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1.0 INTRODUCTION

This report presents the results of a study of the costs for construction of
municipally owned wastewater treatment facilities. The cost data utilized
in this study were extracted from winning bid documents of projects built
with funds provided by the Construction Grants Program of the Environmental
Protection Agency (EPA). Only facilities funded under the Federal Water
Pollution Control Act (PL 92-500) and its amended versions are a part of
this study. A1l data were obtained directly from the Construction Grants
Program files at either EPA Regional offices or the offices of States which
have been delegated grant program responsibilities.

The EPA has previously published two reports which were prepared using the
same types and sources of data and addressed the same subject matter. The
reports were entitled "Construction Costs for Municipal Wastewater Treatment
Plants: 1973-1977," MCD-37 and “"Construction Costs for Municipal Wastewater
Treatment Plants: 1973-1978," FRD-11. This report dincorporates the
majority of the information used in preparing MCD-37 and FRD-11 plus
information from an additional 848 facilities. It is believed that an
increased accuracy is evident in this report when compared with its
predecessors. Readers are encouraged to replace their copies of MCD-37 and
FRD-11 with this report and use it for reference.

The data base used to prepare this report contains information from 1,585
individual treatment plant construction projects. Included are a wide
variety of treatment schemes from simple Tlagoon systems to complex
mechanical plants.

Data are included on 822 construction projects for new plants. Also
represented are several types of plant modification projects including 111
enlargements, 107 upgrades, 460 enlarge and upgrades, 73 replacements, and
12 classified as other modifications.

These 1,585 projects represent approximately $11.3 billion of grant eligible

expenditures adjusted to third quarter 1982 dollars. It is estimated this
represents approximately $8.5 billion of Federal grant funds. The projects
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used in this study account for over 30 percent of the treatment projects
which have gone to the construction stage (Step 3) since the inception of
the Construction Grants Progran.

This study, therefore, is certainly the most complete empirical analysis of
construction costs developed to date for municipally owned wastewater
treatment plants. It can be used, applying engineering judgment, for
preliminary estimation of construction costs for individual unit processes
or for complete treatment facilities. The reader is cautioned, however,
that this report and the costs shown should not be used as a substitute for
normal engineering estimating procedures.

The results herein represent national averages calculated using normalized
costs. Local conditions must be taken into account because they can
drastically affect the costs of construction.

This report discusses the method used to collect and analyze the data, after
which the results are presented. Descriptions of usage of the cost curves,
along with examples, are part of the main body of the report. Procedures to
estimate costs for future years and to adjust costs to various sections of
the country are also presented. Included as appendices are an explanation
of the cost normalization procedures utilized and a listing of all treatment
plant construction projects contained in the data base.
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2.0 COST INFORMATION COLLECTION AND ANALYSIS TECHNIQUES

2.1 DATA COLLECTION

Project cost and design data were collected from Construction Grants Program
files of active construction projects. The files were reviewed at either
EPA Regional offices or State offices which have been delegated Construction
Grants Program responsibilities. Information was extracted from the files
and recorded on specially designed forms using an alphanumeric coding

system,

Design information including unit process train descriptions, design level
of treatment, and design flow was obtained from the planning and design
files. A1l construction cost information was extracted from bid documents
submitted by the project contractor who was selected by means of competitive
bidding. A1l construction costs used in this study represent the as-bid
costs for a facility, which are not necessarily the same as the final
as-built costs. However, the difference between the as-bid and the as-built
cost of a facility is generally negligible except for projects which undergo
a significant change in scope during the construction phase. An effort was
made during data collection to exclude projects which were undergoing
significant design changes at the time the construction contract was being
bid upon.

Only project costs deemed eligible for funding by the Construction Grants
Program were collected for this study. ETigibility was determined by EPA
and State program personnel based on grant program policy in effect at the
time of the grant award. Consequently, some project costs which a
municipality is 1ikely to incur are not reflected in the study results. An
example of a cost which is commonly excluded from funding eligibility is the
cost of land acquisition for the site of a treatment facility.
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2.2 PREPROCESSING OF THE DATA

Prior to actual analysis, the data passed through several steps to assure
quality and consistency. Three manipulations were performed: quality
assurance, cost updating and normalization, and project classification.

Three quality assurance checks were performed on the data. First, each
completed data collection form was reviewed for completeness and technical
content. Then the information from the collection forms was keypunched and
entered into an ADP file. After keypunching, a computer edit check was
performed which screened each record for unacceptable code entries, such as
an alpha character in a numeric field. The computer edit also checked the
correctness of all mathematical calculations which had been performed by
data collectors in the field. After all new data passed the edits, the file
was merged into the master data base which was used for subsequent analysis.
A final quality assurance check occurred as an initial step of the analysis
process and is explained below.

After completion of the master data base, the next step was updating and
normalizing all cost items. The master data base contains several types of
cost items including planning costs (Step 1), design costs (Step 2), and
construction costs (Step 3). These cost items were collected from projects
located in all areas of the country from 1973 to 1982. Before performing
any analysis, all cost items were made comparable to reflect a common time
and place. A1l cost items in the data base were updated from their original
time frame to the third quarter of 1982. The updating made use of the EPA
Large City Advanced Treatment (LCAT) and Small City Conventional Treatment
(SCCT) wastewater facility construction cost indexes. Also during the
updating process, all costs were normalized (adjusted) to a common
geographical place, the Kansas City/St. Joseph, Missouri area. This area
was chosen because it forms the base for the EPA cost indexes. Therefore,
all dollar values reported in this study represent third quarter 1982,
Kansas City/St. Joseph, Missouri dollars. A more detailed description of
the updating and normalizing procedure is contained in Appendix A of this
report.
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The Tlast step in the data preprocessing was project classification and
validation. A1l projects in the master data base were classified by type of
treatment scheme, type of modification, design level of treatment, and
design flow. This resulted in identification of 123 separate classes.
Within each class, the data were run in a simple regression mode to identify
outliers. The outliers were then checked for validity of content. In cases
where quality assurance was lacking because of errors in the data collection
form completion or the keypunching steps, the data were eliminated. The
remainder were retained as quality data points.

By performing all three preprocessing steps, it was assured that only
consistent, good quality data were used in the analysis.

2.3 DESCRIPTION OF THE DATA BASE

The data base contains information obtained from 1,585 individual wastewater
treatment facility construction projects from the 48 contiguous States.
These projects represent a variety of treatment schemes, design flows, and
types of modifications. It was noted in Section 1.0 that 822 projects
involved the construction of entirely new plants, 111 projects were
enlargements of existing facilities, 107 projects were upgrades of existing
facilities, 460 were enlargements and upgrades of existing facilities, 73
were facility replacement projects, and 12 were classified as "other."
Enlargement is defined as increasing the design flow of a facility while
retaining the same level of treatment. Upgrade is defined as an increase in
the design treatment efficiency of a facility while retaining the original
flow capacity.

A detailed description of the data base contents is presented in Tables 2.1
and 2.2. In addition, Appendix B of the report lists all projects in the
data base by State, EPA grant number, design flow, treatment level, and type
of modification.

Table 2.1 presents a distribution of the projects used in this report by

projected flow and level of treatment. It can be seen from Table 2.1 that
902 of the projects, or 57 percent of the total, were for plants with design
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TABLE 2.1

DISTRIBUTION OF WASTEWATER TREATMENT PLANT PROJECTS
BY PROJECTED FLOW AND LEVEL OF TREATMENT

<1.00 MGD 1.00-5.00 NGD 5.01-10.00 MGD >10.00 MGD
Projected Projected Projected Projected
Level of Treatment* Level of Treatment* Level of Treatment* Level of Treatment*
A B € D Subtotal A_ 8B _C D Subtotal A B C D Subtotal A B C 0 Subtotal

Alabama 0 1 0 0 11 0 2 3 0 5 0 0 0 0 0 ¢ 0 0 O 0
Arizona 0 8 3 0 11 0 4 1 0 5 0 0 0 O 0 0 2 0 0 2
Arkansas 0 6 [ 6 18 i} 3 4 2 9 0 0 1 1 2 o 1 1 1 3
California 4 37 12 2 55 3 28 7 3 41 1 9 1 5 16 112 1 9 23
Colorado 0 4 0 1 5 0 6 1 3 10 01 1 o 2 0o 2 0 o0 2
Connecticut 0 1 0 0 1 4} 2 0 0 2 0 2 0 0 2 0o 0 0 1 1
Delaware 0 0 1 1 2 0 0 1 0 1 ¢ 0 0 O 0 0 0 0 0 0
Florida 0 0 1 1 2 2 3 1 2 8 0 0 0 1 1 0 1 2 & 7
Georgia 0 4 2 0 6 1] 4 5 4 13 0 1 0 1 2 0 0 1 90 1
Idaho 2 9 1 0 12 0 4 1 0 ) 0 2 0 0 2 c 1 0 0 1
Ilinois 0 14 2 18 34 0 2 9 14 25 0 0 1 3 4 0 3 1 8 12
Indiana 0 1 ) | 44 0 4 1 12 17 01 0 o0 1 0 0 2 1 3
Towa 1 17 4 2 24 0 6 1 1 8 0 0 0 1 1 c 2 0 0 2
Kansas 6 33 2 0 41 0 9 2 0 11 0 1 0 0 1 0 0 0 ¢ 0
Kentucky 0 4 2 5 11 0 5 11 3 19 0 0 0 o0 0 01 ¢ ¢ 1
Louisiana 1 16 1 1 19 0 5 1 0 6 0 0 0 o0 0 0 0 0 1 1
Maine 1} 7 0 0 7 0 2 0 1 3 0 1 0 ¢ 1 ¢ 0 0 ¢ (]
Maryland 0 9 4 2 15 0 2 2 2 6 0 0 0 0O 0 01 1 0 2
Massachusetts 0 3 0 0 3 0 2 2 1 5 0 2 0 1 3 ¢ 2 0 1 3
Michigan 2 21 0 1 24 0 7 1 2 10 0 1 0 1 2 0 1 0 2 3
Minnesota 0 15 2 8 25 0 4 2 4 10 ¢ 0 1 1 2 0 2 2 2 6
Mississippi ¢ 12 3 1 16 0 1} 1 0 1 0 0 0 0 0 ¢ 0 1 © 1
Missouri 0 3 2 2 36 0 6 3 1 10 6 2 0 0 2 ¢ 3 0 0 3
Hontana 1 10 0 4} 11 [y} 5 0 0 5 0 0 0 0 0 01 0 0 1
Nebraska 8 23 4} 0 31 0 9 0 o0 9 0 2 1 0 3 c 1 0 0 1
Nevada 6 2 0 0 8 0 2 0 0 2 0 0 0 0 0 0 0 ' 0 1
New Hampshire 2 6 2 0 10 0 4 0 0 4 0 0 0 o 0 0 2 0 0 2
lew Jersey 0 0 0 1 1 0 4 3 0 7 0 3 1 1 ) 0o 8 0 2 10
New llexico 0 5 1 0 6 1 5 2 1 9 0 2 0 0 2 00 0 ¢ 0
New York 0 16 4 11 31 0 10 2 4 16 0 1 0 0 1 0 3 0 1 4
tiorth Carolina 0 7 1 1 9 0 7 2 2 11 0 0 0 2 2 0o 0 1 2 3
North Dakota 4 35 0 0 39 0 2 1 0 3 0 1 0 0 1 ¢ 6 0 0 0
Ohio 0 11 4 9 24 [} 5 2 7 14 ¢ 0 1 3 4 0 3 1 5§ 9
Oklahoma 16 22 14 0 52 0 4 6 1 11 0 0 2 o 2 0 1 0 0O 1
Oregon 0 13 7 7 27 ] 4 2 3 9 01 0 1 2 o1 2 1 4
Pennsylvania 1 15 13 $ 34 0 15 8 5 28 0 2 3 4 9 09 2 0 ¢ 2
Rhode Island 0 2 0 0 2 4} 1 1 0 2 0 0 0 o0 0 0 0 0 © 0
South Carolina 0 0 1 0 1 ] 1 0 0 1 0 0 ¢ o0 ] 0 1 0 ¢ 1
South Dakota 7 6 0 1 14 0 4 0 1 5 0 0 0 o 0 0 0 0 © 0
Tennessee 0 5 4 4 13 0 3 2 0 5 0 0 1 1 2 o 1 0 1 2
Texas 0 19 22 6 47 0 10 10 1 21 60 2 2 2 6 c 0 0 6 6
Utah 4 3 0 2 9 1 2 0 2 5 0 1 1 0 2 ¢ 0 0 1 1
Vermont 113 4 0 18 0 1 10 2 0 0 0 O [4} 0 0 0 o0 0
Virginia 1 12 3 2 18 0 5 3 0 8 0 3 1 0 4 0 3 0 4 7
Washington 6 19 2 0 27 0 15 1 0 16 0 2 0 0 2 0 3 0 ©0 3
Hest Virginia 0 6 3 3 12 4} 4 0 1 5 0 1 0 o0 1 o 0 0 O 0
Wisconsin 1 13 14 ) 32 0 4 3 7 14 ¢ 0 0 2 2 0 6 0 1 7
Hyoming 0 4 0 0 4 0 1 2 0 3 0 2 0 0 2 o 0 0 0 0
TOTALS 74 541 149 138 902 7 237 111 90 445 1 46 18 31 96 1 70 17 54 142
*Levels of Treatment: A - No Discharge

B - Secondary Treatment

C - Advanced Secondary Treatment

0 - Advanced Wastewater Treatment

TOTAL



TABLE 2.2

DISTRIBUTION OF WASTEWATER TREATMENT PLANT PROJECTS
BY TREATMENT PROCESS

Alabama
Arizona
Arkansas
California
Colorado

Connecticut
Delaware
Florida
Georgia
Idaho

I11inois
Indiana
Towa
Kansas
Kentucky

Louisiana
Maine
Maryland
Massachusetts
Michigan

Minnesota
Mississippi
Missouri
Montana
Nebraska

Nevada

New Hampshire
New Jersey
New Mexico
New York

North Carolina
North Dakota
Ohio

Oklahoma
Oregon

Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee

Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

TOTALS

Rotating
Activated Biological Oxidation Aerated Stabilization

Sludge Contactor Ditch Lagoon Pond Other Totals
6 3 0 3 3 1 16
8 0 3 5 2 0 18
12 1 5 5 5 4 32
39 6 8 30 10 a2 135
9 1 0 0 0 g 19
2 0 0 0 0 4 6
3 0 0 0 0 0 3
6 1 0 0 0 11 18
8 1 0 2 1 10 22
6 0 1 6 4 3 20
21 1 0 11 3 39 75
35 3 4 4 5 14 65
6 5 0 4 10 10 35
7 0 12 2 17 15 53
8 3 6 3 2 g 31
8 0 7 3 5 3 26
3 1 0 7 0 0 11
15 2 0 1 1 4 23
10 0 0 0 0 4 14
7 5 0 6 15 6 39
13 2 1 2 10 15 43
2 0 0 2 10 4 18
10 0 25 1 9 6 51
1 1 6 5 4 0 17
11 3 5 1 10 14 44
0 0 0 5 3 3 11
9 0 1 5 1 0 16
9 3 0 0 0 11 23
7 0 1 5 0 4 17
30 6 1 4 0 11 52
8 0 2 0 2 13 25
1 0 0 7 35 0 43
24 2 2 1 5 17 51
20 0 5 5 28 8 66
17 2 0 0 15 8 42
39 0 0 3 0 31 73
4 o] 0 0 0 0 4
3 0 0 0 0 0 3
2 1 1 2 11 2 19
4 0 5 2 0 11 22
33 0 33 2 0 12 80
1 0 2 2 10 2 17
5 2 1 12 0 0 20
21 2 1 5 0 8 37
10 5 9 7 9 8 48
5 1 7 1 1 3 18
16 6 0 7 1 25 55
_2 9 9 _3 3 1 9
526 69 154 181 250 405 1,585
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fiows less than 1.0 million gallons per day {(mgd). Additionally, 894
projects, or 56 percent of the total, involved secondary treatment plants.

Table 2.2 summarizes the projects by major treatment process employed. It
can be seen that 526, or 33 percent of the projects, utilized an activated
sludge process as the main treatment process. Also, 405 projects, or 25
percent, involved "other" or undefined types of processes. It should be
noted that "other" includes facilities employing processes not listed on the
table, as well as facilities using more than one of the listed processes.

The most detailed information available for each project was collected. Up
to three levels of detail were available for some projects included in the
data base. The levels are referred to as first order, second order, and
third order costs. First order costs are the most general and the most
available of the three types. They represent the lump sum costs for an
entire treatment facility. Second order costs represent the lTump sum costs
for each individual process, such as reactor basins or digesters, found
within a plant. Third order costs represent the lump sum cost for each of
the various components which go into a unit process, such as concrete,
equipment, or excavation. The availability of each Tlevel of detailed
information varied considerably by location, size, and type of project.
Figure 2.1 illustrates the relationship between the three levels of detail.

2.4 DATA ANALYSIS

Most data analysis for this study took the familiar form of using one
parameter as the sole predictor of a second parameter. The method employed
was bivariate analysis using linear regression to calculate an estimating
equation. Regression analysis is a well known statistical tool employed to
compute and evaluate an estimate of the proposed mathematical relationship
between or among variables. It ertails a minimization procedure (method of
Teast squares) for estimating parameters. In this analysis, the
construction cost and the design flow were taken as the dependent variable Y
and the independent variable X, respectively. The Statistical Analysis
System (SAS), a statistical package program, was utilized to establish the
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estimating equation. The Tektronix Graphic Computing System was used to
plot the resulting regression equations.

The data were analyzed for all types of plants, processes, and components at
all Tevels of detail that were available. However, if the estimating
equations did not possess a certain level of statistical validity, the
resulting curves were not reported herein.

The acceptance or rejection of the estimating equations was based largely on
the goodness of fit or strength of the linear relationship between variables
and on their significance as indicated by the calculated sample correlation
coefficient R and the F-value. The formulas and definitions of associated
terms to compute the statistics R and F are presented below:

R - SSFE
SSFE + RSS
SSFE/K

Where: SSFE = Sum of squares due to fitted equations.
RSS = Residual sum of squares.
N = Total number of points (sample size).
K = Degree of freedom due to regression.
N - K -1 = Degree of freedom due to deviations.

The numerical value of R varies from zero (no relationship between the
variables) to = 1 (completely linear relationship). The square of the
correlation coefficient, R2, which 1is usually expressed 1in percent
(multiplied by 100), may be interpreted as the proportion of total
variability in the dependent variable Y that is explained by the independent
variable X. Thus, if R2 = + 0.70 for a given relationship, it means that
the independent variable X explains 70 percent of variation in the dependent
variable Y. The F-value, on the other hand, represents the ratio of the
explained variance to the unexplained variance adjusted for the degrees of
freedom lost. F statistic tables describe the coefficients (F-values) that

may be expected to occur by chance among samples of uncorrelated data. A
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regression equation may be considered significant at a specified confidence
level if calculated F-values, adjusted to degrees of freedom lost for a
given sample size or data points, exceed the tabulated F coefficients.

The T-values are also used to measure the fit of the regression line by
testing, in turn, the coefficient of each variable to see if, with
statistical significance, each can be assumed to be nonzero. I[f the
coefficient of a variable is nonzero, then that particular variable should
be a contributing part of the equation. The standard form of the T-test is
used and there is significant evidence that the coefficient is considered
nonzero if the absolute value of the T-value obtained is greater than some
critical T-value.

Bivariate data analyses were conducted for construction and associated costs
of wastewater treatment plants to provide the following Tevels of cost
information:

1. Nonconstruction Costs* - Total Step 3 nonconstruction costs, as
well as Step 1 and Step 2 planning and engineering costs.

2. First Order - Total plant construction costs.

3. Second Order - Unit process construction costs and total piant
construction component costs.

4. Third Order - Unit process component costs.

*Note: Nonconstruction costs were not included in the first, second,
or third order relationships, but were analyzed separately as
discussed in Section 3.1. These must be added to the other
costs as a separate item to arrive at a total project cost.

As mentioned earlier, an estimating equation had to possess a certain level

of statistical validity to be included in the results of this study. For

this study, an estimating equation was considered statistically valid if it
had an R2 > 0.50 and an F-value that exceeded the critical F-value for the

0.01 level of significance. For eguations based on first order costs, the
2 .

R” value in all cases exceeded 0.65.
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After the bivariate analyses were completed, several of the data items were
compared using a multivariate analysis. The multivariate analysis involved
three variables compared in much the same manner as the bivariate linear
regression  technique to determine if a statistically significant
relationship existed among the three variables. The multivariate analyses
were conducted with plant design flow, denoted as Q, and projected effluent
BOD5, denoted as E, as the independent variables and, again, construction
cost as the dependent variable. This was done for seven classes, and in all
cases, it showed that plant design flow was a major contributing factor 1in
the model; in all cases probability of <0.0001 (T-value > absolute value of
T-value obtained).

