income by industry and

employment class using the methods described above for attributing tax and interest payments to

employment classes. 

B.2.3.2 Distribution of Net Income Within Employment Class 

EPA also estimated the variance of net income for each model facility from its estimated

variance for EBIT. If the mean of a distribution is multiplied by some scalar a, then the variance of that

distribution will change by the square of a. That is, if the mean net income for a model facility is some

percentage of facility EBIT (x&NI = a x&E), then the variance of facility net income is equal to the square of

that percentage multiplied by the variance of EBIT (F2
NI = a2F2

E). EPA used the ratio of facility net

income to EBIT to determine the scalar for estimating the variance of net income (adjustments to

variance are discussed in more detail in Section B.4.3). The estimated mean and variance for net income

in each employment class by NAICS code is presented in Table B-2.
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Table B-5
Example of Average Estimated 1997 Net Income and Cash Flow by Employment Class

Establishment
Size by Number

of Employees

Number of
Establish-

ments

Estimated EBIT, Net Income, and Cash Flow per Establishment
EBIT

($ thousands)
Taxesc 

($ thousands)
Interestd

($ thousands)
Net Income 

($ thousands)
Cash Flow

($ thousands)
NAICS 311611: Animal (Except Poultry) Slaughtering

1 to 4 507 $37.6 $8.1 $3.7 $25.7 $30.2
5 to 9 275 $97.6 $47.8 $6.8 $43.0 $51.3
10 to 19 225 $150.3 $74.2 $16.5 $59.5 $79.6
20 to 49 141 $699.3 $351.6 $35.3 $312.4 $355.2
50 to 99 79 $2,325.3 $1,011.7 $103.2 $1,210.4 $1,335.4
100 to 249 64 $5,042.8 $2,115.0 $423.3 $2,504.5 $3,017.3
250 to 499 33 $7,291.5 $3,028.0 $543.4 $3,720.1 $4,378.4
500 to 999 21 $15,624.4 $9,507.4 $1,488.5 $4,628.5 $6,431.9
1,000 to 2,499 39 $52,109.9 $21,677.7 $3,195.5 $27,236.7 $31,108.1
2,500 or Greater 9 $27,048.4 $11,252.2 $6,569.0 $9,227.3 $17,185.8

NAICS 311612: Meat Processed From Carcasses
1 to 4 293 $45.2 $9.8 $8.0 $27.4 $37.3 
5 to 9 176 $297.3 $133.9 $22.0 $141.4 $168.6
10 to 19 206 $420.3 $238.3 $33.1 $148.9 $189.9
20 to 49 246 $963.4 $458.8 $75.1 $429.4 $522.4
50 to 99 140 $3,244.9 $1,385.1 $166.0 $1,693.8 $1,899.2
100 to 249 143 $8,354.4 $3,459.6 $705.3 $4,189.6 $5,062.2
250 to 499 68 $16,786.6 $9,990.8 $935.9 $5,859.9 $7,017.8
500 to 999a 25 $26,030.4 $10,828.6 $1,859.4 $13,342.3 $15,642.9



Table B-5 (continued)
Example of Average Estimated 1997 Net Income and Cash Flow by Employment Class

Establishment
Size by Number

of Employees

Number of
Establish-

ments

Estimated EBIT, Net Income, and Cash Flow per Establishment
EBIT

($ thousands)
Taxesc 

($ thousands)
Interestd

($ thousands)
Net Income 

($ thousands)
Cash Flow

($ thousands)
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NAICS 311613: Rendering
1 to 4 27 $27.0 $5.8 $8.1 $13.1 $37.0
5 to 9 30 $952.6 $454.4 $24.7 $473.5 $531.0
10 to 19 40 $1,147.1 $533.4 $48.7 $565.1 $678.5
20 to 49 81 $3,297.2 $1,406.3 $145.4 $1,745.5 $2,084.4
50 to 99b 62 $4,321.7 $1,822.3 $264.1 $2,235.4 $2,851.0

NAICS 311615: Poultry Processing
1 to 4 54 $12.6 $2.7 $3.8 $6.1 $16.8
5 to 9 18 $41.2 $8.9 $10.8 $21.5 $37.1
10 to 19 15 $856.4 $415.4 $20.3 $420.7 $450.0
20 to 49 35 $4,058.6 $1,715.4 $87.6 $2,255.5 $2,381.7
50 to 99 34 $2,570.2 $1,111.2 $100.4 $1,358.6 $1,503.3
100 to 249 67 $4,204.5 $1,774.7 $271.4 $2,158.5 $2,549.5
250 to 499 79 $10,053.7 $6,101.4 $732.5 $3,219.8 $4,275.3
500 to 999 97 $22,822.8 $9,494.3 $916.7 $12,411.8 $13,732.7
1,000 to 2,499 70 $30,570.8 $12,717.5 $2,020.3 $15,833.0 $18,744.3
2,500 or Greater 5 $10,256.7 $6,183.8 $3,077.0 $995.9 $7,297.1

a  Includes data for 1 facility with employment above 2,500 and 2 with employment between 1,000 and 2,499, due to disclosure issues.
b  Includes data for 1 facility with employment between 250 and 499 and 10 facilities with employment between 100 and 249, due to disclosure
issues.
c EPA assumed that average establishment EBIT by employment class equals average firm EBIT by employment class; EPA applied the federal
corporate income tax rate and the average state corporate income tax rate to establishment EBIT.
d Calculated by scaling 4-digit ASM investment data to 6-digit NAICS industry data; building/equipment investment split based on 1997 Census
data; all investment assumed financed by loans; interest rate assumed equal to “prime plus 1 percent”; loan periods assumed to be 15 years for
equipment and 30 years for structures.



B-19

Note that the link between impacts measured by comparing net income with compliance costs is

much stronger than the link between revenues and compliance costs, although not stronger than the link

between cash flow and compliance costs. However, because the estimate of net income is dependent

upon a series of assumptions,  the uncertainty concerning the accuracy of the net income measure is

greater than for revenues. Thus, this analytic approach represents a tradeoff between the accuracy of the

income measure and the certainty of the impacts based on that measure. 

B.2.4 Facility Cash Flow

Cash flow is calculated as net income plus depreciation. Depreciation was estimated for the

calculation of model establishment EBIT as described in section B.2.2.1 above. Estimated model facility

cash flow is presented in Table B-5 along with net income estimates.

The distribution for estimated cash flow has an identical variance to net income, but a larger

mean because depreciation is added to the mean of net income.  The probability that cash flow is less

than zero tends to be about 3 percent to 5 percent smaller than the probability that net income is less than

zero.

Cash flow is the preferred method in financial management to evaluate investments (FASB,

1996; Brealey and Meyers, 1996; Brigham and Gapenski, 1997). When post-compliance cash flow is

negative, the facility can be reasonably projected to close. This is the basis of the closure model (see

Section 3.1.2 for more detail). Once again, however, given the additional assumption required to

estimate cash flow from net income, there is a tradeoff between the level of certainty regrading impacts

and the precision of the income measure. 

EPA uses cash flow to estimate the number of potential facility closures and related employment

impacts from the effluent guidelines by comparing posttax annualized compliance costs and cash flow. 

Cash flow is also used to calculate the number of facilities with compliance costs greater than 3 percent,

5 percent, or 10 percent of revenues.
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B.3 SUBCATEGORIZATION, DISCHARGE TYPE, AND FACILITY SIZE

B.3.1 Basis for Subcategorization

To develop the engineering models used for estimating compliance costs and pollutant load

reductions, EPA classified meat products industry based on the type of meat produced at the facility:

C Red meat (primarily beef and pork)

C Poultry (primarily chicken and turkey)

C Mixed (both red meat and poultry)

C Rendering products or meat byproducts (either red meat or poultry)

and the type of processes performed at the facility:

C First processing (slaughter)

C Further processing

C Rendering (the process resulting in meat byproducts)

The meat type and process classes resulting from this classification consist of combinations of the

processes for each meat type. For example, a poultry facility may perform any of the following six

combinations of processes, each one of which will place it in a different subcategory: (1) first

processing, (2) further processing, (3) first and further processing, (4) first processing and rendering, (5)

further processing and rendering, or (6) first processing, further processing, and rendering. Facilities that

only perform rendering are subcategorized as renderers; facilities that perform rendering in combination

with the other two processes are subcategorized with the appropriate meat type (red meat or poultry). As

an empirical matter, EPA found that all affected facilities that process both red meat and poultry

(“mixed” facilities) were found to perform only further processing or further processing and rendering

activities.

EPA also classified facilities by discharge type and facility size. Discharge type distinguishes

those facilities that discharge process wastewater directly into U.S. surface waters (direct dischargers)
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from those that discharge wastewater to treatment works (indirect dischargers). Under the Clean Water

Act, EPA may apply different standards to direct and indirect dischargers (see Section 1.1).  Size, as

determined by facility production and wastewater flow, was used to cost the appropriate treatment

capacity for the facility. For the purposes of costing, EPA divided facilities in each subcategory into

small, medium, large, and very large. Detailed information on subcategorization can be found in the

Development Document (EPA, 2002).

B.3.2 Matching Economic Model Facilities With Engineering Model Facilities

In order to perform the economic impact analysis, EPA matched its economic model facilities to

the engineering model facilities used to estimate costs. This matching was performed on the basis of two

characteristics: (1) the relationship between production process and NAICS industry and (2) the

relationship between production and revenues.

The Census Bureau classifies the meat product industry into four groups. All red meat facilities

that perform animal slaughter (first processing), whether alone or in combination with other processes,

fall into NAICS 311611. All red meat facilities that perform further processing (with or without

rendering), but no slaughtering activities, are classified as belonging to NAICS 311612. Facilities

performing poultry slaughter, poultry further processing, or both (with or without rendering), are

contained in NAICS 311615. Finally, facilities that perform rendering, but no other processing activities,

are classified in NAICS 311613. 

Thus, model economic facilities were matched to the model engineering facilities, based on

production, as follows:

C Red meat facilities — whether beef or pork — that perform first processing alone or in
combination with further processing and/or rendering were assigned an economic model
facility from NAICS 311611.

C Red meat facilities — whether beef or pork — that perform further processing alone or
in combination with rendering, but no first processing, were assigned an economic
model facility from NAICS 311612.
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C Poultry facilities — whether chicken or turkey — that perform either first processing or
further processing, alone or in combination with other processes, were assigned an
economic model facility from NAICS 311615.

C Facilities that perform rendering — whether red meat or poultry — but no other
processes were assigned an economic model facility from NAICS 311613.

C Mixed facilities — both red meat and poultry — perform further processing only and
were assigned an economic model facility from NAICS 311612.

All model engineering facilities were assigned an economic model from one NAICS code only.

The economic model facilities were developed from data classified by employment size, while

engineering cost models were sized by production and flow (for details see Development Document,

U.S. EPA, 2002). EPA classified engineering models into small, medium, large, or very large based on

examination of production and flow characteristics of facilities contained in the screener survey

database. EPA then determined the appropriate size for each engineering cost model facility, and

assigned each facility to a size class within a meat type and process class.  To match the economic model

facilities with the engineering model facilities, EPA calculated the median production for all facilities in

that class. EPA then combined median production data for the engineering model facilities with meat

product indicator prices to estimate revenues for each engineering model facility.  These estimated

revenues were then compared with each economic model facility’s average revenues, and the model

facility with the closest match was selected to represent the economic characteristics of that engineering

facility.  

EPA used the baseline prices from the market model as the indicator prices for the meat products

(for more detail on the market model see Section 3.1.4.2).  The baseline prices are estimated for the four

meat types: beef, pork, chicken, and turkey.  The engineering model facilities are categorized on the

basis of: red meat, poultry, and rendering.  To account for this, EPA calculated revenues twice for each

engineering model facility using the prices of two meat types.  For example, EPA estimated revenues for

red meat facilities first using the price of beef, then using the price of pork.  Similarly, EPA calculated

revenues for poultry using the price of chicken as well as the price of turkey.  This resulted in a range of

revenues for each model class to be compared with economic model facility revenues.  For mixed meats,

EPA used production for each of the four meat types as a percentage of total model class production as

calculated from screener survey data.  These percentages were multiplied by the price for each meat type
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in order to calculate model facility revenues as a weighted average. There were a few instances where the

range of revenues complicated the assignment of facilities.  In such cases, EPA assigned the engineering

model facility to the economic model facility whose revenues were closest to both measures of estimated

revenues.  

Table B-6 presents each subcategory and facility size for which engineering models were

developed, as well as the economic model EPA assigned to each size for the purpose of projecting

impacts.  For example, based on its examination of the screener survey database, EPA estimated that

median production for the 28 indirect discharging facilities that perform a combination of first and

further processing of red meat was 196 million pounds.  After examining these facilities’ production and

flow characteristics, EPA determined that they were medium-sized producers for the purposes of

costing.  The production data was multiplied by the price indicators and this resulted in a range of

estimated revenues from $197,000 to $218,000.  Based on this, EPA assigned these 28 facilities an

economic model facility from the 500 to 999 employee class in NAICS 311611 which has model facility

revenues of $262,700, the closest match. 

B.4 NEGATIVE BASELINE FACILITY INCOME

Estimating the means and variances for the distribution of each model facility’s income results in

some probability greater than zero that facilities in each employment class earn negative income. Table

B-7 presents the model facility mean and standard deviation for each income measure by employment

class and NAICS code, as well as the probability that income is less than zero (based on that mean and

standard deviation, and assuming income is normally distributed). This section discusses the reasons

why model facilities might have negative income, as well as those reasons’ implications for the model. 

B.4.1 Actual Establishment Income Is Less Than Zero

Two possible reasons for negative establishment baseline income are attributable to the actual

establishment financial data (collected by the Census Bureau) on which the estimated distribution is

based:
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Table B-6
Engineering Model Subcategories and Assigned Economic Model Facilities

Engineering
Model
Facility Size

Number of
Facilities

Median 
Production
(1,000 lbs)

Model Facility

NAICS
Code

 Employment 
       Class

Model Facility Income (x $1,000)
EmploymentRevenues EBIT Net Income Cash Flow

Red Meat First Processing
Small 282 510 311611 1-4 $440 $40 $28 $33 2
Medium 6 55,664 311611 100-249 $69,474 $5,429 $2,696 $3,248 154

Red Meat Further Processing
Small 2,532 300 311612 1-4 $413 $49 $30 $40 2
Medium 170 120,000 311612 250-499 $105,066 $18,071 $6,308 $7,555 353
Large 5 5,328,699 311612 500-999 $172,089 $28,023 $14,364 $16,840 738
Very Large 5 9,691,125 311612 500-999 $172,089 $28,023 $14,364 $16,840 738

Red Meat First and Further Processing
Small 674 664 311611 1-4 $440 $40 $28 $33 2
Medium 28 196,181 311611 500-999 $262,734 $16,820 $4,983 $6,924 727

Red Meat First Processing and Rendering
Small 29 1,699 311611 5-9 $1,265 $105 $46 $55 7
Medium 24 545,969 311611 1000-2499 $677,948 $56,098 $29,321 $33,489 1,585
Large 10 809,499 311611 1000-2499 $677,948 $56,098 $29,321 $33,489 1,585
Very Large 17 1,302,214 311611 1000-2499 $677,948 $56,098 $29,321 $33,489 1,585

Red Meat Further Processing and Rendering
Small 32 363 311612 1-4 $413 $49 $30 $40 2
Medium 11 193,562 311612 500-999 $172,089 $28,023 $14,364 $16,840 738

Red Meat First Processing, Further Processing, and Rendering
Small 75 1,581 311611 5-9 $1,265 $105 $46 $55 7
Medium 29 826,269 311611 1000-2499 $677,948 $56,098 $29,321 $33,489 1,585
Large 12 2,851,666 311611 1000-2499 $677,948 $56,098 $29,321 $33,489 1,585



Table B-6 (cont.)
Engineering Model Subcategories and Assigned Economic Model Facilities

Engineering
Model
Facility Size

Number of
Facilities

Median 
Production
(1,000 lbs)

Model Facility

NAICS
Code

 Employment 
       Class

Model Facility Income (x $1,000)
EmploymentRevenues EBIT Net Income Cash Flow
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Poultry First Processing
Small 19 1,321 311615 5-9 $759 $44 $23 $40 6
Medium 49 94,836 311615 250-499 $71,300 $10,823 $3,466 $4,602 375
Large 73 226,297 311615 1000-2499 $182,579 $32,911 $17,045 $20,179 1,360
Very Large 19 334,946 311615 1000-2499 $182,579 $32,911 $17,045 $20,179 1,360

Poultry Further Processing
Small 272 308 311615 1-4 $258 $14 $7 $18 2
Medium 143 38,770 311615 100-249 $29,999 $4,526 $2,324 $2,745 161
Large 5 143,798 311615 250-499 $71,300 $10,823 $3,466 $4,602 375
Very Large 20 282,000 311615 1000-2499 $182,579 $32,911 $17,045 $20,179 1,360

Poultry First and Further Processing
Small 20 376 311615 1-4 $258 $14 $7 $18 2
Medium 17 113,444 311615 250-499 $71,300 $10,823 $3,466 $4,602 375
Large 6 226,319 311615 1000-2499 $182,579 $32,911 $17,045 $20,179 1,360
Very Large 22 441,721 311615 1000-2499 $182,579 $32,911 $17,045 $20,179 1,360

Poultry First Processing and Rendering
Small 0 0 311615 1-4 $258 $14 $7 $18 2
Medium 9 72,253 311615 100-249 $29,999 $4,526 $2,324 $2,745 161
Large 10 321,510 311615 1000-2499 $182,579 $32,911 $17,045 $20,179 1,360
Very Large 3 558,220 311615 1000-2499 $182,579 $32,911 $17,045 $20,179 1,360

Poultry Further Processing and Rendering
Small 4 5,100 311615 10-19 $3,292 $922 $453 $484 13
Medium 9 76,417 311615 250-499 $71,300 $10,823 $3,466 $4,602 375
Large 6 429,598 311615 1000-2499 $182,579 $32,911 $17,045 $20,179 1,360



Table B-6 (cont.)
Engineering Model Subcategories and Assigned Economic Model Facilities

Engineering
Model
Facility Size

Number of
Facilities

Median 
Production
(1,000 lbs)

Model Facility

NAICS
Code

 Employment 
       Class

Model Facility Income (x $1,000)
EmploymentRevenues EBIT Net Income Cash Flow
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Poultry First Processing, Further Processing and Rendering
Medium 5 161,000 311615 250-499 $71,300 $10,823 $3,466 $4,602 375
Large 10 402,733 311615 1000-2499 $182,579 $32,911 $17,045 $20,179 1,360
Very Large 3 790,920 311615 1000-2499 $182,579 $32,911 $17,045 $20,179 1,360

Mixed Further Processing
Small 716 493 311612 1-4 $413 $49 $30 $40 2
Medium 102 48,000 311612 100-249 $52,075 $8,994 $4,510 $5,450 163

Mixed Further Processing and Rendering
Small 4 3,001 311612 10-19 $2,845 $452 $160 $204 14

Rendering
Small 23 Unknown 311613 1-4 $860 $29 $14 $40 2
Medium 33 27,000 311613 20-49 $11,681 $3,550 $1,879 $2,244 35
Large 27 157,177 311613 20-49 $11,681 $3,550 $1,879 $2,244 35
Very Large 36 398,805 311613 50-99 $17,108 $4,652 $2,406 $3,069 83

A higher employment class could not be used for the red meat further large and very large subcategories using median production to match facilities because due to
disclosure issues, Census data for 2 facilities with 1,000 < employment < 2,499, and 1 facility with employment more than 2,500 are combined in a lower
category of NAICS 311612.  
A higher employment class could not be used for the rendering very large subcategory using median employment to match facilities because data for 10 facilities
with 100 < employment < 249, and 1 facility with 250 < employment < 499 combined in lower category  for NAICS 311613. 
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Table B-7
Model Facility 1999 Mean Income by Employment Class and Probability Income Less than Zero

NAICS
Establishment
Employment
Size Class

Income Measure (x $1,000) Standard Deviation ( $1,000) Probability Income less than Zero

Revenues EBIT Net Income Cash Flow Revenues EBIT Net Income Cash Flow Revenues EBIT
Net

Income
Cash
Flow

NAICS 311611: Animal (Except Poultry) Slaughtering

 1 to 4 $440 $40 $28 $33 292 82 56 56 6.6% 31.1% 31.1% 28.1%

 5 to 9 $1,265 $105 $46 $55 842 202 89 89 6.6% 30.2% 30.2% 26.8%

 10 to 19 $2,655 $162 $64 $86 1,766 372 147 147 6.6% 33.2% 33.2% 28.0%

 20 to 49 $8,413 $753 $336 $382 5,598 1,381 617 617 6.6% 29.3% 29.3% 26.8%

 50 to 99 $22,490 $2,503 $1,303 $1,438 14,964 4,341 2,260 2,260 6.6% 28.2% 28.2% 26.2%

 100 to 249 $69,474 $5,429 $2,696 $3,248 46,227 10,492 5,211 5,211 6.6% 30.2% 30.2% 26.7%

 250 to 499 $160,914 $7,850 $4,005 $4,714 107,069 15,727 8,024 8,024 6.6% 30.9% 30.9% 27.8%

 500 to 999 $262,734 $16,820 $4,983 $6,924 174,819 35,116 10,403 10,403 6.6% 31.6% 31.6% 25.3%

 1,000 to
2,499

$677,948 $56,098 $29,321 $33,489 451,095 102,668 53,662 53,662 6.6% 29.2% 29.2% 26.6%

 $ 2,500 $1,426,054 $29,119 $9,934 $18,501 948,872 93,770 31,988 31,988 6.6% 37.8% 37.8% 28.2%

NAICS 311612: Meat Processed From Carcasses

 1 to 4 $413 $49 $30 $40 381 134 81 81 13.9% 35.8% 35.8% 31.1%

 5 to 9 $1,393 $320 $152 $181 1,286 674 320 320 13.9% 31.7% 31.7% 28.6%

 10 to 19 $2,845 $452 $160 $204 2,626 1,037 367 367 13.9% 33.1% 33.1% 28.9%

 20 to 49 $7,452 $1,037 $462 $562 6,877 2,421 1,079 1,079 13.9% 33.4% 33.4% 30.1%

 50 to 99 $19,049 $3,493 $1,823 $2,045 17,581 7,317 3,819 3,819 13.9% 31.7% 31.7% 29.6%

 100 to 249 $52,075 $8,994 $4,510 $5,450 48,062 19,813 9,936 9,936 13.9% 32.5% 32.5% 29.2%

 250 to 499 $105,066 $18,071 $6,308 $7,555 96,969 38,002 13,266 13,266 13.9% 31.7% 31.7% 28.5%

 500 to 9991 $172,089 $28,023 $14,364 $16,840 158,827 61,633 31,591 31,591 13.9% 32.5% 32.5% 29.7%

 1,000 to
2,499 

NA NA NA NA NA NA NA NA NA NA NA NA

 $ 2,500 NA NA NA NA NA NA NA NA NA NA NA NA



Table B-7 (continued)
Model Facility 1999 Mean Income by Employment Class and Probability Income Less than Zero

NAICS
Establishment
Employment
Size Class

Income Measure (x $1,000) Standard Deviation ( $1,000) Probability Income less than Zero

Revenues EBIT Net Income Cash Flow Revenues EBIT Net Income Cash Flow Revenues EBIT
Net

Income
Cash
Flow
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NAICS 311613: Rendering

 1 to 4 $860 $29 $14 $40 1,155 642 311 311 22.8% 48.2% 48.2% 44.9%

 5 to 9 $3,818 $1,026 $510 $572 5,128 1,597 794 794 22.8% 26.0% 26.0% 23.6%

 10 to 19 $6,476 $1,235 $608 $730 8,697 2,126 1,047 1,047 22.8% 28.1% 28.1% 24.3%

 20 to 49 $11,681 $3,550 $1,879 $2,244 15,688 6,042 3,199 3,199 22.8% 27.8% 27.8% 24.1%

 50 to 992 $17,108 $4,652 $2,406 $3,069 22,976 8,654 4,476 4,476 22.8% 29.5% 29.5% 24.6%

 100 to 249 NA NA NA NA NA NA NA NA NA NA NA NA

 250 to 499 NA NA NA NA NA NA NA NA NA NA NA NA

 500 to 999 NA NA NA NA NA NA NA NA NA NA NA NA

 1,000 to
2,499

NA NA NA NA NA NA NA NA NA NA NA NA

 $ 2,500 NA NA NA NA NA NA NA NA NA NA NA NA

NAICS 311615: Poultry Processing

 1 to 4 $258 $14 $7 $18 158 58 28 28 5.1% 40.8% 40.8% 26.1%

 5 to 9 $759 $44 $23 $40 465 133 70 70 5.1% 37.0% 37.0% 28.3%

 10 to 19 $3,292 $922 $453 $484 2,017 1,285 631 631 5.1% 23.7% 23.7% 22.1%

 20 to 49 $11,721 $4,369 $2,428 $2,564 7,184 5,876 3,266 3,266 5.1% 22.9% 22.9% 21.6%

 50 to 99 $14,881 $2,767 $1,463 $1,618 9,120 4,209 2,225 2,225 5.1% 25.5% 25.5% 23.3%

 100 to 249 $29,999 $4,526 $2,324 $2,745 18,386 7,726 3,966 3,966 5.1% 27.9% 27.9% 24.4%

 250 to 499 $71,300 $10,823 $3,466 $4,602 43,698 18,596 5,956 5,956 5.1% 28.0% 28.0% 22.0%

 500 to 999 $117,768 $24,570 $13,362 $14,784 72,177 37,985 20,658 20,658 5.1% 25.9% 25.9% 23.7%

 1,000 to
2,499

$182,579 $32,911 $17,045 $20,179 111,898 56,176 29,094 29,094 5.1% 27.9% 27.9% 24.4%

 $ 2,500 $321,884 $11,042 $1,072 $7,856 197,275 46,875 4,551 4,551 5.1% 40.7% 40.7% 4.2%
1 Due to disclosure issues,  data for 2 facilities with 1,000 < employment < 2,499, and 1 facility with 2,500 employment combined in lower category for NAICS 311612.
2 Data for 10 facilities with 100 < employment < 249, and 1 facility with 250 < employment < 499 combined in lower category  for NAICS 311613. 
Data for combined size class calculated as (total minus sum of all other size classes).