2.5 RELIABILITY

A sensitivity analysis of the parameters used in preparing these estimating
equations for wastewater facilities construction has not been attempted
because it was outside the scope of this project. However, general comments
on the degree of reliability are in order. The reliability or the accuracy
of cost estimates vary with the intended use. As found in the article,
"Estimating Accuracy of Your Estimated Costs," published by Consulting
Engineer (Vol. 38, No. 2, 1972), five types of estimates are listed with the
following probable accuracies:

1. Order of magnitude + 40%
2. Study + 25%
3. Preliminary + 12%
4. Definitive + 6%
5. Detailed + 3%

The degree of accuracy intended in the cost estimates presented herein is of
the study type, i.e., within a probable accuracy of 25 percent. Estimates
using cost curves certainly are far less accurate than definitive or
detailed estimates, but do provide a means for comparing, on a relative
basis, various alternatives without a complete design of each alternative.
An exponential function which plots as a straight line on log-log graph
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paper was assumed for all costs. This is within the accuracy for the
intended use of the cost curves. It is agreed that this assumption
introduces errors, especially at the lower and upper ends of the curves.
The errors arise because the slope of the estimating equation, which is a
constant, is calculated to provide the curve of best fit for the majority of
the data.

Two distinct types of plant cost estimating approaches are recognized. The
first type may be termed the "theoretical" approach. It combines design
quantities and current unit costs, such as the cost of steel or concrete, to
estimate what a plant should cost before construction. The second, or
"empirical" approach, develops cost relationships based on what similar
plants have cost in the past. This study presents costs relationships
developed in an empirical manner.

The theoretical approach has the potential of better defining a specific
treatment facility since detailed design parameters and unit prices are
input. While this explicit, detailed input infers that resultant cost
estimates are correspondingly accurate, it should be realized that several
important variables are sometimes not quantified by theoretical systems. As
presented in "An Analysis of Construction Cost Experience For Wastewater
Treatment Plants," (MCD-22) published by EPA, the following are among those
items:

1. Competition in the contractor and supplier marketplaces.
2. Unpredictable variations in local material and labor costs.
3. Timeliness of construction.

4. Variations 1in conventional engineering, design, and construction
practices.

5. Design requirements imposed by regulatory agencies.

6. Degree to which cost is considered in design and construction
phases.

7. Varijations in site conditions.
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The effect of such variables on cost can usually be quantified only after a
construction contract is signed. The empirical system, while not defining
the effects of these subjective factors individually, does testify to their
cumulative effect on final construction costs. Obviously, each project is
unique and the cumulative effects of the above listed factors vary from
facility to facility. Because of this variation, cost analysis must utilize
average conditions for these subjective parameters.

Using past construction cost information to predict future costs by an
empirical approach hinges on the ability to place each sample treatment
plant in a precise category of similar plants. This classification can be
by design flow, unit processes employed, level of treatment, location, or
any combination thereof. There must also be sufficient data to define
average cost relationships for particular classifications.

Therefore, when using the estimating equations from this report, the reader
must be mindful that the equations represent national averages calculated
from information on many projects. There are several important variables,
such as site acquisition or unusual site conditions, which must be
considered that can cause an individual project's cost to differ drastically
from the average value calculated using the estimating equation.

In addition, when using any of the estimating equations, the sample size (N)
used in calculating the equation should be considered. An equation based on
a large sample, N > 30, is more reliable and will provide a better
approximation of the costs than an equation based on a small sample, e.g., N
= 3. This is true even though both equations are statistically valid and
exhibit the same RE. The F-test tests the reliability even if R® is the
same for samples of different sizes.

In order to obtain a consistent scale for all data sets, the policy was set
for this report that all curves were to be graphed for a range from 0.01 to
10.0 mgd. Since the actual data points for the regression curves vary from
class to class (in Figure 3.51, the range is 0.05 to 0.40 mgd), the reader
should be warned that interpreting the curve outside the range where the
data points occurred (denoted on the graphs as Data Range) has the potential
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of giving unreliable interpretations. Similarly, for values substantially
outside the data range, considerable judgment must be used in
interpretation. The reader is, in all cases, asked to refer to the data
range. This is where the fit of the equation has been obtained and where
the interpretation is most meaningful. For those graphs where data points
occurred beyond the 10.0 mgd value, the graphs are inadequate for
representing these situations. However, there are few data points involved.

The 0.01 to 10.0 mgd range was chosen as the standard scale because it is
the range which contains most of the plant design flow values for facilities
in the data base. Some facilities are built with mgd values incapable of
being far from this range. Extended aeration facilities, for example, are
not generally built in situations where the average daily flow will exceed
0.50 mgd.

2 and F imply

In general, Tlarge sample sizes and high values of R
statistically sound correlations. Another indication of the closeness of
fit to the model can be inferred from the scatter in the data points used to
calculate an equation. As the amount of scatter among the actual data
points increases, the accuracy of the estimating equation decreases. To
provide an indication of data scatter, each graph includes a set of dashed
lines which have been referred to in this report as the standard residual

error (SRE).

The standard error of the estimate, or the standard residual error, is

defined as:
_ RSS
SRE - ’N_—z
Where: RSS = Residual sum of squares.
N = Total number of points (sample size).

SRE squared 1is an unbiased estimate for o squared, the variance of the
residual variables. SRE has a major use in obtaining confidence intervals
for various parameters and variables of the regression equation. Although
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this was not done here, it was desired to give the reader a feel for the
fact that the actual cost values need not lie on the actual regression line
(it represents only the average costs), but would fall in some interval
about that line. The interval cost £ SRE has, therefore, been plotted to
indicate an interval in which the costs have a likelihood of being found.
Again, let it be stressed that this is not a confidence interval, but serves
only as reinforcement for the fact that the costs are within some interval
about the 1line and not necessarily on the line.
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3.0 RESULTS OF THE DATA ANALYSIS

The results of all statistically valid relationships discernible from the
existing data base are presented in this section. The results are presented
in the following order:

Section 3.1.3 Presentation of Nonconstruction Cost Curves
Section 3.2.3 Presentation of First Order Cost Curves
3.2.3.1 Results - Mechanical Plants by Level of Treatment
3.2.3.2 Results - Mechanical Plants by Level of Treatment

and Main Treatment Process
3.2.3.3 Results - Lagoon Plants

Section 3.3.3 Presentation of Second Order Cost Curves
3.3.3.1 Results - Unit Processes and Unit Operations
3.3.3.2 Results - Mechanical Plant Component Costs
3.3.3.3 Resuits - Lagoon Plant Component Costs

Section 3.4.2 Presentation of Third Order Cost Equations

Section 3.5.2 Presentation of Efficiency Cost Curves

Each section contains an introduction, definition of terms, and the results
as a series of cost curves. Noted on the cost curves are the equation of
the curve, the sample size, the values of the R2 and F statistics, the SRE,

and the data range.

Examples for using these curves are presented in Section 4.0 of this report.
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3.1 NONCONSTRUCTION COSTS

3.1.1 Introduction

Associated with all construction projects are expenditures for items other
than actual construction items. These other cost items are termed
nonconstruction costs. Nonconstruction costs are incurred throughout the
Tife of a construction project, beginning with the initial planning phase
and continuing until a facility is in operation. A construction project is
usually accomplished in three distinct phases; initial planning, detailed
design, and actual construction. In the terminology of the Construction
Grants Program, these three phases are referred to as Step 1, Step 2, and
Step 3, respectively. There are nonconstruction costs associated with each
step which must be added to the construction cost to arrive at a total
project cost. This section describes the various nonconstruction costs
usually incurred in the course of a project and provides an estimate of
their contribution to the total project cost.

3.1.2 Definitions of Nonconstruction Costs

Nonconstruction costs are defined as those monies spent during the course of
a construction project which are not paid directly to the building
contractor but which must be borne by the owner. They are considered to be
part of the total project cost. The nonconstruction costs can be further
broken down into the following categories:

e Planning Costs (Step 1). These are costs incurred during the
preliminary engineering analysis phase. This phase includes problem
identification, alternative selection, cost effective analysis, and
preliminary plant design.

o Design Costs (Step 2). These are costs for the preparation of
detailed plans and specifications for the project.

e Administrative/Legal Costs. Included are costs incurred by the owner
in the administration of a construction project. Some examples are
attorney fees for preparing contracts, costs for publishing bid
advertisements and legal notices, and the cost of preparing requests
for proposals.
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Preliminary Costs. This category includes costs incurred by the
owner prior to any financial award for which he is later reimbursed
by the awarding agency.

Right-0f-Way Costs. This category includes Tegal and administrative
expenses necessary for securing rights-of-way and sites for a
project.

AJE Basic Fees. This category includes fees paid by the owner to
architectural/engineering (A/E) firms for consultation and assistance
during project construction. Examples are preparation and review of
bid documents and change orders, construction management, and final
inspection of all completed construction.

Other A/E Fees. These include the costs for special services
provided to the owner by an A/E firm during project construction.
Included are soil investigations, preparation of additional documents
such as operation and maintenance manuals, and facility startup
services.

Project Inspection Costs. These costs are paid by the. owner to
provide a full time resident engineer on the construction site to
inspect all work and to keep a project log.

Land Development Costs. Included are costs for preparing a project
site for a purpose other than the construction of a treatment
facility. An example is the cost for providing public recreational
facilities at the site of a treatment plant.

Relocation Expense Costs. The administrative and legal expenses an
owner incurs in relocating individuals or businesses affected by a
construction project.

Relocation Payment Costs. Payments made to individuals or businesses
forced to relocate due to a construction project.

Demolition and Removal Costs. The costs for demolishing and removing
existing structures at a project site.

Bond Interest Costs. This covers the interest charges paid by the
owner on bonds issued to finance payments during construction.

Contingency Costs. This is an amount set aside at the start of a
project to provide for unexpected expenses during construction.

Indirect Costs. These are costs for goods or services provided by
one department of an owner's organization to another department. An
example is a payment made to a city highway department by a city
public works department.

Equipment Costs. These are costs for the purchase or leasing of
equipment or materials necessary for the construction or maintenance
of a facility which are obtained separately from the construction
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phase. An example is the advance purchase of process equipment which
requires a lTong lead time before delivery.

o Miscellaneous Costs. Included are any costs not covered in the other
nonconstruction cost categories. Two examples are special laboratory
equipment purchases and monitoring wells installed at a project site.
Land costs, where land is an integral part of the treatment process,
are included in this category. Other land costs, such as acquisition
of a treatment plant site, are ineligible and are not included in
this or any of the categories above.

3.1.3 Presentation of Nonconstruction Cost Curves

Table 3.1 presents the average ratios of all nonconstruction cost categories
to construction costs for all projects in the data base. Average ratios
were calculated for each EPA Region, as well as for the entire nation.
Individual project ratios were calculated by dividing the nonconstruction
dollar value by the construction dollar value. The Regional and national
average ratios for each category were calculated by dividing the sum of all
individual project ratios by the number of projects.

Seventeen nonconstruction cost categories are jdentified in Table 3.1. By
checking the sample size for each category, it can be seen that only seven
of these nonconstruction cost categories are common to the majority of
projects: planning, design, administration/legal, A/E basic fees, other A/E
fees, project inspection, and contingencies. These seven categories equal
approximately 32 percent of the construction costs as a national average.
The other ten categories are much less frequent in their occurrence and are
very project-specific. It is suggested that the reader only consider the
seven most common nonconstruction costs when preparing an estimate with the
information in this report. The information on the other ten categories is
presented in order to make the reader aware that site-specific requirements
can greatly affect the cost of a project.

Figures 3.1 through 3.7 present the relationship between construction costs
and each of the seven most common nonconstruction costs previously
mentioned. The independent variable for each curve is the construction cost
in dollars. The dependent variable for each curve is the nonconstruction
cost in dollars. A1l costs are 1in third quarter 1982 Kansas City/St.
Joseph, Missouri dollars.
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Nonconstruction

TABLE 3.1

NONCONSTRUCTION COST AS A PROPORTION OF CONSTRUCTION COST

NONCONSTRUCTION COST/CONSTRUCTION COST
AVERAGES FOR EPA REGIONS AND THE NATION

National Ratios

Cost Categories Reg. 01 Reg. 02 Reg. 03 Reg. 04 Reg. 05 Reg. 06 Reg. 07 Reg. 08 Reg. 09 Reg. 10 (Sample Size)
Planning (Step 1) 0.030 0.041 0.028 0.052 0.035 0.034 0.042 0.043 0.043 0.056 0.041 ( 866)
Design (Step 2) 0.078 0.098 0.057 0.058 0.057 0.063 0.072 0.141 0.081 0.088 0.076 { 866)
Administration/Legal 0.012 0.018 0.023 0.008 0.007 0.006 0.009 0.010 0.010 0.011 0.012 (1,995)
Preliminary 0.036 0.015 0.004 0.012 0.006 0.003 0.006 0.011 0.011 0.024 0.015 { 145)
Right-of-Way 0.025 0.042 0.018 0.020 0.029 0.035 0.032 0.035 0.084 0.037 0.032 ( 188)
A/E Basic Fees 0.073 0.059 0.107 0.051 0.065 0.030 0.040 0.057 0.084 0.047 0.063 (2,058)
Other A/E Fees 0.028 0.044 0.037 0.020 0.038 0.015 0.018 0.027 0.042 0.025 0.030 (1,293)
Project Inspection 0.067 0.063 0.046 0.031 0.040 0.029 0.044 0.062 0.055 0.059 0.046 (1,213)
Land Development - - 0.010 0.006 0.008 -—- 0.046 0.042 --- 0.011 0.020 ( 6)
Relocation Expenses 0.016 --- 0.003 0.020 0.003 -—- - 0.005 0.003 --- 0.009 ( 17)
Relocation Payments -—- -—- --- - 0.005 0.108 --- --- 0.008 --- 0.027 ( 5)
Demolition & Removal --- --- 0.085 0.014 --- 0.011 0.048 --- -—-- 0.046 0.032 ( 7)
Bond Interest 0.022 0.017 0.056 0.013 --- 0.044 -——- 0.029 -—- --- 0.041 ( 36)
Contingencies 0.062 0.070 0.055 0.073 0.034 0.050 0.056 0.056 0.069 0.038 0.054 {2,283)
Indirect Costs --- 0.010 0.003 --- 0.017 --- -—- --- 0.012 - 0.013 ( 44)
Equipment 0.014 0.006 0.018 0.032 0.011 0.008 0.030 0.017 0.026 0.040 0.020 ( 219)
Miscellaneous 0.016 0.027 0.033 0.018 0.010 0.033 0.018 0.021 0.011 0.038 0.023 ( 439)
TOTAL REGIONAL 0.479 0.510 0.583 0.428 0.365 0.469 0.461 0.556 0.539 0.520 0.554

NCC AVERAGES




Table 3.2 contains a summary of Figures 3.1 through 3.7 with associated
titles and cost equations.
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TABLE 3.2

SUMMARY FOR FIGURES 3.1 THROUGH 3.

NONCONSTRUCTION COST CURVES

~J

Figure
Number Title Cost Equation*
3.1  Planning NCC = (5.77 x 1071)c0-79
3.2 Design NCC = (3.45 x 1071)c0-88
3.3 Administrative/Legal NCC = (9.62 x 1072)c0-80
3.4 Architectural/Engineering Basic Fees NCC = (1.26 x 1071)c0-%3
3.5 Other Architectural/Engineering Fees NCC = (8.86 10'2)(30'89
3.6 Project Inspection NCC = (4.13 x 1071)c0-83
3.7 Contingency NCC = (6.56 x 1072)c0-98
* NCC = Nonconstruction Cost

Construction Cost
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3.2 FIRST ORDER COSTS

3.2.1 Introduction

First order costs are the sum of monies paid by the owner to contractors and
suppliers for all labor and materials necessary to construct the entire
planned treatment facility. As noted in Section 2.0, all construction costs
used to prepare this report were the as-bid costs which were usually very
close to, but not necessarily exactly the same as, the as-built costs.
Also, first order costs only represent construction expenditures and do not
include any allowance for nonconstruction costs.

A1l first order cost curves presented in this report are for the
construction of entirely new treatment facilities. Also contained in the
data base are many projects involving other types of plant modifications
such as enlargements, upgrades, and replacements. Due to the greater
variations in technical considerations and costs associated with such
projects, no cost curves could be produced at a level of statistical
confidence great enough for inclusion as first order curves.

3.2.2 Definitions of Terms

e Construction Cost. The sum of monies paid by the owner to
contractors and suppliers for all labor and materials necessary to
construct the planned facility. The construction cost, expressed in
millions of dollars, is the dependent variable in all cost
relationships presented in this section.

e Design Flow. The design flow is the hydraulic capacity for which a
treatment plant is designed. It is based on the total daily average
dry weather flow rate expected from domestic, commercial, and
industrial sources. The design flow is the ideal flow at which a
facility will operate. It represents the norm and accounts for
fluctuations such as peak and low flows. The design flow represents
the average daily flow, not monthly or yearly averages which will
vary due to wet weather conditions or intermittent industrial flows.
The design flow, expressed in mgd, is the independent variable in all
cost relationships presented in this section.

e Treatment Levels. All facilities are classified in terms of the
treatment level they are designed to achieve. Three basic treatment
levels are jdentified; secondary, advanced secondary, and advanced
wastewater treatment. The treatment Tevels are defined in terms of
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the five day biochemical oxygen demand (BOD.) of the plant effluent
on a monthly average basis. No other paraéeters, such as effluent
suspended solids, are used in the treatment level classification.

- Secondary Treatment. A plant is considered a secondary treatment
plant if it 1is designed to produce an effluent with a BOD. no
greater than 30 milligrams per liter (mg/1). However, some sthtes
have a more stringent definition of secondary treatment in which
the effluent may have a BOD. value as low as 25 mg/1. Therefore,
a plant capable of producing an effluent with a BOD5 value in the
range of 25 to 30 mg/1 (inclusive) is placed in “the secondary
treatment category. Many types of unit process trains are used in
plants which provide secondary treatment. The most common
processes are variations of the activated sludge process and
variations of the Tagoon process.

- Advanced Secondary Treatment (AST). A plant is considered an
advanced secondary treatment plant if it is designed to produce an
effluent with a BOD. in the range of 24 mg/1 to 11 mg/1. A
variety of unit proéess trains can be used to achieve advanced
secondary treatment. The most widely used processes are extended
aeration activated sludge, oxidation ditches, and rotating
biological contactors (RBC). To attain very stringent BOD
effluent values, many facilities will include chemical addition o?
filtration processes to their treatment trains.

- Advanced Wastewater Treatment (AWT). A plant is considered an
advanced wastewater treatment plant if it is designed to produce
an effluent with a BOD. less than or equal to 10 mg/1. Plants
designed to achieve an ddvanced wastewater treatment level utilize
complex unit process trains. Generally AWT plants use a
biological treatment process, such as activated sludge, followed
by chemical/physical processes to produce a high quality effluent.

Nutrient Removal. In addition to meeting BOD. effluent values, some
plants must control the amount of nutrients i% their effluent. This
control 1is achieved by the use of biological and chemical unit
processes. Nutrient control requirements are usually associated with
plants designed to achieve AST or AWT Tevels of treatment. However,
plants designed to achieve secondary treatment sometimes need to
control phosphorus, especially if they dispose of their effluent to
nutrient sensitive water bodies such as lakes.

- Ammonia Removal. A plant designed to produce an effluent with 5.0
mg/1 or less of ammonia nitrogen 1is considered to have ammonia
removal capabilities.

- Phosphorus Removal. A plant designed to produce an effluent with
3.0 mg/1 or 1less of total phosphorus is considered to have
phosphorus removal capabilities.

Mechanical System. A facility which wutilizes energy intensive
treatment processes. Included are plants with activated sludge
processes, vrotating biological contactors, trickling filters, and
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oxidation ditches. Excluded are facilities which utilize a lagoon
system, aerated or nonaerated, for their main treatment process.

Lagoon System. A facility which utilizes either a stabilization pond
or an aerated lagoon as the primary treatment process.

Sludge Handling. The amount of sludge generated and the treatment
methods vary considerably from facility to facility. The amount of
sludge produced depends on the characteristics of the influent
wastewater and the unit process train utilized. The treatment
methods used depend on the characteristics of the sludge, the amount
of sludge generated, and the disposal methods available. The sludge
handling methods can vary from facility to facility even though
facilities may have similar design flows and treatment Tlevels.
Expenditures for sludge handling are usually a large percentage of
the overall construction cost for a facility. In order to account
for the variations in sludge handling methods and the resultant
impact on the construction cost, all facilities have been classified
into three categories. The three general categories of sludge
handling are simple, moderate, and complex. These categories are
mutually exclusive. Included in each category are all costs for the
appropriate sludge handling and sludge treatment equipment. Disposal
costs are not included except for sludge disposal equipment which
jncludes sludge hauling vehicles, sludge pipelines, underground
injection equipment, pumps and equipment for spraying, and similar
items.

- Simple Sludge Handling. A facility is placed in this category if
the sludge generated is treated by air drying and disposed in a
landfill. The cost of the Tandfill is not included.

- Moderate Sludge Handling. A facility is placed in this category
if the sludge generated is treated by digestion, thickening, or
mechanical dewatering, as well as any of the treatments included
in the "simple" category.

- Complex Sludge Handling. A facility is placed in this category if
the siudge generated 1is treated by chemical stabilization, heat
treatment, or incineration, as well as any of the treatments
included in the "simple" and "moderate" categories.

Equation Block. Located on each graph is a block containing the cost
equation and the statistical test results for the relationship
displayed.

- Equation. This is the estimating equation which describes the
curve. The "C" term is the construction cost in million dollars
and the "Q" term is the design flow in mgd.

- Sample Size. This refers to the number of projects from the data
base used in the calculation of the equation.
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- RZ. This is the square of the correlation %oefficient of the

equation. The statistical significance of R® is explained in
Section 2.5.

- F. This 1is the F-value of the -equation; the statistical
significance of which is explained in Section 2.4.

- T. This 1is the T-value of the equation; the statistical
significance of which is explained in Section 2.4.

- Data Range. This 1is the actual range of basic data used to
calculate the equation.

3.2.3 Presentation of First Order Cost Curves

The results from the first order cost analyses are presented in three
sections as follows:

Section 3.2.3.1 - Results - Mechanical Plants by Level of Treatment
Figures 3.8 through 3.27

Section 3.2.3.2 - Results - Mechanical Plants by Level of Treatment
and Main Treatment Process
Figures 3.28 through 3.64

Section 3.2.3.3 - Results - Lagoon Plants
Figures 3.65 through 3.70

Each section presents the relationship between the design flow of a facility
and the construction cost. This relationship is presented for facilities
which have been classified by type of system, level of treatment, and, in
some cases, degree of sludge handling.

A11 cost vrelationships presented in the following sections represent
national averages. Methods for adjusting the national average cost to a
specific area of the country are outlined in Section 4.0. Examples of how
to use these cost curves to develop estimates are also presented. All
national average costs are in third quarter 1982 Kansas City/St. Joseph,
Missouri dollars.
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3.2.3.1 Results - Mechanical Plants by Level of Treatment

This section contains the results from the analyses of the first order cost
relationships between the design flow of a facility and its construction
cost. Prior to analysis, facilities were classified by level of treatment
and, wherever possible, by the type of sludge handling. Further, only
completely new mechanical plants with effluent disposal to nonocean surface
waters were included. No distinction was made with regard to the types of
unit processes utilized in the 1iquid line treatment train other than the
overall train must be representative of a mechanical plant.

Figures 3.8 through 3.27 contain the results obtained from these analyses.
The figures are ordered so that all results pertaining to a specific level
of treatment are grouped. Results for secondary treatment plants are shown
on Figures 3.8 through 3.12. Results for advanced secondary treatment
plants are shown on Figures 3.13 through 3.20. Results for advanced
wastewater treatment plants are shown on Figures 3.21 through 3.27.

Each figure contains several important items: title, x-axis Tlabel
(independent variable), y-axis label (dependent variable), cost equation,
equation statistics, regression Tline (solid 1line), and the SRE (dashed
lines). A1l these items should be taken into account by the reader.

The regression line and the cost equation derived from the Tine represent
the predicted construction cost for the particular type of facility
jdentified in the title. The cost derived using the line or equation is an
estimate for the construction of a complete operational wastewater facility.
The cost includes all processes from the headworks to the effluent outfall
line. The only additional costs that need to be considered are the various
nonconstruction costs.

For several types of plants, it was possible to obtain results which
differentiated plants by level of treatment, as well as the type of sludge
handling employed. It should be noted that the curves obtained for simple,
moderate, and complex sludge handling are all subsets of the curve developed
for all types of sludge handling. It is possible to see the effect sludge
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handling has on construction costs by referring to the results obtained for
secondary treatment plants (Figures 3.8, 3.9, 3.10, 3.11). Figure 3.8
contains the results obtained by including all secondary plants without
regard to the type of sludge handling. Figure 3.9 contains the results for
plants having simple sludge handling techniques. Figure 3.10 contains the
results for plants with moderate sludge handling and Figure 3.11 shows the
results for plants with complex sludge handling. The predicted costs for a
1.0 mgd plant for each curve are as follows:

Type of Cost for

Figure Sludge Handling 1.0 mgd Plant
3.8 A1l Types $2,490,000
3.9 Simple $1,680,000
3.10 Moderate $2,410,000
3.11 Complex $3,000,000

By comparing the results, it can be seen that sludge handling can almost
double the predicted construction cost ($1,680,000 vs. $3,000,000) for
plants with similar levels of treatment and design flows.

The results conform to the general principle that more stringent effluent
requirements, in terms of BOD5 and nutrient reduction, result in greater
construction costs. Therefore, AST plants cost more than secondary plants,
and AWT plants are the most costly of all.

Table 3.3 contains a summary of Figures 3.8 through 3.27 with associated
titles and cost equations.
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TABLE 3.3

SUMMARY FOR FIGURES 3.8 THROUGH 3.27
FIRST ORDER COST CURVES

MECHANICAL PLANTS CLASSIFIED BY LEVEL OF TREATMENT

Figure
Number Title Cost Equation*
3.8 Secondary Treatment - ATl Types of 6..0.72
STudge Handling (2.49 x 107)Q""
3.9 Secondary Treatment - Simple Sludge 6. 0.55
Handling (1.68 x 107)Q""
3.10 Secondary Treatment - Moderate Sludge 6+ 0.69
Hand1ing (2.41 x 107)Q""
3.11 Secondary Treatment - Complex Sludge 6. 0.71
Handling (3.00 x 107)Q""
3.12 Secondary Treatment with Phosphorus 6..0.72
Removal - Al1 Types of Sludge Handling (3.16 x 107)q"°
3.13 Advanced Secondary Treatment (AST) - 6. 0.7
A1l Types of Studge Handling (2.90 x 10°)Q"*"'*“
3.14  AST - Simple Sludge Handling (1.98 x 108)90-%7
3.15  AST - Moderate Sludge Handling (2.57 x 10%)0-74
3.16 AST with Ammonia Removal - A1l Types 6..0.79
of Sludge Handling (3.44 x 107)qQ"
3.17 AST with Ammonia Removal - Moderate 6..0.74
STudge Handling (3.01 x 107)Q"
3.18 AST with Ammonia Removal - Complex 6..0.70
Sludge Handling (4.39 x 107)Q"
3.19 AST with Phosphorus Removal - All 6..0.73
Types of Sludge Handling (3.75 x 107)Q""
3.20 AST with Ammonia and Phosphorus Removal 6..0.82
A11 Types of Sludge Handling (4.14 x 107)Q""
3.21 Advanced Wastewater Treatment (AWT) - 6..0.74
A11 Types of Sludge Handling (3.38 x 107)Q""
* C = Construction Cost (million dollars)
Q = Plant Design Flow (mgd)
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TABLE 3.3 (Concluded)

Figure
Number Title Cost Equation
3.22  AWT - Moderate Sludge Handling c = (3.28 x 10%)%-7%
3.23  AWT - Complex Sludge Handling ¢ = (3.74 x 100)Q0+®
3.24 AWT with Ammonia Removal - A1l Types of 6..0.83
Sludge Handling = (4.59 x 107)Q""
3.25 AWT with Ammonia Removal - Moderate 6..0.82
Sludge Handling C=1(4.74 x 107)Q"
3.26 AWT with Phosphorus Removal - All Types 6..0.89
of Sludge Handling = (3.77 x 107)Q"°
3.27 AWT with Phosphorus Removal - Moderate 6+ .0.86
Stludge Handling C = (3.53 x 107)Q”"
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3.2.3.2 Results - Mechanical Plants by Level of Treatment and Main
Treatment Process

This section contains the results from the analyses of the first order cost
relationships between the design flow of a facility and its construction
cost. Prior to analysis, facilities were classified by Tevel of treatment,
main liquid line treatment process, and, wherever possible, by the type of
sludge handling. Further, only completely new mechanical plants with
effluent disposal to nonocean surface waters were included.

Figures 3.28 through 3.64 contain the results obtained from these analyses.
The figures are ordered so that all results pertaining to a specific
treatment process are grouped. The major groupings are listed below:

Treatment Process Figure Numbers
A11 Types of Activated Sludge 3.28 through 3.37
Conventional Activated Sludge 3.38 through 3.45
Contact Stabilization 3.46 through 3.47
Extended Aeration 3.48 through 3.52
Pure Oxygen Activated Sludge 3.53 through 3.54
Oxidation Ditch Process 3.55 through 3.61
Rotating Biological Contactor 3.62 through 3.64

Within the major groupings of treatment processes, the figures are ordered
by treatment level.

Each figure contains several important items: title, x-axis label
(independent variable), y-axis (dependent variable), cost equation, equation
statistics, regression line (solid line), and the SRE (dashed lines). A1l
these items should be taken into account by the reader.

The regression line and the cost equation derived from the line represent

the predicted construction cost for the particular type of facility
identified in the title. The cost derived using the line or equation is an
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estimate for the construction of a complete operational wastewater facility.
The cost includes all processes from the headworks to the effluent outfall
line. The only additional costs that need to be considered are the various
nonconstruction costs.

Facilities were categorized prior to analysis on the basis of their main
biological Tiquid line treatment process. One of the treatment process
categories, All Types of Activated Sludge, is a summation of most of the
variations of the activated sludge process. Included in this category are
conventional, contact stabilization, and extended aeration activated sludge
facilities. Facilities utilizing the oxidation ditch process or the pure
oxygen activated sludge process are not included.

For some categories of facilities, it was possible to obtain results for
differing Tevels of sludge handling. Four types of sludge handling are
identified: all, simple, moderate, and complex. The Tevel, All Types of
Sludge Handling, is a summation of the simple, moderate, and complex types.

The reader should note that all facilities represented in this section were
also included in the results shown in Section 3.2.3.1. A1l results in
Section 3.2.3.2 were produced using subsets of facilities from the more
general categories of facilities from Section 3.2.2.1.

The results show that the construction costs for facilities having similar
treatment levels and design flows can vary considerably depending on the
main treatment process. A comparison of the costs for facilities with a
design flow of 1.0 mgd, secondary treatment level, and all types of sludge
handling is shown on the following page:
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Main Treatment Process

Oxidation Ditch

Extended Aeration
Conventional Activated Sludge
Rotating Biological Contactor

Pure Oxygen Activated Sludge

Pure oxygen activated sludge facilities are more expensive than conventional

activated sludge facilities.

not be as great as the above comparison indicates.
into consideration the relatively small sample available for pure oxygen
facilities. The small sample size might not be truly representative of all
pure oxygen facilities which have been constructed.

Table 3.4 contains a summary of Figures 3.28 through 3.64 with associated

titles and cost equations.

1.0 mgd Plant

Cost for

3-45

$1,660,000
$2,420,000
$2,580,000
$4,500,000
$5,420,000

Sample Size
41

35
52
10

4

However, the magnitude of the difference may
The reader should take



Figure
Number

TABLE 3.4

SUMMARY FOR FIGURES 3.28 THROUGH 3.64
FIRST ORDER COST CURVES

MECHANICAL PLANTS CLASSIFIED BY MAIN TREATMENT PROCESS

Title

Cost Equation*

3

.28

.29

.30

31

.32

.33

.34

.35

.36

.37

.38

Activated
Secondary

STudge Handling

Activated
Secondary
Handling

Activated
Secondary
Handling

Activated
Secondary
Removai -

Activated
A1l Types

Activated

AST/Simple Sludge Handling c = (2.

Activated

Sludge (A11 Types) -
Treatment - ATl Types of

Sludge (A11 Types) -
Treatment - Moderate Sludge

Sludge (A11 Types) -
Treatment - Complex Sludge

Studge (A11 Types) -
Treatment with Phosphorus

A1l Types of Sludge Handling C = (3.

Sludge (A11 Types) - AST -

of Sludge Handling c = (2.

Sludge (A11 Types) - AST -

AST -

Studge (A11 Types)

Moderate Sludge Handling C=(2

Activated
A1l Types

Activated

Sludge (A11 Types) - AWT -
of Sludge Handling c=(3

Sludge (A11 Types) - AWT

Moderate Sludge Handling C=(4

Activated

Sludge (A11 Types) - AWT

with Phosphorus Removal - A1l Types of
Sludge Handling C=(3

Conventional Activated Sludge -

Secondary

STudge Handling c= (2.

Treatment - A1l Types of

onstruction Cost (million dollars)
lant Design Flow (mgd)

3-4A

.57 x

13 x

98 x

72 x

J7 %

A4 x

.29 X

.93 x

58 x

C = (2.72 x 109)q0-72

g2
.70

72
.78
.75
77
7

.77
.92

.74



TABLE 3.4 (Continued)

Figure
Number Title Cost Equation
3.39 Conventional Activated Sludge -
Secondary Treatment - Moderate Siudge 6+ .0.68
Hand1ing (2.62 x 107)Q""
3.40 Conventional Activated Sludge -
Secondary Treatment - Complex Sludge 6..0.71
Handling (3.08 x 107)Q"
3.41 Conventional Activated Sludge - AST - 6..0.78
A11 Types of Sludge Handling (2.62 x 107)Q""
3.42 Conventional Activated Sludge - AST - 6:..0.75
Moderate Sludge Handling (2.65 x 107)Q""
3.43 Conventional Activated Sludge - AWT - 6:.0.78
A11 Types of Studge Handling (3.35 x 107)Q"
3.44 Conventional Activated Sludge - AWT - 6..0.78
Moderate Sludge Handling (3.12 x 107)Q"
3.45 Conventional Activated Sludge - AWT - 6..0.94
Complex Sludge Handling (2.63 x 107)Q""
3.46 Contact Stabilization - AST - A1l Types 6+ .0.65
of Sludge Handling (2.02 x 107)Q"
3.47 Contact Stabilization - AST - Moderate 6+.0.68
Sludge Handling (2.04 x 107)Q""
3.48 Extended Aeration - Secondary Treatment 6. .0.68
A11 Types of Sludge Handling (2.42 x 107)Q"
3.49 Extended Aeration - Secondary Treatment 6+ .0.65
Simple Sludge Handling (2.11 x 107)Q"
3.50 Extended Aeration - Secondary Treatment 6..0.68
Moderate Sludge Handling (2.58 x 107)Q""
3.51 Extended Aeration - AST - All Types of 6:.0.70
Sludge Handling (2.51 x 107)Q"
3.52 Extended Aeration - AST - Simple Sludge 6+.0.68
Handling (2.23 x 107)Q""
3.53 Pure Oxygen Activated Sludge -
Secondary Treatment - A1l Types of 6+ .0.66
Sludge Handling (5.42 x 107)Q"

3-47



TABLE 3.4 (Concluded)

Figure
Number Title Cost Equation
3.54 Pure Oxygen Activated Sludge -
Secondary Treatment - Complex Sludge 6. .0.71
Handl1ing (4.65 x 107)Q"
3.55 Oxidation Ditch - Secondary Treatment - 6. 0.61
A1l Types of Sludge Handling (1.66 x 10°)Q" "
3.56 Oxidation Ditch - Secondary Treatment - 6. 0.57
Simple Sludge Handling (1.48 x 10°)Q™"
3.57 Oxidation Ditch - Secondary Treatment - 6. 0.58
Moderate Sludge Handling (1.70 x 107)Q""
3.58 Oxidation Ditch - AST - A1l Types of 6. .0.60
Sludge Handting (1.99 x 10°)Q"
3.59 Oxidation Ditch - AST - Simple Sludge 6. 0.61
Handling (1.83 x 107)q "
3.60 Oxidation Ditch - AST - Moderate Sludge 6+ 0.65
Handling (2.45 x 10°)Q""
3.61 Oxidation Ditch - AWT - A1l Types of 6..0.62
Sludge Handling (2.29 x 10°)Q""
3.62 Rotating Biological Contactor -
Secondary Treatment - A11 Types of 6..0.71
Sludge Handling (4.50 x 10°)Q""
3.63 Rotating Biological Contactor -
Secondary Treatment - Complex Sludge 6..0.67
Handling (4.68 x 107)Q""
3.64 Rotating Biological Contactor - AWT - 6..0.86
A11 Types of Sludge Handling (5.37 x 107)Q""
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3.2.3.2 Results - Lagoon Plants

This section contains the results from the analyses of the first order cost
relationships between the design flow of a facility and its construction
cost. Facilities were classified by level of treatment, type of treatment
process, and method of effluent disposal. Further, only completely new
lagoon facilities were included.

Figures 3.65 through 3.70 contain the results obtained from these analyses.
The figures are divided into two general categories; stabilization ponds
(Figures 3.65, 3.66, 3.67) and aerated lagoons (Figures 3.68, 3.69, 3.70).

The cost derived using the regression line or the equation is an estimate
for the construction of a complete operational wastewater facility. The
cost includes all processes from the headworks to the effluent outfall line.
In addition, the costs for Tland treatment, such as spray irrigation
equipment and land purchase, are included (see Figures 3.67 and 3.70). The
only other costs that need to be considered are the various nonconstruction
costs and land costs for the Tagoon sites.

The method of effluent disposal has been used to categorize the Tlagoon
plants. Three methods of disposal have been identified; discharge to
surface water, no discharge, and discharge to land treatment. The methods
of disposal are differentiated because they have the greatest impact on the
construction cost of a lagoon facility.

The type of sludge handling was not addressed in these analyses because only
lagoon plants without sludge handling are represented. Figure 3.69 presents
the results for aerated Tlagoons producing an effluent of better than
secondary quality. A1l the facilities represented in this figure employ
some method of filtration or screening to reliably produce the better
quality effluent.

There are several restrictions which apply to Tagoon plants that the reader

should take into consideration. The use of lagoon facilities is generally
restricted to municipalities with small wastewater flows and sufficient
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vacant land to allow for the relatively large site required. The no
discharge option can only be exercised where either the climate allows for
efficient evaporation or the geology allows for percolation into the
groundwater system. The land treatment option can only be exercised where
sufficient land is available and the effluent does not contain any toxic
constituents.

Table 3.5 contains a summary of Figures 3.65 through 3.70 with associated
titles and cost equations.
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TABLE 3.5

SUMMARY FOR FIGURES 3.65 THROUGH
FIRST ORDER COSTS
LAGOON PLANTS

.70

Figure
Number Title Cost Equation*
3.65 Stabilization Pond -Secondary Treatment 6.0.67
Discharge to Surface Water C=1(1.33 x 10°)Q"
3.66  Stabilization Pond - No Discharge ¢ = (1.02 x 10%)q0-%*
3.67 Stabilization Pond - Discharge to Land 6..0.54
Treatment c=(1.53 x 10°)Q"
3.68 Aerated Lagoon - Secondary Treatment - 6..0.69
Discharge to Surface Water C=(2.27 x 10°)Q""
3.69 Aerated Lagoon - Greater Than
Secondary Treatment - Discharge to 6..0.67
Surface Water C=(2.93 x 107)Q"
3.70 Aerated Lagoon - Discharge to Land 6..0.68
Treatment C=(2.57 x 10°)Q"°
* C onstruction Cost (million dollars)

lant Design Flow (mgd)
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3.3 SECOND ORDER COSTS

3.3.1 Introduction

Second order costs are the sum of monies paid by the owner to contractors
and suppliers for all labor and materials necessary to construct discrete
portions of the planned treatment facility. The sum of all second order
costs for a project is equivalent to the first order cost for the project.

Two types of second order costs can be identified for a project; unit
process costs and plant component costs. All unit process costs presented
in this section were derived from data for newly constructed unit processes
even though some of these processes were constructed as a part of a facility
modification rather than the construction of an entirely new plant. All
plant component costs presented were derived only from projects involving
the construction of an entirely new plant.

3.3.2 Definition of Terms

o Unit Process Cost. This is the sum of the costs for all labor and
materials necessary to construct an entire operational unit process.
In order to insure that costs for identical types of unit processes
were comparable, each process cost had to include an allowance for
the following components:

Concrete
Equipment
Process Piping
Steel

Also, any process which includes clarification as an integral part of
its operation, e.g., activated sludge, would have the cost of the
clarifier included in the unit process cost.

o Plant Component Cost. This is the Tump sum cost for all labor and
materials necessary to complete one specialized construction task for
an entire facility. The following types of specialized tasks are
most commonly identified:

- Mobilization

- Site Preparation (sitework)

- Excavation

- Piling, Special Foundations, and Dewatering
- Electrical
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- Controls and Instrumentation
- Yard Piping
- Heating, Ventilation, and Air Conditioning

3.3.3 Presentation of Second Order Cost Curves

The results from the second order cost analyses are presented in three
sections as follows:

Section 3.3.3.1 - Results - Unit Processes and Unit Operations
Figures 3.71 through 3.106

Section 3.3.3.2 - Results
Figures

Mechanical Plant Component Costs
.107 through 3.120

w

Section 3.3.3.3 - Results
Figures

Lagoon Plant Component Costs
.121 through 3.123

w

Each section presents the relationship between the design flow of a facility
and the construction cost of its various processes and components. Section
3.3.3.1 presents this cost relationship for 36 commonly used unit processes
and unit operations. These costs are for newly constructed, complete unit
processes. Section 3.3.3.2 presents this cost relationship for 14 plant
components which are for mechanical plants only. Section 3.3.3.3 presents
this cost relationship for three plant components which are for lagoon
plants only.