5 Captive sites may show revenues, but the revenues are set approximately equal to the costs of the operation.
Cost centers have no revenues assigned to them.
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C The parent company that owns the establishment does not assign costs and revenues that
reflect the true financial health of the establishment. Two important examples are cost
centers and captive sites, which exist primarily to serve other facilities under the same
ownership.5

C The establishment is in financial trouble; that is, true costs exceed revenues. 

To the extent that these types of establishments are contained in an employment class, the projection of

negative baseline income is accurate. In either case, EPA would be unable, even with the use of facility-

specific survey data, to evaluate impacts to these establishments as a result of the rule. 

B.4.2 Skewed Distributions

Two additional possible reasons for projected negative baseline establishment income are

attributable to the methodology used to estimate the distributions:

C EPA assumed that the distribution of income around the model facility mean is normally
distributed when, it fact, it is positively skewed.

C EPA could not directly measure the variance of the income distributions, but instead had
to estimate it from incomplete data.

In these two cases, EPA’s methodology would project that more establishments have negative baseline

income than would be expected in the industry. 

The effects of a positively skewed income distribution can be most apparent when one considers

the distribution of establishment revenues.  For the reasons listed above, it is possible — even probable

— that some establishments earn negative income, whether measured by net income, or cash flow.

However, an establishment cannot earn negative revenues, though establishments can earn zero

revenues; the distribution of establishment revenues for an employment class should show zero facilities



6 Table B-7 presents the model facility mean and standard deviation for each income measure by employment
class and NAICS code, as well as the probability that income is less than zero (based on that mean and standard
deviation, and assuming income is normally distributed).  

7 The results of sensitivity analyses based on the assumption that the distributions of revenues and cash flow
are skewed may be found in Appendix E.
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earning negative revenues.6  If, however, some facilities earn atypically large revenues, then the

distribution may be positively skewed (e.g., the probability of the mean cash flow of $100,000 in Figure

B-1 would be significantly higher than 0.5; more than half of facilities in the model class would earn less

than the mean cash flow).  In such a case, using a normal, symmetric distribution to approximate the

skewed distribution would likely result in an overestimate of the percentage of establishments earning

negative income. The Census Bureau has confirmed that in general, the distribution of facilities in an

employment size class tends to be positively skewed (Quash, 2001). However, even if the distribution of

a variable such as revenues, payroll, or material costs is positively skewed, the distribution of a function

of those variables (e.g., revenues minus payroll and material costs) will not necessarily be skewed.7 

B.4.3 Adjustments to Variance

EPA used the Census special tabulation to directly calculate the variance for [value of shipments

- (payroll + material costs)] in each NAICS code and employment class. However, the actual measures of

facility income used in the facility-level economic impact model are:

C EBIT = value of shipments - (payroll + material costs + benefits + all other costs) 

C Net income = [value of shipments - (payroll + material costs + benefits + all other
costs)] × (1 - tax rate) - estimated interest payments

C Cash flow = net income + depreciation

Because the actual income measures differed from the approximate income measure on which variance

was estimated, EPA needed to adjust the variance of [value of shipments - (payroll + material costs)]

associated with each of the actual income measures used in the model.
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To adjust income variance, EPA used the following rules concerning the expected value of mean

and variance:

E[kx] = kE[x]

V[kx] = k2V[x]

E[a ± kx] = a ± kE[x]

V[a ± kx] = k2V[x]

where k and a are scalars, E[x] is the expected value of the variable x (i.e., the mean), and V[x] is the

variance of x (Harnett, 1982). Intuitively, if one multiplies the mean of a distribution by some scalar k,

the variance of that distribution expands or shrinks by the square of that scalar value. However, if

instead of scaling the mean, one changes its value by adding or subtracting some constant, then the

distribution shifts to the right or left on its x-axis, but its variance does not change. 

In the context of the mean and variance for the model facilities, to estimate the adjustment of the

variance for net income, EPA had to first do the same for EBIT. EPA applied these rules in the following

manner:

C EPA first decreased the mean value of EBIT relative to the mean of [value of shipments
- (payroll + material costs)] by subtracting from it all other costs; however, the variance
for EBIT is unchanged and equals the variance for [value of shipments - (payroll +
material costs)]. 

Conceptually, because it has a smaller mean but an identical variance, the distribution of EBIT will result

in a larger probability of negative income relative to the distribution for the [value of shipments -

(payroll + material costs)]. In practice, the probability that the [value of shipments - (payroll + material

costs)] is less than zero in the four meat products NAICS codes ranges from 22 percent to 26 percent,



8 EPA “smoothed” the estimated variance of the [value of shipments - (payroll + material costs)] by applying
the median coefficient of variation (i.e., standard deviation divided by mean) within a NAICS code to all employment
classes in that code. This results in an identical probability that income is less than zero for all employment classes
within a NAICS code, though that probability differs between NAICS codes. EPA felt smoothing was appropriate
because of: (1) relatively small populations in some employment classes, (2) relatively large differences in the
coefficient of variation between employment classes within a NAICS code, and (3) the fact that only 12 different
model facilities were selected from the 35 total model facilities, potentially increasing the effect of an outlier on the
impact analysis. 
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while the probability that EBIT is less than zero generally ranges from 26 percent to 30 percent (in some

isolated instances, it may be as high as 40 percent).8 

To estimate net income adjusted variance, EPA then did the following:

C The primary—but not the only—difference between net income and EBIT is tax
payments, which are calculated by multiplying EBIT by (1 - tax rate). Therefore, the
variance of net income is adjusted by multiplying the variance EBIT by the square of (1 -
tax rate). 

The probability that model facility net income is less than zero is thus identical to the probability that

EBIT is less than zero. 

The distribution for estimated cash flow has an identical variance to net income, but a larger

mean because depreciation is added to the mean of net income. The probability that cash flow is less

than zero tends to be about 3 percent to 5 percent lower than the probability that net income is less than

zero.

Had EPA simply scaled the variance for net income and cash flow from the variance of the

[value of shipments - (payroll + material costs)], the probability that income was less than zero would be

identical for each employment class within each NAICS code regardless of what income measure was

used. That probability would also equal the probability that the [value of shipments - (payroll + material

costs)] was less than zero, and would range from 22 percent to 26 percent according to NAICS code. 



9 Appendix E contains a sensitivity analysis where EPA used an alternate data source to estimate variance
that resulted in a smaller probability of baseline closures.
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B.4.5 Effect on Modeling Impacts

There are many reasons why EPA’s model results in a high probability of negative baseline

income for facilities. First, true facility income may be negative in the baseline, due either to how

multifacility companies choose to allocate costs and revenues among facilities or to financial distress.

Second, EPA found it necessary to make certain assumptions when modeling a distribution of income

for each class rather than single facility. The available data do not make it possible to determine what

proportion of facilities will be projected to have negative baseline income results due to each reason. 

As one might expect, the percentage of facilities with negative baseline income will increase if:

(1) the mean of a distribution decreases while the variance remains constant, or (2) the variance of a

distribution increases while the mean remains constant. In both cases, the percentage of facilities with

negative baseline income increases because the portion of the distribution’s tail lying below zero (i.e., to

the left of the $0 value in Figure B-1) is larger.

The effect of this issue on EPA’s projection of economic impacts is not straightforward. The

interaction between the mean income and variance of a distribution on the one hand, and the range of

estimated compliance costs on the other can be quite complex.  Intuitively, one can observe on Figure B-

1 that the incremental probability of closure will depend on the slope of the cumulative distribution

function between $0 and the estimated compliance costs.  Changes in mean or variance will change the

slope of the distribution function where it crosses the $0 value.  However, the net effect on incremental

probability will also vary according to the size of the compliance costs.  The key point here is that an

overestimate of “baseline closures” (i.e., facilities with income less than zero) does not necessarily lead

to an underestimate of incremental closures.9 
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B.5 LIMITATIONS OF THE MODEL FACILITY APPROACH

EPA based its model economic facilities on Census data, the only high-quality source of both

revenue and cost data at a relatively disaggregated level. The limitation this places on the data is that the

Census Bureau does not provide data distinguishing different production processes performed within

each employment class. All facilities in the 50 to 99 employee class for NAICS 311611, for example, are

known to perform red meat slaughtering. However, an unknown percentage of those facilities also

perform further processing, rendering, or both. Other things being equal, facilities that perform

additional processes will also incur additional production costs and earn additional revenues. The

financial data presented by the Bureau will be a weighted average of all those facilities. 

The effect of this is as follows. Consider two model engineering facilities with roughly equal

full-time equivalent employment. One facility performs cattle slaughtering, the second performs cattle

slaughtering, further processing, and rendering. Because both facilities slaughter cattle and have equal

employment, both facilities would be assigned identical economic model facilities with identical income

measures. The economic model facility would probably overstate operating costs and revenues for the

slaughtering facility but understate them for the slaughtering, further processing, and rendering facility

(although the net effect on facility income cannot be determined). Other things equal, the second facility

(slaughtering, further processing, and rendering) would incur larger compliance costs; measured against

the same model facility income, it would also incur larger impacts.
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APPENDIX C

MARKET MODEL METHODOLOGY

C.1 INTRODUCTION

EPA developed a market model to examine the impacts of the meat products industry effluent

guideline on the price and output of various meat products. The distinguishing feature of EPA’s market

model is that it explicitly incorporates cross-market impacts among meat types into the analysis. The

demand for meat products such as beef, pork, broilers, and turkey is closely related; a 1 percent increase in

the price of pork, for example, may cause a 0.7 percent fall in the quantity of pork demanded and a 0.2

percent increase in demand for beef. 

In the context of EPA’s proposed ELG for the meat products industry, this increases the

complexity of the market analysis. Because EPA’s proposed ELG may simultaneously affect the price of

beef, pork, chicken, and turkey, the market analysis for each product depends not only on the compliance

costs for that product but on the impact of compliance on the prices of the other three meat products.

For example, if the ELG imposes compliance costs on the producers of beef products, then the

supply of beef products will tend to decrease (i.e., the supply curve for beef will shift to the left; a smaller

quantity of beef will be offered for sale at the current price). If all other things remained constant, this

would tend to increase the price of beef products while decreasing the quantity sold. However, EPA’s ELG

may also impose compliance costs on pork producers, tending to increase the price of pork. All other things

being constant, the increase in the price of pork would increase the demand for beef products; the demand

curve for beef will shift to the right. This would tend to increase the price of beef as well as increase the

quantity of beef sold. The final impact on the price and output of beef products will depend on the relative

magnitude of supply and demand shifts. Figure C-1 illustrates the general rule behind this example.

If all meat products incur relatively similar per-unit compliance costs, cross-market impacts would

tend to be roughly offsetting. However, if per-unit compliance costs are asymmetric (e.g., per-unit

compliance costs are significantly larger for some subcategories than for others), then potentially
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significant shifts could occur between meat product markets. EPA’s model was developed with the

flexibility to analyze the latter situation as well as the former. 

In order to incorporate both cross-market effects and international trade into the model, EPA

specified linear supply and demand equations in each market to make the model tractable. The slopes of the

equations were derived from estimated price elasticities of supply and demand found in existing research.

These elasticities were then converted to slopes at the baseline equilibrium price and quantity. Because

domestic supply, domestic demand, import supply, and export demand are all specified as linear functions,

the model components are additive, and simultaneous equilibrium can be solved for in multiple markets

using linear algebra.

Of major concern to observers of the meat product industry is the issue of potential market power.

EPA selected a perfectly competitive structure for the meat products market model after performing an

extensive literature search.  EPA found that most researchers were unable to reject the existence of

perfectly competitive markets in the beef and pork markets; in the poultry market, market power was found

to exist for meat processors vis-a-vis livestock suppliers, but not against customers in the output market.

The results of this literature search are presented in the industry profile. 

Section C.2 presents the basic market model specification and solution. Section C.3 discusses data

sources for the model.

C.2 MARKET MODEL APPROACH

First, standard domestic supply, domestic demand, import supply, and export demand equations

are developed for each meat product. These equations express quantity as a linear function of a product’s

domestic price. The linear function’s slope is expressed by a price parameter, derived from elasticities in

the literature. Domestic demand for each meat product is specified as a function of the price of the other

three meat products in addition to its own price. For the market for each meat product to be in equilibrium,

U.S. domestic demand for a meat product and foreign demand for U.S. production of that meat product

(exports) must be equal to U.S. domestic supply of the product and foreign sales of that product to the U.S.
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(imports) at its current market price. This equilibrium condition is used to derive an excess demand

function for each meat product.

Second, the excess demand equations are solved. Because the excess demand function for each

meat product is linear, expressing the equations for the four meat products in matrix form results in a

convenient way to solve the equations simultaneously. Given pre-regulatory prices, quantities, and price

parameters, linear algebra is used to solve for the pre-regulatory intercept for all four excess demand

equations. 

Third, the supply curve shift for each meat product is calculated. (Imposing ELGs on the industry

causes the supply curve for each meat product to shift.) The supply curve shift for a meat product is

estimated as a function of average per-unit compliance costs for that product. Once the post-regulatory

(i.e., post-shift) supply curve is estimated, the excess demand equation for each meat product is re-written.

Fourth, the post-regulatory excess demand equations for all four meat products—like the pre-

regulatory equations—are expressed in matrix form. The post-regulatory intercept for each excess demand

equation, however, is already known: it is a function of the pre-regulatory intercept, per-unit compliance

costs, and the supply equation price parameter. By using linear algebra to invert the matrix containing the

price parameters, then multiplying the post-regulatory intercept vector by that inverted matrix, EPA can

evaluate the set of meat prices that results in simultaneous equilibrium for all four meat products.

Finally, the individual component equations for each meat product’s domestic supply, domestic

demand, import supply, and export demand are evaluated using the post-regulatory prices to solve for post-

regulatory quantities. Changes in these four quantities for each meat product, as well as changes in the

price of each meat product, measure the market-level impacts of a meat products effluent guideline.

Each of the steps used to model market-level impacts is described in detail below.



C-5

Qi
D ' "Di % dii Pi % j

i … j
dij Pj

Qi
S ' "Si % sii Pi

Qi
X ' "Xi % xi Pi

Qi
M ' "Mi % mi Pi

C.2.1. Development of Excess Demand Functions for Individual Meat Products

EPA modeled the market for each of the four meat products: beef (B), pork (P), chicken (C), and

turkey (T) using four linear equations:

where the U.S. domestic quantity demanded of meat product i, Qi
D, is a function of both the U.S. domestic

price of meat product i, Pi, and the U.S. domestic price of other meat products j, Pj. U.S. domestic supply

of meat product i, Qi
S, is modeled as a function of domestic price, Pi, only, as are “rest-of-the-world”

(ROW) demand for U.S. meat product i, Qi
X (exports), and U.S. demand for ROW meat product i, Qi

M

(imports). Clearly, each meat product’s supply and demand (both domestic and foreign) depend on the price

of many other factors as well as its own price (and the price of other meat products in the case of domestic

demand).  However, because EPA is holding the prices of these other factors constant for the purposes of

this analysis, it is not necessary to explicitly represent them in the relevant equation.

The parameters dii, sii, xi, and mi represent the slopes of their respective functions (i.e., the change

in quantity of product i for a given change in the price of product i). The dij parameters shift the demand

curve (the change in demand for product i for a given change in the price of product j—holding Pi

constant). The parameters "Di, "Xi, "Si, and "Mi are the intercepts of their respective equations.

The values for the domestic demand equation slope and shift parameters are estimated from

published estimates of own- and cross-price demand elasticities. One linearizes these elasticities by

multiplying the elasticity by baseline quantity and dividing by baseline price. Thus, if:
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where gij is the elasticity of demand for product i with respect to the price of product j, and both quantity

demanded (Qi
D) and price (Pi) are set equal to their baseline values. 

Similarly, the slopes of domestic supply, si, import supply, mi, and export demand, xi, functions

can be defined as:

where (ii, 0xi, and 0mi are elasticities with respect to U.S. domestic price. 

In equilibrium, U.S. demand for meat product i (Qi
D) and foreign demand for U.S. meat product i

(Qi
X) must be equal to U.S. supply of meat product i (Qi

S) and foreign sales of meat product i to the U.S.

(Qi
M) at the current market price for meat product i:
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This can then be expressed as an excess demand equation for meat product i:

or:

Simplifying the excess demand function for each meat product, and making a notational

substitution for convenience, results in:

The solution for the intercept of the individual meat product excess demand function is:
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C.2.2 Simultaneous Solution of Pre-Regulatory Excess Demand Equations

To solve the excess demand equations for all four meat products simultaneously, one writes the

equations in matrix form: 

If this is expressed in vector notation as A*P = A, the intercept for each excess demand equation, Bi, can be

solved for using known prices and values for the price parameter elements of the A matrix.

C.2.3 Post-Regulatory Excess Demand Functions

The imposition of regulatory costs causes a decrease in the supply of each meat product for which

an effluent guideline is developed. If *i represents the per unit compliance costs for meat product i, the

post-regulatory supply curve is:

Substituting the post-regulatory supply curve into the excess demand function and rearranging it (using the

notation-simplifying substitutions), the excess demand for each product i is:
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C.2.4 Simultaneous Solution of Post-Regulatory Excess Demand Functions

The post-regulatory excess demand functions for each meat product are again placed in matrix

form to solve the system of equations for the set of post-regulatory prices that generate equilibrium in all

four markets simultaneously. The system of simultaneous equations is:

In this set of simultaneous equations, the elements of matrix A are known (e.g., 8i, dij), as are the elements

of the new vector A* (e.g., sii, *i, Bi). The set of meat product prices that will result in equilibrium in all

four meat product markets can be solved for by multiplying the vector A* by the inverse of the A matrix

(i.e., PN = A-1A*). 

C.2.5 Post-Regulatory Price and Quantities

The new equilibrium price for each meat product, PiN, is substituted back into the component

equations to solve for the post-regulatory domestic demand, Qi
DN, domestic supply, Qi

SN, export demand,

Qi
XN, and import supply, Qi

MN, for each meat product:

"Di % dii PiN % j
i … j

dij PjN ' Qi
DN

"Si % sii (PiN & *i ) ' Qi
SN

"Xi % xi PiN ' Qi
XN

"Mi % mi PiN ' Qi
MN



     1 Dividing value data by quantity results in the transactions price of the product, thus both are necessary to
determine baseline price and output. In the combined Animal Slaughtering and Processing industries (NAICS
311611 and 311612), 20.8 percent of products had both value and quantity data, but could not be classified by meat
type; 25.3 percent of products with price and quantity data in the Poultry industry could not be classified by meat
type. For Animal Slaughtering and Processing, 40.4 percent of products had value data only, while 22.6 percent of
Poultry products had only value data. No products in Rendering (NAICS 311613; Census, 1999d) had both value
and quantity data. 
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The changes in market price (Pi - PiN), domestic demand, (Qi
D - Qi

DN), domestic supply, (Qi
S - Qi

SN), export

demand, (Qi
X - Qi

XN), and import supply, (Qi
M - Qi

MN) for each meat product are the projected market-level

impacts of the effluent guideline. 

C.3 DATA SOURCES FOR MARKET MODEL ANALYSIS

Following is an evaluation of potential publicly available data sources for baseline values and key

parameters. 

C.3.1 Baseline Market Quantities and Prices

EPA examined a number of possible sources for baseline quantity and price data. Of these, the

three most important are: 

C Economic Census of Manufacturers, which provides both value and quantity data for a
fraction of 1997 industry shipments at the 10-digit product level. The transactions price
can be calculated for those products with both value and quantity data. Use of Census data
limits the baseline to 1997, because the Annual Survey of Manufactures provides only on
value of shipments, and there is no Current Industrial Report for meat products. For these
products, data are available on both value and quantity of shipments as a percent of value
of industry shipments:1

— Beef: 27.4 percent of combined Animal Slaughtering and Processing Industries
(NAICS 311611 and 311612; Census, 1999a and 1999b), including boxed beef.

— Pork: 11.4 percent of the combined Animal Slaughtering and Processing Industries
(NAICS 311611 and 311612; Census, 1999a and 1999b).

— Chicken: 39.9 percent of Poultry (NAICS 311615; Census, 1999c).



     2 Carcass weight of beef is defined as the chilled, hanging carcass, including the kidney and attached internal
fat (kidney, pelvic, and heart fat), but not the skin, head, feet, and unattached internal organs. Carcass weight of
pork is defined as the chilled, hanging carcass, including the skin and feet, but excluding the kidney and attached
internal fat. RTC weight of poultry consists of the entire dressed bird, including bones, skin, fat, liver, heart,
gizzard, and neck (Putnam, 1999).

     3 The trade data for beef include veal; domestic production of veal is recorded separately.

     4 Retail and boneless weights adjust for those parts of the carcass not generally bought by consumers. These are
not directly calculated, but instead are estimated using conversion factors. For beef, retail weight is 70 percent, and
boneless weight is 67 percent, of carcass weight. For pork, retail weight is 78 percent, and boneless weight is 73
percent, of carcass weight. For broilers, retail weight is 87 percent, and boneless weight is 61 percent, of RTC
weight. For turkeys, boneless weight is 79 percent of RTC weight (Putnam, 1999). 
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— Turkey: 12.2 percent of Poultry (NAICS 311615; Census, 1999c).

C USDA Livestock, Dairy and Poultry Situation and Outlook (Outlook), which provides
quantity and price data for relatively aggregated meat products: carcass weight of beef and
pork, ready-to-cook (RTC) weight for broilers and turkeys.2 Prices are for selected
wholesale and retail products. Outlook also provides the carcass and RTC weight for both
imports and exports of meat products at the same level of aggregation through USDA’s
Foreign Agricultural Trade of the United States (FATUS) database.3 Data for 1995
through 2000 were obtained from the USDA Web site. 

C USDA Food Consumption, Prices, and Expenditures, 1970–97 (Putnam and Allshouse,
1999), which provides quantity of meat products by carcass weight (RTC weight for
poultry), retail weight, and boneless weight.4 Carcass, RTC, and trade weights reported
are generally within 1 percent of those reported in Outlook. Interestingly, this source cites
small quantities of broiler and turkey imports (e.g., 5 million pounds, RTC weight for
broilers, less than 0.02 percent of domestic production), while both Outlook and the
FATUS database report no imports for these two meat products. This report also provides
the Bureau of Labor Statistics’ Consumer Price Index and average annual retail price at a
more detailed level than does Outlook.

Table C-1 presents baseline output data by meat type for 1997 from all three sources; it also presents

estimated transactions prices from Census data and selected average wholesale and retail prices from

Outlook and Putnam. Although the Census production data differ significantly from the carcass weight

values reported in Outlook and Putnam, with the exception of pork, the Census data is reasonably similar

to Putnam’s retail and boneless weight figures. 

EPA selected Outlook data for the baseline price and quantity. Although EPA’s first choice would

have been to use Census data where the price could be calculated as each product’s transactions price
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Table C-1
1997 Baseline Quantity and Price Data for Market Model

Data Source

Meat Product

Beef Pork Chicken Turkey

U.S. Domestic Production (millions of pounds)

1997 U.S. Census 15,133 5,720 21,180 4,119

USDA Outlook: Carcass/RTC Weight 25,384 17,244 27,271 5,478

USDA FCPA:

Carcass/RTC Weight 25,490 17,242 27,041 5,412

Retail Weight 17,843 13,380 23,499 NA

Boneless Weight 17,053 12,569 16,441 4,275

U.S. Imports (millions of pounds)

1997 U.S. Census NA NA NA NA

USDA Outlook: Carcass/RTC Weight 2,343 633 NA NA

USDA FCPA: Carcass/RTC Weight 2,343 633 5 1

U.S. Exports (millions of pounds)

1997 U.S. Census NA NA NA NA

USDA Outlook: Carcass/RTC Weight 2,136 1,044 4,664 606

USDA FCPA: Carcass/RTC Weight 2,136 1,044 4,664 598

Representative U.S. Domestic Prices

1997 U.S. Census: Transactions Price $1.323 $1.454 $0.584 $0.915

USDA Outlook: Average Wholesale Price

Beef, Central, Boxed, Choice, 550–700 lb. $1.033

Beef, Central, Boneless, 90% Fresh $0.908

Pork, Central, Cutout, Composite $0.709

Pork, Central, Loins, 14–19 lb., Bl 1/4"
trim

$1.081

Broilers, 12 City Average $0.588

Broilers, Northeast, Boneless Breast $1.720



Table C-1 (cont.)
1997 Baseline Quantity and Price Data for Market Model

Data Source

Meat Product

Beef Pork Chicken Turkey
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Turkey, Eastern, Hens, 8–16 lb. $0.649

Turkey, Eastern, Drumsticks $0.311

USDA FCPA: Average Retail Price

Ground Beef, 100% Beef $1.40

Chuck Roast, Choice, Boneless $2.43

Sirloin Steak, Choice, Boneless $4.21

Bacon, Sliced $2.68

Chops, Center Cut, Bone-in $3.48

Ham, Boneless, Excluding Canned $2.79

Sausage, Fresh, Loose $2.15

Chicken, Fresh, Whole $1.00

Chicken, Breast, Bone-in $2.04

Turkey, Frozen, Whole $1.05



     5 Putnam cites small quantities of broiler and turkey imports (e.g., 5 million pounds, RTC weight for broilers,
less than 0.02 percent of domestic production), while both Outlook and the FATUS database report no imports for
these two meat products. EPA used Putnam’s import quantity data for chicken and turkey rather than Outlook’s
data.