A1l cost relationships presented in the following sections represent
national averages. Methods for adjusting the national average cost to a
specific area of the country are outlined in Section 4.0. Examples of how
to use these cost curves to develop estimates are also presented. All
national average costs are in third quarter 1982 Kansas City/St. Joseph,
Missouri dollars.

3.3.3.1 Results - Unit Processes
This section contains the results from the analyses of the second order cost

relationships between the design flow of a treatment plant and the
construction cost for the individual unit processes. Both mechanical plants
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and lagoon facilities are represented. The only restriction placed on the
data used in these analyses was that the data were for newly constructed,
complete unit processes.

The regression line and the cost equation derived from the line represent
the predicted construction costs for the unit process or unit operation
identified in the title. The cost derived using the line or equation is an
estimate for the construction of a complete operational process. The cost
includes all necessary equipment, materials, and labor. In addition, if a
process normally includes clarification as an integral part of the process,
the clarifier cost is included. The only additional costs that need to be
considered are the various nonconstruction costs.

Figure 3.75 contains the cost relationship between facility design flow and
the cost for preliminary treatment. Preliminary treatment refers to a
plant's headworks excluding influent pumping. Preliminary treatment usually
includes bar screens, grit removal, and comminution.

Figure 3.82 illustrates the cost relationship for all types of activated
sludge processes. This relationship was developed from the summation of
conventional, contact stabilization, and extended aeration unit processes.
As mentioned previously, the cost for secondary clarification is included in
the unit process cost.

Figure 3.91 illustrates the cost relationship developed for all types of
effluent filtrations. Included are filters using sand, mixed media, and
other unidentified filter media.

Figure 3.92 represents all chemical addition processes used at a facility,
exclusive of chlorine addition. Included are alum, Time, and polymer

additions.

Figure 3.94 represents the summation of all land treatment processes.
Included are rapid infiltration ponds and spray irrigation networks.
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Figure 3.101 represents the summation of all mechanical sludge dewatering
processes including vacuum filters and filter presses.

Figure 3.103, Land Application of Liquid Sludge, includes the cost for
storage facilities, as well as the application vehicle.

Table 3.6 contains a summary of Figures 3.71 through 3.106 with associated
titles and cost equations.

3-98



TABLE 3.6

SUMMARY FOR FIGURES 3.71 THROUGH 3.106

SECOND ORDER COSTS

UNIT PROCESSES AND UNIT OPERATIONS

Figure

Number Title Cost Equation*
3.71 Influent Pumping C = (1.63 x 105)00'59
3.72  Bar Screening C = (3.99 x 104)00'59
3.73  Grit Removal C = (4.94 x 10%)0-3*
3.74  Comminution ¢ = (2.46 x 10%)°-38
3.75  Preliminary Treatment ¢ = (7.84 x 10177
3.76 Flow Equalization C=(1.17 x 105)00'42
3.77  Primary Sedimentation ¢ = (1.60 x 10°)Q0-6°
3.78  Trickling Filter ¢ = (5.27 x 10%)Q0-%
3.79  Conventional Activated Sludge = (6.54 x 10°)Q%72
3.80  Contact Stabilization ¢ = (5.95 x 10°)Q0-6®
3.81 Extended Aeration C = (6.12 x 105)00'54
3.82  Activated Sludge (A1l Types) ¢ = (6.49 x 10°)q°-%8
3.83 Separate Stage Biological Nitrification C = (3.56 x 105)00'95
3.84  Oxidation Ditch ¢ = (5.96 x 10°)Q°-%2
3.85  Rotating Biological Contactor C = (7.17 x 10°)Q0+7°
3.86  Stabilization Pond ¢ = (9.12 x 10°)q?-%8
3.87 Aerated Lagoon C =(9.31 x 105)00'66
3.88 Secondary Microscreening C = (1.55 x 105)Q0'59
3.89  Sand Filtration ¢ = (3.15 x 10°)Q0-2°
3.90  Mixed Media Filtration ¢ = (2.75 x 10°)q0-93

* C = Process Construction Cost (million dollars)
Q = Plant Design Flow (mgd)
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TABLE 3.6 (Concluded)

Figure
Number Title Cost Equation
3.91 Filtration (A11 Types) C = (2.97 x 105)00'63
3.92  Chemical Additions ¢ = (5.78 x 10%)Q0-%3
3.93  Chlorination for Disinfection ¢ = (8.30 x 10%)q0-%?
3.94  Land Treatment of Secondary Effluent ¢ = (5.67 x 10°)Q0-73
3.95 Post Aeration C = (4.15 x 104)00'91
3.96  Effluent Outfall Pumping ¢ = (8.48 x 10%)q0-5°
3.97  Effluent Outfall Diffuser ¢ = (2.75 x 10%)Q0-°°
3.98  Aerobic Digestion C=(2.46 x 105)00'87
3.99  Anaerobic Digestion C = (3.40 x 105)00'76
3.100  Sludge Drying ¢ = (9.62 x 10%)q0-67
3.101 Mechanical STudge Dewatering ¢ = (1.75 x 10°)q0-°8
3.102 Gravity Thickening C = (9.09 x 104)00‘66
3.103 Land Application of Liquid Sludge ¢ = (5.09 x 10%)q0-48
3.104 Control/Laboratory/Maintenance Building ¢ = (2.01 x 10°)Q0-°%
3.105 Effluent OQutfall to Nonocean Surface 5. 0.76
Water C = (1.00 x 107)Q""
3.106 Effluent Outfall to Ocean C = (6.43 x 10°)Q0-%°
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3.3.3.2 Results - Mechanical Plant Component Costs

This section contains the results from the analyses of the second order cost
relationships between the design flow of a treatment plant and the
construction cost for its general components. Data for these analyses were
obtained from newly constructed mechanical plants.

The regression line and the cost equation derived from the line represent
the predicted cost for the component identified in the title. The cost
derived using the line or equation is an estimate which contains allowances
for all labor, equipment, and materials necessary to complete all tasks
associated with the component. For example, Figure 3.110 presents the
relationship for excavation. The cost estimated using the curve or equation
will be an estimate for all excavation necessary at the facility site. The
reader should remember to include the additional costs to provide for the
various nonconstruction cost categories.

Table 3.7 contains a summary of Figures 3.107 through 3.120 with associated
titles and cost equations.
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TABLE 3.7

SUMMARY FOR FIGURES 3.107 THROUGH 3.
SECOND ORDER COSTS
MECHANICAL PLANT COMPONENT COSTS

120

Figure
Number Title Cost Equation*
3.107 Mobilization C = (7.13 x 10%)%-74
3.108  Sitework Including Excavation C = (2.32 x 10°)Q°-%7
3.109  Sitework Without Excavation C = (1.37 x 10°)¢%-83
3.110  Excavation C = (1.53 x 10%)q0-69
3.111 Pilings, Special Foundations, 4..0.78
Dewatering C= (8.5 x 107)Q""
3.112  Electrical C = (2.09 x 10°)%-77
3.113 Controls and Instrumentation C = (1.01 x 105)Q0'86
3.114 A1l Piping C = (3.12 x 10°)q0-86
3.115  Yard Piping C = (1.58 x 10°)q0+73
3.116  Process Piping C = (1.92 x 10°)q"+7®
3.117  Equipment C = (7.56 x 10°)Q0:7°
3.118 Concrete C = (5.86 x 10°)Q0-83
3.119  Steel ¢ = (9.18 x 10%)q0-89
3.120 Heatjng, Yenti]ation, and Air 4. .0.86
Conditioning C=(7.49 x 107)Q"
* C = Component Construction Cost (million dollars)
Q = Plant Design Flow (mgd)
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3.3.3.3 Results - Lagoon Plant Component Costs

This section contains the results from the analysis of the second order cost
relationships between the design flow of a treatment plant and the
construction cost for its general components. Data for these analyses were
obtained from newly constructed lagoon facilities. Both aerated lagoon and
stabilization pond systems are included.

The regression line and the cost equation derived from the line represent
the predicted cost for the component identified in the title. The cost
derived using the line or equation is an estimate which contains allowances
for all labor, equipment, and materials necessary to complete all tasks
associated with the component. The only additional costs that need to be
considered are the various nonconstruction costs.

Table 3.8 contains a summary of Figures 3.121 through 3.123 with associated
titles and cost equations.
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TABLE 3.8

SUMMARY FOR FIGURES 3.121 THROUGH 3.123
SECOND ORDER COSTS
LAGOON PLANT COMPONENT COSTS

Figure

Number Title Cost Equation*

3.121  Mobilization ¢ = (6.17 x 10M)q%-®0
3.122  Sitework Without Excavation ¢ = (1.51 x 10°)q0-
3.123  Excavation C = (2.83 x 105)Q0’52

Component Construction Cost (million dollars)
Plant Design Flow (mgd)

*
(ep}
inn
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3.4 THIRD ORDER COSTS

3.4.1 Introduction

Third order costs are those necessary to construct one specific component of
a total unit process. The sum of all third order costs for a process equals
the second order cost for a complete unit process.

3.4.2 Presentation of Third Order Cost Equations

A1l component cost relationships presented in this section were derived from
data for complete new unit processes. The most commonly identifiable third
order, or component costs, were as listed below:

Excavation
Concrete
Steel
Electrical
Piping
Equipment

(el el ol olNelNe)

These component cost relationships were derived from detailed bid
tabulations submitted by the building contractor. The component cost
includes all materials and labor necessary to complete the construction of
each discrete component. The component costs for unit processes which
include a reactor basin followed by a clarifier, such as activated sludge,
include the cost for both structures.

Table 3.9 presents the relationship between the facility design flow and the
component costs for 16 commonly used unit processes. For each process, all
available information on component costs is shown. Only those relationships
which were considered statistically valid are presented.

A1l cost equations presented in this section represent national averages.
Methods for adjusting the national average cost to a specific area of the
country are outlined in Section 4.0. Examples of how to use these cost
curves to develop estimates are also presented. All national average costs
are in third quarter 1982 Kansas City/St. Joseph, Missouri dollars.
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TABLE 3.9
THIRD ORDER COST EQUATIONS

Sample 0
Unit Process Component Equation* Size R F-Value

Raw Wastewater Pumping: Equipment ¢ = (5.89 x 107)Q0+23 73 0.65 132
Process Piping  C = (3.07 x 10%)q0-7¢ 6 0.92 47

Preliminary Treatment: Concrete C = (2.94 x 10%)q0-70 24 0.51 23
Electrical C = (8.15 x 103)q0-¢7 6 0.95 70
Equipment C = (4.85 x 107)q0-62 108 0.65 199
Steel C = (4.34 x 10°)q0-78 5 0.88 22

Primary Sedimentation: Concrete C=(7.09 x 104)00'65 22 0.69 45
Equipment C = (5.24 x 10%)q0-8% 56 0.75 165
Excavation ¢ = (6.15 x 10%)q0-85 17 0.60 22
Process Piping  C = (1.14 x 107)Q0-68 0.64 11
Steel C = (1.60 x 10%)q0-36 0.87 19

Conventional Activated Sludge: Concrete ¢ = (1.95 x 10°)q°-7? 28 0.72 68
Equipment ¢ = (2.18 x 10%)q0-%6 56 0.58 73
Process Piping  C = (4,01 x 10%)q0+7° 9 0.77 23
Steel C = (7.63 x 10%)q0-%2 4 0.91 21

e . ) 5, 0.53
Contact Stabilization: Equipment C = (3.21 x 107)Q 9 0.54 8
* C = Component Construction Cost (million dollars)
Q = Plant Design Flow (mgd)



091-¢

TABLE 3.9 (Continued)

Unit Process Component Equation

o , 5,~1.01

Extended Aeration: Concrete (2.38 x 107)Q
Equipment (2.29 x 105)Q0'41
~ . 5,,0.82

A1l Types of Activated Sludge: Concrete C = (1.92 x 107)Q
Equipment C=(2.29 x 105)00'48
Excavation C = (3.43 x 104)Q0‘58
Process Piping € = (6.17 x 10%)q%-%7
Oxidation Ditch: Concrete C = (3.39 x 105)00'72
Equipment ¢ = (2.00 x 10°)g0-°1
Excavation (3.11 x 104)00'37
. . . . 5,~,0.58

Rotating Biological Contactor: Equipment C = (5.05 x 107)Q
Stabilization Pond: Excavation ¢ = (1.78 x 10°)%-**
Rerated Lagoon: Equipment C (1.09 x 105)00‘59
Excavation C = (2.47 x 105)00‘75
. . 4,.0.62

A11 Types of Filtration: Concrete C = (7.55 x 167)Q
Equipment ¢ = (1.55 x 10°)%-%6
Excavation C = (2.20 x 10%)q0-62
Process Piping € = (4.92 x 10%)q0-%®

Sample

Size

16

28
77

12

14

31

18

50

42

51

o)
[N]

0.93
0.79

o O O O

.86
.66
74
.69

0.80
0.55
0.88

.82

.50

0.61

o

O O O o

.66

.88
.78
72
71

F-Value

39
56

158
151
20
23

48
36
22

72

48

66
14

50
180
13
10
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TABLE 3.9 (Concluded)

_ _ Samp]e 2
Unit Process Component Equation Size R F-Value
Chlorination: Concrete C = (3.32 x 104)Q0'66 45 0.62 69
Electrical C = (1.20 x 10%)%-7% 7 0.85 28
Equipment C = (2.38 x 10%)Q0-%? 199 0.54 235
Excavation C = (7.30 x 10%)Q0-48 17 0.60 22
Process Piping  C = (1.32 x 107)q0-61 16 0.64 25
Stee] C = (4.97 x 10%)Q°-¢/ 8 0.60 9
Aerobic Digestion: Concrete ¢ = (9.28 x 10M)Q%-8/ 6 0.88 30
Equipment ¢ = (8.77 x 10%)q0+%? 26 0.63 44
Excavation ¢ = (8.61 x 103)qV-%® 5 0.88 22
Process Piping ¢ = (1.87 x 10M)Q%+7/ 5 0.94 45
Sludge Drying Beds: Concrete C = (3.82 x 104)00‘61 10 0.61 13
Excavation ¢ = (5.99 x 103)Q°%+77 8 0.85 35
Control/Lab/Maintenance Bldg: Concrete C = (8.18 x 104)00'56 17 0.78 53
Electrical C = (3.14 x 10%)Q0-66 10 0.71 20
Equipment ¢ = (2.97 x 10M)Q0+%° 107 0.57 142
Excavation ¢ = (8.19 x 103)q0-32 8 0.67 12
Process Piping  C = (2.48 x 10M)Q0+73 8 0.93 86



3.5 EFFICIENCY CURVES

3.5.1 Introduction

In addition to the standard bivariate analyses of construction costs and
plant design flow presented 1in Sections 3.1 through 3.4, several
multivariate analyses of the data were performed. The multivariate analyses
used three variables which were the projected plant design flow, projected
effluent BOD5, and construction cost. The purpose of the multivariate
analyses was to compare the effect of the projected level of treatment on
construction costs for various types of treatment plants. As explained in
Section 2.4, the effect of the effluent BOD5 does not seem to be significant

overall; the design flow appears to be the contributing variable to the
model.

3.5.2 Presentation of Efficiency Curves

The results of the multivariate analyses that had statistically significant
correlations are presented in Figures 3.124 through 3.130. These curves
show the relative efficiency, or cost effectiveness, of each treatment type
for producing a given 1level of effluent BODS. Each figure gives the
construction cost versus plant design flow for three effluent BOD5 values.
These are an effluent BOD5 of 30 mg/1, an effluent BOD5 of 15 mg/1, and an
effluent BOD5 of 5 mg/1. Figures 3.131 through 3.133 illustrate the same
curves grouped by each of the three levels of effluent BODS.
Figure 3.124 shows the construction costs associated with the three effluent
BOD5 values for all mechanical treatment plants. Three types of activated
sludge plants, oxidation ditch plants, and rotating biological contactor
plants together make up the curves for all mechanical plants in Figure
3.124. The data set includes any mechanical plant without regard to whether
the plant uses a simple, moderate, or complex sludge handling system.
Figure 3.125 presents the same information for all activated sludge
treatment plants, which includes conventional activated sludge plants,
contact stabilization plants, and extended aeration plants. Curves for each
of these three types of activated sludge treatment are presented
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individually on Figures 3.126, 3.127, and 3.128, respectively. Oxidation
ditch plants are presented separately on Figure 3.129 and rotating
biological contactor plants are shown on Figure 3.130. Figure 3.131
illustrates the curves for all mechanical treatment plants together for an
effluent BOD5 of 30 mg/1. Similarly, Figures 3.132 and 3.133 present all
the curves for an effluent BOD5 of 15 mg/1 and 5 mg/1, respectively.

The efficiency curves are provided as a means of comparing the effect on the
construction costs of various types of unit processes producing differing
levels of effluent BODS. The multivariate analyses were performed for seven
classes of data. In five of the seven classes, the effluent 8005 was not
significant; although it was significant at the 0.05 level for the other two
classes (in no case was it significant at the 0.01 level). The two cases
where effluent 8005 was significant were all types of mechanical plants
combined and oxidation ditch plants.

Figure 3.131 shows that the most inexpensive mechanical plant for producing
an effluent BOD5 of 30 mg/1 is an oxidation ditch plant. This 1is most
1ikely due to the fact that oxidation ditch plants typically do not have
complex mechanical components and the reactor basin is less expensive to
construct compared with other mechanical treatment plant types. An
oxidation ditch producing an effluent BOD5 of 30 mg/1 is less expensive to
construct than an extended aeration plant producing the same type of
effluent, although extended aeration is less expensive than the other types
of mechanical plants. This is due to the fact that extended aeration plants
are usually prefabricated or package type treatment units which, in most
cases, are less expensive than custom-built plants.

Extended aeration plants were the least expensive type of plant producing an
effluent 8005 of 15 mg/? and 5 mg/1 as shown on Figures 3.132 and 3.133,
respectively. Rotating biological contactor plants were found to be the
most expensive for any of the treatment levels, followed by conventional
activated sludge plants.

The idincremental cost of producing an effluent 8005 of 5 mg/1 over an

effluent BOD. of 30 mg/1 was found to be lowest for rotating biological

5
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contactor plants and highest for contact stabilization plants, as shown on
Figures 3.130 and 3.127, respectively. The high incremental cost of
producing an effluent BOD5 of 5 mg/1 for contact stabilization plants is
attributed to the fact that these plants generally produce an effluent BOD5
of 30 mg/1 and require construction of additional unit processes to produce
an effluent BOD5 of 5 mg/1.