C-14

weighted by output share, too many observations were missing in the Census data. Outlook’s primary

advantage over Putnam’s data is that it is more up to date.5 Given the highly aggregated nature of Outlook

data, and given that the Outlook data are tracked at the carcass weight level, EPA selected Outlook’s

wholesale price measures to use as baseline price; these are best interpreted as indicator prices rather than

the explicit price of all output. EPA determined that Putnam’s retail price measures were not linked closely

enough to the carcass weight output to be suitable for use as the baseline prices.

C.3.2 Compliance Costs

In order to estimate the supply curve shift for each meat type, EPA calculated average compliance

costs per unit of output. Conceptually, per-unit compliance costs for each meat type are simply the sum of

annualized compliance costs divided by meat output. 

EPA initially estimated compliance costs by process (first, further, and rendering) within general

meat type categories (e.g., red meat and poultry). This meant that EPA had to attribute (1) estimated

compliance costs for red meat to beef and pork and (2) estimated compliance costs for poultry to chicken

and turkey. To do this, EPA first estimated total annualized compliance costs for each subcategory and size

class (e.g., red meat, further processors, medium size). Then, for each subcategory size class, EPA

calculated the quantity and percent of total meat production accounted for by each meat type (beef, pork,

chicken, and turkey). Costs were attributed by the percent each meat type made up of total meat production

for that subcategory size class (e.g., if red meat, further processors, medium sized facilities produced 70

percent beef, 70 percent of annualized compliance costs for that subcategory size class would be attributed

to beef). Per-unit costs were estimated by dividing the attributed compliance costs for each meat type by the

quantity of that meat type produced.

To determine the average per-unit compliance costs for each meat type over all subcategories and

size classes, EPA took a weighted average of the per-unit costs for each subcategory and size class by meat
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type. The weights were calculated as the meat type output within each subcategory and size class expressed

as a percent of total output of that meat type over all subcategories and size classes. (Note that, to an

estimation of market-level compliance costs per unit, the distinction between direct and indirect dischargers

is irrelevant.) Finally, to estimate market-level impacts, EPA entered average per-unit compliance costs by

meat type directly into the market model.

C.3.3 Price Elasticities 

C.3.3.1 Price Elasticities of Demand

Domestic price elasticities of demand are widely available from a variety of sources, including

USDA and academic research. The results of the literature search for demand elasticities is documented in

the record. For use in its market model, EPA selected K. S. Huang’s A Complete System of U.S. Demand

for Food (1993). 

The advantage of Huang’s estimates is that they were generated in a single, coherent, consistent

framework that satisfies theoretical constraints of symmetry, homogeneity, and Engel aggregation. This

should make using them better than selecting individual elasticities from among several sources with

varying methodologies, degrees of aggregation, and time horizons. The internal consistency of Huang’s

work is of particular importance because EPA is modeling cross-product impacts in the market model. The

own- and cross-price elasticities of demand are presented in Table C-2.

C.3.3.2 Price Elasticities of Supply

EPA undertook a literature search for estimates of the price elasticities of meat supply for both the

feedlots and meat products effluent limitations guideline (ELG). This search resulted in a wide range of

estimated elasticities with little apparent consensus. 
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Table C-2
Price Elasticities of Supply and Demand Identified in Feedlots Literature Searches

Sector

Range of Estimated Price Elasticity
of Livestock Supplya

Range of Estimated Price Elasticity
of Meat Demand

Cross Price Elasticities of
Meat Demand

Low
Value

Selected
Value

High
Value

Low
Valuea

Selected
Valueb

High
Valuea Beef Pork Broilersc Turkey

Beef -0.170 1.020 3.240 -2.590 -0.621 -0.150 NA 0.114 0.018 0.004

Pork 0.007 0.628 0.628 -1.234 -0.728 -0.070 0.192 NA 0.013 0.013

Broilers 0.064 0.200 0.587 -1.250 -0.372 -0.104 0.103 0.047 NA -0.023

Turkey 0.210 0.200 0.518 -0.680 -0.535 -0.372 0.089 0.141 -0.077 NA
a Based on literature reviews; “selected” supply elasticities represent a consensus of expert opinion for CAFOs market model.
b Source: Huang, 1993.

Table C-3
EPA Estimates of Armington Trade Elasticities With Respect to Domestic Price

Sector

Elasticity of Meat Imports w.r.t. Domestic Price Elasticity of Meat Exports w.r.t. Domestic Price

Domestic
Demand

Elasticitya

U.S. Imports
As Percent of
U.S. Marketb

Armington
Elasticity (>>)c

Import
Elasticity

Domestic
Demand

Elasticitya

U.S. Exports
As Percent of

ROW Marketb
Armington

Elasticity (>>)c
Export

Elasticity

Beef -0.621 9.17% 1.580 0.097 -0.621 2.20% 1.580 -1.558

Pork -0.728 3.90% 1.580 0.035 -0.728 0.64% 1.580 -1.575

Broilers -0.372 0.02% 1.249 0.000 -0.372 5.12% 1.249 -1.202

Turkey -0.535 0.02% 1.249 0.000 -0.535 8.04% 1.249 -1.187
a Source: Huang, 1993.
b EPA calculation based on United Nations Food and Agriculture Organization (UNFAO) data.
c Source: Gallaway et al., 2000.
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EPA undertook a literature search for estimates of the price elasticities of meat supply for both the

feedlots and meat products ELGs. This search resulted in a wide range of estimated elasticities with little

apparent consensus. 

Because of this lack of consensus, EPA decided to use the elasticities from the ELG for

concentrated animal feeding operations (CAFOs). These elasticities were selected for the CAFOs model

with the concurrence of EPA’s expert consultants (U.S. EPA, 2001). It is reasonable to use these

elasticities for the meat products market model, because meat (in the form of both live animals for

slaughter and meat products) makes up the majority of material costs in the meat products industry (79

percent in animal slaughtering, 63 percent in meat processing, and 76 percent in poultry (U.S. Census

Bureau, 1999a through 1999d). In addition, the other major cost component of meat production is unskilled

labor, and the price elasticity of primarily unskilled supply tends to be large. Thus, the CAFOs supply

elasticities should represent a reasonable lower-bound estimate for the price elasticity of meat supply. The

supply elasticities selected for use in the model are presented in Table C-2.

C.3.3.3 Import and Export Elasticities With Respect to U.S. Domestic Price 

EPA used an Armington-type specification to model the effects of international trade on U.S. meat

products markets. If foreign-produced and domestically produced goods are perceived as perfect substitutes

for each other—that is, if consumers do not differentiate between foreign- and domestically produced

goods—then one would expect a country to either import those good or export them, but not to both import

and export them simultaneously. However, if consumers perceive foreign and domestically produced goods

in a particular class as close but not perfect substitutes, then their country may import and export that class

of products simultaneously. The U.S. both imports and exports meat products; the Armington specification

that EPA selected incorporates product differentiation in the meat products industry market model. 

Econometrically, the Armington model measures the degree of substitutability between traded

products. This is expressed as the percentage change in market share of the imported product relative to the

domestically produced good caused by a change in the relative prices of the imported and domestic goods.

An elasticity of zero implies that consumers will not substitute imported meat products for domestic meat



     6 Further details of this derivation may be found in the rulemaking record.
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products; the higher the elasticity, the more willing consumers are to make this substitution. This means

that if the elasticity of substitution is equal to one, then market shares remain constant; if this elasticity is

greater than one, then an increase in U.S. price means that U.S. market share will decrease (Armington,

1969a). 

The Armington elasticity of substitution cannot be directly used in EPA’s market model. However,

Armington demonstrated that own price and cross price trade elasticities are a function of domestic demand

elasticities, market shares of domestic and foreign products, and the value of the elasticity of substitution

(Armington, 1969a, 1969b). This means that EPA could use Armington’s results to derive formulae for the

trade elasticities used in its market model.6

The U.S. elasticity of demand for imports of meat product i with respect to the U.S. product price

(0mi) is a function of its domestic elasticity of demand (gii), the ratio of “rest of world” (ROW) and U.S.

market shares (2U
U and 2U

R; EPA assumed for simplicity that there are only two countries, the U.S., and

the ROW, thus 2U
U = 1 - 2U

R), and the elasticity of substitution parameter for the U.S. (>U):

The expected value of 0mi is positive. That is, an increase in the U.S. domestic price of meat products is

expected to increase U.S. demand for ROW meat products. The elasticity specified above meets this

expectation as long as the elasticity of substitution between U.S. and ROW meat products, >U, is greater

than the U.S. domestic price elasticity of demand for U.S. meat products, gii. 

Similarly, EPA estimated the elasticity of ROW demand for U.S. meat products (0xi, e.g., U.S.

exports) with respect to U.S. price as:
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which specifies that the elasticity of ROW demand for U.S. meat products is a function of the ROW

demand for ROW meat products (gR
ii), relative market shares (2R

R and 2R
U), and ROW consumers’

elasticity of substitution between ROW and U.S. meat products (>R). Because own price elasticity of

demand is small, the value of 0xi is negative: an increase in U.S. price will decrease U.S. exports. 

Due to a lack of data availability, EPA calculated a numerical value for this elasticity assuming

that:

C The ROW elasticity of substitution for U.S. meat products is identical to the U.S.
elasticity of substitution for ROW meat products (i.e., >R = >U).

C The elasticity of ROW demand for meat products with respect to ROW price, gR
ii, equals

the elasticity of U.S. demand for meat products with respect to U.S. price, gii.

Note that because the U.S. share of ROW expenditures on meat products is small, the value of the ROW

trade elasticity approaches the value for the elasticity of substitution (i.e., 0xi 6 ->R). Thus, the assumption

that the overall elasticity of ROW meat product demand equals the overall elasticity of U.S. meat product

demand (i.e., gR
ii = gii) is not crucial to the results of the analysis.

Sources for domestic demand elasticities are discussed above. Market shares of meat production

were estimated at a consistent level of aggregation using quantity data from the United Nations Food and

Agriculture Organization.

Long-run Armington elasticities were obtained from Gallaway et al. (2000). Note that Gallaway

estimated elasticities at the 4-digit SIC level for Meat Packing (SIC 2011) and Poultry and Egg Processing

(SIC 2015). Because these SIC codes contain more than one product, but do not distinguish between beef

and pork (SIC 2011) or chicken and turkey (SIC 2015), EPA used the same elasticity of substitution (>) for

each product described by a code. EPA did use the own price elasticity and market shares specific to each
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meat type in calculating that meat type’s trade elasticities. Table C-3 presents a summary of the trade

parameters and elasticities with respect to changes in domestic price that were used in the model. 
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APPENDIX D

SUMMARY OF DEMAND AND SUPPLY 
ELASTICITY LITERATURE

D.1 SUMMARY OF PRICE ELASTICITY ESTIMATES

This appendix presents the results of EPA’s literature review and the magnitudes of published

demand and supply elasticities for the beef, pork, and poultry sectors.

EPA has reviewed the available literature on the demand and supply characteristics of the beef,

pork, and poultry markets.  These expanded reviews include an annotated summary of each study and are

contained in the record (Section 8.3.2).  The majority of the models in the literature are based on

econometric estimations of various demand and supply system specifications, such as the Almost Ideal

Demand System (AIDS) and the Rotterdam model.  However, given the prevalence of non-theoretical

approaches to estimating demand and supply responses in the literature using such techniques as vector

autoregression (VAR), EPA also includes those studies in the tables where applicable.
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Table D-1
Demand Elasticities for Beef Products Ranked from the Lowest Estimate to the Highest Estimate

Source Elasticity Estimate

Eales and Unnevehr (1988) -2.59 (hamburger)

Capps (1989) -1.27 (roast beef)

Brester and Wohlgenant (1991) -1.155 (fed beef)

Heien and Pompelli (1988) 1 -1.11 (roast)

Moschini and Meilke (1989) -1.05 (beef)

Huang and Hahn (1995) 1 -1.036 (high quality beef)

Gao and Shonkwiler (1993) 1 -1.03 (beef)  

Kesavan et. al. (1993) 1 -1.02 (long-run, beef) 

Brester and Wohlgenant (1991) -1.015 (ground beef)

Ospina and Shumway (1979) -0.98 (fed beef; Langemeier and Thompson, 1967)

Alston and Chalfant (1993) -0.98 (beef)

Choi and Sosin (1990) -0.971 (red meat)

Brester (1996) -0.96 (ground beef)

Chavas (1983) -0.916 (beef)

Hahn (1994) 1 -0.869 (beef)

Eales and Unnevehr (1993) -0.850 (beef)

Heien and Pompelli (1988) 1 -0.85 (ground beef)

Moschini, Moro, and Green (1994) -0.84 (beef)

Ospina and Shumway (1979) -0.83 (fed beef; Freebairn and Rausser, 1975)

Brester and Wohlgenant (1991) -0.811 (table-cut beef)

Brester (1996) -0.80 (table-cut beef)

Wohlgenant (1989) -0.76 (beef and veal) 

Marsh (1992) -0.742 (retail beef)

Heien and Pompelli (1988) 1 -0.73 (steaks)

Capps (1989) -0.72 (steak)
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Table D-1 (cont.)
Demand Elasticities for Beef Products Ranked from the Lowest Estimate to the Highest Estimate 

Source Elasticity Estimate

Brester (1996) -0.70 (beef)

Eales and Unnevehr (1988) -0.68 (table-cut beef)

Marsh (1991) -0.66 (choice slaughter beef) 

Huang (1993) -0.6212 (beef and veal)

Huang (1986) -0.6166 (beef and veal)

Hahn (1988) -0.58 (beef) 

Eales and Unnevehr (1988) -0.570 (beef)

Ospina and Shumway (1979) -0.57 (wholesale beef)

Marsh (1992) -0.536 (farm beef)

Marsh (1992) -0.495 (wholesale beef)

Arzac and Wilkinson (1979) -0.49 (fed beef) 

Brester and Wohlgenant (1993)  1 -0.45 (beef)

Huang and Hahn (1995) 1 -0.401 (manufacturing grade beef)

Capps (1989) -0.15 (ground beef)

1 As cited in Hahn (1996a).
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Table D-2
Supply Elasticities for Beef Products Ranked from the Lowest Estimate to the Highest Estimate

Source Elasticity Estimate

Marsh (1994) -0.17 (short-run, fed cattle)

Ospina and Shumway (1979) 0.06 (steer-heifer fed beef; Folwell and Shapouri, 1977)

Ospina and Shumway (1979) 0.14 (slaughter beef)

Marsh (1994) 0.14 (all beef; Freebairn and Rausser, 1975)

Marsh (1994) 0.14 (fed beef; Shuib and Menkhaus, 1977)

Marsh (1994) 0.200 (wholesale fed beef; Bedinger and Bobst, 1988)

Marsh (1994) 0.23 (fed beef; Langemeier and Thompson, 1967)

Marsh (1994) 0.606 (intermediate run, fed cattle)

Marsh (1994) 0.993 (beef; Tvedt, et. al., 1991)

Marsh (1994) 3.24 (long-run, fed cattle)

Buhr (1993) 9.505 (beef, long-run - 5 years) 1

1 The estimate is not comparable to the other elasticity estimates. The reported figure is the impact of a 10
percent change in farm price rather than the standard 1 percent. Given the nonlinear nature of the system,
the figure cannot be translated into a standard elasticity estimate via division by 10.
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Table D-3
Demand Elasticities for Pork Ranked from the Lowest Estimate to the Highest Estimate

Source Elasticity Estimate

Eales and Unnevehr (1993) -1.234 (pork - AIDS with SI)

Kesavan et. al. (1993) 1 -0.99 (pork - long-run)

Gao and Shonkwiler (1993) 1 -0.95 (pork)

Arzac and Wilkinson (1979) -0.87 (pork)

Moschini and Meilke (1989) -0.839 (pork)

Huang and Hahn (1995) 1 -0.838 (pork)

Huang (1994) -0.8379 (pork)

Capps (1989) -0.8279 (pork loin)

Eales and Unnevehr (1993) -0.801 (pork - AIDS without SI)

Lemieux and Wohlgenant (1989) -0.80 (pork)

Hahn (1988) -0.784 (pork)

Brester and Wohlgenant (1991) -0.779 (pork - ground beef model)

Brester and Wohlgenant (1991) -0.775 (pork - nonfed model)

Eales and Unnevehr (1988) -0.762 (pork - aggregate system)

Huang (1986) -0.7297 (pork)

Huang (1993) -0.7281 (pork)

Chavas (1983) -0.723 (pork - SC)

Chavas (1983) -0.714 (pork - WSC)

Capps (1989) -0.7005 (pork chops)

Moschini, Moro, and Green (1994) -0.68 to -0.72 (pork)

Hahn (1994) 1 -0.699 (pork)

Brester and Schroeder (1995) -0.69 (pork)

Eales and Unnevehr (1988) -0.565 (pork - disaggregated system)

Eales et. al. (1998) -0.52 (pork)

Wohlgenant (1989) -0.51 (pork - unrestricted)

Capps and Schmitz (1991) -0.4510 (pork)
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Table D-3 (cont.)
Demand Elasticities for Pork Ranked from the Lowest Estimate to the Highest Estimate

Source Elasticity Estimate

Wohlgenant (1989) -0.36 (pork - restricted)

Capps (1989) -0.3596 (ham)

Capps (1989) -0.2639 (composite pork commodity)

Alston and Chalfant (1993) -0.17 (pork - Rotterdam)

Alston and Chalfant (1993) -0.07 (pork - AIDS)

1 As cited in Hahn (1996a).
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Table D-4
Supply Elasticities for Pork Ranked from the Lowest Estimate to the Highest Estimate

Source Elasticity Estimate

Short-Run

Holt and Johnson (1988) 0.007 (pork, short-run - 3 quarters)

Heien (1975) 0.09 (pork) 1

Meilke et. al. (1974) 0.16 (hog, short-run - GDL)

Meilke et. al. (1974) 0.17 (hog, short-run - PDL)

Lemieux and Wohlgenant (1989) 0.4 (pork, short-run)

Buhr (1993) 2.63 (pork, short-run - 1 quarter) 2

Intermediate-Run

Meilke et. al. (1974) 0.24 (hog, intermediate-run - PDL)

Holt and Johnson (1988) 0.338 (pork, intermediate-run - 10 quarters)

Lemieux and Wohlgenant (1989) 1.8 (pork, intermediate-run

Long-Run

Meilke et. al. (1974) 0.43 (hog, long-run - GDL)

Meilke et. al. (1974) 0.48 (hog, long-run - PDL)

Holt and Johnson (1988) 0.628 (pork, long-run - 40 quarters)

Buhr (1993) 7.35 (pork, long-run - 5 years) 2

1 The reported figure is the elasticity of total number of pigs slaughtered with respect to the ratio of farm to
retail price of pork.
2 The estimate is not comparable to the other elasticity estimates. The reported figure is the impact of a 10
percent change in farm price rather than the standard 1 percent. Given the nonlinear nature of the system,
the figure cannot be translated into a standard elasticity estimate via division by 10.
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Table D-5
Demand Elasticities for Broilers/Chickens Ranked from the Lowest to the Highest Estimate

Source Elasticity Estimate

Kesavan et. al. (1993) 1 -1.25 (chicken - long-run)

Arzac and Wilkinson (1979) -0.98 (chicken)

Alston and Chalfant (1993) -0.94 (chicken - AIDS and Rotterdam)

Eales and Unnevehr (1988) -0.677 (chicken - whole bird)

Capps (1989) -0.6557 (chicken)

Eales and Unnevehr (1988) -0.610 (chicken -  parts/processed)

Huang (1986) -0.5308 (chicken)

Gao and Shonkwiler (1993) 1 -0.47 (chicken)

Huang (1993) -0.3723 (chicken)

Hahn (1994) 1 -0.299 (chicken)

Eales and Unnevehr (1988) -0.276 (chicken)

Eales and Unnevehr (1993) -0.233 (chicken - AIDS with SI)

Huang and Hahn (1995) 1 -0.197 (broiler)

Huang (1994) -0.1969 (broiler)

Eales and Unnevehr (1993) -0.162 (chicken - AIDS without SI)

Eales et. al. (1998) -0.15 (chicken - Model 3)

Eales et. al. (1998) -0.14 (chicken - Model 1)

Hahn (1988) -0.140 (chicken)

Eales et. al. (1998) -0.13 (chicken - Model 2)

Moschini and Meilke (1989) -0.104 (chicken)

1 As cited in Hahn (1996a).
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Table D-6
Supply Elasticities for Broilers/Chickens Ranked from the Lowest to the Highest Estimate

Source Elasticity Estimate

Short-Run

Chavas and Johnson (1982) 0.064 (broiler, short-run)

Chavas (1982) 0.072 (broiler, short-run) 3

Holt and Aradhyula (1990) 0.216 (broiler, short-run-adaptive expectations) 1

Holt and Aradhyula (1990) 0.232 (broiler, short-run - GARCH) 1

Aradhyula and Holt (1989) 0.305 (broiler, short-run) 1

Holt and Aradhyula (1990) 0.399 (broiler, long-run - adaptive expectations) 1

Buhr (1993) 0.49 (chicken, short-run - 1 quarter) 2

Long-Run

Holt and Aradhyula (1990) 0.399 (broiler, long-run - adaptive expectations) 1

Holt and Aradhyula (1990) 0.587 (broiler, long-run - GARCH) 1

Buhr (1993) 0.68 (chicken, long-run - 5 years) 2

1 The reported elasticity figure is based on the expected rather than the actual mean price of broilers.
2 The estimate is not comparable to the other elasticity estimates. The reported figure is the impact of a 10
percent change in farm price rather than the standard 1 percent. Given the nonlinear nature of the system,
the figure cannot be translated into a standard elasticity estimate via division by 10.
3 The reported figure is the elasticity of supply with respect to the one-quarter lagged product price.
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Table D-7
Demand Elasticities for Turkey Ranked from the Lowest Estimate to the Highest Estimate

Source Elasticity Estimate

Huang (1986) -0.6797 (turkey)

Eales et. al. (1998) -0.63 (turkey - Model 1)

Huang (1993) -0.5345 (turkey)

Hahn (1994) 1 -0.459 (turkey)

Soliman (1971) -0.412 (turkey - 3SLS)

Soliman (1971) -0.411 (turkey - LISE)

Soliman (1971) -0.394 (turkey - 2SLS)

Soliman (1971) -0.372 (turkey - OLS)

1 As cited in Hahn (1996a).
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Table D-8
Supply Elasticities for Turkey Ranked from the Lowest Estimate to the Highest Estimate

Source Elasticity Estimate

Short-Run

Chavas and Johnson (1982) 0.210 (turkey, short-run)

Chavas (1982) 0.222 (turkey, short-run) 1

Soliman (1971) 0.353 (turkey, short-run) 2

Long-Run

Soliman (1971) 0.518 (turkey, long-run) 2

1 The reported figure is the elasticity of supply with respect to the one-quarter lagged product price.
2 The reported figure is the elasticity of turkey production with respect to the lagged turkey-feed price ratio.
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APPENDIX E

SENSITIVITY ANALYSES

EPA performed several analyses of the projected impacts reported in Chapter 5 and 6 to determine

how sensitive the results are to changes in key assumptions.  Section E.1 examines impacts under the

alternative assumption that facilities are able to pass through to their customers some percentage of

compliance costs in the form of higher prices.  Section E.2 looks at the question of baseline closures, and

how a potential overestimate of baseline closures may affect results.  Finally, Section E.3 determines how

projected impacts would differ under the assumption that the distribution of income is not normally

distributed, but rather is skewed.

E.1 COST PASS THROUGH

EPA’s proposed rule will cause meat processing facilities to incur compliance costs.  These

increased costs of production will cause a decrease in market supply.  Processors will need to realize a

higher price per unit in order to sell the same quantity of output after promulgation of the rule that they sold

prior to promulgation of the rule.  

Figure E-1 illustrates how the proposed rule would affect the market for meat products and how

costs are passed through to customers.  Compliance costs shift the supply curve upward by an amount

equal to the average compliance cost per unit of the proposed rule; this represents the increase in per unit

revenues meat processors would have to realize in order to be willing to sell the same quantity of meat

products as they sold prior to regulation.  Consumers, however, are unwilling to pay that much more to

purchase this meat product and the market moves to a new equilibrium at Ppost, Qpost.  Price per unit sold is

higher than the original market price (Ppre) — although not as high as the per unit increase in costs — but
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D1, S1 = preregulatory market conditions
D1, S2 = postregulatory market conditions
Ppre, Qpre = pre-requlatory equilibrium price and quantity
Ppost, Qpost = post-requlatory equilibrium price and quantity

Ppre

Market for Meat Product i

Shift in 
Market 
Supply

Figure E-1

Impact of the Compliance Costs on Market for Meat Product i

E-2



     1 Zero CPT is can occur if market price does not increase at all in response to a decrease in supply.  This could
occur if demand is perfectly elastic (i.e., the demand curve in Figure E-1 is horizontal), or if supply is perfectly
inelastic (i.e., the supply curve in Figure E-1 is vertical).  Empirical studies show that neither is the case in markets
for meat products (e.g., the price elasticity measures cited in Appendix D). 
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fewer unit are sold.  Thus, at least some of the costs of the proposed rule incurred by meat processors are

partially offset by an increase in price per unit sold.  That is cost pass through (CPT).1 

EPA projected facility level impacts in Chapters 5 and 6 under the conservative assumption that

CPT is zero.  In this sensitivity analysis EPA will project facility level impacts assuming some percentage

of compliance costs are passed through to customers in the form of higher prices.  EPA will us its market

model to determine the percentage of costs that are passed through, multiply compliance costs per facility

by one minus that percentage, then project the ratio of compliance costs to net income, the incremental

probability of closure, and the number of closures under that scenario.

Conceptually, CPT is measured as described above and as illustrated in Figure E-1:

cost pass through '
(P post & P pre)

per unit compliance costs

The price elasticities of supply and demand determine how much price increases relative to per unit

compliance costs.  CPT is the percentage of compliance costs paid by consumers in the form of higher

prices, therefore the percentage of compliance costs incurred by facilities is equal to one minus the CPT

percentage.  For example, if CPT is 40 percent, and compliance costs increase per unit costs by $1, then

consumers pay $0.40 per unit in higher prices, and producers incur $0.60 per unit in higher costs.  

One complication to the calculation of CPT as outlined above occurs in EPA’s analysis of the meat

products industry.  EPA’s engineering model facilities do not distinguish beef processors from pork

processors, or broiler processors from turkey processors.  Rather the models distinguish only between red

meat and poultry.  Therefore, EPA first used its market model to calculate CPT individually for the beef,

pork, broiler, and turkey meat types.  EPA then constructed a CPT estimate for red meat as an average of

beef CPT and pork CPT weighted by relative market quantities, and a similar weighted average for poultry



     2 EPA applied the smaller of the two CPT figures (poultry) to rendering as a more conservative asumption.  To
determine the CPT for mixed processors, EPA weighted the CPT of red meat and poultry by the relative production
of each meat type by mixed processors (61 percent red meat, 39 percent poultry).
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from the individual CPT measures for broilers and turkey.  The CPT estimates used for this sensitivity

analysis are:

• red meat — 43.5 percent

• poultry — 25.6 percent

Thus, EPA assumes for the purpose of this analysis that red meat processors will incur 56.5 percent and

poultry processors will incur 74.4 percent of compliance costs.  

Table E-1 presents the results of the CPT sensitivity analysis, and includes the results of the zero

CPT analysis from Table 5-6.2  EPA used upper-bound costs as the basis for this comparison.  As would

be expected, when compliance costs incurred by the facility are decreased by 25 to 45 percent, impacts are

smaller.  Under the proposed options (BAT 3 for all subcategories except J, for which BAT 2 has been

proposed), the ratio of posttax annualized compliance costs to net income is:

• Subcategory A through D: 1.07 percent with CPT
1.90 percent with no CPT

• Subcategory E through I: 0.27 percent with CPT
0.40 percent with no CPT

• Subcategory J: 0.51 percent with CPT
0.68 percent with no CPT

• Subcategory K: 2.96 percent with CPT
3.98 percent with no CPT

• Subcategory L: 3.14 percent with CPT
4.23 percent with no CPT

The incremental probability of closure is also lower, resulting in smaller potential closure impacts.  EPA

projects that 0.5 (out of 209) facilities may close under the CPT scenario, compared to 0.8 facilities

projected closures assuming zero CPT.
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Table E-1
Sensitivity Analysis of Closure Impacts by Proposal Subcategory and Option

Cost Pass Through Analysis CC Upper-Bound Costs

Option

Number
of
Facilities

Positive Cost Pass Through Analysis Standard Analysis  (Zero Cost Pass Through) 5

Annualized
Compliance Costs

per Facility 1

Compliance
Cost as a 

Percentage
of

Model
Facility

Net Income
2

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Annualized
Compliance Costs

per Facility 1

Compliance
Cost as a 

Percentage
of

Model
Facility

Net Income
2

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Pretax Posttax Closures
Employ

-ment Pretax Posttax Closures
Employ-

ment

Subcategory A through D

BAT1 66 $0 $0 0.00% 0.00% 0.0 0 $0 $0 0.00% 0.00% 0.0 0

BAT2 $78,782 $47,071 0.16% 0.03% 0.0 0 $139,344 $83,256 0.28% 0.05% 0.0 0

BAT3 $472,096 $311,084 1.07% 0.19% 0.1 159 $835,010 $550,223 1.90% 0.34% 0.2 318

BAT4 $935,759 $619,633 2.32% 0.42% 0.2 318 $1,655,105 $1,095,962 4.11% 0.74% 0.5 794

PSES1 60 $61,514 $40,476 0.32% 0.05% 0.0 0 $108,802 $71,591 0.57% 0.09% 0.0 0

PSES2 $1,321,752 $860,389 5.85% 0.97% 0.5 536 $2,337,820 $1,521,794 10.35% 1.73% 1.1 1,230

PSES3 $839,776 $555,630 4.07% 0.67% 0.3 304 $1,485,337 $982,758 7.21% 1.19% 0.6 609

PSES4 $1,052,577 $700,107 4.60% 0.76% 0.4 463 $1,861,723 $1,238,299 8.14% 1.36% 0.7 768

Subcategory E through I

BAT1 19 $0 $0 0.00% 0.00% 0.0 0 $0 $0 0.00% 0.00% 0.0 0

BAT2 $11,584 $6,859 0.08% 0.01% 0.0 0 $19,641 $11,626 0.14% 0.02% 0.0 0

BAT3 $21,955 $14,255 0.27% 0.04% 0.0 0 $33,648 $21,782 0.40% 0.06% 0.0 0

BAT4 $200,660 $132,457 1.76% 0.28% 0.0 0 $340,790 $224,821 2.91% 0.46% 0.0 0

PSES1 234 $44,509 $28,504 0.49% 0.08% 0.2 45 $74,306 $47,519 0.80% 0.13% 0.3 91

PSES2 $249,007 $161,713 2.86% 0.45% 1.0 240 $403,679 $262,073 4.53% 0.72% 1.8 495

PSES3 $201,477 $132,421 2.31% 0.37% 0.8 211 $330,879 $217,257 3.72% 0.59% 1.3 346

PSES4 $267,160 $177,858 3.17% 0.50% 1.1 275 $435,725 $289,705 5.06% 0.81% 1.9 492

Subcategory J

BAT1 21 $0 $0 0.00% 0.00% 0.0 0 $0 $0 0.00% 0.00% 0.0 0

BAT2 $18,109 $10,757 0.51% 0.09% 0.0 0 $24,340 $14,458 0.68% 0.12% 0.0 0



Table E-1 (cont.)
Sensitivity Analysis of Closure Impacts by Proposal Subcategory and Option

Cost Pass Through Analysis CC Upper-Bound Costs

Option

Number
of
Facilities

Positive Cost Pass Through Analysis Standard Analysis  (Zero Cost Pass Through) 5

Annualized
Compliance Costs

per Facility 1

Compliance
Cost as a 

Percentage
of

Model
Facility

Net Income
2

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Annualized
Compliance Costs

per Facility 1

Compliance
Cost as a 

Percentage
of

Model
Facility

Net Income
2

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Pretax Posttax Closures
Employ

-ment Pretax Posttax Closures
Employ-

ment

E-6

BAT3 $190,375 $125,683 5.98% 1.07% 0.3 14 $255,876 $168,926 8.03% 1.45% 0.3 14

BAT4 $206,980 $137,185 6.53% 1.18% 0.3 14 $278,194 $184,386 8.78% 1.59% 0.3 14

PSES1 75 $12,206 $7,760 0.37% 0.07% 0.0 0 $16,406 $10,429 0.50% 0.09% 0.0 0

PSES2 $213,597 $138,917 6.53% 1.17% 0.9 50 $287,088 $186,713 8.78% 1.58% 1.2 66

PSES3 $256,373 $169,907 8.03% 1.45% 1.1 62 $344,581 $228,365 10.79% 1.95% 1.5 81

PSES4 $268,401 $178,489 8.45% 1.52% 1.2 66 $360,747 $239,901 11.36% 2.06% 1.6 89

Subcategory K

BAT1 88 $0 $0 0.00% 0.00% 0.0 0 $0 $0 0.00% 0.00% 0.0 0

BAT2 $37,768 $22,263 0.25% 0.05% 0.0 0 $50,762 $29,922 0.34% 0.06% 0.0 0

BAT3 $378,672 $249,421 2.96% 0.53% 0.3 190 $508,959 $335,237 3.98% 0.72% 0.5 265

BAT4 $479,494 $317,439 3.83% 0.69% 0.5 265 $644,469 $426,657 5.14% 0.93% 0.7 537

BAT5 $517,412 $343,949 4.18% 0.75% 0.5 265 $695,432 $462,287 5.61% 1.02% 0.9 591

PSES1 138 $54,118 $35,044 0.41% 0.07% 0.1 38 $72,738 $47,101 0.55% 0.10% 0.1 38

PSES2 $943,262 $613,490 6.48% 1.18% 1.6 1,269 $1,267,800 $824,567 8.71% 1.59% 2.1 1,653

PSES3 $664,004 $439,472 4.85% 1.12% 1.1 906 $892,461 $590,677 6.53% 1.51% 1.5 1,035

PSES4 $681,618 $452,488 5.06% 0.91% 1.1 906 $916,136 $608,171 6.80% 1.23% 1.7 1,208

Subcategory L

BAT1 15 $0 $0 0.00% 0.00% 0.0 0 $0 $0 0.00% 0.00% 0.0 0

BAT2 $13,760 $8,253 0.28% 0.05% 0.0 0 $18,678 $11,203 0.39% 0.07% 0.0 0

BAT3 $134,978 $88,723 3.14% 0.57% 0.1 16 $182,548 $119,997 4.23% 0.77% 0.1 16

BAT4 $196,996 $130,496 4.46% 0.81% 0.1 16 $267,851 $177,456 6.04% 1.10% 0.1 16

BAT5 13 6 $204,211 $135,746 4.99% 0.92% 0.1 16 $274,471 $182,451 6.71% 1.24% 0.1 16



Table E-1 (cont.)
Sensitivity Analysis of Closure Impacts by Proposal Subcategory and Option

Cost Pass Through Analysis CC Upper-Bound Costs

Option

Number
of
Facilities

Positive Cost Pass Through Analysis Standard Analysis  (Zero Cost Pass Through) 5

Annualized
Compliance Costs

per Facility 1

Compliance
Cost as a 

Percentage
of

Model
Facility

Net Income
2

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Annualized
Compliance Costs

per Facility 1

Compliance
Cost as a 

Percentage
of

Model
Facility

Net Income
2

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Pretax Posttax Closures
Employ

-ment Pretax Posttax Closures
Employ-

ment
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PSES1 208 $49,935 $32,229 1.11% 0.20% 0.3 54 $67,967 $43,876 1.50% 0.27% 0.6 93

PSES2 $343,866 $223,013 7.09% 1.29% 2.7 478 $469,256 $304,357 9.63% 1.75% 3.6 751

PSES3 $243,509 $160,755 5.16% 0.93% 1.9 323 $332,199 $219,332 7.00% 1.27% 2.6 462

PSES4 $306,668 $204,587 6.59% 1.19% 2.5 446 $419,271 $279,769 8.96% 1.62% 3.3 583

Total Excluding 65 Certainty Facilities

BAT1 209 $0 $0 NA NA 0.0 0 $0 $0 NA NA 0.0 0

BAT2 $160,002 $95,203 NA NA 0.0 0 $252,766 $150,465 NA NA 0.0 0

BAT3 $1,198,077 $789,166 NA NA 0.8 379 $1,816,041 $1,196,164 NA NA 1.1 613

BAT4 $2,019,890 $1,337,210 NA NA 1.1 613 $3,186,409 $2,109,281 NA NA 1.6 1,361

BAT5 101 6 $721,622 $479,695 NA NA 0.6 281 $969,904 $644,739 NA NA 1.0 607

PSES1 715 $222,283 $144,013 NA NA 0.6 137 $340,219 $220,517 NA NA 1.0 222

PSES2 $3,071,484 $1,997,521 NA NA 6.7 2,573 $4,765,643 $3,099,503 NA NA 9.8 4,195

PSES3 $2,205,139 $1,458,185 NA NA 5.2 1,806 $3,385,456 $2,238,389 NA NA 7.5 2,533

PSES4 $2,576,424 $1,713,529 NA NA 6.3 2,156 $3,993,603 $2,655,845 NA NA 9.2 3,140

All impacts presented in this table are sum of the average of results for each subcategory, discharge type and model facility size combination, weighted by the number of
facilities in each combination.
1 Total annualized compliance costs for subcategory and discharge class divided by number of facilities in that class.
2  Ratio of posttax annualized compliance costs to net income.
3 Probability net income or cash flow less than posttax annualized compliance costs minus probability net income or cash flow less than zero.
4 Closures: probability cash flow less than annualized compliance costs multiplied by the number of facilities in the subcategory.  Employment: employees per model facility
multiplied by the number of projected closures.
5 Standard Analysis Results are the same as those found in Chapter 5, Table 5-6.
6 Option BAT 5 is only found in Poultry operations.
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E.2 BASELINE CLOSURES

As discussed in Appendix B, EPA used a Census special tabulation to calculate the variance of its

model facility income measures.  Combined with model facility mean income, and the assumption that

income is normally distributed, these estimated variances result in a relatively high percentage of facilities

earning negative income (about 25 to 35 percent based on cash flow, see Table B-7).  Because negative

cash flow implies that a facility is a baseline closure, EPA believes its methodology may result in an

overestimate of variance.  Therefore, EPA used an alternative method to estimate variance that would result

in a smaller percentage of baseline closures, and compared projected impacts under the different estimates

of variance.  This sensitivity analysis is presented below.

EPA used the U.S. Small Business Administration’s “births and deaths” database (U.S. SBA,

1998) to determine that over the 1995 to 1998 time frame firms have exited the meat products industry

(“deaths”) at a rate of 6.8 percent per year.  Assuming the rate of firms exiting the market is equivalent to

the percentage of baseline closures, EPA calculated the variance for the mean cash flow of each model

facility class that would result in a 6.8 percent probability of negative cash flow (maintaining the

assumption that cash flow is normally distributed). 

Figure E-2 illustrates the method used to perform this sensitivity analysis.  The curve marked

“Census Variance” represents the cumulative distribution function of cash flow (with mean cash flow equal

to $100,000), where the variance is calculated from the Census special tabulation as described in Appendix

B.  This curve intercepts the vertical axis at about 28 percent; thus 28 percent of facilities in this group

earn negative cash flow.  The curve marked “SBA Variance” has identical mean and is also normally

distributed, but the variance is estimated so that about 7 percent of facilities earn negative cash flow.  EPA

compared facility level impacts under the alternative estimates of variance using identical estimated average

compliance costs.

Table E-2 presents the results of this sensitivity analysis.  Per facility compliance costs and costs

as a percent of model facility income are identical; the difference between the two methods occurs in the

incremental probability of closure and the projected number of closures.  The results display only minor

variation in projected impacts between the alternative estimates; in some cases impacts are slightly higher,
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Figure E-2
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Table E-2
Sensitivity Analysis of Closure Impacts by Proposal Subcategory and Option

SBA Variance Compared to Census Variance CC Upper-Bound Costs

Option
Number of
Facilities

Annualized
Compliance Costs

per Facility 1

Compliance
Cost as a 

Percentage of
Model Facility

Net Income 2

SBA Variance Standard Analysis (Census Variance) 5

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Pretax Posttax Closures Employment Closures Employment

Subcategory A through D

BAT1 66 $0 $0 0.00% 0.00% 0.0 0 0.00% 0.0 0

BAT2 $139,344 $83,256 0.28% 0.05% 0.0 0 0.05% 0.0 0

BAT3 $835,010 $550,223 1.90% 0.34% 0.1 159 0.34% 0.2 318

BAT4 $1,655,105 $1,095,962 4.11% 0.73% 0.5 794 0.74% 0.5 794

PSES1 60 $108,802 $71,591 0.57% 0.09% 0.0 0 0.09% 0.0 0

PSES2 $2,337,820 $1,521,794 10.35% 1.76% 1.1 1,230 1.73% 1.1 1,230

PSES3 $1,485,337 $982,758 7.21% 1.18% 0.6 609 1.19% 0.6 609

PSES4 $1,861,723 $1,238,299 8.14% 1.35% 0.7 768 1.36% 0.7 768

Subcategory E through I

BAT1 19 $0 $0 0.00% 0.00% 0.0 0 0.00% 0.0 0

BAT2 $19,641 $11,626 0.14% 0.02% 0.0 0 0.02% 0.0 0

BAT3 $33,648 $21,782 0.40% 0.07% 0.0 0 0.06% 0.0 0

BAT4 $340,790 $224,821 2.91% 0.49% 0.0 0 0.46% 0.0 0

PSES1 234 $74,306 $47,519 0.80% 0.13% 0.3 91 0.13% 0.3 91

PSES2 $403,679 $262,073 4.53% 0.78% 1.8 505 0.72% 1.8 495

PSES3 $330,879 $217,257 3.72% 0.63% 1.5 391 0.59% 1.3 346

PSES4 $435,725 $289,705 5.06% 0.87% 2.1 586 0.81% 1.9 492

Subcategory J

BAT1 21 $0 $0 0.00% 0.00% 0.0 0 0.00% 0.0 0

BAT2 $24,340 $14,458 0.68% 0.11% 0.0 0 0.12% 0.0 0

BAT3 $255,876 $168,926 8.03% 1.38% 0.3 14 1.45% 0.3 14

BAT4 $278,194 $184,386 8.78% 1.52% 0.3 14 1.59% 0.3 14



Table E-2 (cont.)
Sensitivity Analysis of Closure Impacts by Proposal Subcategory and Option

SBA Variance Compared to Census Variance CC Upper-Bound Costs

Option
Number of
Facilities

Annualized
Compliance Costs

per Facility 1

Compliance
Cost as a 

Percentage of
Model Facility

Net Income 2

SBA Variance Standard Analysis (Census Variance) 5

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Pretax Posttax Closures Employment Closures Employment
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PSES1 75 $16,406 $10,429 0.50% 0.08% 0.0 0 0.09% 0.0 0

PSES2 $287,088 $186,713 8.78% 1.52% 1.1 62 1.58% 1.2 66

PSES3 $344,581 $228,365 10.79% 1.90% 1.4 78 1.95% 1.5 81

PSES4 $360,747 $239,901 11.36% 2.01% 1.5 81 2.06% 1.6 89

Subcategory K

BAT1 88 $0 $0 0.00% 0.00% 0.0 0 0.00% 0.0 0

BAT2 $50,762 $29,922 0.34% 0.05% 0.0 0 0.06% 0.0 0

BAT3 $508,959 $335,237 3.98% 0.66% 0.4 227 0.72% 0.5 265

BAT4 $644,469 $426,657 5.14% 0.86% 0.6 401 0.93% 0.7 537

BAT5 $695,432 $462,287 5.61% 0.94% 0.8 553 1.02% 0.9 591

PSES1 138 $72,738 $47,101 0.55% 0.09% 0.1 38 0.10% 0.1 38

PSES2 $1,267,800 $824,567 8.71% 1.52% 2.0 1,616 1.59% 2.1 1,653

PSES3 $892,461 $590,677 6.53% 1.44% 1.4 997 1.51% 1.5 1,035

PSES4 $916,136 $608,171 6.80% 1.14% 1.4 997 1.23% 1.7 1,208

Subcategory L

BAT1 15 $0 $0 0.00% 0.00% 0.0 0 0.00% 0.0 0

BAT2 $18,678 $11,203 0.39% 0.06% 0.0 0 0.07% 0.0 0

BAT3 $182,548 $119,997 4.23% 0.73% 0.1 16 0.77% 0.1 16

BAT4 $267,851 $177,456 6.04% 1.05% 0.1 16 1.10% 0.1 16

BAT5 13 6 $274,471 $182,451 6.71% 1.18% 0.1 16 1.24% 0.1 16

PSES1 208 $67,967 $43,876 1.50% 0.25% 0.5 77 0.27% 0.6 93



Table E-2 (cont.)
Sensitivity Analysis of Closure Impacts by Proposal Subcategory and Option

SBA Variance Compared to Census Variance CC Upper-Bound Costs

Option
Number of
Facilities

Annualized
Compliance Costs

per Facility 1

Compliance
Cost as a 

Percentage of
Model Facility

Net Income 2

SBA Variance Standard Analysis (Census Variance) 5

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Pretax Posttax Closures Employment Closures Employment
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PSES2 $469,256 $304,357 9.63% 1.74% 3.6 741 1.75% 3.6 751

PSES3 $332,199 $219,332 7.00% 1.23% 2.6 468 1.27% 2.6 462

PSES4 $419,271 $279,769 8.96% 1.61% 3.3 580 1.62% 3.3 583

Total Excluding 65 Certainty Facilities

BAT1 209 $0 $0 NA NA 0.0 0 NA 0.0 0

BAT2 $252,766 $150,465 NA NA 0.0 0 NA 0.0 0

BAT3 $1,816,041 $1,196,164 NA NA 0.9 416 NA 1.1 613

BAT4 $3,186,409 $2,109,281 NA NA 1.5 1,225 NA 1.6 1,361

BAT5 101 6 $969,904 $644,739 NA NA 0.9 569 NA 1.0 607

PSES1 715 $340,219 $220,517 NA NA 0.9 206 NA 1.0 222

PSES2 $4,765,643 $3,099,503 NA NA 9.6 4,154 NA 9.8 4,195

PSES3 $3,385,456 $2,238,389 NA NA 7.5 2,543 NA 7.5 2,533

PSES4 $3,993,603 $2,655,845 NA NA 9.0 3,012 NA 9.2 3,140

All impacts presented in this table are sum of the average of results for each subcategory, discharge type and model facility size combination, weighted by the number of
facilities in each combination.
1 Total annualized compliance costs for subcategory and discharge class divided by number of facilities in that class.
2  Ratio of posttax annualized compliance costs to net income.
3 Probability net income or cash flow less than posttax annualized compliance costs minus probability net income or cash flow less than zero.
4 Closures: probability cash flow less than annualized compliance costs multiplied by the number of facilities in the subcategory.  Employment: employees per model facility
multiplied by the number of projected closures.
5 Standard Analysis Results are the same as those found in Chapter 5, Table 5-6.
6 Option BAT 5 is only found in Poultry operations.
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in others impacts are slightly lower using the “SBA Variance” rather than the “Census Variance.”  For

example, under PSES 2 for Subcategory A through D, the incremental probability of closure is slightly

larger for the model using the SBA variance (1.76 percent) compared to the model using the Census

variance (1.73 percent).  However, under PSES 3, the incremental probability of closure is slightly smaller

using the SBA variance (1.18 percent compared to 1.19 percent).  Intuitively, this suggests that within the

range of estimated compliance costs per facility relevant to this proposal, the slopes of the two cumulative

distribution functions are approximately equal.  This result cannot be generalized however to different

ranges of compliance costs or baseline closures.

E.3 DISTRIBUTIONAL ASSUMPTIONS

As discussed in Appendix B, EPA assumed in its analyses that model facility income measures are

normally distributed.  However, there is reason to suspect, especially for revenues, that the distribution of

income for each model facility class may be skewed.  That is, more than 50 percent of facilities in a class

earn less than the average class income, and less than 50 percent of facilities earn more than the average

income.  EPA performed two sensitivity analyses, one based on revenues, the other based on cash flow, to

examine the significance of the distributional assumption for the determination of impacts.  

EPA selected the lognormal distribution to use as the alternative to the normal distribution for the

purpose of this sensitivity analysis.  EPA used the same model facility mean income and variance that it

estimated for the normal distribution in each model class, and applied the following transformation to

determine mean and variance for the lognormal distribution: 

µ lnx ' ln µx &
1
2
F2

lnx

F2
lnx ' ln 1 %

F2
x

µx
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where (µx, Fx
2) are the mean and variance for the normal distribution, and (µ lnx, Flnx

2) are the transformed

mean and variance for the lognormal distribution.  Thus, EPA uses equivalent means and variances for the

two distributions.  

Figure E-3 illustrates the alternative distribution assumptions for average model facility revenues

of $1 million using the normal and lognormal cumulative distribution functions.  The normal distribution

shows about 7 percent of facilities earning revenues less than $0, which is consistent with the variance for

revenues provided by Census to EPA.  The skewness of the lognormal distribution can be observed by the

fact that about 68 percent of establishments earn less than the mean revenues of $1 million under the

lognormal distribution, compared to 50 percent under the normal distribution.

Section E.3.1 presents the results of the sensitivity analysis of the projected number of facilities

incurring compliance costs exceeding specified percentages of revenues (the “sales test”) under the

alternative distributional assumptions.  Section E.3.2 performs an analysis of closure impacts under the two

different distributions.

E.3.1 Sales Test Impacts Under Alternative Distribution Assumptions

Table E-3 presents the results for the sensitivity analysis of sales test impacts under the normal and

lognormal distribution assumptions (see Section 6.4.3 for further discussion of the sales test).  In general

— but not invariably — the sales test impacts are larger under the assumption that revenues are

lognormally distributed rather than normally distributed.  Under the proposed options (BAT 3 for all

subcategories except J, for which BAT 2 is proposed), EPA projects that 19.4 facilities (of 209) would

incur compliance costs exceeding one percent of revenues based on the lognormal distribution, while 17.9

facilities would exceed that threshold using the normal distribution.  