Table 3.10 contains a summary of Figures 3.124 through 3.133 with associated
titles and cost equations. Statistics information for the grouped curves,
Figures 3.131 through 3.133, are not shown since the data are identical to
those for the individual plant curves on Figures 3.124 through 3.130.
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Figure
Number

TABLE 3.10

SUMMARY FOR FIGURES 3.124 THROUGH 3.130
TREATMENT EFFICIENCY CURVES

Title

_Cost Equation*

3.124

3.125

3.126

3.127

3.128

3.129

3.130

3.131

3.132

3.133

mo o

=C
=P
= E

ATl Mechanical Treatment Plants - All
Types of Sludge Handling - By
Effluent 8005

AT1 Activated Sludge Plants - All
Types of Sludge Handling - By
Effluent BOD5

Conventional Activated Sludge Plants
A1l Types of Sludge Handling - By
Effluent BOD5

Contact Stabilization Plants - All
Types of Sludge Handling - By
Effluent 8005

Extended Aeration Plants - All Types
of Sludge Handling - By Effluent BOD5

Oxidation Ditch Plants - All Types of
STudge Handling - By Effluent BOD5

Rotating Biological Contactor Plants
A1l Types of Sludge Handling - By
Effluent BOD5

Mechanical Treatment Plants - Al
Types of Sludge Handling - Effluent
8005 = 30 mg/1

Mechanical Treatment Plants - All
Types of Sludge Handling - Effluent
BOD5 = 15 mg/1

Mechanical Treatment Plants - All
Types of Sludge Handling - Effluent

BOD, = 5 mg/1

onstruction Cost (million dollars)
lant Design Flow (mgd)
ffluent BOD5 (mg/1)
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(4.48

(3.24

(4.44

(6.48

(3.26

(4.16

(5.14

% 106)QO.73E-0.17

X 106)Q0.73E—O.O6

0.66.-0.05



CONSTRUCTION COST
(MILLIONS OF DOLLARS)

16

ALL MECHANICAL TREATMENT PLANTS
ALL TYPES OF SLUDGE HANDLING

BY EFFLUENT BODS

154

14+

13+

124

114

10+

94

EQUATION
STATISTICS
Sample Size = 276 N
RZ = 0.81 F = 588 & R
Independent Variables: //“’ &\
: T=36.18 E: T=-2.50 & N
Data Range: v
0.02 - 20.00 mgd & ‘bQ
P
<,
i 2 3 4 5 6 7 8 9 10

PLANT DESIGN FLOW
(MGD)
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CONSTRUCTION COST
(MILLIONS OF DOLLARS)

ALL ACTIVATED SLUDGE PLANTS
ALL TYPES OF SLUDGE HANDLING

BY EFFLUENT BODS
16
EQUATION
o] - (3.26 x 1050737006
STATISTICS
144 Sample Size = 134
RZ = 0.82 F = 297 N
O Y
131 Independent Variables: & o\
Q: T =24.37 E: T=-0.54 //‘0 b& O
12+ Data Range: NAVLS)
0.04 - 20.00 mgd </ 4,
114
104
O4
84
7-1
6
5
44
34
2+ /
1=
c T | 1A  } B 1] 1 ] ) |
0 1 2 3 4 5 6 717 8 9 10
PLANT DESIGN FLOW FIGURE 3.125

(MGD]J
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CONSTRUCTION COST
(MILLIONS OF DOLLARS)

CONVENTIONAL ACTIVATED SLUDGE PLANTS
ALL TYPES OF SLUDGE HANDLING

20

BY EFFLUENT BODS

194

174

164

154

144

134

124

114

104

EQUAT ION
C = (4.48 x 105)q0-7%0-15

STATISTICS
Sample Size = 22

RZ = 0.95

F =169

Independent Variables:

Q: T=17.38 E:

T=-1.52

Data Range:
0.07 - 20.00 mgd

—

N

-
bl
O

(o) 2%

~ -

PLANT DESIGN FLOW

(MGD)
3-168

QD =

10

O

FIGURE 3.126



CONSTRUCTION COST
(MILLIONS OF DOLLARS)

CONTACT STABILIZATION PLANTS
ALL TYPES OF SLUDGE HANDLING
BY EFFLUENT BODS

16
EQUATION
154 € = (6.48 x 108)q0-71g0-36
STATISTICS
144 Sample Size = 28
R® = 0.82 F = 58
13+ Independent Variables: ~
Q: T=10.36 E: T=-1.70 o
§
124 Data Range: o
0.08 - 5.00 mgd V4
&
114
\
&Q
104 2
P
< \
94 &
/,'2’0
N <
7-
6+
5-1
44
3-
24
1-
c>' T r— T Y L4 | 3 ¥
0 1 2 3 4 g 3 7 8 9 10

PLANT DESIGN FLOW
(MGD)
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CONSTRUCTION COST
(MILLIONS OF DOLLARS)

EXTENDED AERATION PLANTS
ALL TYPES OF SLUDGE HANDLING

BY EFFLUENT BOD5

10
EQUATION

C - (3.26 X 106)00.61E‘0.11

9- STATISTICS Y
Sample Size = 67 b@ \>
R® = 0.69 F=71 (% Y o
&

84 Independent Variables: 7) Q

Q: T=11.88 E: T =-0.71 N

Data Range:
0.02 - 4.30 mgd
7-
6-
54
4‘
34
21
14
C' 1§ LJ | B L 3 ] )4 1] 1] ]
o 1 2 3 4 s 6 7 8 g 10

PLANT DESIGN FLOW
(MGD)
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CONSTRUCTION COST
(MILLIONS OF DOLLARS)

OXIDATION DITCH PLANTS

ALL TYPES OF SLUDGE HANDLING

BY EFFLUENT BOD5

16
EQUATION
o] ¢ = (4.16 x 108)q0-66¢-0-23
STATISTICS
144 Sample Size = 101
RZ = 0.84 F = 251
134 Independent Variables:
Q: T=21.83 E: T=-2.51
124 Data Range:
0.03 - 11.00 mgd N
114 o
@/
104
\\
Q
g 4"6
<
o
.. @
460
<
7-
6
5-
44
3
2.
1~
O« T Y T Y T T T 1 }
o 1+ 2 3 4 5 6 1 8 9§ 10

PLANT DESIGN FLOW
(MGD)
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CONSTRUCTION COST
(MILLIONS OF DOLLARS)

ROTATING BIOLOGICAL CONTACTOR PLANTS
ALL TYPES OF SLUDGE HANDLING
BY EFFLUENT BODS

20
EQUATION
194 ¢ = (5.14 x 10%)q0-66¢-0.05 N
\ N
| STATISTICS & o
18 o/ & A
Sample Size = 26 v/.%/ /&
171 R% = 0.87 F =79 VA5
/)
164 Independent Variables: ¢’
Q: T=12.48 E: T = -0.38
Data Range:
154 0.04 - 12.00 mgd
14 4
13-
124
119
104
9-
8+
7-
o 4
5-
44
3-
2 -
1
C1 4 ¥ 1] T ] L ¥ | | [ §
0 1 2 3 4 5 6 7 8 9 10

PLANT DESIGN FLOW
(MGD)
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FIGURE 3.130



CONSTRUCTION COST
(MILLIONS OF DOLLARS)

MECHANICAL TREATMENT PLANTS
ALL TYPES OF SLUDGE HANDLING

EFFLUENT BODS5 = 30 mg/I

20

194

184

174

164

144

134

124

11+

1
2
3
4
5
6
7

ROTATING BIOLOGICAL CONTACTOR
CONVENTIONAL ACTIVATED SLUDGE
ALL ACTIVATED SLUDGE

ALL MECHANICAL TREATMENT
CONTACT STABILIZATION
EXTENDED AERATION

OXIDATION DITCH

—

Y T T
3 4 5 6

N =

PLANT DESIGN FLOW
(MGD)
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CONSTRUCTION COST
(MILLIONS OF DOLLARS)

MECHANICAL TREATMENT PLANTS
ALL TYPES OF SLUDGE HANDLING
EFFLUENT BODS =15 mg/I

20

194

184

174

16+

14+

134

12~

11+

1
2
3
4
5
6
7

ROTATING BIOLOGICAL CONTACTOR
CONVENTIONAL ACTIVATED SLUDGE
ALL MECHANICAL TREATMENT

ALL ACTIVATED SLUDGE

CONTACT STABILIZATION
OXIDATION DITCH

EXTENDED AERATION
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T T T
3 4 5 6

— e
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PLANT DESIGN FLOW
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CONSTRUCTION COST
(MILLIONS OF DOLLARS)

MECHANICAL TREATMENT PLANTS
ALL TYPES OF SLUDGE HANDLING

EFFLUENT BODS = 5 mg/I

20
19+
18-
174

16+

14

13+

124

NOYOVS WN e

ROTATING BIOLOGICAL CONTACTOR
CONVENTIONAL ACTIVATED SLUDGE
CONTACT STABILIZATION

ALL MECHANICAL TREATMENT

ALL ACTIVATED SLUDGE
OXIDATION DITCH
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—
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4,0 SIMPLIFIED TREATMENT PLANT COST ESTIMATING

The large amount of actual construction cost data obtained for this project
represents a highly significant and statistically valid data base of
detailed cost information. It is expected that these data may be used in
various ways by government planning officials, equipment manufacturers,
public works contractors, engineers, and others. One of the most obvious
uses of the data is to estimate costs of proposed wastewater treatment
plants or treatment plant modifications. This section describes the use of
the curves presented in Section 3.0 to derive such planning level cost
estimates. The techniques described are intended for the use of State and
municipal officials, concerned laymen, and others who desire to know
approximate capital costs of wastewater treatment facilities.

4,1 COST ESTIMATING TECHNIQUES

As described in Section 3.0, there are three levels of cost information
presented. First order costs are for entirely new, complete treatment
systems. Second order costs provide information on the various unit
processes which comprise a treatment plant. Either of these two cost levels
may be employed to obtain a planning level estimate of treatment plant
construction costs. Third order costs are the unit process component costs
such as concrete and mechanical equipment. These costs are not as conducive
to deriving cost estimates of complete treatment plants, but may prove
useful in estimating partial costs of proposed modifications to existing
unit processes.

Each figure in Section 3.0 represents the best fit logarithmic equation to
the actual data in the general form:

¢ = aQ
Where: C = Construction cost in dollars.
Q = Design wastewater flow in mgd.
a, b = Constants specific to each data set.
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An equation in the above form is shown on each figure, including the numeric
values for the constants a and b. While the equation is that of a
logarithmic curve, it appears on the plots as a straight line due to the
logarithmic scales of both the horizontal and vertical axes. The exponent b
in the equation is the slope of the line for each plot. A value of b Tess
than one, which is the typical case, represents an economy of scale as unit
costs, or costs per mgd, decrease with the larger design flows.

To obtain a cost from any of the figures, the equation shown may be used to
compute the construction cost for a given design flow of a proposed
treatment plant or unit process. Alternately, the construction cost can be
read directly from the graph by Tlocating the given design flow on the
horizontal axis. If the design flow is not known, a rule-of-thumb value of
100 gallons per capita per day may be used in preparing preliminary
estimates.

In using first order costs, it is merely necessary to select the figure
corresponding to the type of treatment plant for which a cost estimate is
desired. The cost can be located from the figure as described above. In
using second order costs, it will be necessary to know all unit processes in
the proposed treatment plant process train to obtain a complete cost
estimate, together with the appropriate second order plant component costs.
Costs for individual unit processes and plant components should then be
obtained from each corresponding figure and added together. Third order
costs, if used, should be computed from the appropriate equation. Several
examples are given in this section which help demonstrate these estimating
techniques.

4.2 ADJUSTING AND UPDATING COST ESTIMATES

When the complete estimate has been obtained, it will then be necessary to
adjust for regional and geographic differences in construction costs. As
explained in Appendix A, all data used for the figures in Section 3.0 were
normalized to reflect average costs in the Kansas City/St. Joseph, Missouri
area. Costs may be adjusted to other geographical areas using the area
multipliers given in Table 4.1. To adjust costs to other areas, first
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WASTEWATER TREATMENT PLANT CONSTRUCTION

Atlanta
Baltimore
Birmingham
Boston
Charlotte

Chicago
Cincinnati
Cleveland
Dallas
Denver

Detroit
Houston
Kansas City
Los Angeles
Miami

MiTwaukee
Minneapolis
New Orleans
New York
Philadelphia

Pittsburgh
St. Louis

San Francisco
Seattle
Trenton

TABLE 4.1
AREA MULTIPLIERS
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select the city in Table 4.1 which is nearest the treatment plant location,
or where the area of influence of the city encompasses the treatment plant
location, and multiply the cost estimate by the corresponding area
multiplier for that city.

The resulting geographically adjusted cost estimate will be in third quarter
1982 dollars. To update the cost estimate to current dollars, the EPA Large
City Advanced Treatment (LCAT) Index or the Small City Conventional
Treatment (SCCT) Index can be used as discussed in Appendix A. Costs may be
updated by the following procedure:

Total Latest LCAT or SCCT Index
Geographically for Desired Area
Adjusted Project X 3rd Quarter 1982 LCAT Updated Cost
Cost or SCCT Index for Desired Area

The LCAT and SCCT Indexes are now published semi-annually by EPA. Costs for
plants at or above 15 mgd design flow should be updated using the LCAT
Index, while costs for plants below 15 mgd should be updated using the SCCT
Index.

Several examples using the cost curves of Section 3.0 to obtain planning
level cost estimates are presented below. For each cost item, the
appropriate figure to be used from Section 3.0 is provided for reference.

4.3 COST ESTIMATING EXAMPLES

4.3.1 Example No. 1

Assume it is desired to estimate the cost of a new 10.0 mgd secondary
treatment plant in the Boston, Massachusetts area. For this example, the
total construction cost of the facility is obtained from Figure 3.8. The
appropriate nonconstruction costs from Table 3.1 are then added. For
purposes of these examples, the seven most common nonconstruction costs will
be used (planning, design, administration/legal, A/E basic fees, other A/E
fees, inspection, and contingencies) which together average 32 percent of
the construction cost nationally. The reader should use appropriate
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discretion concerning other categories of nonconstruction costs to be
included. Any other known costs, such as land, would be added to the final
geographically adjusted and updated cost estimate. Although the national
average nonconstruction costs are used in these examples, the individual
nonconstruction cost item percentages from Table 3.1 could be used for the
specific EPA Region in which the project is being built.

The costs for the example given are itemized in Table 4.2.
TABLE 4.2

10 MGD NEW SECONDARY TREATMENT PLANT
BOSTON, MASSACHUSETTS

Total Construction Cost (Figure 3.8) $13,000,000
Common Nonconstruction Costs (32 percent) 4,200,000
TOTAL PROJECT COST $17,200,000
Area Multiplier for Boston, MA x 1.14
TOTAL GEOGRAPHICALLY ADJUSTED PROJECT COST $19,600,000

(3rd Quarter 1982 Dollars)

It should be noted that slight differences in the total adjusted project
cost will be produced if total construction cost is geographically adjusted
prior to multiplying by 32 percent to obtain the nonconstruction costs.
Either technique is valid, however, and each produces a result within the
order of accuracy intended for this cost estimating brocedure.

4.3.2 Example No. 2

Using similar procedures as described in Example 1, the second order cost
curves can be used to estimate the construction of a new 10.0 mgd advanced
secondary treatment plant near Dallas, Texas. Assuming an activated sludge
treatment plant with phosphorus removal, the facility could have the unit
processes shown in Table 4.3. For each, the total construction cost should
be obtained from the appropriate figures in Section 3.0, together with the
appropriate plant component costs. Finally, the nonconstruction costs,
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using the factors from Table 3.1, should be added. The costs for this
example are listed in Table 4.3.

TABLE 4.3

10 MGD NEW AST TREATMENT PLANT
DALLAS, TEXAS

Comminutors (Figure 3.74) $ 60,000
Grit Removal (Figure 3.73) 110,000
Primary Sedimentation (Figure 3.77) 770,000
Conventional Activated Sludge (Figure 3.79) 3,400,000
Chemical Additions (Figure 3.92) 490,000
Effluent Chlorination (Figure 3.93) 320,000
Gravity Thickening (Figure 3.102) 420,000
Anaerobic Digestion (Figure 3.99) 1,900,000
Drying Beds (3.100) 470,000
Control/Lab/Maintenance Building (Figure 3.104) 690,000
TOTAL UNIT PROCESS COSTS $ 8,630,000
Mobilization (Figure 3.107) $ 390,000
Sitework (Figure 3.109) 580,000
Excavation (Figure 3.110) 750,000
Electrical (Figure 3.112) 1,200,000
Controls and Instrumentation (Figure 3.113) 730,000
Yard Piping (Figure 3.115) 850,000
Heating, Ventilating, & Air Conditioning

(Figure 3.120) 550,000
TOTAL PLANT COMPONENT COSTS -$ 5,050,000
TOTAL CONSTRUCTION COST $13,680,000
Common Nonconstruction Costs (32 percent) 4,400,000
Land Purchase/Plant Site (assumed for example

purposes) 100,000
TOTAL PROJECT COST $18,180,000
Area Multiplier for Dallas, TX x 0.86
TOTAL GEOGRAPHICALLY ADJUSTED PROJECT COST $15,600,000

(3rd Quarter 1982 Dollars)
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4.3.3 Example No. 3

The third order cost relationships may also prove useful for some cost
estimating applications. Consider for example the upgrading of a 10.0 mgd
primary treatment plant to secondary near Los Angeles, California, where it
is desired to replace the mechanical equipment 1in existing primary
clarifiers. Using the third order process cost equation for primary
sedimentation equipment, the cost estimate would be derived by solving the
equation for 10.0 mgd to obtain the construction cost for primary
sedimentation equipment. To this amount would be added the costs for the
other unit processes using the second order cost curves in the same manner
as described in the previous example. The resulting cost estimate is shown
on Table 4.4,

TABLE 4.4

10 MGD PRIMARY TO SECONDARY TREATMENT PLANT UPGRADE
LOS ANGELES, CALIFORNIA

Primary Sedimentation Equipment (Table 3.9) $ 240,000
Conventional Activated Sludge (Figure 3.79) $ 3,400,000
Effluent Chlorination (Figure 3.93) 320,000
Ocean Outfall (Figure 3.106) 5,800,000
Gravity Thickening (Figure 3.102) 420,000
Aerobic Digestion (Figure 3.98) 1,800,000
TOTAL UNIT PROCESS COSTS $11,980,000
Mobilization (Figure 3.107) $ 390,000
Sitework (Figure 3.109) 580,000
Excavation (Figure 3.110) 750,000
Electrical (Figure 3.112) 1,200,0Q0
Controls and Instrumentation (Figure 3.113) 730,000
Yard Piping (Figure 3.115) 850,000
Heating, Ventilating, & Air Conditioning

(Figure 3.120) 550,000
TOTAL PLANT COMPONENT COSTS $ 5,050,000
TOTAL CONSTRUCTION COST $17,030,000

4-7



Common Nonconstruction Costs (32 percent) 5,450,000

TOTAL PROJECT COST $22,480,000
Area Multiplier for Los Angeles, CA $ x 1.16
TOTAL GEOGRAPHICALLY ADJUSTED PROJECT COST $26,100,000

(3rd Quarter 1982 Dollars)

4.4 SUMMARY

Although the efficiency curves presented as the result of the multivariate
analyses 1in Section 3.5 are comparable with first order costs, it is
recommended for consistency that the first order cost curves themselves be
used for preliminary cost estimating. The efficiency curves may prove
useful, however, in making generalized comparisons between the construction
cost of various treatment plant types for a given Tevel of treatment.

It should be noted that in addition to the precautions discussed previously
in using these curves, some divergence in costs between the three levels of
estimating will be apparent even for identical applications. However,
tempered with engineering judgment, the data presented in this report should
be useful in planning and comparing various proposed treatment alternatives.
Since the resultant estimates are considered to be of planning Tevel
accuracy only, it should be recognized that actual construction costs of a
specific treatment plant could vary from these estimates, either plus or
minus, by a wide margin.
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APPENDIX A
COST UPDATING AND NORMALIZATION TECHNIQUES

The data base used in this report includes costs from construction projects
within the 48 contiguous States of the U.S. They range in time from 1973
through 1982. In order to achieve a meaningful analysis of the data, it was
necessary to index all dollar values to a specific time and location.

To accomplish this, the EPA Large City Advanced Treatment (LCAT) Index and
Small City Conventional Treatment (SCCT) Index were used. These indexes
have been calculated quarterly by EPA since third quarter 1973 for a total
of 50 U.S. cities. The LCAT Index is based on a hypothetical 50.0 mgd
advanced wastewater treatment facility with a base city of Kansas City,
Missouri. The SCCT Index is based on a hypothetical 5.0 mgd activated
sludge secondary treatment facility with a base city of St. Joseph,
Missouri. The base value for both indexes is 100 for third quarter 1973.

AREAS OF INFLUENCE

EPA publishes the LCAT and SCCT Indexes as indicators of cost trends over
time and for comparative purposes by relating one city to another. The
areas of cost influence for each of the 50 indexed cities are not defined.
Therefore, prior to using the indexes, the area of influence for each index
city was assessed and mapped. Two sources of information were employed in
this effort: Bureau of Labor Statistics (BLS) labor rate history for 102
U.S. cities and the Bureau of Economic Analysis (BEA) map of U.S. economic
areas.

The BLS data consists of union labor rates for various skills, recorded
quarterly for 102 U.S. cities. In order to apply this information, a
weighted average of four construction crafts - carpenter, electrician,
laborer, and plumber - were calculated for 22 calendar quarters from third
quarter 1973 to third quarter 1978. Data from each city were then
statistically correlated with the 101 other BLS cities. Since the EPA SCCT
and LCAT Index cities were included in the 1ist of BLS cities, this process
defined the area of economic influence for each of the EPA Index cities.

The BEA map of economic areas was used to define the boundaries of economic
influence surrounding the EPA Index cities. A BEA economic area is composed
of a central city and the surrounding counties that are economically related
to the central city as determined by BEA. Each of these areas includes both
the place of work and place of residence of the labor force. The resulting
maps for the LCAT and SCCT Index city areas of influence are presented in
Figures A.1 and A.2.

LCAT - SCCT CLASSIFICATION
In order to utilize the above mentioned maps, all projects in the data base

were classified as either LCAT or SCCT Index related. The following
criteria were used for that classification:
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1. A mechanical treatment plant project with a projected design flow
less than 15.0 mgd was related to the SCCT Index.

2. A treatment plant project with a projected design flow of 15.0 mgd
or greater was related to the LCAT Index.

3. A lagoon project was related to the SCCT Index.
COST UPDATING

After a project was related to either the LCAT or SCCT Index, Figure A.l or
A.2 were utilized to relate the project to a specific LCAT or SCCT Index
city. Using the indexes contained in Tables A.1 and A.2, the costs were
then normalized to third quarter 1982 at Kansas City/St. Joseph, Missouri
according to the following procedure:

Kansas City/St. Joseph, MO
Cost of Construction at (Place x)(Time t) X 3rd Quarter 1982 Index =
(Place x, Time t) Index

Cost of Construction at Kansas City/St. Joseph, MO 3rd Quarter 1982

Thus, the data base was normalized to the base cities for the indexes. The
effects on the analyses of a large or small quantity of data from different
areas of the U.S., or from a particular time period, were thus minimized.
Cost relationships resulting from an analysis of the data are, indeed,
national averages in this report.
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EPA LARGE CITY ADVANCED TREATMENT (LCAT) INDEXES

TABLE A.1

1981 1982 1983
3rd 4th 1st 2nd 3rd 4th* 1st
City Qtr. Qtr. Qtr. Qtr. Qtr. Qtr. Qtr.
1 Atlanta, GA 162 163 166 166 172 175 178
2 Baltimore, MD 189 190 192 193 198 201 204
3 Birmingham, AL 158 158 160 160 161 163 165
4 Boston, MA 214 222 223 225 232 239 247
5 Charlotte, NC 134 135 138 138 138 138 139
6 Chicago, IL 229 230 233 229 236 241 246
7 Cincinnati, OH 199 200 201 201 206 208 209
8 Cleveland, OH 210 211 214 214 221 224 227
9 Dallas, TX 162 163 166 167 174 179 183
10 Denver, CO 177 178 180 187 190 192 193
11 Detroit, MI 213 214 216 215 218 219 221
12 Houston, TX 181 183 185 184 186 190 195
13 Kansas City, MO 190 190 192 198 202 204 204
14 Los Angeles, CA 221 222 227 228 236 239 242
15 Miami, FL 161 162 165 164 165 169 173
16 Milwaukee, WI 198 199 203 201 200 203 207
17 Minneapolis, MN 180 181 185 185 190 196 203
18 New Orleans, LA 191 192 193 193 194 198 203
19 New York, NY 245 246 255 255 265 272 279
20 Philadelphia, PA 214 216 221 224 231 233 235
21 Pittsburgh, PA 205 206 206 206 215 215 216
22 St. Louis, MO 222 223 225 226 232 240 248
23 San Francisco, CA 235 239 2472 242 243 248 253
24 Seattle, WA 225 225 227 227 232 234 236
25 Trenton, NJ 201 203 206 206 210 215 221
NATIONAL AVERAGE 197 198 201 201 206 209 213

* 4th Qtr. 1982 indexes were extrapolated because this quarter was never
published.
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EPA SMALL CITY CONVENTIONAL TREATMENT (SCCT) INDEXES

TABLE A.2

1981 1982 1983
3rd 4th 1st Znd 3rd 4th* Ist
City Qtr. Qtr. Qtr. Qtr. Qtr. Qtr. Qtr.
101 Bakersfield, CA 213 212 220 226 233 237 241
102 Bismarck, ND 169 171 174 175 177 178 178
103 Burlington, VT 167 169 171 171 172 176 183
104 Casper, WY 172 173 180 183 184 185 187
105 Charleston, SC 128 129 132 132 132 132 133
106 Cumberland, MD 204 208 209 209 210 213 217
107 Duluth, MN 173 174 178 178 184 190 197
108 Eugene, OR 204 206 213 220 222 227 233
109 Gainesville, FL 157 156 160 159 160 162 164
110 Green Bay, WI 191 192 197 193 194 200 205
111 Harrisburg, PA 187 188 190 194 194 198 202
112 Las Vegas, NV 212 213 217 216 220 226 232
113 Mobile, AL 179 179 180 181 187 190 193
114 Muncie, IN 182 183 184 184 184 189 194
115 Pocatello, ID 180 181 181 181 185 187 189
116 Pueblo, CO 164 167 171 175 181 184 187
117 Rapid City, SD 155 155 159 164 162 163 163
118 Roanoke, VA 167 169 171 172 169 173 177
119 Saginaw, MI 185 193 196 194 194 195 197
120 St. Joseph, MO 183 183 185 186 191 196 201
121 Sioux City, IA 181 182 185 185 188 190 193
122 Syracuse, NY 208 210 212 212 217 222 226
123 Tulsa, OK 159 157 161 164 168 170 173
124 Waco, TX 151 151 154 153 154 155 157
125 Wheeling, WV 199 198 199 199 199 205 212
NATIONAL AVERAGE 179 180 183 184 186 189 193

* 4th Qtr. 1982 indexes were extrapolated because this quarter was never

published.
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APPENDIX B
DESCRIPTION OF THE DATA BASE

Data included in this study were collected from 1,585 Federally funded
wastewater treatment plant projects in all ten EPA Regions. The 48
contiguous States are represented.

Table B.1 1ists the grant number, facility name, State, projected design
flow, projected treatment 1level, and planned change for each of the
facilities included. The treatment levels are defined as follows:

Code Level of Treatment

First Digit Advanced Primary Treatment

Secondary Treatment

Advanced Secondary Treatment

Advanced Wastewater Treatment

No Nutrient Removal Processes

Ammonia Removal

Total Nitrogen Removal

Phosphorus Removal

Both Ammonia Removal and Phosphorus Removal

Both Total Nitrogen and Phosphorus Removal

Second Digit

NPBWNE=ROOMPWN

The change code refers to the type of change specified for the treatment
facility. The codes are defined as follows:

Code Type of Change

Enlargement of Treatment Capacity
Upgrading Level of Treatment
Enlargement and Upgrade

New Construction

Replacement

Other Modifications

O WM
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[N I

~
"a-t\':)
1 i
a ./
10,00
4.5'.)

11.¢7

U545
".‘IQL).
3.05

= J2ISTRICT OF

PREOJUECTES FLCW
1.50

T OFLCRID

PROJELTEZC SLCW
4457
2.00
24400
4.00
4.05
2N.90
27.80
1G.00

\
p)

~
-

CATA T4SE

TREATMINT LEVEL

WY G e U
— IO

TREATMENT LiVEL

CCLUMZTIA

TREATMENT LZIVEL

TREATMENT LEVEL
20
5%
5%
50C
41
54
i
51

CHANGE

-— g -

CHANGE

4

s = e &

CHANGE

- o -

& oo

CHANGE

CHANSGE

4

£ =2 NN e



GRANT NC
1230450
120457
1204589
123473
120474
120430
124511
1205¢3
1235¢3
1¢3574

130315
130341
130357
15332
13032
133395
130367
1303%%
120403
132074
124412
135025
1354<¢5
130430
130425
120479
13J"¢:u
13042y
15‘;14Vu
12054V

Teulel
15u144
164171

TAELE 3,1 (CONTINUED)
WASTEWATIR TREZATMEINT PLANT PROJUELTS IN DATA BASE

STAT®:  FLORICA

FaCILITY Nawm: PROJECTES FLOW TREATMENT LEVEL
SAY CO. STP 2.00 1C
LEESsURL ST? 1,00 50
WINTER HAVEN STF 5.09 3
HOCKZRS PIINT STP 60.00 55
FORT LAUJEXCALT STF 22.0¢C 40
SOUTHWEST CISTRICT ST2 5.00 20
QUNNELLON wTO 0.21 40
NO&STH wZST ST® 16.00 50
3=LLEALR STP J.90 5
SEOWART COUNTY STP NO. 2 40,39 4G

EACILITY NaMm:Z PROJECTED FLCW  TREATMEINT LEVEL
RICHhYOND HILL SiwWzhRAoZ Y NS 3iC
ROQUKMART STF 1.20 30
ALML ST2° 0.753 20
VIDALIA NQORTHZZST ST7TPR 1.90 51
GLM CRoZ wa T F S5.00 41
AEST JALLAS 3TF 0.25 40
Raba JaCr3ION wPL? 4,53 30
SEMVER RUN ST 1.5 54
CLYETT-vILLE ST? 1.2% $1
ACLCL wwT?® 1.20 41
STATZS3CRE wPlr oI 40
WITRLACCOCRIE waT? 4.O0 41
MUC TRZZIK wni? 2.20 50
SCuTH CD»e STP 26 4310 44
SbLedVIlbe CITY T+ PR 4C
PUMBKINVINEG £ ©=iTyunal 2,00 55
FLRT VvmeLcyY 37T# 2.2 3¢
FLAT LRZTK OSTP 7.31 2z
SHELLMAN §T® 5158 LS
PireY LITY ST° 2,0 3C
53GR0GIA STATz PRIZCN TP T.25 B3N
CCRNcLIA STP .o 40
STLT = IZtAn
FACILITY ANave FROJELTES BLOW TREATMENT LaEvel
HeY=Usxh 379 IR IC
“&KIS SEaepxis’ 013 50
PaY TT: 12 Zei i 0
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CHANGE
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100154

0175
15015
165¢0U
Teucul
1eJils
16520¢
10.207
16021%
18U319

SRANT NG
170357
17450¢
1733561
1765v9
170243
179550
1704680
170749
170766
1733282
170865
170870
17u¥de
173920
170956
1739469
170979
1709712
17u9779
1730582
170992
1710301
171001
171C30
171014

£33 4
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—d
-
x
prad
-4 O
I+ =

v

veb by ot

-~ B o

[ 7o ¢ IE. GRES BN Gle ¢}
v LU
- O (¥e)
r -4

o

-
ﬂ.r

PLUMMIK
Na¥YFa S
CAaLiwibil 377
cuLSZzsat WWT
GTweh Floll

HAGZMay STF
CHALLIS =TP
ST (marL~§

i UV A3 O3

-

4

W TP

CrTo
bR

STLT:

ILLICPULILS
cUSHNILL ST
RIDSZIwaAY
dUKIZIAY JUNCTION
A00IEVILL: 372
RICHMOND

SPARTA
TAYLORVLILLL SANITA®RY 2IST
MT CalMEL wal?

LINCOLN STP

MCMENCE

AL oCQU Il

SALEM

ALMSTED

STOCKTON

LEQJY STP

OFALLCN
JUWNERS
LENA
BRZIESZ STP
GRAYVILL:

SALVA

GAaLVA
JLOOMINGTON~NORMAL
STERLING STP

LAGOONS

GROVE

SANITARY T,

§To

B-9

()
)
73
|5
n

.
NN
N

.
Y —
(4}

SAan Dy s D

. - a - - - - ]
AR IRV 4 T SRRV I B R i I S RV
O ¢

»
[}
LY G Oroan

-——
OO WO NWMWY M an 0380 ) 1V = i
.
(ST )
&

TLLINOIS

FROJECTEC F

S.20
.70

S YA
C.07

L] -

CTO N OO IO N WL
O g JEVYN}

RV, RN I AV W )

.
£ L O WO
D OWOOO> D NODWwn

(3O DO DORWODD - d @ (= DOO

C
.

&
o

15.00
3.60

LCW

AT L

FASE

TREATMEINT LeVEL
3c
30
41
30
20
3C
43
30
3C
3¢
31
340
290
3C
i34
2C
60

TREATMENT LEVEL
50
50
5C
20
30
33
50
5C
4C
40
4C
43
40
3C
40
50
3C
53
30
50
30
4C
50
51
40

CHANGE

W

Ll SR Sl N S V. N R U VYRS S SER ALY IR S S 4

CHANGE

- a - -

NV NV RVE YR R PV VX P S VIRV VTN R VYRVl NI PR OV IR VYR N N YPR JURE .



OO e

—ed D e e D OO Cy
~N o wu - OO

o
N OO~V - O

20
1215

1712%6
171306
171213
171511
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17124t
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E
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s
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[ SERVERET G N V2 I

HEEE S S I &

IS
(AL VAN SRTURR §

-—
~N O N NSO O G

— ) e e -

~

re

TARLE
WASTEZWATER TRIATMENT PLANT

STATE

SELLEVILLE STP NC. 2
IFFINGRAM ST

COWEEN

SLBURN 3TP

SAPTLETT

ROSLINSON 37T¢®
MOLINE

YWINCNK ST#®
CARSONDALL TP
ZLGIN

alLTCN

MATCON

SKANITE CILTY 3TP

SENSENYILLE
STILLMAN VAaLLZzZY STF
CaNT<ELTA

wUCLKIUSE WwiP
ANNAAAN La32T7M5

MT V-oXNON STP?
CFZSTON STP
T wlLlInk
MO 3T®
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T < e O

e
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X L
-
<
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1
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A
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X
(79
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-
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t
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+
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-
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T -
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T [92]
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vy
[Ce e IS

11
[N S

=
A <0

[V ]

D s O MO e
X3
i

tr ¥ °T

AT ol o

kY]

G uw 22N B OO T O
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C
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Z

VAR S YA |
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-
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b
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ST

N
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a1 (CONTINUZD)

ILLINOIS

FROJECTED FLOW

[ ]
WL O W W N Ut aun e OO Wy o

~NPDODOARD D OO C COURE OGSO 0IDIwnm

- e
. e = « » . & .

- n
NIV DDIODMNDMMWORE ADESE NP ONNNTOUVT- 2O

L]

-

L] L ] - [ ] -
[ R

W

3]

2

C

0

1

o

1

b

4

5
O«

1 .O'j
v\}'?
af.G2
0.110
5.0
A
3.29
12.1%
1.25
EiéQ'
C.10
Q.Cu
447273
353
£.20
55 020
14,32
133
2,00
2.77
.07
J.7U
Tal%
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PRCJECTS IN DATA 8ASE

TREATMENT

(WU, IV, IV, IV RV SR WA IRV B VLI VIR P

D AN A DN =2 DO

41

LEVEL

CHANGE

AN I VRN - N UV RN VR VI PV IR U~ I DY R S UV R VIR UV SR UVIY S GV R S VIR VN I VY IR UYIR IR, SOV IR VIR VA VYR DY R S VIS VYRR VE SV U2 SR VAR 08 B VA B A AL T IRV O C LR S Vo R VNN AV



Ta-LF 4.1 (CONTINULEZD)
WASTZwaTzs TI=aTMINT 9LENT P2OJECTS IN DATA 8ASE

GRANT NO  FACILITY hiawmE SRIJECTED FLCW  TREATMENT Leval CHANGE
175111 Chirl waTi »7CLAM PLANT 72.29 51 4

GRANT NG FaCILITY naM- FROJelTel FLUW TRESTMENT LEVEL  CHANGE
130116 LYNN STP Sel% 5¢C 4
18013¢% CARLISL: STF D.2% 53 A
(ETPEAY NORTH weaSTET 2,2% 52 4
15J0e59 wCLLOTT TP 2.112 €z 4
120895 LOGANIPORT .00 3C 1
1233579 LINDIM wwT? TN 0 4
1203535 ELNCRA ST#8 .13 5C 4
1edsiy MICHISANTOWN STP .35 30 A
130242 MONTLICEZLLy STP .30 52 3
1240340 JIRESsY: STF 0.8 3C 4
163347 SHIFPSHEWANA STP CaDs 572 4
120230 HimM T TP 3.17% 5¢ 4
130354 ALLLIAMSPYRY STP C.22 k30 4
185272 RCME CITY LAGSCAND D.453 53 4
1333v6 HUNT INGTON STP 4480 31 3
1634090 HRCTYLYN wh1P N,24 zQ 4
Tooaut LYNNVILLSE STP? 0.C% SC 4
Tousul MURTH VIRNCH ST 1.75 53 3
1380410 GTrTENSAUKSG 1.40 50 3
1édach HAEMILTON Laxksz ST7 0.20 53 4

50434 CLARKXS mILL waTP .18 50 4
T180ey45 CARNEL awTP 3.00 43 1
180451 JASONVILLE §72 J.44 5¢C 5
18U455 ODRIMEN STP 1.30 54 3
1eu4e7 SEYMOUR WwWTF 4.3C 33 3
123470 PLRAGCN STw n.r7 5 4
1504753 LaUKEL .18 30 4
1e0abd YCRKTCWN 3TP 1.30 30 3
160404 CLaY CITy J.1¢ SC 4
180482 RISING SUN wWwTP C.34 30 3
130494 COVINSTUON weTP £.35 20 4
1805455 JUGGER J.12 5C 4
18L45Y SaLEM 0.90 5C 3
183502 SUNMAN t.1%8 50 5
135506 MATTHEWS STF 0.1 30 4
1505309 HYMZIRA STP 0.25 50 4
130515 3ROCKVILLE D.80 30 3
180518 TIPTON STP 2.10C 53 3
13050 NEW PRUVIDENCET wWhTP J.14 40 4
13805¢3 BURLINGTON 5TP Ce10 30 4
150524 WINCHZS3TzR ST® 1.2¢ 51 3

B-11



TABLE 3.7 (CONTINUED)
WASTEIWATZIR TREWTMENT PLANT PROJECTS IN DATA BASE

STATE INQIANA

GRANT NQO FACILITY NAME PROJEZCTED FLOW TREATMENT LEVEL CHANGE
1805¢8 STAUNTON STF 0.09 52 4
12u35¢% MARTINSVILLE wwT?P 2.20 30 3
180530 CRAWFORDSVILLE STP 3440 50 3
18u53¢ MUNCIE whTP 24,00 42 L]
180533 PRINCEZTON WaTP 2.00 50 3
180534 WESTVILLE wwTP N.253 50 3
1803555 PENNVILLE STP 0.186 50 4
16057+ 30SWELL J0.12 S0 4
18us76 DEVMOTTE Cedn sC 4
180591 CCNVERSE wWwTP 0.25 43 4
15uivs FREMONT STP 0.30 S3 3
180611 SGREENFIZLL 3TP 3.20 52 3
132613 LEBANON STP 2.00 <G 2
TsCelw FRANKFGRT ST= 4,64 50 3
18667 CRUWN POINT auT? 3.50 £3 3
130731 PORTLAND ST? 2.35% 52 3
133700 CoLuUM3us 12440 44 3
150815 SUMMIT SPRINSGS STP Ca18 53 4
120540 SARY STP A0.CN 54 2
150376 KENNARD STP C.03 5¢Q 4
100288 TRAEFALGARE STP C.11 50 4
1839CC ANSEZRSCN STC D.0F% 5C 4
160915 3RCUK STP .10 3C 4
136959 MONROZ C1ITY 3TP G112 53 2

STaTz ICWa

SRANT NO  FACILITY NANE FOJECTEDS SLOW  TREZATMENT LEVEL CHANGE
19C5¢8 WEST LIZAFKTY STP 1.37 z 3
19u575% AASCH CITY waWTe £.53 S1 3
1945%4 SICUX CITYy awWlP .32 30 3
190547 JEFFERSON ST? 1.110 10 4
1yusvye MUSCATINGE waTo 3407 e 3
19055« KECKUS waTP 5.20 Ic 2
19uiye SaC 379 .72 11 4
170603 W=zST3K STP 2.9% 41 3
1936G°S HAL aln wwTr 7.7 31 o
1900Jc IAGLE GROv: STO DN 21 3
17048158 AL3URN 3TP N.C4 30 4
193017 WoOL3STOOK LL30Cn Na04 30 4
1905612 FERTILZ ST*" 0.0% 3C o
193637 SPEMNCEIR amTH 275 51 A
Tryueas SHELZIN ST¥ C.27 «1 3
17d04¢c RCCK RapPILs 371°C Ga3™ <1 2
170653 MOCRHNIAZ wT™F Cetts 3C i
1¢Cs82 IEWNLATH ATF A 39 4

“ PP, B-12 datsdoa) |}
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0 = N4

-
~
[
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o
~

1907638
193714
193079
Tvolss
193754
1yu7¢3
15%077<¢
1907
170600
1¥0229
1703¢¢

190390

SKANT NV
cQu3653
d00u4c?2
203429
cJJal2
cOualé
200451
00454
2034553
cU04€E?
2004706
dUT&TS
200535
2005190
cUU5S 1
U317
¢DG513
200523
200526
¢00527
206530
200534
¢dUS536
<Qus537
200548
200550

¥
X
(Va)
~—4
N
*
1~
—
(XN
LV

ZMER30ON wTH
PARK Viza =
SlzaL>Y 37P
ALQUCKLTA
StARLzCRl
iSalN STP
SENTS CREEK ATP
JANESVILLE Las00n
SclLAwWwdARZ WTF
NASHUA wTF

AVEKLY ST»?

T

3T?

WwY®

- -
LN

-3 Ve I

(ASHTA LasCON
S

FACILITY NAKZ

LEAVINWORTH wWaTP
WELLINSTON STP

ATLANTA LAGCINS

OESLTD WWTF
CLAY CcNTER
HALSTEAD ST¢
SCHCOENCHEN STP
MUNJOR LAGOON
LAKIN LLGOCN
0G2zN LAGCON
JUNCTIOUN CITY
BALUWIN 3TF
TUCLEY CRESXK MES &1
MUNICIPAL wWwTP KNG.14
CHANUTE WwATF
CONCORLIA STP

VALLZY CENTER STP
KANSAS CITY STP NQ.Z2
MINNZAPOLIS LAGOON
WINFIELD STP
REZIONIN STP

HESSTON ST»

AMERICUS ST°

LIZERAL WWTF
ONGANOXIE STP

STP

WnTP

5TP

- o Ay - - -

(94 ]

-
AV o

) D
.
G D

-
LV AN A I A IRV B S « N S V2 B e JY e B S S S ) SS9

DO o WuiD OCT N = b= 5 = o~ o

DOO=2NMNODDOWHWOODDIDIUD
.