Note that in Figure E-3, the lognormal distribution shows no facilities earning negative revenues

(i.e., one cannot take the natural log of a negative number).  While intuitively this seems an improvement

over the normal distribution, which suggests 7 percent of facilities earn negative revenues, this result may

not be entirely reflective of reality either.  With the exception of cost centers, it is unlikely a facility would



E-15
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Table E-3
Sensitivity Analysis of Nonclosure Impacts by Proposal Subcategory and Option

Lognormal Distribution Compared to Normal Distribution CC Upper-Bound Costs

Option
Number of 
Facilities

Compliance Cost
as a Percentage

of Model
Facility

Revenues 1

Lognormal Distribution Normal Distribution

Facilities Incurring Compliance Costs
Greater Than % of Revenues 2

Facilities Incurring Compliance Costs
Greater Than % of Revenues 2

1 Percent 3 Percent 5 Percent 1 Percent 3 Percent 5 Percent

Subcategory A through D

BAT1 66 0.00% 0.0 0.0 0.0 0.0 0.0 0.0

BAT2 0.02% 0.0 0.0 0.0 0.2 0.0 0.0

BAT3 0.12% 1.5 0.0 0.0 2.1 0.6 0.3

BAT4 0.27% 3.3 0.0 0.0 4.8 1.3 0.7

PSES1 60 0.02% 0.0 0.0 0.0 0.1 0.0 0.0

PSES2 0.46% 9.6 0.7 0.1 9.1 2.1 1.3

PSES3 0.30% 3.9 0.1 0.0 5.0 1.4 0.8

PSES4 0.36% 6.0 0.1 0.0 6.3 1.7 0.9

Subcategory E through I

BAT1 19 0.00% 0.0 0.0 0.0 0.0 0.0 0.0

BAT2 0.02% 0.0 0.0 0.0 0.1 0.0 0.0

BAT3 0.05% 0.3 0.0 0.0 0.2 0.1 0.1

BAT4 0.33% 3.0 0.3 0.1 1.7 0.5 0.3

PSES1 234 0.09% 1.3 0.0 0.0 5.1 1.6 0.9

PSES2 0.52% 64.3 14.3 4.8 40.8 11.2 6.4

PSES3 0.41% 50.8 7.1 1.8 30.1 8.5 4.9

PSES4 0.55% 71.8 14.6 4.8 43.4 11.9 6.8

Subcategory J

BAT1 21 0.00% 0.0 0.0 0.0 0.0 0.0 0.0

BAT2 0.17% 2.3 0.2 0.0 0.9 0.3 0.2

BAT3 1.85% 18.2 10.8 6.7 10.7 3.3 1.8

BAT4 2.02% 18.5 11.5 7.3 11.4 3.7 2.1

PSES1 75 0.12% 4.3 0.3 0.0 2.2 0.6 0.3

PSES2 2.04% 65.8 40.6 26.3 40.7 13.4 7.6

PSES3 2.47% 68.5 46.3 31.6 46.9 16.5 9.4

PSES4 2.60% 69.1 47.7 33.2 48.4 17.4 9.9

Subcategory K

BAT1 88 0.00% 0.0 0.0 0.0 0.0 0.0 0.0

BAT2 0.04% 0.0 0.0 0.0 0.6 0.0 0.0

BAT3 0.43% 12.2 0.4 0.0 12.2 2.8 1.4

BAT4 0.54% 19.5 1.0 0.1 16.9 3.6 1.8

BAT5 0.59% 22.5 1.4 0.2 19.2 4.2 2.2



Table E-3 (cont.)
Sensitivity Analysis of Nonclosure Impacts by Proposal Subcategory and Option

Lognormal Distribution Compared to Normal Distribution — Upper-Bound Costs

Option
Number of 
Facilities

Compliance Cost
as a Percentage

of Model
Facility

Revenues 1

Lognormal Distribution Normal Distribution

Facilities Incurring Compliance Costs
Greater Than % of Revenues 2

Facilities Incurring Compliance Costs
Greater Than % of Revenues 2

1 Percent 3 Percent 5 Percent 1 Percent 3 Percent 5 Percent

E-17

PSES1 138 0.06% 0.0 0.0 0.0 1.3 0.4 0.2

PSES2 0.94% 61.2 10.5 3.2 50.0 12.7 6.5

PSES3 0.67% 43.5 3.3 0.5 35.6 7.5 3.9

PSES4 0.70% 45.9 3.4 0.6 37.3 7.8 4.1

Subcategory L

BAT1 15 0.00% 0.0 0.0 0.0 0.0 0.0 0.0

BAT2 0.05% 0.0 0.0 0.0 0.1 0.0 0.0

BAT3 0.48% 3.1 0.1 0.0 2.5 0.4 0.2

BAT4 0.69% 6.0 0.4 0.0 4.0 0.8 0.4

BAT5 13 3 0.75% 5.6 0.3 0.0 4.0 0.8 0.4

PSES1 208 0.18% 2.0 0.0 0.0 8.8 2.4 1.4

PSES2 1.15% 138.9 25.5 5.7 110.1 23.2 11.7

PSES3 0.82% 102.7 9.7 1.7 70.9 14.7 7.7

PSES4 1.05% 128.5 20.4 4.6 97.4 20.3 10.4

Total Excluding 65 Certainty Facilities

BAT1 209 NA 0 0 0 0 0 0

BAT2 NA 2 0 0 2 0 0

BAT3 NA 35 11 7 28 7 4

BAT4 NA 50 13 8 39 10 5

BAT5 101 3 NA 28 2 0 23 5 3

PSES1 715 NA 8 0 0 18 5 3

PSES2 NA 340 92 40 251 63 34

PSES3 NA 269 66 36 188 49 27

PSES4 NA 321 86 43 233 59 32

Compliance costs as a percent of facility income results are presented as the average for each subcategory, discharge type and
model facility size combination, weighted by the number of facilities in each combination.
Number of facilities incurring those impacts is the sum over all facility sizes by subcategory and discharge type.
1 Ratio of pretax annualized compliance cost to revenues; ratio of posttax annualized compliance costs to cash flow.
2 Probability compliance costs exceed specified percentage of income measure multiplied by the number of facilities in the
subcategory size class.
3  Option BAT 5 is only found in Poultry operations.
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earn zero revenues, just as it is unlikely that facilities earn negative revenues.  Any non-cost center with

positive production and sales would presumably earn at least some minimal level of revenues, otherwise it

would not be in business.  However, there is no information available on which to set a benchmark for

minimum revenues in a model facility class.

E.3.2 Closure Impacts Under Alternative Distribution Assumptions

EPA performed a similar sensitivity analysis comparing closure impacts under alternative

distribution assumptions.  One complexity of using the lognormal distribution in the context of the closure

model is that the lognormal distribution cannot be used with negative values of cash flow.  However, unlike

the revenue model used above (where negative revenues do not make analytic sense), negative cash flow is

not only logically possible in this context, it is probable.  

Figure E-4 illustrates how EPA incorporated negative cash flow into the lognormal model for the

evaluation of potential closure impacts.  EPA used the percentage of baseline closures under the normal

distribution as a benchmark.  Then EPA calculated the level of cash flow resulting in the same probability

using the lognormal distribution, and took that as the baseline from which impacts are measured. 

Intuitively, the effect is to shift the lognormal distribution to the left, truncating it at the same probability of

zero cash flow derived from the normal distribution.  This is illustrated in Figure E-4.  Note that this

method probably overestimates the necessary adjustment to the lognormal distribution.  The reason EPA

suspects the distribution of cash flow may be skewed in a model class is precisely because of the high

percentage of baseline closures under the normal distribution.  However, for the purpose of this sensitivity

analysis, this adjustment is acceptable.

Table E-4 presents projected closure impacts under the alternative assumptions concerning the

distribution of cash flow.  As would be anticipated, given the illustration in Figure E-4, projected

incremental closures are higher under the lognormal distribution than under the normal distribution.  Under

the proposed options (BAT 3 for all subcategories except J, for which BAT 2 is proposed), EPA projects

that 4.9 facilities (of 209) would incur compliance costs exceeding cash flow under the lognormal

distribution, compared to 0.7 facilities exceeding that threshold under the normal distribution.  
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Table E-4
Sensitivity Analysis of Closure Impacts by Proposal Subcategory and Option

Lognormal Distribution Analysis Compared to Normal Distribution Analysis CC Upper-Bound Costs

Option
Number of
Facilities

Annualized
Compliance Costs

per Facility 1

Compliance Cost
as a Percentage

of Model Facility 2

Lognormal Distribution Analysis
Standard Analysis (Normal Distribution)

5

Probability
Cash Flow
Less Than

Compliance
Costs 3

Lognormal
Projected

Facility Impacts 4 Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Closures EmploymentPretax Posttax Net Income Cash Flow Closures Employment

Subcategory A through D

BAT1 66 $0 $0 0.00% 0.00% 0.00% 0.0 0 0.00% 0.0 0

BAT2 $139,344 $83,256 0.28% 0.25% 0.28% 0.1 159 0.05% 0.0 0

BAT3 $835,010 $550,223 1.90% 1.66% 1.78% 1.2 1,903 0.34% 0.2 318

BAT4 $1,655,105 $1,095,962 4.11% 3.58% 3.83% 2.5 3,677 0.74% 0.5 794

PSES1 60 $108,802 $71,591 0.57% 0.44% 0.48% 0.2 145 0.09% 0.0 0

PSES2 $2,337,820 $1,521,794 10.35% 8.09% 8.24% 5.0 5,610 1.73% 1.1 1,230

PSES3 $1,485,337 $982,758 7.21% 5.59% 5.83% 3.5 3,747 1.19% 0.6 609

PSES4 $1,861,723 $1,238,299 8.14% 6.39% 6.65% 4.0 4,540 1.36% 0.7 768

Subcategory E through I

BAT1 19 $0 $0 0.00% 0.00% 0.00% 0.0 0 0.00% 0.0 0

BAT2 $19,641 $11,626 0.14% 0.12% 0.13% 0.0 0 0.02% 0.0 0

BAT3 $33,648 $21,782 0.40% 0.33% 0.38% 0.1 10 0.06% 0.0 0

BAT4 $340,790 $224,821 2.91% 2.44% 2.70% 0.5 175 0.46% 0.0 0

PSES1 234 $74,306 $47,519 0.80% 0.67% 0.76% 1.7 487 0.13% 0.3 91

PSES2 $403,679 $262,073 4.53% 3.77% 4.07% 9.4 2,602 0.72% 1.8 495

PSES3 $330,879 $217,257 3.72% 3.09% 3.39% 7.9 2,249 0.59% 1.3 346

PSES4 $435,725 $289,705 5.06% 4.21% 4.54% 10.5 2,911 0.81% 1.9 492

Subcategory J

BAT1 21 $0 $0 0.00% 0.00% 0.00% 0.0 0 0.00% 0.0 0

BAT2 $24,340 $14,458 0.68% 0.56% 0.60% 0.1 8 0.12% 0.0 0

BAT3 $255,876 $168,926 8.03% 6.55% 6.77% 1.4 78 1.45% 0.3 14

BAT4 $278,194 $184,386 8.78% 7.16% 7.37% 1.5 81 1.59% 0.3 14



Table E-4 (cont.)
Sensitivity Analysis of Closure Impacts by Proposal Subcategory and Option

Lognormal Distribution Analysis Compared to Normal Distribution Analysis CC Upper-Bound Costs

Option
Number of
Facilities

Annualized
Compliance Costs

per Facility 1

Compliance Cost
as a Percentage

of Model Facility 2

Lognormal Distribution Analysis
Standard Analysis (Normal Distribution)

5

Probability
Cash Flow
Less Than

Compliance
Costs 3

Lognormal
Projected

Facility Impacts 4 Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Closures EmploymentPretax Posttax Net Income Cash Flow Closures Employment
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PSES1 75 $16,406 $10,429 0.50% 0.41% 0.44% 0.3 14 0.09% 0.0 0

PSES2 $287,088 $186,713 8.78% 7.13% 7.32% 5.5 312 1.58% 1.2 66

PSES3 $344,581 $228,365 10.79% 8.78% 8.91% 6.8 376 1.95% 1.5 81

PSES4 $360,747 $239,901 11.36% 9.25% 9.36% 7.1 392 2.06% 1.6 89

Subcategory K

BAT1 88 $0 $0 0.00% 0.00% 0.00% 0.0 0 0.00% 0.0 0

BAT2 $50,762 $29,922 0.34% 0.27% 0.29% 0.1 38 0.06% 0.0 0

BAT3 $508,959 $335,237 3.98% 3.20% 3.34% 2.9 2,261 0.72% 0.5 265

BAT4 $644,469 $426,657 5.14% 4.13% 4.27% 3.9 2,890 0.93% 0.7 537

BAT5 $695,432 $462,287 5.61% 4.50% 4.65% 4.3 3,236 1.02% 0.9 591

PSES1 138 $72,738 $47,101 0.55% 0.43% 0.46% 0.5 385 0.10% 0.1 38

PSES2 $1,267,800 $824,567 8.71% 6.95% 6.97% 9.6 8,046 1.59% 2.1 1,653

PSES3 $892,461 $590,677 6.53% 5.18% 6.66% 7.4 5,963 1.51% 1.5 1,035

PSES4 $916,136 $608,171 6.80% 5.40% 5.52% 7.7 6,174 1.23% 1.7 1,208

Subcategory L

BAT1 15 $0 $0 0.00% 0.00% 0.00% 0.0 0 0.00% 0.0 0

BAT2 $18,678 $11,203 0.39% 0.32% 0.35% 0.0 0 0.07% 0.0 0

BAT3 $182,548 $119,997 4.23% 3.54% 3.73% 0.6 124 0.77% 0.1 16

BAT4 $267,851 $177,456 6.04% 5.04% 5.27% 0.8 153 1.10% 0.1 16

BAT5 13 6 $274,471 $182,451 6.71% 5.61% 5.80% 0.8 151 1.24% 0.1 16

PSES1 208 $67,967 $43,876 1.50% 1.26% 1.36% 2.8 472 0.27% 0.6 93

PSES2 $469,256 $304,357 9.63% 8.06% 8.22% 17.1 3,543 1.75% 3.6 751



Table E-4 (cont.)
Sensitivity Analysis of Closure Impacts by Proposal Subcategory and Option

Lognormal Distribution Analysis Compared to Normal Distribution Analysis CC Upper-Bound Costs

Option
Number of
Facilities

Annualized
Compliance Costs

per Facility 1

Compliance Cost
as a Percentage

of Model Facility 2

Lognormal Distribution Analysis
Standard Analysis (Normal Distribution)

5

Probability
Cash Flow
Less Than

Compliance
Costs 3

Lognormal
Projected

Facility Impacts 4 Probability
Cash Flow
Less Than

Compliance
Costs 3

Projected
Facility Impacts 4

Closures EmploymentPretax Posttax Net Income Cash Flow Closures Employment
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PSES3 $332,199 $219,332 7.00% 5.87% 6.10% 12.6 2,548 1.27% 2.6 462

PSES4 $419,271 $279,769 8.96% 7.51% 7.70% 16.0 3,229 1.62% 3.3 583

Total Excluding 65 Certainty Facilities

BAT1 209 $0 $0 NA NA NA 0.0 0 NA 0.0 0

BAT2 $252,766 $150,465 NA NA NA 0.3 205 NA 0.0 0

BAT3 $1,816,041 $1,196,164 NA NA NA 6.2 4,376 NA 1.1 613

BAT4 $3,186,409 $2,109,281 NA NA NA 9.2 6,976 NA 1.6 1,361

BAT5 101 6 $969,904 $644,739 NA NA NA 5.1 3,387 NA 1.0 607

PSES1 715 $340,219 $220,517 NA NA NA 5.5 1,503 NA 1.0 222

PSES2 $4,765,643 $3,099,503 NA NA NA 46.6 20,113 NA 9.8 4,195

PSES3 $3,385,456 $2,238,389 NA NA NA 38.2 14,883 NA 7.5 2,533

PSES4 $3,993,603 $2,655,845 NA NA NA 45.3 17,246 NA 9.2 3,140

All impacts presented in this table are sum of the average of results for each subcategory, discharge type and model facility size combination, weighted by the number of
facilities in each combination.
1 Total annualized compliance costs for subcategory and discharge class divided by number of facilities in that class.
2  Ratio of posttax annualized compliance costs to net income.
3 Probability net income or cash flow less than posttax annualized compliance costs minus probability net income or cash flow less than zero.
4 Closures: probability cash flow less than annualized compliance costs multiplied by the number of facilities in the subcategory.  Employment: employees per model facility
multiplied by the number of projected closures.
5 Standard Analysis Results are the same as those found in Chapter 5, Table 5-6.
6 Option BAT 5 is only found in Poultry operations.
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Table F-11
Summary of Pollutant Removal Cost Estimates and Benchmarks 

Type of
Pollutant

Low
Estimate

High
Estimate Treatment

Type
Literature

Sources($ per pound removed)

Total
Nitrogen
(TN)

($0.79) $5.92 WWTPs Randall et al (1999)

-- $3.64 WWTPs Wiedeman (2000)

$0.91 $9.53 Aerobic Lagoon Tippett and Dodd (1995)

Total
Phosphorus
(TP)

$9.64 $165.00 Ag.(low) to municipal NEWWT 1994

$270.34 $1,179.35 Large Point Source LCBP (1995)

$2.72 $135.17 Aerobic Lagoon Tippett and Dodd (1995)

WWTPs = Waste Water Treatment Plants; POTWs = Publicly owned treatment works.
Full citations are provided in references.  Timeframe of dollar values shown vary by source (shown below). 
Notes summarize timeframe of analysis, study assumptions (where available), and range of sources/treatment.
Randall (2000):  1995-1998; 6% interest and 20-year capital renewal; BNR retrofits at WWTP only.
NEWWT (1994): 5% interest and 20-year capital renewal; low bound is agricultural BMPs and higher bound is
municipal treatment facilities.
McCarthy, et. al. (1996): No discount rate was applied and annual cost equals total lifetime costs adjusted by
design life (varies by practice); study also examined agricultural land application (both with varying increasing
over-application of land applied manure under pre-existing conditions).  Cost-effectiveness values that assume
direct discharge of animal wastes are not shown.
LCBP (2000): 1995: No discount rate was applied and annual cost equals total lifetime costs adjusted by design
life (varies by practice); study also examined agricultural BMPs.  



     6 The costs per pound of additional nitrogen removed were flow-weighted to determine the average for each state
and for all plants evaluated.

     7 For conventional plug-flow activated sludge configurations, all that is required for phosphorous removal is the
installation of relatively low-cost baffles and mixers; for oxidation ditches, the addition of an anaerobic reactor separate
from the ditch is needed (Randall, 2000).
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pollutant removed, spanning both point source and nonpoint sources, as well as a range of municipal,

urban, and agricultural practices.  Annualized costs also vary widely depending on a variety of factors,

including the type of treatment system or practice evaluated, and whether the costs are evaluated as a

retrofit to an existing operation or as construction of a new facility. 

Researchers at Virginia Tech compiled a series of case studies that evaluated total costs for

biological nutrient removal (BNR) retrofits at WWTPs throughout the Chesapeake Bay Watershed

(Randall et al., 1999).  These case studies estimated a range of costs per pound of nitrogen removed at

these facilities.  This research was commissioned by EPA’s Chesapeake Bay Program and was conducted

with the assistance of the Maryland Department of the Environment and the Public Utilities Division of

Anne Arundel County.  As part of this work, the researchers estimate BNR retrofit costs for 51 WWTPs

located in Maryland, Pennsylvania, Virginia, and New York.  The final report in this series compares these

costs to the projected change in effluent total nitrogen concentrations, assuming that the influent flow meets

the design or projected flow after 20 years (Randall, et al., 1999).  

As shown in Table F-11, this study concludes that the costs of nitrogen removal are very plant-

specific and the costs per pound of addition nitrogen removal ranged from a projected savings of $0.79 per

pound to a cost of 5.92 per pound (Randall et al., 1999).6  The range of these estimates is comparatively

narrow given that the study examines a single retrofit category across similar facilities.  This study assumes

a 20-year capital renewal period and interest and inflation rates of 6 and 3 percent, respectively (Randall,

2000).  The primary emphasis in this study is nitrogen, since the cost to upgrade for phosphorus removal is

both configuration- and site-specific (Randall, 2000).7  Based on this analysis and other data from the

Maryland Department of the Environment, EPA’s Chesapeake Bay Program Office derived a cost

effectiveness value for BNR of $3.64 per pound of nitrogen removed (Wiedeman, 1998). 



     8 No nitrogen is removed under option 2.  The technology for option 2 includes nitrification but not denitrification.
Therefore nitrogen is not removed from the wastewater but is instead converted to nitrate/nitrite (see Development
Document, U.S. EPA, 2002).
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A number of other studies have assessed the cost effectiveness of various state-level programs to

reduce nutrients in Wisconsin (NEWWT, 1994) and Vermont (LCBP, 2000).  In Wisconsin, a series of

studies compared the cost effectiveness of point and nonpoint source controls across 41 subwatersheds in

the Fox-Wolf watershed in Wisconsin (NEWWT, 1994).  These studies estimated the cost of reducing

phosphorus and suspended solids (TSS) loads from municipal treatment facilities and agricultural sources. 

Baseline projections were compared to necessary reductions to meet future water quality objectives (as

mandated by that State’s current regulations).  Phosphorus removal costs for rural sources are estimated to

be $9.64 per pound, while municipal treatment facilities have an estimated average annual cost of $165 per

pound of phosphorus removed (NEWWT, 1994).  

The Lake Champlain Basin Program (LCBP) conducted a similar study to evaluate costs to meet

Vermont’s water quality goals.  This study estimated phosphorus removal costs ranging from $270 to more

than $1,000 per pound at a large municipal facility, compared to $440 to $544 per pound of phosphorus

removed using agricultural BMPs (LCBP, 2000).  In addition, researchers at Virginia Tech who estimated

removal costs for nitrogen at WWTPs conclude that it will cost about the same to remove a pound of

phosphorus as it costs to remove a pound of nitrogen, if removing only one nutrient.  If the facility is

upgraded to remove both nitrogen and phosphorus, the cost typically will be only slightly more than the

cost to remove nitrogen alone (Randall, 2000).

F.4.2 Results of Nutrient Cost-Effective Analysis

Tables F-12 and F-13 present the cost per pound of total nitrogen removals by subcategory and

option.8  For direct dischargers, the average cost per pound of nitrogen removed ranges from $0.34 under

BAT 3 in Subcategory E through I, to more than $15 (upper-bound costs) under BAT 3 in Subcategory J

(Table F-12).  For indirect dischargers, the average cost per pound of nitrogen removed ranges from $0.16

under PSES 1 in Subcategory J, to about $40 (upper-bound costs) under PSES 4 in Subcategory E through I
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Table F-12
Average Cost Effectiveness of Proposed Pollutant Control Options–Total Nitrogen 

Upper-Bound and Retrofit Costs for Nonsmall Direct Dischargers

Regulatory
Option

Pretax Annualized Cost 
(Millions of $1999)

Total Pounds
Removed

Average Cost Effectiveness
($1999/Pounds)

Upper-Bound Retrofit Upper-Bound Retrofit

Subcategory A through D

BAT 2 $9.93 NA 0 Undefined NA

BAT 3 $59.52 $42.25 38,192,320 $1.56 $1.11

BAT 4 $117.98 $73.53 40,290,551 $2.93 $1.82

Subcategory E through I

BAT 2 $0.40 NA 0 Undefined NA

BAT 3 $0.69 $0.54 2,010,906 $0.34 $0.27

BAT 4 $7.01 $3.53 2,023,173 $3.47 $1.74

Subcategory J

BAT 2 $0.55 NA 0 Undefined NA

BAT 3 $5.80 $4.28 378,836 $15.32 $11.30

BAT 4 $6.31 $4.98 433,771 $14.55 $11.48



Table F-12 (cont.)
Average Cost Effectiveness of Proposed Pollutant Control Options–Total Nitrogen 

Upper-Bound and Retrofit Costs for Nonsmall Direct Dischargers

Regulatory
Option

Pretax Annualized Cost 
(Millions of $1999)

Total Pounds
Removed

Average Cost Effectiveness
($1999/Pounds)

Upper-Bound Retrofit Upper-Bound Retrofit
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Subcategory K

BAT 2 $4.82 NA 0 Undefined NA

BAT 3 $48.37 $34.46 7,320,643 $6.61 $4.71

BAT 4 $61.25 $44.21 8,101,809 $7.56 $5.46

BAT 5 $66.09 NA 8,032,409 $8.23 NA

Subcategory L

BAT 2 $0.30 NA 0 Undefined NA

BAT 3 $2.95 $2.18 307,076 $9.60 $7.11

BAT 4 $4.32 $3.03 318,194 $13.59 $9.54

BAT 5 $3.85 NA 321,809 $11.97 NA
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Table F-13
Average Cost Effectiveness of Proposed Pollutant Control Options–Nitrogen 

Upper-Bound and Retrofit Costs for Nonsmall Indirect Dischargers

Regulatory
Option

Pretax Annualized Cost 
(Millions of $1999)

Total Pounds
Removed

Average Cost Effectiveness
($1999/Pounds)

Upper-Bound Retrofit Upper-Bound Retrofit

Subcategory A through D

PSES 1 $7.05 NA 0 Undefined NA

PSES 2 $151.49 NA 0 Undefined NA

PSES 3 $96.25 $86.42 31,518,545 $3.05 $2.74

PSES 4 $120.64 $105.86 32,896,309 $3.67 $3.22

Subcategory E through I

PSES 1 $18.79 NA 1,309,195 $14.35 NA

PSES 2 $102.09 NA 0 Undefined NA

PSES 3 $83.68 $83.25 2,736,823 $30.58 $30.42

PSES 4 $110.20 $109.82 2,811,178 $39.20 $39.07

Subcategory J

PSES 1 $1.33 NA 8,114,088 $0.16 NA

PSES 2 $23.25 NA 0 Undefined NA

PSES 3 $27.91 $23.09 10,023,243 $2.78 $2.30

PSES 4 $29.22 $24.78 10,216,804 $2.86 $2.43



Table F-13 (cont.)
Average Cost Effectiveness of Proposed Pollutant Control Options–Nitrogen 

Upper-Bound and Retrofit Costs for Nonsmall Indirect Dischargers

Regulatory
Option

Pretax Annualized Cost 
(Millions of $1999)

Total Pounds
Removed

Average Cost Effectiveness
($1999/Pounds)

Upper-Bound Retrofit Upper-Bound Retrofit
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Subcategory K

PSES 1 $10.84 NA 3,849,894 $2.82 NA

PSES 2 $188.95 NA 0 Undefined NA

PSES 3 $133.01 $126.00 15,404,773 $8.63 $8.18

PSES 4 $136.54 $131.39 16,422,369 $8.31 $8.00

Subcategory L

PSES 1 $15.26 NA 1,983,785 $7.69 NA

PSES 2 $105.33 NA 0 Undefined NA

PSES 3 $74.56 $74.25 3,799,359 $19.63 $19.54

PSES 4 $94.11 $93.89 4,078,127 $23.08 $23.02
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(Table F-13).  The cost per pound of nitrogen removed is generally much lower for direct dischargers than

indirect dischargers.