-
nJ)
-

2.09
0.75
.59
0.02
5.00
C.40

B-13

TREATMENT LEVEL

CHANGE

[UYRUSII VAR SR VIEE S S STl R VIER i SNV I - e S

[P e i i V- VIR~ S U R VT R UV I s S A Y " R VY SN G Y]



oRANT NO
2U561
20J502
ZJub69
2310570
200876
PANER !
¢3359%
20U6C0
cuueis
cudoe1
200620
200623
2OUslIs
c0C&43
AV ETY-)
duUb4d
cdues3
20634
2UJood
c00eé
€Jis63
U653
PRIV XA
SIUTCY
cdu71d
U764
cJU750
cDQUTS3

[PV
E AN S W)

YRR VRN U B VT B SO B

Crl Lo

- ) kA

PR IVEYA
21ule
21ul4?
ctulas
10343
¢1l1240
210349
1 3835

FACILITY NAME

TABLE

STAT®

O3<RLIN S5T°P

ARCADIA 37T°P

AEST MINFERAL LAGOON
WHITEWATER WWTF

LA HARPE WwWTP

SLUE MOUND WATF
SELDEN wWATF

PEIL WWTF

ZAPORIA 3T°

INCIAN CRE=R MIDOLE
CCFFEZYVILLE waTlF
MARYSVILLE wTP
SUHLEE WuwTF

RINCAID wWTP

SALVA LAGIUN

JERZY TP
BLUE RAFICS LAGCOY
wATERVILLE wTF
ACLTION 5TF

TOdwaANDaA STF
CIMARRCN 4TP
NICKZRSEDN 3
TELLE PLAINE wawTF
ALMA wWT®
CARELUNDIALT wTP
LANSING wnwTF
WNINCAZSTER STP
INvaN STP

FACILITY MName

o

SIN
STA4T:z

ASHLanND ¢ Y 579
FRANKFCAT AT2
STRCuLEY CRIZIIK wnT?
WwEST POLNLT CITY STF
AUGLSTA wwTr
NCTASIZT wal”

SQUTASIL: winT
CYNTAILA 1T

S
LS Rl wawlP

R.1

(CONTINUED)
wWASTEWATER TREATMENT PLANT PRQUECTS

KANSAS

IN

PROJECTED FLOW

D@D DO

-
O =2 n O O

£ 8 N B~

(o)

(]

el ® ¥ SR s T AU SRS N G Ry
= 0O N -2n - g

KENTULCKY

B-14

[UE N I W B W T W

32 =T

DATA EASE

TREATMENT LEVEL

RIATMENT LEVEL

N £ U
[ 2 o I s B v B |

A AN
(@ 3 o]

-~

£~
-

)

£
[ I g

50
5C
51

&

CHANGE

- ed e VNN A NN WP WWN S WS PSP WNE

CHANGE

EEWE S WRWE &8s



Lo 241 (CCONTINLID)

WAST SWATL e TRZATHWAERT FraNT 2LC2J20TS IN [DLTY 3ASE

STATT M ZNTUCOKY

SRKANT NO FACILITY Namv:z SFEAJECTIC FLOW TRIATMINT LEVEL CHANGE
2103231 JEFFERSTHT I 5T? G ol 41 P
10353 NORTH HinkSTunw CrRII¢ STO Zab% 41 3
c1u354 FLATwWOOCLS STP 2.0 3C 4
c10357 MILLzRSZURG STP G272 3C 4
21u3csS IARCSTCOwaow CITY 3TF el 41 3
d1ui73 AL3B&NY STF Ce70 53 4
210374 LzLTCHRLILT anTP 1.17 41 4
210073 LAWRZNLZ3URG w10 1.97 41 4
<103545 DRARZO3ORE wnTO Ca17 4 J &
¢1u3v1 LIVIANMIRE wal?P FRAST I 0.31 3G 4
2104040 WNICKLIF=Z2 CITyYy 3710 0.17 52 4
cludul CROFTON WTF .37 50 4
2104634 FORTSVLILLE 578 C.11 50 4
c10aud FANCY FARM WwwaTF 1 A sC 4
21du4de RUSSELL CUULATY R+ waATP 2430 3C 4
210347 NICHCLASYVILLE wwT? Z.71 41 3
10397 NOCRTOAVILLE wTF C.14 40 4

STATE: LOUISTANA

SRANT NGO  FACILITY NaME PROJIZCTED FLCW  TREEATMENT LEVEL CHANGE
déudes CiTY OF KZWNIR WWTE £L.00 3C 1
220¢¥¢ JEANZREZETT? wwTP 1.32 2C 4
¢20¢295 TCWN COF SASILL wwTP J.2°% :C 4
£23505 CITY OF RUSTUN wWTF L.50 30 1
€2333 ILSEART WaTP T 20 4
220314 VILL~SE GF RIJEFPINE WaTP .15 3C 4
22331 TOWN OF LIVINGSTON WWTP 0.30 30 4
2203¢2 GONZALES STF 2461 3C 1
220327 MONRGE STP 12.00 5% 3
22ul34sh CCTTOUN VALLEY STP Te18 30 4
220247 NCKTHZIRST 2XxIO0ATIGON 2INC D50 43 2
£20347 EAST STP 2.84 40 3
2¢u349 LASALLE REGICNAL STF 1.17% 3 5
220390 AAYNZSVILL: STP 0.59 30 4
223408 COLLM3IA HEISHTS 37Tp C.21 20 4
2237415 OBSRLIN LLGCON 0.21 30 1
ciu4l? CHENEYVILLE STF 0.153 3C 4
220+320 YOUNGSYILLE STP 2.1%9 30 4
2204231 MOREAYVILLFE STP C.15 30 A
2¢U04 3 WwALKER 379® 0.50 50 4
c2uaid JUL3SON STP Q.22 30 4
220456 DCWNSVILLE STP 0.C7 30 4
220474 cLTCN STP 0.19 3C 4
c2J489 SRAND CANE STP C.03 30 4
220544 MORSE STP 0.C9 20 4

B-15



GRANT NOD

GRANT NO
234d0%%8
230102
230114
230117
c3uleld
c3013¢
230160
23317
23317¢
c3e17¢
c30178

PSR R
P EY Y-
PR R
£aG3é0
c4J3E3
cad3zs
cadlys
c403y3
PRV
chuadd
Ca4uad?
Chlbe?
ceJsut
dautly

SCex CARIZK

NASTEWATEP

FACILITY NaMm:Z

MERRYVILLE STP

STATE
FACILITY Nawm¢
MOCSEAEAD WWTP
FORT FAIRFIEZLD wWTP
OLC ORCHARL 3EACH STP
SOUTH PORTLAND ST©
PORTLAND WD woC*®
SANFORO S:wise SIST. wPCF
IsLesCRY STP
WILLOW STR7ET 5T¢
NGRTH MAIN STPEFT ST?
EAST VASSALSORC STF
SCLTH MAIN STRIET ST

STOTE

SAVARSZ
FREEDIM JISTRICT STP
CLZAR SPRING STF

ST mICHAZLS 37TpP
Acarnst2lN 57
MCRTHERST F
CHEZuaP2uKE
FLINTSTONE~
CLOTOwWN 3T#
TYLEKTSAN 3
cwhl L z

Oy N U

FRzueRICK

TABL Z

TREATMEINT FLANT PROJECTS

STATE

3.1 (CONTINUED)

LCUISIANA

PROJECTEL FLOW

PROJECTED =LCW

Ty
-

-
foo BE ST G IV BVIRNY RSN Y

e A OB DO W N

- L]
i e )

(DO DD &S =20
E -
<

.
ja

MARYLAND

SROJECTED FLOW

ne13
1%
D.0¢
.23
2ael0
5,02
Tae2d
G2
.27
4.7
2.00
’Jl:ﬁﬂ
Aons
“
Jetd
.2
C.07
15.00
Cadl
T.73
C.':’g
Ooona
12.00
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IN DATA BASE

TREATMENT LEVEL

- A YE AR W G T N Eh G S es W e

30

TREATMENT LEVEL

TRZIATMENT LEv:EL

50
40

CHANGE

4

CHANGE

£ 48 P NWE LN

[V S SR T S B P S S S AT R AR AR R AR A e O]



r. Mo

VAR

C C C
[ACIN SO T N AC R A

(L ™~ O U U

25y
<Sud

€2 0 OO v

SRANT NO
262U¢5
262054
262041
262052
c5c73
c62127
202142
¢0c143
262301
262314
262346
262349
L62Y53
262491
Y4
2625063
262514
«0253%
c0d541
2625453
€0c540
<8724
257172
c82797
26281%
26054573
o284

T4

ARASTowdATER TRIaTMInNT

STATH

a1 0

a1 {CSHh

PLANT BRGJ
MASSACHUSETTS

FRDJECTEDS FLCW

UPPER ZLACKSTING wrHLF S6.09
ROCKAC<T STF Caz?l
REGLIONAL STP 18,10
ORANLE 3T°F 1.10
PALMLY ST 340
NO ATTLE&GRCUGH ST¢® 4,61
UX3KIDo6E 5Te 3,00
SOUTH HADLEY waT? 35.11
HULL AwTP 3.07
ARCCKTON STF 17,35
Ha<LwWIl WaTP D.04
MUNTINGTON wTP Ce20
AYZR 37F 1.79
LZCMINSTEZR ST? 9.33
STATS MICHIGANM
FaCiLITY Naw:z FROJECTED FLCW
HCUGHTON COUNTY STF N.22
HARZIR 3IPRINGS L&3TONS DatS
LANSING waTP 40,50
CrATHAM wWWTP 0.25
BRCNSON WuWTPF C.5C
FLINT waTP 50.00
ORAND LEDGST wwlP 1.50
SRATIOT CO. WATP 0.7¢C
CHLSANING 0.5¢%
CHEBOYGAN AFRZY ma Manas 2.00
IRCN MQOUNTAIN STP 3.00
JCWaSIAL WaATP 2.50
EATIN RAFPIOS 1,20
MT. ClLcvzN3 STP 4a51
OwCS5S820 4.00
IG RAPIDIS wWT?P 2.40
CALEDINIRA STP .14
44SCN 1.00
IONIA mWTP 2.85
NEWEERRY STP 1.09
GLADAIN 0.55
BRITTON-RICGEWAY LAaGQONS 0.19
ALLANCALZ TP D.890
LAXRENCE LAGOONS .19
SAUGATUCK wnwTo 0.40
DeTCUR VILLAGE ST .09
CLARENCE TwWP=DULCX LAKE TP C.24
‘i & & R-17 ..

TREATMEINT LEVEL

TREATMENT LEVEL

CHANGE

- - -

A AR Sl L S VYR VRN WV B S S S V)

CHANGE

PPN NNHWHWNSE N W=D R AN WS W e



GRANT NO
26¢887
VAR XY
262900
o522
cb2946
P YENE
263601
263002
263015
¢530359
263271
20327%

- - -

c7db03
c7itts
275720
27u7el
270741
e 73743
cfi?a7
c7Ju743
27004
PRV I
<7UB15
270316
274818
eragiz
27u%zce
¢708¢3
70337
70331
ce70c322
70537
rdiiy
270839
clatasld
70244
c?72%45
PSS TA
¢753355
27uze3
¢c?5370
273371

TABLSE

3.1

WASTEAATZR TRILTMENT PLANT PROJECTS

STATE

N e Ak e S S e G A e En e e Gh A e = e

HESPERIA wWaTP
SUPERICR TwP LAGOONS
SGALISN WATP

TUSCOLA COUNTY sT?
HERMANSYILLE LAZOON
sLSIE LAGOUN
KINGSLEZY WwTP
PEWAMG LAGUOCNS
PCTTERVILLE STP
INTERIOR TwP LOALZQON
JONESVILLE 57TP
MARLUETTE CNTY

FACILITY NAME

TaIN CITY FCELLTFT. ™22,
PRELIMINARY TMY =aCIUiTIC
VIRKGINIA

TAS HAPITRS WaT?

ROGEKS

SCJZr=cYUTA ST2

ST CLSUJ

wE3TEARN LAKE SUPERIOR SaN
ROCHEST TR MULN. wwTF
CHISHOLY AwnnT

SVELLTH WWTF

HOYT LexXES 3TP

STOCOKTUMN LAGTOUANS

MUUNTLIN [P0 5TD

AURC <L STP

SlLzZRT LT°

MaR:zTTa LAGOONS

Rl JING STH
CLEARWATIR=CL=AS LAKE wTP
TRUNTON WWTP
LIMMIEMAN LAG:
IEAVER .Y ST
SORTHFRIZLS wo
ALEXANDRTA L.
3RTLLY BODINT
LK R 5T¢F

-t

-’

A0 waTF FHASHE L
-

L

wwT =

MICHIGAN
FROJECTEC FLOW
0.15
.10
D14
13.09
0.07
C.13
£.15
N.07
0.490
0,33
0.32
£.20

B-18

PSR Y
A3 BV TR U IS B W QS W TN Y
-

[AVIRW]

-
LA T AV &5 B o

(W B S5 BA VR 45 i S IR V|

. -
- N
-

o O

.
[N

3% 2N

- L)
P e WU O

.
¥y

PN A I ) T OD D AYWEOO

G
»
S RSN
VDDA AP e OO aa

wd
.
s

(CONTINUEDR)
DATA BASE

IN

TREATMENT LEVEL

[V, R B VRV IV VYRR V]
HA T OD WO O

[WYRR VSRRV, IRV, I o
N WO

AV W
AL

[}

U
(%)

g

[V B I <
[ 2 o SN av I ¢

(V2 W
N Y

-

W E WP s e

CHANGE

L o O ndiealt S R o S N O O B O B O S S VW P O R R W W



Te-L3 2,1 (CONTINU:Z)
AeSTzwa TR TREATAILT FLENT FROJECTS IN DATSH 34

v
m

RaNT NO FECLLITY Naws FX2JZeTel FLOW TREATHMENT LecVEL CHANGE
27lnzs WIlbas awTF 4,30 Ty 5
TIILY ALZoRT LIa waTl? 12.57 €1 4
c727¢5 3USEALG STR Jax? 4C <
270947 MAISmaLl wal? va 21} 50 3
£73923 CuKuTD wnTP Ha3% 3 1
¢7375¢ ANKANIALE ATF Na2% 50 3
c7d?25% 515 Lak’ ST T2 4 4
PRAVER NS FCRESTCN STF ENEA 30 4
e TJdPTS 4,018 LBKE Su07 5C 4
¢ 70370 PINT RIVIR walP C.27 50 P4
£71031 RCCKFORS wunTP AUDITIONS 0.3¢ iC 1
271365 :Li;ksirﬁ Les0ClL3 T.05 30 4
77059 IMPIEZ waTP &.00 g1 4
STATS MISSISSIPrPl
yRANT NO FuellLITY Nhavz FIOJECTED FLOW TREATMENT LEVEL CHANGE
¢ 203732 AERICILY STP 13427 42 3
¢5u374 STaRKYILLZE STP S.0C 40 4
¢2U37 SUMNZ? aTF e 29 34 4
¢ 53421 POLE LASHCN 0.U% 30 4
cedasl 3YRALLA STP e 21 40 3
304357 EaLCUN ST CaUb 30 4
c8J64%2 VAIJSN LAGOCN J.15 0 3
260540 SCHLATZR wTP 0.07 30 4
2805G7 PICKciyS 5TP 1% 30 1
263510 FKIARS FOINT STP 0,20 ] 4
cBu315 CRCWUER WASTE wlfTER TP Je14 2C 4
23805¢ce CR3O35Y STP N.G# 30 4
280540 MANTACHIEZ ST° J.12 42 4
¢3G559 Ma<IZTT4 STF 0.03 41 4
28USTE MAY=ZP3VILLE L2GOCN 0.925 3C 4
ZB8U64c CLEARY HEISATS STP 0.1 51 4
2EGoa? HCLCOM: LAGCIN DeGn 3C 4
26Gb03 TTTa s3ENML LAGGCON 0.49 z0 4
STATC MISSOURI
sRANT NO FACILITY NAME OROJECTZD FLCW TREATMENT LEVEL CHANGE
290423 STe JOSEPH WWTF 32.35 3C 3
2Y¥Jd524 MONZTT Wnhir 3.07 30 8
290546 LICKING AWTF C.2c0 53 4
290560 WENTZVILLE STP 1.10 4C 4

B-19



TASLE 8.1 (CONTINUED)
WASTzWATER TREATMENT PLANT PROJECTS IN DATA BASE

STATEZ MISSOQURI

SRANT NO  FACILITY NAME PROJECTED FLOW TREATMENT LEVEL CHANGE
250587 WESTSIDZ STP 22.50 30 2
270599 CARROLLTON STP 1.30 313 3
233603 NEVADA WwWwTP 2.11 10 4
2506¢9 ROCK CREEK STP 7.50 310 4
CyUol4 CHARLZSTON STPO 0.75 4C 2
90840 AYATT LAGOONS G.06 30 4
290653 PICHLAND WWTF 0.3% 3C 4
¢Y0055 WARRENSRURSG ZAST WwTF 1.50 30 4
290655 WRRRENSSURG STP 1.70 30 A
PASE-PX cusa STP C.bb 3C 4
eFUés2 BEVIER LAGOON 0.21 i 4
290669 QULIN 3TP Ge10 10 4
290673 JEIFFERSON 3§T® £.20 30 2
2y00623 TIPTON STP Debd 30 4
cFi62¢s SLATER STP N.40 zC 4
250691 STCCKTON aTr C.2¥F 30 1
PN AVE 3Ta JAMES STP Jab6 3¢ 4
EYUTL3E HANNIBAL WTF 4,00 40 A
<0711 30U%0k STP D.27¢ 30 4
290713 MALTA S5ND LASCCON 0.05 3C 4
eyire0 FRKANKFORZ S7TP J.0% 10 4
2907¢2 PCLD AT C.08 10 4
2¥0743 AZ53T PLAINS WTF 2.5% 50 4
diulas PINEVILLE ST? C.08 30 &
20747 BUFFALO STP Cast 30 4
2¥Y07SS AUTLER STP .71 IC 4
0751 WAYNSSVILLE STP 1.25% 0 3
e9d? 3¢ MIG%eT LaboUnh 0.07 ? 4
cYuT o4 STEELVILLE ST# 0.23 3C &
cyu?i7e ZRECKENRICSE WTF Jedd 30 4
eIL777 UZ3anvi LAaGOCN 0,35 10 “
7 ?T VERSAILLES 3§T°P J.55 3C 4
cIU751 ARMSTRONG LALI0ON 03405 ic 4
2SuTER CPCLKZR STP 0.20 30 4
cF0780 MATISTIN wIP 2.12 30 2
SF07594 3USHY CAL7XK STP T a6l ic 4
2937vy3 NJIiL wdATF .23 LEN S
cvu3l% MALLEN WATF Te25 3C 4
2IU343 NIANG e TP G405 4C 4
FENETYS PIZRCZ CTTY 4wTF N.2% 30 4
rQs74 HINKSCN=PERCHE AwTP 13.0°7 30 4
2yu3s PLTLSI 37°P Cend iC 4
250913 LINNEUS LaGOIN J,0n 3C 4
cFuFe0 FESTUS wTP 2. N 40 3
A RETY VAN cJR=N wwT© J0.12 5C S
SIu»?7? ACVANCE STP N.22 30 4
¢?1us5 NAYLOR WwTF Ja= 30 4

B-20



n e STEwaT P TRIZZTHMINT FLANT

SRANT NGO FalILITY Niw: SROJELTED FLCw  TRIATMENT LEVEL CHANGE
30uUl¢él AALTSPzLL wwT? 2.70 21 2
5udlvé FLAXVILLS LASCCAS .0 60 4
31031y7 GRELT “ultLsS §T® c1.N0 0 3
3Judie YICTOR wwiF C.0% k3] 4
300e03 AILzS CITY ST? 1.92 3C 4
S0Ucua PUFLAT wwTFE J.87 3C 4
Juuceudo WrITeFTISH WWT? 1.2% C 3
2ue1C LIVINGSTON ATP 2.0 72 30 1
35ui1é Susera LAGCONS Caell 0 4
2002¢2 STEVZNSYILLID Wa1P ¢.30 30 4
32uces Ja<a¥ LAG23AS 0.15 30 1
S0uUZis AL IN STP 1.30 30 4
3Gud4c POLSON WwWwTF 0.65 :C 3
30weSS FORSYTH awTF Deda 3C 4
300e¢71 338 3US LaalONS Ca10 10 3
30u3li CORVALLIS LA&SQCANS J.25 3C 4
3003us FOY ST? a1 3¢ 4

STuT: NZI3RASKA

GRANT NO  FACILITY NAME PROJFCTEDS FLOW TREATMENT LEVEL CHANGE
510353 WAKESIZLD LAGGOCN .27 30 3
210298 EREMUNT WWTP 13,50 3¢ 3
31G407 BLAIR wWTP 2.00 ic 4
31041 SPRINGFIZLE WWwTP 0.22 e 4
3104633 YCRK WWTP 2.30 31 3
310425 ARLINSTON WWTP 0417 10 3
310433 GRAND ISLANC 3TP 1C.00 30 1
31Jde57 WMEEFING WATEK wwTP Je26 30 S
310466 HEZRON wATP 0.25 3C 3
310e07 AUMZOLDT WhiP 0.21 30 2
310472 NEYRASKA CITY ST2 2.11 30 3
310473 PLATTSMOUTH STP 1.20 3C 4
310470 VALLZY STP O.»8 30 3
310477 DECATUR WWTF .02 30 5
310473 MELZZTA WWTF D.064 80 5
3130482 NEWMAN HROVE WWTF 0g.17 30 5
310459 NCRTH S5ND STF 0.18 i 4
215491 CAMBRIDGE STP 0.25 30 b
210473 NORITHEAST S5TP 8,00 41 4
310495 CENTRAL CITY WWTF Q.48 10 3
310457 AICKMAN STP N.17 3C A
31u500 WILEZR STP .29 30 4
310502 2ZATRICE wWlP 1.65 30 3
310300 DUNCAN WTF 004 6C 5

B-21



GRANT NUO
310513
3103514
310521
210546
310547
310559
318550
210558
21uita
21u5e7
310574
310573
310542
210590
3105y53
310601
21¢911
21used
212531
158368

GRANT NO
320076
320078
323085
320u60
3200e9
220091
32007
5¢J1G7
2eulie
520111
32013

534992

31,510
-l U9
330111
FEATE I B

TRAALE
WASTEWATER TREATMENT FLA

STAT:

FACILITY NuaME

RIVIRSIDE LaKE
SEWARD WwWTF
cLMACO0 wWWTF
CCZAD wWWT?
OSHKOSH STP
3Lyz +HILL STP
HASTINGS wWwTF
SYRACUS:
SKOAUWAT 22 wiw
MCCuuK STF
ARNCLD STP
TESO0FCORI LALOON
HENSZRSON S
CLAY CENTER
LAWKENCE ST»
cLoIN wlfF

AN
CtrislT

(%]
x

.
-
T

taT
LON o B I

N WATF

FACILITY NAME

YEQINGTON 3TF
ReENC=5Tzul ST2
FALLON AnwT?
MINDoN=GAFDODNIIVILLE
DAYTON WaTF

3t ATTY 57T9°
MCZLRMITT 3T°
SVIFTON 37P
STARCHLI LT STF
WEST Aw CONTRANL PLANT
LOVELOCK STP

STP

" s e M e S e o W S A En e e e e e w W

AANCHEST IR ww TP
LALLENSTOWN 5T2
32PLLN 3TP

ARRNIR VILLLASD STP

3.1

(CONTINUED)

NT PROJEZCTS IN DATA BASE

NEBRASKA

PROJECTEL FLCW

» D

(N OO

- ] . - L L]
-2 O D (O e A
(o SEC4BEVS I \URN AV BN S VE N W |

Do O ODODCFrOOOD OO
.