Under the proposed options (BAT 3 for all subcategories except J, for which BAT 2 was selected),

cost per pound of nitrogen removed ranges from $6.60 to almost $10 (upper-bound costs) in subcategories

K and L ($5 to $7 for retrofit costs).  In subcategories A through D, and E through I, the cost is less than

$1.56 per pound.  No nitrogen is removed under the proposed option for Subcategory J.

Tables F-14 and F-15 present the cost per pound of total phosphorus removals by subcategory and

option.  For direct dischargers, the average cost of phosphorus removals ranges from $5 per pound under

BAT 1 in Subcategory A through D, to $311 per pound (upper-bound costs) under BAT 5 in Subcategory

L (Table F-14).  For indirect dischargers, the average cost per pound of phosphorus removed ranges from

about $7 under PSES 1 in Subcategory K, to $180 (upper-bound costs) under PSES 4 in Subcategory J

(Table F-15).  For all options except 3 and 4 in subcategories K and L, the cost per pound of phosphorus

removed is lower for direct dischargers than indirect dischargers.

Under the proposed options (BAT 3 for all subcategories except J, for which BAT 2 was selected),

the cost of phosphorus removals is the highest for Subcategory L ($225 per pound, upper-bound costs;

$167 per pound retrofit costs) and Subcategory K ($46 per pound, upper-bound costs; $33 per pound

retrofit costs).  In subcategories A through D, E through I, and J, the costs are less than $13 per pound

(upper-bound costs) and $9 per pound (retrofit costs).

Tables F-16 and F-17 present the cost per pound of total nutrient removals by subcategory and

option.  In all subcategories, the cost per pound of nutrients removed is lower for direct dischargers than

for indirect dischargers, often substantially lower.  Among direct dischargers the cost of total nutrient

removals is less than $1.50 per pound in Subcategory A through D and E through I, and less than $7.00

per pound for Subcategory J under the proposed options.  The highest cost per pound under the proposed

options is found in Subcategory L, and that does not exceed $10; for Subcategory K, the cost is less than

$6 per pound of nutrients removed.
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Table F-14
Average Cost Effectiveness of Proposed Pollutant Control Options–Phosphorus 

Upper-Bound and Retrofit Costs for Nonsmall Direct Dischargers

Regulatory
Option

Pretax Annualized Cost
(Millions of $1999)

Total Pounds
Removed

Average Cost Effectiveness
($1999/Pounds)

Upper-Bound Retrofit Upper-Bound Retrofit

Subcategory A through D

BAT 2 $9.93 NA 1,972,012 $5 NA

BAT 3 $59.52 $42.25 4,626,000 $13 $9

BAT 4 $117.98 $73.53 4,626,000 $26 $16

Subcategory E through I

BAT 2 $0.40 $9.93 35,700 $11 NA

BAT 3 $0.69 $0.54 104,733 $7 $5

BAT 4 $7.01 $3.53 97,026 $72 $36

Subcategory J

BAT 2 $0.55 $9.93 86,772 $6 NA

BAT 3 $5.80 $4.28 103,388 $56 $41

BAT 4 $6.31 $4.98 97,425 $65 $51



Table F-14 (cont.)
Average Cost Effectiveness of Proposed Pollutant Control Options–Phosphorus 

Upper-Bound and Retrofit Costs for Nonsmall Direct Dischargers

Regulatory
Option

Pretax Annualized Cost
(Millions of $1999)

Total Pounds
Removed

Average Cost Effectiveness
($1999/Pounds)

Upper-Bound Retrofit Upper-Bound Retrofit
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Subcategory K

BAT 2 $4.82 $9.93 809,833 $6 NA

BAT 3 $48.37 $34.46 1,051,184 $46 $33

BAT 4 $61.25 $44.21 768,582 $80 $58

BAT 5 $66.09 $9.93 823,669 $80 NA

Subcategory L

BAT 2 $0.30 $9.93 0 Undefined NA

BAT 3 $2.95 $2.18 13,084 $225 $167

BAT 4 $4.32 $3.03 0 Undefined Undefined

BAT 5 $3.85 $9.93 12,378 $311 NA
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Table F-15
Average Cost Effectiveness of Proposed Pollutant Control Options–Phosphorus 

Upper-Bound and Retrofit Costs for Nonsmall Indirect Dischargers

Regulatory
Option

Pretax Annualized Cost 
(Millions of $1999)

Total Pounds
Removed

Average Cost Effectiveness
($1999/Pounds)

Upper-Bound Retrofit Upper-Bound Retrofit

Subcategory A through D

PSES 1 $7.05 NA 907,327 $8 NA

PSES 2 $151.49 NA 1,573,317 $96 NA

PSES 3 $96.25 $86.42 2,319,250 $42 $37

PSES 4 $120.64 $105.86 2,319,250 $52 $46

Subcategory E through I

PSES 1 $18.79 NA 688,445 $27 NA

PSES 2 $102.09 NA 1,510,007 $68 NA

PSES 3 $83.68 $83.25 1,879,812 $45 $44

PSES 4 $110.20 $109.82 1,792,178 $61 $61

Subcategory J

PSES 1 $1.33 NA 119,777 $11 NA

PSES 2 $23.25 NA 146,708 $159 NA

PSES 3 $27.91 $23.09 171,643 $163 $135

PSES 4 $29.22 $24.78 162,694 $180 $152



Table F-15 (cont.)
Average Cost Effectiveness of Proposed Pollutant Control Options–Phosphorus 

Upper-Bound and Retrofit Costs for Nonsmall Indirect Dischargers

Regulatory
Option

Pretax Annualized Cost 
(Millions of $1999)

Total Pounds
Removed

Average Cost Effectiveness
($1999/Pounds)

Upper-Bound Retrofit Upper-Bound Retrofit
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Subcategory K

PSES 1 $10.84 NA 1,618,298 $7 NA

PSES 2 $188.95 NA 2,827,350 $67 NA

PSES 3 $133.01 $126.00 3,000,203 $44 $42

PSES 4 $136.54 $131.39 2,794,972 $49 $47

Subcategory L

PSES 1 $15.26 NA 731,671 $21 NA

PSES 2 $105.33 NA 1,893,734 $56 NA

PSES 3 $74.56 $74.25 2,112,594 $35 $35

PSES 4 $94.11 $93.89 1,858,473 $51 $51
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Table F-16
Cost Effectiveness of Proposed Pollutant Control Options–Total Nutrients 

Upper-Bound and Retrofit Costs for Nonsmall Direct Dischargers

Option

Pretax Annualized Cost 
(Millions of $1999)

Total Pounds
Removed

Average Cost Effectiveness
($1999/Pounds)

Upper-Bound Costs Retrofit Costs Upper-Bound Retrofit

Subcategory A through D

BAT 2 $9.93 NA 1,972,012 $5.0 NA

BAT 3 $59.52 $42.25 42,818,320 $1.4 $1.0

BAT 4 $117.98 $73.53 44,916,551 $2.6 $1.6

Subcategory E through I

BAT 2 $0.40 NA 35,700 $11.3 NA

BAT 3 $0.69 $0.54 2,115,639 $0.3 $0.3

BAT 4 $7.01 $3.53 2,120,199 $3.3 $1.7

Subcategory J

BAT 2 $0.55 NA 86,772 $6.4 NA

BAT 3 $5.80 $4.28 482,224 $12.0 $8.9

BAT 4 $6.31 $4.98 531,196 $11.9 $9.4



Table F-16 (cont.)
Cost Effectiveness of Proposed Pollutant Control Options–Nutrients 

Upper-Bound and Retrofit Costs for Nonsmall Direct Dischargers

Option

Pretax Annualized Cost 
(Millions of $1999)

Total Pounds
Removed

Average Cost Effectiveness
($1999/Pounds)

Upper-Bound Costs Retrofit Costs Upper-Bound Retrofit
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Subcategory K

BAT 2 $4.82 NA 809,883 $6.0 NA

BAT 3 $48.37 $34.46 8,371,827 $5.8 $4.1

BAT 4 $61.25 $44.21 8,870,390 $6.9 $5.0

BAT 5 $66.09 NA 8,856,078 $7.5 NA

Subcategory L

BAT 2 $0.30 NA 0 Undefined NA

BAT 3 $2.95 $2.18 320,160 $9.2 $6.8

BAT 4 $4.32 $3.03 318,194 $13.6 $9.5

BAT 5 $3.85 NA 334,187 $11.5 NA
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Table F-17
Average Cost Effectiveness of Proposed Pollutant Control Options–Total Nutrients 

Upper-Bound and Retrofit Costs for Nonsmall Indirect Dischargers

Regulatory
Option

Pretax Annualized Cost
(Millions of $1999)

Total Pounds
Removed

Average Cost-Effectiveness 
($1999/Pounds)

Upper-Bound Retrofit Upper-Bound Retrofit

Subcategory A through D

PSES1 $7.05 NA 907,327 $7.77 NA

PSES2 $151.49 NA 1,573,317 $96.29 NA

PSES3 $96.25 $86.42 33,837,795 $2.84 $2.55

PSES4 $120.64 $105.86 35,215,559 $3.43 $3.01

Subcategory E through I

PSES1 $18.79 NA 1,997,640 $9.41 NA

PSES2 $102.09 NA 1,510,007 $67.61 NA

PSES3 $83.68 $83.25 4,616,635 $18.13 $18.03

PSES4 $110.20 $109.82 4,603,357 $23.94 $23.86

Subcategory J

PSES1 $1.33 NA 8,233,864 $0.16 NA

PSES2 $23.25 NA 146,708 $158.51 NA

PSES3 $27.91 $23.09 10,194,886 $2.74 $2.26

PSES4 $29.22 $24.78 10,379,498 $2.82 $2.39



Table F-17 (cont.)
Average Cost Effectiveness of Proposed Pollutant Control Options– Total Nutrients 

Upper-Bound and Retrofit Costs for Nonsmall Indirect Dischargers

Regulatory
Option

Pretax Annualized Cost
(Millions of $1999)

Total Pounds
Removed

Average Cost-Effectiveness 
($1999/Pounds)

Upper-Bound Retrofit Upper-Bound Retrofit
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Subcategory K

PSES1 $10.84 NA 5,468,191 $1.98 NA

PSES2 $188.95 NA 2,827,350 $66.83 NA

PSES3 $133.01 $126.00 18,404,976 $7.23 $6.85

PSES4 $136.54 $131.39 19,217,341 $7.11 $6.84

Subcategory L

PSES1 $15.26 NA 2,715,456 $5.62 NA

PSES2 $105.33 NA 1,893,734 $55.62 NA

PSES3 $74.56 $74.25 5,911,953 $12.61 $12.56

PSES4 $94.11 $93.89 5,936,600 $15.85 $15.82
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F.5 SUPPLEMENTAL TABLES

Supplement 1 presents tables containing baseline loads for each subcategory and discharge type. 

Supplement 2 provides tables detailing estimated pollutant removals for both small and non-small facilities

in all subcategories.  All supplementary tables present loads or removals in both pounds and pounds

equivalent. 
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Supplement 1 - Table 1
Baseline Loads for Direct Dischargers: Subcategory A through D

BASELINE POLLUTANT LOADS

Pollutants Pounds/Year TWF Pounds Equivalent/Year

All Sizes
Toxics
Ammonia as Nitrogen 724,387 1.8E-003 1,326
Carbaryl 242 2.8E+002 67,772
Nitrate/Nitrite 41,401,062 6.2E-005 2,567
Barium 0 2.0E-003 0
Copper 1,703 6.3E-001 1,068
Chromium 26,827 7.6E-002 2,031
Cis-permethrin 2,190 4.5E+000 9,941
Manganese 16,569 7.0E-002 1,166
Molybdenum 1,250 2.0E-001 251
Nickel 3,206 1.1E-001 349
Titanium 367 2.9E-002 11
Trans-permethrin 2,190 4.5E+000 9,941
Vanadium 1,157 6.2E-001 720
Zinc 12,334 4.7E-002 576

Total 42,193,484 97,720

Non Conventionals
COD 16,342,420
HEM 14,168,808
Nitrate/Nitrite 41,401,062
Total Nitrogen 42,161,727

Conventionals
BOD 7,553,876
HEM 14,168,808
TSS 7,974,403

Total 29,697,086

Nutrients
Total Phosphorus 6,024,161
Total Nitrogen 43,021,543

Total 49,045,705

Pathogens
Fecal Coliform 124,309,090

For the purpose of this analysis, Total Nitogen as a nutrient is equal to TKN plus
Nitrate/Nitrite

Supplement F 1 - 1



Supplement 1 - Table 2
Baseline Loads for Direct Dischargers: Subcategory E through I

BASELINE POLLUTANT LOADS

Pollutants Pounds/Year TWF Pounds Equivalent/Year

All Sizes
Toxics
Ammonia as Nitrogen 9,369 1.8E-003 17
Carbaryl 7 2.8E+002 1,876
Nitrate/Nitrite 1,998,924 6.2E-005 124
Barium 163 2.0E-003 0
Copper 65 6.3E-001 41
Chromium 20 7.6E-002 2
Cis-permethrin 58 4.5E+000 262
Manganese 220 7.0E-002 16
Molybdenum 53 2.0E-001 11
Nickel 51 1.1E-001 6
Titanium 10 2.9E-002 0
Trans-permethrin 58 4.5E+000 262
Vanadium 51 6.2E-001 31
Zinc 387 4.7E-002 18

Total 2,009,435 2,665

Non Conventionals
COD 488,921
HEM 324,642
Nitrate/Nitrite 1,998,924
Total Nitrogen 2,053,680

Conventionals
BOD 123,106
HEM 324,642
TSS 203,611

Total 651,359

Nutrients
Total Phosphorus 166,188
Total Nitrogen 2,042,200

Total 2,208,388

Pathogens
Fecal Coliform 378,797,092

For the purpose of this analysis, Total Nitogen as a nutrient is equal to TKN plus
Nitrate/Nitrite

Supplement F 1 - 2



Supplement 1 - Table 3
Baseline Loads for Direct Dischargers: Subcategory J

BASELINE POLLUTANT LOADS

Pollutants Pounds/Year TWF Pounds Equivalent/Year

All Sizes
Toxics
Ammonia as Nitrogen 29,145 1.8E-003 53
Carbaryl 7 2.8E+002 1,847
Nitrate/Nitrite 264,537 6.2E-005 16
Barium 93 2.0E-003 0
Copper 57 6.3E-001 36
Chromium 23 7.6E-002 2
Cis-permethrin 26 4.5E+000 120
Manganese 361 7.0E-002 25
Molybdenum 29 2.0E-001 6
Nickel 80 1.1E-001 9
Titanium 63 2.9E-002 2
Trans-permethrin 26 4.5E+000 120
Vanadium 197 6.2E-001 122
Zinc 576 4.7E-002 27

Total 295,220 2,385

Non Conventionals
COD 25,990,807
HEM 1,022,222
Nitrate/Nitrite 264,537
Total Nitrogen 623,473

Conventionals
BOD 2,569,503
HEM 1,022,222
TSS 5,838,573

Total 9,430,299

Nutrients
Total Phosphorus 157,897
Total Nitrogen 982,283

Total 1,140,180

Pathogens
Fecal Coliform 4,876,874

For the purpose of this analysis, Total Nitogen as a nutrient is equal to TKN plus
Nitrate/Nitrite

Supplement F 1 - 3



Supplement 1 - Table 4
Baseline Loads for Direct Dischargers: Subcategory K

BASELINE POLLUTANT LOADS

Pollutants Pounds/Year TWF Pounds Equivalent/Year

All Sizes
Toxics
Ammonia as Nitrogen 238,604 1.8E-003 437
Carbaryl 219 2.8E+002 61,406
Nitrate/Nitrite 8,023,613 6.2E-005 497
Barium 1,223 2.0E-003 2
Copper 3,743 6.3E-001 2,347
Chromium 0 7.6E-002 0
Cis-permethrin 0 4.5E+000 0
Manganese 3,694 7.0E-002 260
Molybdenum 0 2.0E-001 0
Nickel 555 1.1E-001 60
Titanium 0 2.9E-002 0
Trans-permethrin 0 4.5E+000 0
Vanadium 0 6.2E-001 0
Zinc 18,878 4.7E-002 882

Total 8,290,530 65,891

Non Conventionals
COD 9,086,617
HEM 4,872,994
Nitrate/Nitrite 8,023,613
Total Nitrogen 8,772,184

Conventionals
BOD 1,455,162
HEM 4,872,994
TSS 3,125,990

Total 9,454,146

Nutrients
Total Phosphorus 1,187,956
Total Nitrogen 8,524,631

Total 9,712,587

Pathogens
Fecal Coliform 33,079,247,148

For the purpose of this analysis, Total Nitogen as a nutrient is equal to TKN plus
Nitrate/Nitrite

Supplement F 1 - 4



Supplement 1 - Table 5
Baseline Loads for Direct Dischargers: Subcategory L

BASELINE POLLUTANT LOADS

Pollutants Pounds/Year TWF Pounds Equivalent/Year

All Sizes
Toxics
Ammonia as Nitrogen 4,814 1.8E-003 9
Carbaryl 1 2.8E+002 297
Nitrate/Nitrite 296,136 6.2E-005 18
Barium 121 2.0E-003 0
Copper 87 6.3E-001 55
Chromium 5 7.6E-002 0
Cis-permethrin 0 4.5E+000 0
Manganese 58 7.0E-002 4
Molybdenum 6 2.0E-001 1
Nickel 12 1.1E-001 1
Titanium 1 2.9E-002 0
Trans-permethrin 0 4.5E+000 0
Vanadium 8 6.2E-001 5
Zinc 452 4.7E-002 21

Total 301,702 413

Non Conventionals
COD 310,025
HEM 204,682
Nitrate/Nitrite 296,136
Total Nitrogen 369,624

Conventionals
BOD 40,559
HEM 204,682
TSS 82,197

Total 327,438

Nutrients
Total Phosphorus 35,853
Total Nitrogen 310,294

Total 346,147

Pathogens
Fecal Coliform 1,574,092,398

For the purpose of this analysis, Total Nitogen as a nutrient is equal to TKN plus
Nitrate/Nitrite

Supplement F 1 - 5



Supplement 1 - Table 6
Baseline Loads for Indirect Dischargers: Subcategory A through D

BASELINE POLLUTANT LOADS

POTW
Removal

Pollutants Pounds/Year TWF Factor Pounds Equivalent/Year

All Sizes
Toxics
Ammonia as Nitrogen 36,095,938 1.8E-003 6.1E-001 66,056
Carbaryl 852 2.8E+002 7.0E-001 238,621
Nitrate/Nitrite 167,662 6.2E-005 1.0E-001 10
Barium 0 2.0E-003 8.4E-001 0
Copper 1,499 6.3E-001 1.6E-001 940
Chromium 1,182 7.6E-002 2.0E-001 89
Cis-permethrin 370 4.5E+000 5.0E-001 1,680
Manganese 67,191 7.0E-002 6.4E-001 4,730
Molybdenum 1,728 2.0E-001 8.1E-001 347
Nickel 1,038 1.1E-001 4.9E-001 113
Titanium 52 2.9E-002 8.2E-002 2
Trans-permethrin 365 4.5E+000 5.0E-001 1,658
Vanadium 302 6.2E-001 9.0E-001 188
Zinc 8,327 4.7E-002 2.1E-001 389

Total 36,346,507 314,824

Non conventional
COD 54,891,450 NA 1.9E-001

Conventionals
BOD 12,609,509 NA 1.1E-001
HEM 1,814,822 NA 1.4E-001
TSS 6,588,443 NA 1.0E-001

Total 21,012,774

Nutrients
Total Phosphorus 2,736,275 NA 4.3E-001
Total Nitrogen 14,134,388 NA 4.3E-001 POTW Removal Factor for TKN

1.0E-001 POTW Removal Factor for Nitrate/Nitrite
Total 16,870,663

Pathogens
Fecal Coliform 3,426,583,069 NA 4.0E-003

Baseline loads in Pounds/Year have been adjusted by the POTW factor.
For the purpose of this analysis, Total Nitogen as a nutrient is equal to TKN plus Nitrate/Nitrite

Supplement F 1 - 6



Supplement 1 - Table 7
Baseline Loads for Indirect Dischargers: Subcategory E through I

BASELINE POLLUTANT LOADS

POTW
Removal

Pollutants Pounds/Year TWF Factor Pounds Equivalent/Year

All Sizes
Toxics
Ammonia as Nitrogen 2,905,087 1.8E-003 6.1E-001 5,316
Carbaryl 260 2.8E+002 7.0E-001 72,847
Nitrate/Nitrite 39,825 6.2E-005 1.0E-001 2
Barium 2,269 2.0E-003 8.4E-001 5
Copper 904 6.3E-001 1.6E-001 567
Chromium 305 7.6E-002 2.0E-001 23
Cis-permethrin 153 4.5E+000 5.0E-001 693
Manganese 3,453 7.0E-002 6.4E-001 243
Molybdenum 1,038 2.0E-001 8.1E-001 209
Nickel 609 1.1E-001 4.9E-001 66
Titanium 28 2.9E-002 8.2E-002 1
Trans-permethrin 85 4.5E+000 5.0E-001 385
Vanadium 147 6.2E-001 9.0E-001 91
Zinc 3,605 4.7E-002 2.1E-001 168

Total 2,957,767 80,617

Non conventional
COD 28,993,490 NA 1.9E-001

Conventionals
BOD 12,540,877 NA 1.1E-001
HEM 919,126 NA 1.4E-001
TSS 3,178,872 NA 1.0E-001

Total 16,638,874

Nutrients
Total Phosphorus 2,202,891 NA 4.3E-001
Total Nitrogen 1,233,541 NA 4.3E-001 POTW Removal Factor for TKN

1.0E-001 POTW Removal Factor for Nitrate/Nitrite
Total 3,436,431

Pathogens
Fecal Coliform 1,176,873,655 NA 4.0E-003

Baseline loads in Pounds/Year have been adjusted by the POTW factor.
For the purpose of this analysis, Total Nitogen as a nutrient is equal to TKN plus Nitrate/Nitrite

Supplement F 1 - 7



Supplement 1 - Table 8
Baseline Loads for Indirect Dischargers: Subcategory J

BASELINE POLLUTANT LOADS

POTW
Removal

Pollutants Pounds/Year TWF Factor Pounds Equivalent/Year

All Sizes
Toxics
Ammonia as Nitrogen 1,050,364 1.8E-003 6.1E-001 1,922
Carbaryl 47 2.8E+002 7.0E-001 13,192
Nitrate/Nitrite 32,168 6.2E-005 1.0E-001 2
Barium 0 2.0E-003 8.4E-001 0
Copper 89 6.3E-001 1.6E-001 56
Chromium 66 7.6E-002 2.0E-001 5
Cis-permethrin 45 4.5E+000 5.0E-001 202
Manganese 1,950 7.0E-002 6.4E-001 137
Molybdenum 115 2.0E-001 8.1E-001 23
Nickel 46 1.1E-001 4.9E-001 5
Titanium 15 2.9E-002 8.2E-002 0
Trans-permethrin 44 4.5E+000 5.0E-001 200
Vanadium 423 6.2E-001 9.0E-001 263
Zinc 659 4.7E-002 2.1E-001 31

Total 1,086,031 16,039

Non conventional
COD 11,617,728 NA 1.9E-001

Conventionals
BOD 3,365,974 NA 1.1E-001
HEM 435,945 NA 1.4E-001
TSS 1,410,766 NA 1.0E-001

Total 5,212,685

Nutrients
Total Phosphorus 300,419 NA 4.3E-001
Total Nitrogen 13,664,016 NA 4.3E-001 POTW Removal Factor for TKN

1.0E-001 POTW Removal Factor for Nitrate/Nitrite
Total 13,964,436

Pathogens
Fecal Coliform 267,187,601 NA 4.0E-003

Baseline loads in Pounds/Year have been adjusted by the POTW factor.
For the purpose of this analysis, Total Nitogen as a nutrient is equal to TKN plus Nitrate/Nitrite

Supplement F 1 - 8



Supplement 1 - Table 9
Baseline Loads for Indirect Dischargers: Subcategory K

BASELINE POLLUTANT LOADS

POTW
Removal

Pollutants Pounds/Year TWF Factor Pounds Equivalent/Year

All Sizes
Toxics
Ammonia as Nitrogen 2,440,306 1.8E-003 6.1E-001 4,466
Carbaryl 1,417 2.8E+002 7.0E-001 396,892
Nitrate/Nitrite 207,290 6.2E-005 1.0E-001 13
Barium 4,783 2.0E-003 8.4E-001 10
Copper 1,468 6.3E-001 1.6E-001 921
Chromium 0 7.6E-002 2.0E-001 0
Cis-permethrin 0 4.5E+000 5.0E-001 0
Manganese 26,642 7.0E-002 6.4E-001 1,876
Molybdenum 0 2.0E-001 8.1E-001 0
Nickel 2 1.1E-001 4.9E-001 0
Titanium 0 2.9E-002 8.2E-002 0
Trans-permethrin 0 4.5E+000 5.0E-001 0
Vanadium 0 6.2E-001 9.0E-001 0
Zinc 8,235 4.7E-002 2.1E-001 385

Total 2,690,143 404,561

Non conventional
COD 45,841,533 NA 1.9E-001

Conventionals
BOD 19,204,367 NA 1.1E-001
HEM 4,106,242 NA 1.4E-001
TSS 26,522,648 NA 1.0E-001

Total 49,833,257

Nutrients
Total Phosphorus 3,101,772 NA 4.3E-001
Total Nitrogen 9,094,488 NA 4.3E-001 POTW Removal Factor for TKN

1.0E-001 POTW Removal Factor for Nitrate/Nitrite
Total 12,196,260

Pathogens
Fecal Coliform 6,457,186,197 NA 4.0E-003

Baseline loads in Pounds/Year have been adjusted by the POTW factor.
For the purpose of this analysis, Total Nitogen as a nutrient is equal to TKN plus Nitrate/Nitrite

Supplement F 1 - 9



Supplement 1 - Table 10
Baseline Loads for Indirect Dischargers: Subcategory L

BASELINE POLLUTANT LOADS

POTW
Removal

Pollutants Pounds/Year TWF Factor Pounds Equivalent/Year

All Sizes
Toxics
Ammonia as Nitrogen 1,132,489 1.8E-003 6.1E-001 2,072
Carbaryl 176 2.8E+002 7.0E-001 49,374
Nitrate/Nitrite 17,555 6.2E-005 1.0E-001 1
Barium 2,799 2.0E-003 8.4E-001 6
Copper 359 6.3E-001 1.6E-001 225
Chromium 46 7.6E-002 2.0E-001 4
Cis-permethrin 44 4.5E+000 5.0E-001 198
Manganese 1,895 7.0E-002 6.4E-001 133
Molybdenum 294 2.0E-001 8.1E-001 59
Nickel 180 1.1E-001 4.9E-001 20
Titanium 8 2.9E-002 8.2E-002 0
Trans-permethrin 42 4.5E+000 5.0E-001 190
Vanadium 40 6.2E-001 9.0E-001 25
Zinc 6,744 4.7E-002 2.1E-001 315

Total 1,162,670 52,621

Non conventional
COD 40,029,588 NA 1.9E-001

Conventionals
BOD 9,781,631 NA 1.1E-001
HEM 1,652,650 NA 1.4E-001
TSS 10,279,123 NA 1.0E-001

Total 21,713,404

Nutrients
Total Phosphorus 2,304,870 NA 4.3E-001
Total Nitrogen 2,207,554 NA 4.3E-001 POTW Removal Factor for TKN

1.0E-001 POTW Removal Factor for Nitrate/Nitrite
Total 4,512,424

Pathogens
Fecal Coliform 638,395,367 NA 4.0E-003

Baseline loads in Pounds/Year have been adjusted by the POTW factor.
For the purpose of this analysis, Total Nitogen as a nutrient is equal to TKN plus Nitrate/Nitrite

Supplement F 1 - 10
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Supplement 2 - Table 1
Pollutant Removals - By Option and Size

Subcategory A through D - Direct Dischargers

Removals (Pounds/Year) Removals (Pounds Equivalent/Year)

Pollutants BAT1 BAT2 BAT3 BAT4 TWF BAT1 BAT2 BAT3 BAT4

SMALL FACILITY REMOVALS
Toxics

Ammonia as Nitrogen 361 361 0 NA 1.8E-003 0.7 0.7 0.0 NA
Carbaryl 0 0 0 NA 2.8E+002 36.8 36.8 36.8 NA
Nitrate/Nitrite 7,471 7,471 22,310 NA 6.2E-005 0.5 0.5 1.4 NA

Barium 0 0 0 NA 2.0E-003 0.0 0.0 0.0 NA
Copper 1 1 1 NA 6.3E-001 0.3 0.3 0.4 NA
Chromium 33 33 33 NA 7.6E-002 2.5 2.5 2.5 NA

Cis-permethrin 1 1 1 NA 4.5E+000 6.0 6.0 6.0 NA
Manganese 5 5 1 NA 7.0E-002 0.3 0.3 0.1 NA
Molybdenum 0 0 0 NA 2.0E-001 0.0 0.0 0.0 NA
Nickel 1 1 0 NA 1.1E-001 0.1 0.1 0.0 NA

Titanium 0 0 0 NA 2.9E-002 0.0 0.0 0.0 NA
Trans-permethrin 1 1 1 NA 4.5E+000 6.0 6.0 6.0 NA
Vanadium 0 0 0 NA 6.2E-001 0.1 0.1 0.2 NA

Zinc 2 2 5 NA 4.7E-002 0.1 0.1 0.2 NA

Total 7,878 7,878 22,353 NA 54 54 54 NA

Cost Reasonableness NA HEM Nitrate/Nitrite Nitrate/Nitrite
Pollutant 0 5,889 22,310 NA

Conventionals

BOD 4,449 4,449 4,426 NA
HEM 5,889 5,889 5,618 NA
T S S 4,690 4,690 5,641 NA

Total 15,028 15,028 15,685 NA

Nutrients
Total Nitrogen 6,808 0 21,871 NA
Total Phosphorus 1,122 1,122 2,525 NA

Total 7,930 1,122 24,395 NA

Note: Numbers may not sum due to rounding

Supplement F 2 - 1



Supplement 2 - Table 1 (continued)
Pollutant Removals - By Option and Size

Subcategory A through D - Direct Dischargers

Removals (Pounds/Year) Removals (Pounds Equivalent/Year)

Pollutants BAT1 BAT2 BAT3 BAT4 TWF BAT1 BAT2 BAT3 BAT4

NONSMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 0 543,439 0 0 1.8E-003 0 994.5 0.0 0.0
Carbaryl 0 242 242 242 2.8E+002 0 67,735.3 67,735.3 67,735.3
Nitrate/Nitrite 0 13,946,089 38,701,846 41,013,454 6.2E-005 0 864.7 2,399.5 2,542.8
Barium 0 0 0 0 2.0E-003 0 0.0 0.0 0.0
Copper 0 1,015 1,234 1,395 6.3E-001 0 636.3 773.7 874.8
Chromium 0 26,558 26,062 26,085 7.6E-002 0 2,010.4 1,972.9 1,974.6
Cis-permethrin 0 2,188 2,188 2,188 4.5E+000 0 9,935.3 9,935.3 9,935.3

Manganese 0 9,941 1,035 1,035 7.0E-002 0 699.8 72.8 72.8
Molybdenum 0 212 32 513 2.0E-001 0 42.7 6.5 103.1
Nickel 0 2,765 0 0 1.1E-001 0 301.4 0.0 0.0
Titanium 0 130 0 0 2.9E-002 0 3.8 0.0 0.0
Trans-permethrin 0 2,188 2,188 2,188 4.5E+000 0 9,935.3 9,935.3 9,935.3
Vanadium 0 382 700 965 6.2E-001 0 237.4 435.5 600.5
Zinc 0 4,049 9,000 9,000 4.7E-002 0 189.1 420.3 420.3

Total 0 14,539,199 38,744,528 41,057,066 0 93,586 93,687 94,195

Cost Reasonableness NA HEM Nitrate/Nitrite Nitrate/Nitrite
Pollutant 0 12,338,109 38,701,846 41,013,454

Conventionals
BOD 0 5,934,504 5,878,682 5,878,682

HEM 0 12,338,109 11,782,383 13,711,676
T S S 0 4,238,002 6,038,219 6,038,219

Total 0 22,510,616 23,699,283 25,628,576

Nutrients
Total Nitrogen 0 0 38,192,320 40,290,551
Total Phosphorus 0 1,972,012 4,626,000 4,626,000

Total 0 1,972,012 42,818,320 44,916,551

Note: Numbers may not sum due to rounding

Supplement F 2 - 2



Supplement 2 - Table 2
Pollutant Removals - By Option and Size

Subcategory E through I - Direct Dischargers

Removals (Pounds/Year) Removals (Pounds Equivalent/Year)

Pollutants BAT1 BAT2 BAT3 BAT4 TWF BAT1 BAT2 BAT3 BAT4

SMALL FACILITY REMOVALS
Toxics

Ammonia as Nitrogen 10 10 8 NA 1.8E-003 0.0 0.0 0.0 NA
Carbaryl 0 0 0 NA 2.8E+002 1.9 1.9 1.9 NA
Nitrate/Nitrite 11,832 11,832 11,857 NA 6.2E-005 0.7 0.7 0.7 NA

Barium 1 1 1 NA 2.0E-003 0.0 0.0 0.0 NA
Copper 0 0 0 NA 6.3E-001 0.1 0.1 0.1 NA
Chromium 0 0 0 NA 7.6E-002 0.0 0.0 0.0 NA

Cis-permethrin 0 0 0 NA 4.5E+000 0.0 0.0 0.0 NA
Manganese 0 0 0 NA 7.0E-002 0.0 0.0 0.0 NA
Molybdenum 0 0 0 NA 2.0E-001 0.0 0.0 0.0 NA
Nickel 0 0 0 NA 1.1E-001 0.0 0.0 0.0 NA

Titanium 0 0 0 NA 2.9E-002 0.0 0.0 0.0 NA
Trans-permethrin 0 0 0 NA 4.5E+000 0.0 0.0 0.0 NA
Vanadium 0 0 0 NA 6.2E-001 0.1 0.1 0.1 NA

Zinc 0 0 1 NA 4.7E-002 0.0 0.0 0.0 NA

Total 11,844 11,844 11,868 NA 3 3 3 NA

Cost Reasonableness NA HEM Total Nitrogen Total Nitrogen
Pollutant 0 411 12,059 NA

Conventionals

BOD 144 144 136 NA
HEM 411 411 468 NA
T S S 797 797 889 NA

Total 1,352 1,352 1,493 NA

Nutrients
Total Nitrogen 11,571 0 12,059 NA
Total Phosphorus 0 0 293 NA

Total 11,571 0 12,352 NA

Note: Numbers may not sum due to rounding

Supplement F 2 - 3



Supplement 2 - Table 2 (continued)
Pollutant Removals - By Option and Size

Subcategory E through I - Direct Dischargers

Removals (Pounds/Year) Removals (Pounds Equivalent/Year)

Pollutants BAT1 BAT2 BAT3 BAT4 TWF BAT1 BAT2 BAT3 BAT4

NONSMALL FACILITY REMOVALS
Toxics

Ammonia as Nitrogen 0 4,264 3,580 3,574 1.8E-003 0 7.8 6.6 6.5
Carbaryl 0 7 7 7 2.8E+002 0 1,874.5 1,874.5 1,874.5
Nitrate/Nitrite 0 1,972,558 1,976,713 1,987,005 6.2E-005 0 122.3 122.6 123.2

Barium 0 143 154 140 2.0E-003 0 0.3 0.3 0.3
Copper 0 41 58 56 6.3E-001 0 25.8 36.1 35.2
Chromium 0 11 7 9 7.6E-002 0 0.8 0.5 0.7

Cis-permethrin 0 58 58 58 4.5E+000 0 261.5 261.5 261.5
Manganese 0 188 147 135 7.0E-002 0 13.2 10.4 9.5
Molybdenum 0 18 5 5 2.0E-001 0 3.6 1.0 1.0
Nickel 0 42 20 20 1.1E-001 0 4.6 2.2 2.2

Titanium 0 6 4 4 2.9E-002 0 0.2 0.1 0.1
Trans-permethrin 0 58 58 58 4.5E+000 0 261.5 261.5 261.5
Vanadium 0 42 46 46 6.2E-001 0 26.1 28.9 28.6

Zinc 0 150 259 223 4.7E-002 0 7.0 12.1 10.4

Total 0 1,977,584 1,981,114 1,991,340 0 2,609 2,618 2,615

Cost Reasonableness NA HEM Total Nitrogen Total Nitrogen
Pollutant 0 254,367 2,010,906 2,023,173

Conventionals

BOD 0 80,308 77,481 71,550
HEM 0 254,367 270,976 318,760
T S S 0 126,020 154,729 154,729

Total 0 460,695 503,187 545,040

Nutrients
Total Nitrogen 0 0 2,010,906 2,023,173
Total Phosphorus 0 35,700 104,733 97,026

Total 0 35,700 2,115,639 2,120,199

Note: Numbers may not sum due to rounding

Supplement F 2 - 4



Supplement 2 - Table 3
Pollutant Removals - By Option and Size

Subcategory J - Direct Dischargers

Removals (Pounds/Year) Removals (Pounds Equivalent/Year)

Pollutants BAT1 BAT2 BAT3 BAT4 TWF BAT1 BAT2 BAT3 BAT4

SMALL FACILITY REMOVALS
Toxics

Ammonia as Nitrogen 3,106 3,106 2,933 NA 1.8E-003 5.7 5.7 5.4 NA
Carbaryl 2 2 2 NA 2.8E+002 511.7 511.7 511.7 NA

Nitrate/Nitrite 49,073 49,073 56,036 NA 6.2E-005 3.0 3.0 3.5 NA
Barium 16 16 21 NA 2.0E-003 0.0 0.0 0.0 NA

Copper 2 2 11 NA 6.3E-001 1.1 1.1 7.1 NA
Chromium 0 0 0 NA 7.6E-002 0.0 0.0 0.0 NA

Cis-permethrin 7 7 7 NA 4.5E+000 33.2 33.2 33.2 NA
Manganese 78 78 67 NA 7.0E-002 5.5 5.5 4.7 NA

Molybdenum 2 2 2 NA 2.0E-001 0.5 0.5 0.4 NA
Nickel 17 17 14 NA 1.1E-001 1.8 1.8 1.5 NA

Titanium 0 0 0 NA 2.9E-002 0.0 0.0 0.0 NA

Trans-permethrin 7 7 7 NA 4.5E+000 33.2 33.2 33.2 NA
Vanadium 0 0 30 NA 6.2E-001 0.0 0.0 18.4 NA

Zinc 0 0 105 NA 4.7E-002 0.0 0.0 4.9 NA

Total 52,310 52,310 59,236 NA 596 596 624 NA

Cost Reasonableness NA COD COD COD

Pollutant 0 7,026,665 7,024,152 NA

Conventionals
BOD 703,031 703,031 702,512 NA

HEM 0 0 67,557 NA
T S S 1,578,784 1,578,784 1,607,307 NA

Total 2,281,815 2,281,815 2,377,377 NA

Nutrients

Total Nitrogen 0 0 147,206 NA
Total Phosphorus 34,027 34,027 39,922 NA

Total 34,027 34,027 187,128 NA

Note: Numbers may not sum due to rounding



Supplement 2 - Table 3 (continued)
Pollutant Removals - By Option and Size

Subcategory J - Direct Dischargers

Removals (Pounds/Year) Removals (Pounds Equivalent/Year)

Pollutants BAT1 BAT2 BAT3 BAT4 TWF BAT1 BAT2 BAT3 BAT4

NONSMALL FACILITY REMOVALS
Toxics

Ammonia as Nitrogen 0 7,069 6,580 6,498 1.8E-003 0 12.9 12.0 11.9
Carbaryl 0 5 5 5 2.8E+002 0 1,335.4 1,335.4 1,335.4
Nitrate/Nitrite 0 123,011 142,637 182,437 6.2E-005 0 7.6 8.8 11.3

Barium 0 41 55 30 2.0E-003 0 0.1 0.1 0.1
Copper 0 2 29 9 6.3E-001 0 1.0 18.1 5.7
Chromium 0 0 0 5 7.6E-002 0 0.0 0.0 0.4

Cis-permethrin 0 19 19 19 4.5E+000 0 86.6 86.6 86.6
Manganese 0 198 169 0 7.0E-002 0 13.9 11.9 0.0
Molybdenum 0 5 4 3 2.0E-001 0 1.0 0.8 0.6
Nickel 0 42 34 13 1.1E-001 0 4.6 3.7 1.4

Titanium 0 0 0 0 2.9E-002 0 0.0 0.0 0.0
Trans-permethrin 0 19 19 19 4.5E+000 0 86.6 86.6 86.6
Vanadium 0 0 72 10 6.2E-001 0 0.0 44.7 6.2

Zinc 0 0 262 142 4.7E-002 0 0.0 12.3 6.6

Total 0 130,410 149,885 189,190 0 1,550 1,621 1,553

Cost Reasonableness NA COD COD COD
Pollutant 0 18,301,253 18,294,172 18,146,476

Conventionals

BOD 0 1,832,864 1,831,400 1,790,542
HEM 0 0 131,286 679,074
T S S 0 4,112,078 4,192,471 4,150,078

Total 0 5,944,943 6,155,157 6,619,694

Nutrients
Total Nitrogen 0 0 378,836 433,771
Total Phosphorus 0 86,772 103,388 97,425

Total 0 86,772 482,224 531,196

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 4
Pollutant Removals - By Option and Size

Subcategory K - Direct Dischargers

Removals (Pounds/Year) Removals (Pounds Equivalent/Year)

Pollutants BAT1 BAT2 BAT3 BAT4 BAT5 TWF BAT1 BAT2 BAT3 BAT4 BAT5

SMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen NA NA NA NA NA 1.8E-003 NA NA NA NA NA
Carbaryl NA NA NA NA NA 2.8E+002 NA NA NA NA NA
Nitrate/Nitrite NA NA NA NA NA 6.2E-005 NA NA NA NA NA
Barium NA NA NA NA NA 2.0E-003 NA NA NA NA NA
Copper NA NA NA NA NA 6.3E-001 NA NA NA NA NA
Chromium NA NA NA NA NA 7.6E-002 NA NA NA NA NA
Cis-permethrin NA NA NA NA NA 4.5E+000 NA NA NA NA NA

Manganese NA NA NA NA NA 7.0E-002 NA NA NA NA NA
Molybdenum NA NA NA NA NA 2.0E-001 NA NA NA NA NA
Nickel NA NA NA NA NA 1.1E-001 NA NA NA NA NA
Titanium NA NA NA NA NA 2.9E-002 NA NA NA NA NA
Trans-permethrin NA NA NA NA NA 4.5E+000 NA NA NA NA NA
Vanadium NA NA NA NA NA 6.2E-001 NA NA NA NA NA
Zinc NA NA NA NA NA 4.7E-002 NA NA NA NA NA

Total NA NA NA NA NA NA NA NA NA NA

Cost Reasonableness NA COD Total Nitrogen Total Nitrogen Total Nitrogen
Pollutant NA NA NA NA NA

Conventionals
BOD NA NA NA NA NA

HEM NA NA NA NA NA
T S S NA NA NA NA NA

Total NA NA NA NA NA

Nutrients
Total Nitrogen NA NA NA NA NA
Total Phosphorus NA NA NA NA NA

Total NA NA NA NA NA

Note: Numbers may not sum due to rounding
There are no small direct discharging facilities in Subcategory K
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Supplement 2 - Table 4 (continued)
Pollutant Removals - By Option and Size

Subcategory K - Direct Dischargers

Removals (Pounds/Year) Removals (Pounds Equivalent/Year)

Pollutants BAT1 BAT2 BAT3 BAT4 BAT5 TWF BAT1 BAT2 BAT3 BAT4 BAT5

NONSMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 0 150,329 150,329 158,189 158,548 1.8E-003 0 275.1 275.1 289.5 290.1

Carbaryl 0 219 219 219 219 2.8E+002 0 61,405.7 61,405.7 61,405.7 61,405.7
Nitrate/Nitrite 0 2,351,094 7,147,589 7,832,644 7,805,798 6.2E-005 0 145.8 443.2 485.6 484.0
Barium 0 149 1,053 0 0 2.0E-003 0 0.3 2.1 0.0 0.0
Copper 0 1,935 2,141 2,606 3,494 6.3E-001 0 1,213.4 1,342.2 1,634.2 2,190.5

Chromium 0 0 0 0 0 7.6E-002 0 0.0 0.0 0.0 0.0
Cis-permethrin 0 0 0 0 0 4.5E+000 0 0.0 0.0 0.0 0.0
Manganese 0 1,889 1,889 0 0 7.0E-002 0 133.0 133.0 0.0 0.0

Molybdenum 0 0 0 0 0 2.0E-001 0 0.0 0.0 0.0 0.0
Nickel 0 174 174 0 1 1.1E-001 0 18.9 18.9 0.0 0.1
Titanium 0 0 0 0 0 2.9E-002 0 0.0 0.0 0.0 0.0
Trans-permethrin 0 0 0 0 0 4.5E+000 0 0.0 0.0 0.0 0.0

Vanadium 0 0 0 0 0 6.2E-001 0 0.0 0.0 0.0 0.0
Zinc 0 0 10,140 4,580 17,095 4.7E-002 0 0.0 473.5 213.9 798.4

Total 0 2,505,789 7,313,534 7,998,238 7,985,156 0 63,192 64,094 64,029 65,169

Cost Reasonableness NA COD Total Nitrogen Total Nitrogen Total Nitrogen
Pollutant 0 1,633,180 7,320,643 8,101,809 8,032,409

Conventionals
BOD 0 941,505 948,115 0 520,609

HEM 0 0 357,402 3,329,295 3,319,882
T S S 0 298,472 1,138,254 616,948 948,051

Total 0 1,239,977 2,443,771 3,946,243 4,788,542

Nutrients

Total Nitrogen 0 0 7,320,643 8,101,809 8,032,409
Total Phosphorus 0 809,833 1,051,184 768,582 823,669

Total 0 809,833 8,371,827 8,870,390 8,856,078

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 5
Pollutant Removals - By Option and Size

Subcategory L - Direct Dischargers

Removals (Pounds/Year) Removals (Pounds Equivalent/Year)

Pollutants BAT1 BAT2 BAT3 BAT4 BAT5 TWF BAT1 BAT2 BAT3 BAT4 BAT5

SMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 2 2 2 NA NA 1.8E-003 0.0 0.0 0.0 NA NA

Carbaryl 0 0 0 NA NA 2.8E+002 1.3 1.3 1.3 NA NA
Nitrate/Nitrite 778 778 780 NA NA 6.2E-005 0.0 0.0 0.0 NA NA
Barium 0 0 0 NA NA 2.0E-003 0.0 0.0 0.0 NA NA
Copper 0 0 0 NA NA 6.3E-001 0.0 0.0 0.0 NA NA

Chromium 0 0 0 NA NA 7.6E-002 0.0 0.0 0.0 NA NA
Cis-permethrin 0 0 0 NA NA 4.5E+000 0.0 0.0 0.0 NA NA
Manganese 0 0 0 NA NA 7.0E-002 0.0 0.0 0.0 NA NA

Molybdenum 0 0 0 NA NA 2.0E-001 0.0 0.0 0.0 NA NA
Nickel 0 0 0 NA NA 1.1E-001 0.0 0.0 0.0 NA NA
Titanium 0 0 0 NA NA 2.9E-002 0.0 0.0 0.0 NA NA
Trans-permethrin 0 0 0 NA NA 4.5E+000 0.0 0.0 0.0 NA NA

Vanadium 0 0 0 NA NA 6.2E-001 0.0 0.0 0.0 NA NA
Zinc 0 0 0 NA NA 4.7E-002 0.0 0.0 0.0 NA NA

Total 780 780 783 NA NA 1 1 1 NA NA

Cost Reasonableness NA HEM Total Nitrogen Total Nitrogen Total Nitrogen
Pollutant 0 83 802 NA NA

Conventionals
BOD 19 19 18 NA NA

HEM 83 83 101 NA NA
T S S 0 0 0 NA NA

Total 102 102 119 NA NA

Nutrients

Total Nitrogen 574 0 802 NA NA
Total Phosphorus 0 0 24 NA NA

Total 574 0 826 NA NA

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 5 (continued)
Pollutant Removals - By Option and Size

Subcategory L - Direct Dischargers

Removals (Pounds/Year) Removals (Pounds Equivalent/Year)

Pollutants BAT1 BAT2 BAT3 BAT4 BAT5 TWF BAT1 BAT2 BAT3 BAT4 BAT5

NONSMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 0 1,870 1,854 1,833 2,413 1.8E-003 0 3.4 3.4 3.4 4.4

Carbaryl 0 1 1 1 1 2.8E+002 0 296.2 296.2 296.2 296.2
Nitrate/Nitrite 0 290,623 291,982 294,966 294,912 6.2E-005 0 18.0 18.1 18.3 18.3
Barium 0 92 100 89 104 2.0E-003 0 0.2 0.2 0.2 0.2
Copper 0 76 84 78 85 6.3E-001 0 47.9 52.5 48.8 53.6

Chromium 0 0 0 0 5 7.6E-002 0 0.0 0.0 0.0 0.4
Cis-permethrin 0 0 0 0 0 4.5E+000 0 0.0 0.0 0.0 0.0
Manganese 0 44 43 0 11 7.0E-002 0 3.1 3.0 0.0 0.8

Molybdenum 0 0 0 0 6 2.0E-001 0 0.0 0.0 0.0 1.1
Nickel 0 0 0 0 3 1.1E-001 0 0.0 0.0 0.0 0.3
Titanium 0 0 0 0 1 2.9E-002 0 0.0 0.0 0.0 0.0
Trans-permethrin 0 0 0 0 0 4.5E+000 0 0.0 0.0 0.0 0.0

Vanadium 0 7 8 7 8 6.2E-001 0 4.3 4.7 4.5 5.1
Zinc 0 0 97 0 383 4.7E-002 0 0.0 4.5 0.0 17.9

Total 0 292,713 294,169 296,974 297,932 0 373 383 371 398

Cost Reasonableness NA HEM Total Nitrogen Total Nitrogen Total Nitrogen
Pollutant 0 92,061 307,076 318,194 321,809

Conventionals
BOD 0 16,754 16,629 0 8,941

HEM 0 92,061 118,890 196,074 197,453
T S S 0 0 0 0 24,029

Total 0 108,816 135,519 196,074 230,422

Nutrients

Total Nitrogen 0 0 307,076 318,194 321,809
Total Phosphorus 0 0 13,084 0 12,378

Total 0 0 320,160 318,194 334,187

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 6
Pollutant Removals - By Option and Size

Subcategory A through D - Indirect Dischargers

Removals (Pounds/Year) POTW Removals (Pounds Equivalent/Year)
Removal

Pollutants PSES1 PSES2 PSES3 PSES4 TWF Factor PSES1 PSES2 PSES3 PSES4

SMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 0 412,497 400,889 403,474 1.8E-003 61.1% 0.0 460.9 448.0 450.8

Carbaryl 14 14 14 14 2.8E+002 70.0% 2,775.8 2,775.8 2,775.8 2,775.8

Nitrate/Nitrite 10,446 4,686 8,967 9,299 6.2E-005 10.0% 0.1 0.0 0.1 0.1
Barium 0 0 0 0 2.0E-003 84.0% 0.0 0.0 0.0 0.0

Copper 99 121 120 122 6.3E-001 15.8% 9.8 12.0 11.9 12.0

Chromium 26 40 36 36 7.6E-002 19.7% 0.4 0.6 0.5 0.5
Cis-permethrin 5 5 5 5 4.5E+000 50.0% 11.8 11.8 11.8 11.8

Manganese 0 713 650 650 7.0E-002 64.5% 0.0 32.4 29.5 29.5

Molybdenum 18 16 16 18 2.0E-001 81.1% 2.9 2.6 2.6 3.0
Nickel 0 24 2 2 1.1E-001 48.6% 0.0 1.3 0.1 0.1

Titanium 8 10 8 8 2.9E-002 8.2% 0.0 0.0 0.0 0.0
Trans-permethrin 6 6 6 6 4.5E+000 50.0% 12.6 12.6 12.6 12.6

Vanadium 2 1 2 3 6.2E-001 90.5% 1.1 0.3 0.9 2.0

Zinc 469 524 549 549 4.7E-002 20.9% 4.6 5.1 5.4 5.4

Total 11,093 418,656 411,265 414,188 2,819 3,315 3,299 3,304

Nutrients

Total Nitrogen 0 0 312,139 324,323 NA 100.0% 0 0 312,139 324,323
Total Phosphorus 42,203 49,717 61,245 61,245 NA 42.6% 17,974 21,174 26,084 26,084

Total 42,203 49,717 373,384 385,568 17,974 21,174 338,223 350,407

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 6 (continued)
Pollutant Removals - By Option and Size

Subcategory A through D - Indirect Dischargers

Removals (Pounds/Year) POTW Removals (Pounds Equivalent/Year)
Removal

Pollutants PSES1 PSES2 PSES3 PSES4 TWF Factor PSES1 PSES2 PSES3 PSES4

NONSMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 0 58,596,684 57,432,209 57,689,265 1.8E-003 61.1% 0.0 65,475.8 64,174.6 64,461.9

Carbaryl 1,203 1,203 1,203 1,203 2.8E+002 70.0% 235,845.0 235,845.0 235,845.0 235,845.0

Nitrate/Nitrite 1,657,424 1,566,765 1,566,765 1,566,765 6.2E-005 10.0% 10.3 9.7 9.7 9.7
Barium 0 0 0 0 2.0E-003 84.0% 0.0 0.0 0.0 0.0

Copper 6,168 8,937 9,057 9,167 6.3E-001 15.8% 611.0 885.3 897.3 908.1

Chromium 4,271 5,808 5,410 5,431 7.6E-002 19.7% 63.6 86.5 80.6 80.9
Cis-permethrin 735 735 735 735 4.5E+000 50.0% 1,668.6 1,668.6 1,668.6 1,668.6

Manganese 0 99,057 92,076 92,076 7.0E-002 64.5% 0.0 4,497.3 4,180.3 4,180.3

Molybdenum 1,722 1,389 1,220 1,617 2.0E-001 81.1% 280.7 226.4 198.8 263.5
Nickel 0 1,821 0 0 1.1E-001 48.6% 0.0 96.4 0.0 0.0

Titanium 240 468 269 269 2.9E-002 8.2% 0.6 1.1 0.6 0.6
Trans-permethrin 725 725 725 725 4.5E+000 50.0% 1,645.6 1,645.6 1,645.6 1,645.6

Vanadium 52 0 32 204 6.2E-001 90.5% 29.2 0.0 18.2 114.8

Zinc 27,351 33,910 37,156 37,156 4.7E-002 20.9% 266.4 330.3 362.0 362.0

Total 1,699,890 60,317,502 59,146,857 59,404,612 240,421 310,768 309,081 309,541

Nutrients

Total Nitrogen 0 0 31,518,545 32,896,309 NA 100.0% 0 0 31,518,545 32,896,309
Total Phosphorus 2,130,376 3,694,100 5,445,526 5,445,526 NA 42.6% 907,327 1,573,317 2,319,250 2,319,250

Total 2,130,376 3,694,100 36,964,072 38,341,835 907,327 1,573,317 33,837,795 35,215,559

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 7
Pollutant Removals - By Option and Size

Subcategory E through I - Indirect Dischargers

Removals (Pounds/Year) POTW Removals (Pounds Equivalent/Year)
Removal

Pollutants PSES1 PSES2 PSES3 PSES4 TWF Factor PSES1 PSES2 PSES3 PSES4

SMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 58,379 98,086 98,018 98,016 1.8E-003 61.1% 65.2 109.6 109.5 109.5

Carbaryl 7 7 7 7 2.8E+002 70.0% 1,380.6 1,380.6 1,380.6 1,380.6

Nitrate/Nitrite 34,716 34,716 34,716 34,716 6.2E-005 10.0% 0.2 0.2 0.2 0.2
Barium 36 36 39 35 2.0E-003 84.0% 0.1 0.1 0.1 0.1

Copper 183 196 200 200 6.3E-001 15.8% 18.1 19.4 19.8 19.8

Chromium 34 36 34 37 7.6E-002 19.7% 0.5 0.5 0.5 0.6
Cis-permethrin 2 2 2 2 4.5E+000 50.0% 5.1 5.1 5.1 5.1

Manganese 10 76 72 67 7.0E-002 64.5% 0.4 3.5 3.3 3.0

Molybdenum 36 32 25 25 2.0E-001 81.1% 5.8 5.2 4.1 4.1
Nickel 1 16 7 5 1.1E-001 48.6% 0.1 0.9 0.4 0.3

Titanium 11 12 11 11 2.9E-002 8.2% 0.0 0.0 0.0 0.0
Trans-permethrin 2 2 2 2 4.5E+000 50.0% 4.9 4.9 4.9 4.9

Vanadium 5 4 5 5 6.2E-001 90.5% 2.8 2.1 2.8 2.8

Zinc 549 626 697 676 4.7E-002 20.9% 5.3 6.1 6.8 6.6

Total 93,970 133,846 133,836 133,804 1,489 1,538 1,538 1,537

Nutrients

Total Nitrogen 84,284 0 122,858 124,047 NA 100.0% 84,284 0 122,858 124,047
Total Phosphorus 88,372 143,575 175,351 172,209 NA 42.6% 37,637 61,149 74,682 73,344

Total 172,656 143,575 298,209 296,256 121,922 61,149 197,540 197,391

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 7 (continued)
Pollutant Removals - By Option and Size

Subcategory E through I - Indirect Dischargers

Removals (Pounds/Year) POTW Removals (Pounds Equivalent/Year)
Removal

Pollutants PSES1 PSES2 PSES3 PSES4 TWF Factor PSES1 PSES2 PSES3 PSES4

NONSMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 3,017,636 4,629,729 4,627,221 4,627,122 1.8E-003 61.1% 3,371.9 5,173.2 5,170.4 5,170.3

Carbaryl 365 365 365 365 2.8E+002 70.0% 71,466.5 71,466.5 71,466.5 71,466.5

Nitrate/Nitrite 363,531 363,531 363,531 363,531 6.2E-005 10.0% 2.3 2.3 2.3 2.3
Barium 2,275 2,292 2,492 2,219 2.0E-003 84.0% 3.8 3.8 4.2 3.7

Copper 4,942 5,332 5,460 5,432 6.3E-001 15.8% 489.6 528.2 540.9 538.1

Chromium 1,219 1,140 1,115 1,231 7.6E-002 19.7% 18.2 17.0 16.6 18.3
Cis-permethrin 303 303 303 303 4.5E+000 50.0% 688.2 688.2 688.2 688.2

Manganese 2,658 5,100 4,946 4,635 7.0E-002 64.5% 120.7 231.6 224.6 210.4

Molybdenum 913 794 636 629 2.0E-001 81.1% 148.7 129.3 103.7 102.6
Nickel 683 1,112 877 753 1.1E-001 48.6% 36.2 58.9 46.4 39.8

Titanium 266 285 276 262 2.9E-002 8.2% 0.6 0.7 0.7 0.6
Trans-permethrin 168 168 168 168 4.5E+000 50.0% 380.6 380.6 380.6 380.6

Vanadium 111 79 121 112 6.2E-001 90.5% 62.6 44.6 68.0 63.0

Zinc 10,250 10,892 14,611 13,217 4.7E-002 20.9% 99.9 106.1 142.3 128.8

Total 3,405,320 5,021,121 5,022,121 5,019,977 76,890 78,831 78,855 78,813

Nutrients

Total Nitrogen 1,309,195 0 2,736,823 2,811,178 NA 100.0% 1,309,195 0 2,736,823 2,811,178
Total Phosphorus 1,616,447 3,545,450 4,413,741 4,207,979 NA 42.6% 688,445 1,510,007 1,879,812 1,792,178

Total 2,925,643 3,545,450 7,150,564 7,019,157 1,997,640 1,510,007 4,616,635 4,603,357

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 8
Pollutant Removals - By Option and Size

Subcategory J - Indirect Dischargers

Removals (Pounds/Year) POTW Removals (Pounds Equivalent/Year)
Removal

Pollutants PSES1 PSES2 PSES3 PSES4 TWF Factor PSES1 PSES2 PSES3 PSES4

SMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 245,362 498,466 497,974 497,892 1.8E-003 61.1% 274.2 557.0 556.4 556.3

Carbaryl 51 51 51 51 2.8E+002 70.0% 9,898.7 9,898.7 9,898.7 9,898.7

Nitrate/Nitrite 0 0 0 2,147 6.2E-005 10.0% 0.0 0.0 0.0 0.0
Barium 0 0 0 0 2.0E-003 84.0% 0.0 0.0 0.0 0.0

Copper 345 364 391 371 6.3E-001 15.8% 34.2 36.0 38.7 36.8

Chromium 238 241 240 248 7.6E-002 19.7% 3.5 3.6 3.6 3.7
Cis-permethrin 21 21 21 21 4.5E+000 50.0% 48.0 48.0 48.0 48.0

Manganese 427 877 848 640 7.0E-002 64.5% 19.4 39.8 38.5 29.1

Molybdenum 66 66 65 64 2.0E-001 81.1% 10.8 10.7 10.5 10.4
Nickel 6 19 11 0 1.1E-001 48.6% 0.3 1.0 0.6 0.0

Titanium 0 0 0 0 2.9E-002 8.2% 0.0 0.0 0.0 0.0
Trans-permethrin 21 21 21 21 4.5E+000 50.0% 47.0 47.0 47.0 47.0

Vanadium 0 0 0 0 6.2E-001 90.5% 0.0 0.0 0.0 0.0

Zinc 1,190 1,222 1,520 1,398 4.7E-002 20.9% 11.6 11.9 14.8 13.6

Total 247,727 501,347 501,141 502,853 10,348 10,654 10,657 10,644

Nutrients

Total Nitrogen 5,235,050 0 5,779,752 5,834,977 NA 100.0% 5,235,050 0 5,779,752 5,834,977
Total Phosphorus 218,858 236,900 253,603 247,609 NA 42.6% 93,212 100,896 108,010 105,456

Total 5,453,908 236,900 6,033,356 6,082,586 5,328,261 100,896 5,887,762 5,940,434

Note: Numbers may not sum due to rounding

Supplement F 2 - 15



Supplement 2 - Table 8 (continued)
Pollutant Removals - By Option and Size

Subcategory J - Indirect Dischargers

Removals (Pounds/Year) POTW Removals (Pounds Equivalent/Year)
Removal

Pollutants PSES1 PSES2 PSES3 PSES4 TWF Factor PSES1 PSES2 PSES3 PSES4

NONSMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 271,224 1,158,339 1,156,617 1,156,329 1.8E-003 61.1% 303.1 1,294.3 1,292.4 1,292.1

Carbaryl 17 17 17 17 2.8E+002 70.0% 3,293.7 3,293.7 3,293.7 3,293.7

Nitrate/Nitrite 74,509 70,227 139,380 279,610 6.2E-005 10.0% 0.5 0.4 0.9 1.7
Barium 0 0 0 0 2.0E-003 84.0% 0.0 0.0 0.0 0.0

Copper 0 20 116 47 6.3E-001 15.8% 0.0 2.0 11.5 4.6

Chromium 1 13 10 36 7.6E-002 19.7% 0.0 0.2 0.1 0.5
Cis-permethrin 68 68 68 68 4.5E+000 50.0% 154.4 154.4 154.4 154.4

Manganese 283 1,860 1,759 1,031 7.0E-002 64.5% 12.8 84.4 79.9 46.8

Molybdenum 6 4 0 0 2.0E-001 81.1% 1.1 0.7 0.1 0.0
Nickel 0 7 0 0 1.1E-001 48.6% 0.0 0.4 0.0 0.0

Titanium 0 0 0 0 2.9E-002 8.2% 0.0 0.0 0.0 0.0
Trans-permethrin 67 67 67 67 4.5E+000 50.0% 152.6 152.6 152.6 152.6

Vanadium 0 0 209 0 6.2E-001 90.5% 0.0 0.0 117.4 0.0

Zinc 0 0 940 514 4.7E-002 20.9% 0.0 0.0 9.2 5.0

Total 346,175 1,230,622 1,299,182 1,437,717 3,918 4,983 5,112 4,951

Nutrients

Total Nitrogen 8,114,088 0 10,023,243 10,216,804 NA 100.0% 8,114,088 0 10,023,243 10,216,804
Total Phosphorus 281,232 344,466 403,012 382,001 NA 42.6% 119,777 146,708 171,643 162,694

Total 8,395,320 344,466 10,426,255 10,598,805 8,233,864 146,708 10,194,886 10,379,498

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 9
Pollutant Removals - By Option and Size

Subcategory K - Indirect Dischargers

Removals (Pounds/Year) POTW Removals (Pounds Equivalent/Year)
Removal

Pollutants PSES1 PSES2 PSES3 PSES4 TWF Factor PSES1 PSES2 PSES3 PSES4

SMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 246 5,198 5,198 5,236 1.8E-003 61.1% 0.3 5.8 5.8 5.9

Carbaryl 107 107 107 107 2.8E+002 70.0% 21,063.4 21,063.4 21,063.4 21,063.4

Nitrate/Nitrite 460 0 212 235 6.2E-005 10.0% 0.0 0.0 0.0 0.0
Barium 17 22 25 10 2.0E-003 84.0% 0.0 0.0 0.0 0.0

Copper 62 75 75 78 6.3E-001 15.8% 6.1 7.4 7.4 7.7

Chromium 0 0 0 0 7.6E-002 19.7% 0.0 0.0 0.0 0.0
Cis-permethrin 0 0 0 0 4.5E+000 50.0% 0.0 0.0 0.0 0.0

Manganese 0 34 34 0 7.0E-002 64.5% 0.0 1.5 1.5 0.0

Molybdenum 0 0 0 0 2.0E-001 81.1% 0.0 0.0 0.0 0.0
Nickel 2 4 4 2 1.1E-001 48.6% 0.1 0.2 0.2 0.1

Titanium 0 0 0 0 2.9E-002 8.2% 0.0 0.0 0.0 0.0
Trans-permethrin 0 0 0 0 4.5E+000 50.0% 0.0 0.0 0.0 0.0

Vanadium 0 0 0 0 6.2E-001 90.5% 0.0 0.0 0.0 0.0

Zinc 139 107 138 126 4.7E-002 20.9% 1.4 1.0 1.3 1.2

Total 1,034 5,547 5,792 5,794 21,071 21,079 21,080 21,078

Nutrients

Total Nitrogen 5,390 0 23,581 24,845 NA 100.0% 5,390 0 23,581 24,845
Total Phosphorus 2,414 6,691 7,057 6,842 NA 42.6% 1,028 2,850 3,006 2,914

Total 7,805 6,691 30,638 31,686 6,419 2,850 26,587 27,759

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 9 (continued)
Pollutant Removals - By Option and Size

Subcategory K - Indirect Dischargers

Removals (Pounds/Year) POTW Removals (Pounds Equivalent/Year)
Removal

Pollutants PSES1 PSES2 PSES3 PSES4 TWF Factor PSES1 PSES2 PSES3 PSES4

NONSMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 1,041,784 3,805,507 3,805,507 3,821,706 1.8E-003 61.1% 1,164.1 4,252.3 4,252.3 4,270.4

Carbaryl 1,917 1,917 1,917 1,917 2.8E+002 70.0% 375,828.7 375,828.7 375,828.7 375,828.7

Nitrate/Nitrite 1,488,756 0 918,585 1,811,109 6.2E-005 10.0% 9.2 0.0 5.7 11.2
Barium 2,043 3,887 5,411 258 2.0E-003 84.0% 3.4 6.5 9.0 0.4

Copper 672 6,232 6,453 7,526 6.3E-001 15.8% 66.6 617.3 639.2 745.6

Chromium 0 0 0 0 7.6E-002 19.7% 0.0 0.0 0.0 0.0
Cis-permethrin 0 0 0 0 4.5E+000 50.0% 0.0 0.0 0.0 0.0

Manganese 9,643 38,576 38,576 16,100 7.0E-002 64.5% 437.8 1,751.4 1,751.4 730.9

Molybdenum 0 0 0 0 2.0E-001 81.1% 0.0 0.0 0.0 0.0
Nickel 0 0 0 0 1.1E-001 48.6% 0.0 0.0 0.0 0.0

Titanium 0 0 0 0 2.9E-002 8.2% 0.0 0.0 0.0 0.0
Trans-permethrin 0 0 0 0 4.5E+000 50.0% 0.0 0.0 0.0 0.0

Vanadium 0 0 0 0 6.2E-001 90.5% 0.0 0.0 0.0 0.0

Zinc 14,470 9,604 25,516 16,820 4.7E-002 20.9% 141.0 93.6 248.6 163.9

Total 2,559,286 3,865,723 4,801,965 5,675,437 377,651 382,550 382,735 381,751

Nutrients

Total Nitrogen 3,849,894 0 15,404,773 16,422,369 NA 100.0% 3,849,894 0 15,404,773 16,422,369
Total Phosphorus 3,799,713 6,638,530 7,044,383 6,562,508 NA 42.6% 1,618,298 2,827,350 3,000,203 2,794,972

Total 7,649,607 6,638,530 22,449,157 22,984,877 5,468,191 2,827,350 18,404,976 19,217,341

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 10
Pollutant Removals - By Option and Size

Subcategory L - Indirect Dischargers

Removals (Pounds/Year) POTW Removals (Pounds Equivalent/Year)
Removal

Pollutants PSES1 PSES2 PSES3 PSES4 TWF Factor PSES1 PSES2 PSES3 PSES4

SMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 32,393 47,281 47,276 47,272 1.8E-003 61.1% 36.2 52.8 52.8 52.8

Carbaryl 5 5 5 5 2.8E+002 70.0% 983.0 983.0 983.0 983.0

Nitrate/Nitrite 1,501 1,501 1,623 2,068 6.2E-005 10.0% 0.0 0.0 0.0 0.0
Barium 46 47 52 42 2.0E-003 84.0% 0.1 0.1 0.1 0.1

Copper 33 37 39 37 6.3E-001 15.8% 3.3 3.7 3.8 3.7

Chromium 2 0 0 2 7.6E-002 19.7% 0.0 0.0 0.0 0.0
Cis-permethrin 2 2 2 2 4.5E+000 50.0% 3.5 3.5 3.5 3.5

Manganese 14 23 23 10 7.0E-002 64.5% 0.6 1.1 1.0 0.4

Molybdenum 4 4 3 3 2.0E-001 81.1% 0.7 0.6 0.5 0.5
Nickel 8 11 11 6 1.1E-001 48.6% 0.4 0.6 0.6 0.3

Titanium 2 2 2 2 2.9E-002 8.2% 0.0 0.0 0.0 0.0
Trans-permethrin 1 1 1 1 4.5E+000 50.0% 3.3 3.3 3.3 3.3

Vanadium 1 1 1 1 6.2E-001 90.5% 0.4 0.4 0.5 0.4

Zinc 241 363 484 431 4.7E-002 20.9% 2.3 3.5 4.7 4.2

Total 34,254 49,280 49,522 49,881 1,034 1,053 1,054 1,052

Nutrients

Total Nitrogen 68,493 0 88,186 90,489 NA 100.0% 68,493 0 88,186 90,489
Total Phosphorus 69,728 106,629 113,817 106,073 NA 42.6% 29,697 45,413 48,475 45,176

Total 138,220 106,629 202,003 196,562 98,190 45,413 136,661 135,665

Note: Numbers may not sum due to rounding
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Supplement 2 - Table 10 (continued)
Pollutant Removals - By Option and Size

Subcategory L - Indirect Dischargers

Removals (Pounds/Year) POTW Removals (Pounds Equivalent/Year)
Removal

Pollutants PSES1 PSES2 PSES3 PSES4 TWF Factor PSES1 PSES2 PSES3 PSES4

NONSMALL FACILITY REMOVALS
Toxics
Ammonia as Nitrogen 672,854 1,736,803 1,736,488 1,735,976 1.8E-003 61.1% 751.8 1,940.7 1,940.3 1,939.8

Carbaryl 247 247 247 247 2.8E+002 70.0% 48,391.1 48,391.1 48,391.1 48,391.1

Nitrate/Nitrite 43,625 43,625 50,062 144,050 6.2E-005 10.0% 0.3 0.3 0.3 0.9
Barium 2,488 2,611 2,972 2,131 2.0E-003 84.0% 4.2 4.4 5.0 3.6

Copper 1,727 1,992 2,156 2,021 6.3E-001 15.8% 171.1 197.3 213.6 200.2

Chromium 112 0 0 65 7.6E-002 19.7% 1.7 0.0 0.0 1.0
Cis-permethrin 86 86 86 86 4.5E+000 50.0% 194.2 194.2 194.2 194.2

Manganese 1,988 2,592 2,572 1,115 7.0E-002 64.5% 90.3 117.7 116.8 50.6

Molybdenum 236 200 169 165 2.0E-001 81.1% 38.4 32.6 27.6 26.9
Nickel 188 297 254 174 1.1E-001 48.6% 9.9 15.7 13.4 9.2

Titanium 66 73 72 63 2.9E-002 8.2% 0.2 0.2 0.2 0.2
Trans-permethrin 82 82 82 82 4.5E+000 50.0% 186.3 186.3 186.3 186.3

Vanadium 24 19 32 26 6.2E-001 90.5% 13.7 10.4 17.8 14.6

Zinc 9,976 17,040 26,733 22,460 4.7E-002 20.9% 97.2 166.0 260.4 218.8

Total 733,700 1,805,667 1,821,925 1,908,662 49,950 51,257 51,367 51,237

Nutrients

Total Nitrogen 1,983,785 0 3,799,359 4,078,127 NA 100.0% 1,983,785 0 3,799,359 4,078,127
Total Phosphorus 1,717,941 4,446,429 4,960,305 4,363,637 NA 42.6% 731,671 1,893,734 2,112,594 1,858,473

Total 3,701,726 4,446,429 8,759,665 8,441,764 2,715,456 1,893,734 5,911,953 5,936,600

Note: Numbers may not sum due to rounding
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