5~

. s .
S S

L

« a o & o @
U (DO = (D ey = Or I
)

(V)
.

€ 02D )OO - Dy (D

C3 O imy wn

NE W

R R R i A
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HAMOSHIRE

TREATMENT

LEVEL

TREATMENT LEVEL

P e R L

30

CHANGE

e R T S O B S i W A R I Sl e N O e

CHANGE

PR AR S R e VR VI W

CHANGE

4
4
4
4



[ W2 38 VRN W VRN WA W)
LI W W R N W
o OC Ooc

<

N
~

N

338157
330101
33u191

34051
34Ucyy
240533
3403353
34ul6d
160344

540385
3403287
343327
540538
340391
240640¢
540527
34(53%
240550

SRANT NOC

ni8ST-wtTIA

B I IR e T R P p——

HORraM STFE
PITTSEIZLL wPlF
WCOOSYILL: FLFRE Z2.ST 3
CHARLZSTOWN ATP
LI5=0N LAGHONS
HINSOJALZ STFP
WINCHZZT e 57T°
NzwFIsLDS S5TP
NZAkZ STP

AALL STRIZT wATF
JURRAM STP
SWANLZEY §TP
FACILITY Nams

MOUNT ROLLY S8 579

LINZ:zN=RCSZILLZ
PAR=TRCY rHILLS
FPARSILPPANY-TOY SILL S
UNZCH 4 eS>ZX JOINT ST

ATLANTIC LOUNTY S.8,
LIVINGSTON ATW LUPCSRLODE
LINCOLN PagRK STr

CCEAN CL. SEn. AUTm,
PzMzE2TCn M (¥ A

QCcaN COUNTY <.58 CeNMT
MORFISTUWN 3T2

S MUNMCUTH S.4a.
HAMILTON TOWNSRIP
BERGZN CQ SEASR2 AUTHOR
CAPE MAY (O ™Mya 5S7°P
OCEAN CITY RESIONAL WT

HANOVZR SEwckR GUTHCRIT
SWwINs LAWRENCE wTP
UPPER wi4lLLKILL VALLEY
LAMEZZRTVILLE STF
READINGTON=LZ2ANON S4&
CUMEZRLAND (O, SEWZRAG

FACILITY NAME

Tw?i 2

T eLa

STATZ

QAL

ITY

p
Y

(¥a)
—f
A%

i N
s

o
A
STATF

2.1 «

CONTINUZD)
NT PaJECTS IN C
NZW HAMPSHIRE
PRCJISCTED FLGW
Te?S
Jeb?
0.2
1.12
qu)
AN
£.25
D412
.72
1C.12
2453
Sd1n
NIw JIRSEY
FROJELTED FLOwW

£ N
L] - - L ] L ]
Lol o I wr’

N
L3

~ny
[o SR R RE SN AS IR Y BRN TUN BFva IRV, IS NiFe SIEN IS ]
-

» L] -
QGO TV WV WU
OO COCWVMO OO DO 00U

- -
n

£.30
£.30
3.00
24.00
2.50
152
0.80
7.00

NEW MEXICC

PROJECTED FLOW

L e I ey

B-23

A R T I R,

PO DODOCe

[

(VRS BN B o S ANV IRV K AS X P < PR Y]
O QDN CI O

TREATMENT LEVEL

41
30
52
3G
30
20
3C
51
30
33
20
40
0
20
30
4C
3C
30
50
41
30
51
3C

TREATMENT LEVEL

POV RN A S F R R SR S 3

CHANGE

N E e PN WS NP P P e W

CHANGE



350171
350108
351032
351004
351005
551010
351015
351017
35101¢&
351025
3510¢9
351030
331031
351034
551035
3%106¢
251063

3603¢8
L PENA)
300234
360339
360423
Ibubagbd
3pdacs
35U524
300557
ZoUlls
550567
5608¢1
363627
S0Udbqu
360041
S6utaq
S0JdE46
3560c350
Se0¢S5¢
36ues?
3pGe 61
360600
360691
360711

TABLE

8.1 (CONTINUED)

WASTEWATER TREATMENT PLANT PROJECTS IN DATA BASE

STATE

FACILITY NAME

LAS CRUCES wwTP

CITY OF LCROSLURG wwT?2
CEMING LAGOGCNS

HC38S S7T°P

SILveR CITYy STP
FARMINGTON STP

RATCN WWTP

RUICOSO REIGIODNAL ST?
TULAROSA §T¢
BERNALILLD 379
CiTy JF PORTALES
CLCVIS ST¢¥
LOVINSTON STP
LAS VZIses SS

JAL STP

EAGLE N=zZST ST?
L0S LUNAS ST?

WP

X Z
(V2R o Be i 3 ]

r <

v O
Fal
M

e —4
g3

LJUNTY Se L
SEWAGS ¢S
VIoebLa>C ST®
TP

E2 ) PR ¥ 31
P

(X~ V2 I O]

ot
X

543
HAMMONT
CLAYTON
INTARIC
SACKETS
JOCK 3TR=ETY
LLCYS 5T°F
New rROCHZLLE
SRZIENPOKRT
CRFU wT?
AALTON STP

g
L=

N -

ScwtRLLT
"""" sTP

5YS

SRCTUN
AJAMS STP
SYRACUS: McTRO
MASSINA STF
CrnaUuTAUL UL
SRANJ;-;
ORAND

LaxI SD
S O 3 1

ke
ViU e LI ]
ISLAND walP

NEW MEXICO

PROJECTED FLOW

R R e e e i

P R

N NG

N

_ e A DI = =2 (D DD ) WD

-
[oe JE UV I TR ey SR VXEN 26

‘-

a a e »
Ly A IS SN WA g

| ]
=~ A D = AN (N ) N O

-
2>

[}
.

.o

¥ SRV B GLEEN BT NS RN D~ I

[

Y
[}
-

(o
<
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TREATMENT LEVEL

CHANGE
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- - -

36071¥
Zoulex
JouT7ic
360742
365747
2pu75C
JouU7ts
300771
26J713
3507b8
30LdGd
SEUsLS
3o0ud11
55081¢
360¢14
35084
lounio
36UL4el
360854
360059
360v13
Sour14
Joi922
I6Uv47
2609723
3500981
361000

CNAVEE-T
370377
373377
270377
370382
370333
370385
370386
370397
370401
570411
37046417
370425
370433
370435

WASTZwlTov TRZATNMEN

AISTFLIEL S STP
CCIAN 2zZ4Ca LTP
WATHINS GLEIN STP
SDRELNPURT 3T7
SYLVAN 240ln STP
ALTLEINT STPR
SCousS PUINT
HANGVER ST
ALZION awT
HCLLAND SGa2 LTF
STCNY FPOINT S5T7
DEPLSIT SiwkRACGE
AnRLTHON SYSTTwM
NORTH CaauT2uel? Laxe
sHEtr"MAN STPR
SCMZIRSZIT~2L4RKER
CarMEL STPR
PARISH WPCP
SENZCA CNTY
SKANcaTELES

S18

SEWIR

$TP

(¥4}
Ba
(¢

5081
ST?

FACILITY MNam:Z

el e L L

TAREOURO WTw
IRWIN CRZEK
MALLAKD 37T°P
MCALPINZ STF
CONCORD wTwW
FARMVILLE WTW
EAST 2URLINGTOMN
AILSON zAY STP
LOUIS3URG STP
MAGNOLIA STP
PARKTON §T#

DUNN STP

CLINTON 3TP

RED SPRINGS STP
WILLIAMSTOWN WTP

572

STF

-

SYST:

ST?

STATS

2.1 (CONTINLED)
NT PROJECTS IN D
NEw YORK

LD Wt

=~

=2 DO NSO S

[aU IS S |

. » - . -
RN IV RN TRV A o I o SR N o S an B ¢ SIS VN 1)
[AF IR AV IES St BE S I W}

[
.

Ue57
Ce52
.00
Ca37
.03
L) "'IW O
D a2l
0.5G
Cu14
C.25%
a2z
C.14
.71
£.55

y (x

NCRTH CAROLINA

bolb
0.808
0.09
D.12
<28
3.00
1.5C
1.056
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TREATMENT LEVEL
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CHANGE
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TABLE 2.1 (CONTINUED)
WASTEWATER TREATMENY PLANT PROJECTS IN DATA BASE

STATE NORTH CARCLINA

GRANT NO FACILITY NAM:Z PROJECTEC FLOW TREATMENT LEVEL CHANGE
370430 CONOVER CITY STP Je€90 30 1
270437 MAIDEN TOWN STP 1.00 30 4
370432 ACCILAWN STF C.18 30 3
370441 MOCRE COUNTY RZGC. wT4A .70 p 4
370442 TRENTON TOWN STF 0.07 30 4
370452 OAKEDRGC TOWN STP g.s50 20 4
3704063 RUTHERFOROTCN TIJAN STP 0.64 30 3
370470 CHERRYVILLS CITY STF 2.00 30 4
370473 GONE TQwaN ST? .20 30 1
270284 JINSUN TUwN 3TF £a33 51 3

STATS NCRTh CAKOTA

GRANT NO FACILITY NaMZ~ P20JICTED FLCW TREATMENT LEVEL CHANGE
ERAVE R ENCzALIN STP Dat5 390 1
33ul13 SHILDON LAGCON £NT S D03 30 4
>3uizd JISNMARCK WwT? S04 3C 3
250524 HAZVIY LASCCUS 0.24 20 4
3¢&35¢3 MANJILN STF 2.00 30 3
3203s NEW TOAN LEALION Caezh z0 2
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481dU0u
431216
4%1219
4812¢3
4812¢5
4571231
431235
43123¢
481244
481253
481257
451262
451263
481266
48170
w81271
431273
48174
451?75
431273
bsl1itéd
4371488
431¢91
«31294
4831906
481306
43132405
481314
431596

SRANT NO

49315¢
49U170
490171

TaALE
WASTewlTER TERZATHMINT PLANT PROJECTS IN DATS

ALVCARD STP

PROSPER STP

LAKe JACKSON STP

AICC 5T®

5RAZORIA STF

PECAN CR=Ex 5TP

LUMZEIRTON MUD STP
BROWNFIZLOD LAGCCNS
NACUGIOC RS 3TP & 24
MANCK STP
3R040WAY ST?
LIVIMGSTON STP
MERCEDES STP
PzCOS LAGOONS
MOCLY ST?
MONTGOMERY (Y
HARRIS COUNTY
8eLL CNTY ST?
WEST CEDAR CREEX 57T°P
KINGSLAND MLD STP
JEVERS STP

LAZY RIVER IMPRCVEMINTS
CEDAR BAYCUL STP
HALLSVILLE STP
SOCMERSET STP
CITY OF BSULLARC
BROACDOUS ST°P
COLCRADC CNTY
DETROIT S7°P
PFLUGERVILLE STP
LUFKIN STP

ZAPATA CNTY STP
LISERTY = DANVILLZ
AUBREY STP

TOM SEAN STP
MAGNOLIA STP
ODYSTER CREEZK STP
CLEAR LAKE CITY WA STPO

WCID #1 37°P

STP

5TP

WwCID 82 STP

STP

STATE

FACILITY NAME
CECAR CITY wWTP
HYRUM CITY STP
GRANGER=HUNTER STP
WELLSVILLE 5TP

2.1 (CONTINUED)

UTAH

FROJECTED FLOW
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BASE

TREATMENT LEVEL

TREATMENT LEVEL

CHANGE
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GRANT NO
490174
490175
490179
490180
4901231
490185
493139
490194
4v0167
490207
490232
490c44
490264

500079
500081
505083
500035
5001¢C4
500105
300111
500115
500117
3301¢3
S0012»
S00134
50012%¢
533146
500140
500131
SQUT>
50316c¢
S0%91¢4

33yt

S1.239%
31u21é

TABLE

3.1 (CONTINUED)

WASTLWATZER TRFATMENT PLANT PRQOUECTS IN DATA BASE

FACILITY NAME

STATE

LONG VALLEY REGIONAL STP

TROPIC TOWN STP
TASIONA ST°P
MYTON LAGOON
EMERY TOWN FONCS
PRICE RIVER STP

ASHLEY VALLEY SEW MAN STP

PROVG CITY wWwTP

SNYLERVILLE B3ASIN §T®

TIMPANOGOS STP

MOUNT PLEASANT LAGCON

CASTLE VALLEY ST?

HESER VALLZY STP

FACILITY NAMS

IRANION WWTP
HARTFORS wWWTP
NORTH BRANCH
ENOS30RG FALLS
STOWE WWTP
MANCHZSTER ST?
HYD: PARK SeP”TIC
REZAISBCRO STP
ROYRLTCN STP
ALBURG WTF
ORLEANS WPCF
RCLCK ISLANG
oARTON STP
MITOLERURY STP
VIRGENNZY wT=
WAT:=R3URY STP
MBRSAFIZLE STP
FARFaX STP
HARCWICK WTP
ok IDLENATER

5TP

379

FACILITY Naw:

Falo

STP

SYS

A e e e A MY W e e e e A W G e AN e R ve W e

5TF

SMITH RIV=R

wanTP

UTAaH

PROJECTED FLOW

L el R Y

0.79

EROJECTED FLOW
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TREATMENT LEVEL
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CHANGE
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CHANGE

P N VIR I TU I S VRN S S A O N N

CHANGE



TaglE $41 (CONTINUED)
WASTEWATER TREATMENT PLANT PROJECTS IN DATA 2ASE

STATZ  VIKGINIA

VKANT NO  FACILITY NAME PROJECTFC FLOW TREATMENT LEVEL CHANGE
510331 UPPER JCCOWUAN REGICNAL 22450 54 4
310355 CLIFTON FORGE ST®C 2.C0 30 3
510356 ALEXANURTIA STP 54,00 54 3
510357 ARLINGTON CCUNTY 30.00 33 2
S10:7¢ ROANDKE STP 21.003 3C 8
510375 STUART STF 0.30 30 4
5133381 FRONT ROYAL 535T® 2.00 30 5
510383 RCUND HILL N.10 50 4
510334 AAVEKLY STP 0.35 26 3
510394 CLEVELAND STP 0.04 30 4
510396 LEXINGTON 35TP 2.03 30 3
510442 RCAMOKE STP 35,00 54 2
510460 MIDCLESURG 3T® 0.14 40 4
51040668 ABINGDON 3TP 1.590 4G 2
510471 AKMY BASE 5TP 12.00 30 3
510475 CRAIGSVILLE ST® 0.25 20 4
510454 FALLING (CREZEK ST® $.00 43 3
51J485 CULPEPER STP 3.00 40 3
510409 CHRISTIANS&SURSG ST® 2.00 40 4
510488 LESANCN STP 0.71 40 3
$10490 MCKENNEY STP 0.19 30 4
510497 NANSEMOND STP 10.09 30 4
510478 BLACKSBURG STP 6.00 30 4
510500 REECVILLE STP £.20 20 4
510302 FINCASTLE 37T°P 0.08 30 &
5105399 RIVANNA STP 15.00 50 4
510515 PCGUND STP? J.18 30 4
510517 MARTINSVILLE STP 6.90 30 3
510518 LURARY STp 0.30 30 4
510521 ST.LOUIS STP 0.09 40 4
510551 CEDAR RUN REGIONAL STP 0.16 30 4
510565 SLKTON 3T? 0.40 30 4
510594 VERONA STP 0.230 30 4
510595 SCOTTS3URG STP 0.03 30 4
510567 BCYSTON STP 0.15 51 4

STATE  wASHINGTON

RANT NO FACILITY NAME PROJECTED FLOW TREATMENT LEVEL CHANGE
5304¢€6 3IRCH BAY STP 1.60 30 4
5204388 WESTPORT WWTF 1.00 30 3
530494 KITSAP COUNTY STP 4.80 30 4
533497 OMAK STP 1.89 3C 4
530504 OLYMPIA STP 9.190 30 3
530513 ARLINGTON STP 1.00 30 3
530516 BURLINGTON STP 1.20 30 4
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TASLE 8.1 (CONTINULED)
WASTZWATER TREATMENT PLANT PROJECTS IN DATA BASE

STATE WASHINGTON

GRANT NO FACILITY NAME PROJECTED FLOW TREATMENT LEVEL CHANGE
530530 WEST LONGVIEW STP 2.20 30 2
530549 STEVENS-PASS-YODELIN STP 0.04 40 4
530553  WHITE SWAN STP 0.10 60 4
530556  ABERDEZEN STP 4.73 33 3
530557  YAKIMA STP 19.10 30 3
533560  ENUMCLAW STP 2.50 30 5
530568  GINKGO STP 0.10 30 4
530572  NORTH BEND STP 0.75 30 5
530578  VACER STP 0.71 30 3
530579  LOTT STP 12.00 30 3
530580  SPOKANE WWTF 40.00 33 3
530532  WASHOUGAL STP 1.60 30 3
530584  IATGNVILLE STP 0.45% 20 4
530558  HARRAH STP 0.10 30 4
53u59%6 LISBERTY LAKE 53Tk 1.00 20 4
530599  GRANITE FALLS 0.19 30 4
530607  WAPATO STP 1.10 30 3
530601  GULDENDALE STP 1.30 40 4
530604 SHELTGON STP 3.24 30 4
530609 MC CLEARY STP 0.25 41 2
530612  RECONDO STP .61 30 3
530613  WINLOCK S$To© 0.30 30 3
530c16  OAK HARBOR $T° 0.85 30 2
530619 KITTITAS STP Da28 30 4
520652  CUSICK STP c.0s 30 2
530700  3IG LAKE STP 0.20 30 4
533709  DRYLEN STP 0.03 10 4
$30720  COLLEGE PLACE STP 0.91 30 3
83071 CONCONULLY STP C.4C 20 4
533724 RYCERWCDD ST# C.09 30 4
534734 ZASTSCUND STP D428 20 4
5335740 SLENWOQD STP N.14 30 4
530756 LEAVINADRTH 3T° 0.49 320 S
5308ué  WALLA WALLA STP 0.06 60 4
530812  WISHRAN 3T? PUC #1 0.16 30 4
530&c¢s CoLviItLles sTP? D.C2 60 4
53025  HOIUIAM STP 2.34 3¢ 3
530633  3UCKLEY ST 1.00 30 5
530338 ALMIRA STP ND.04 30 4
5304347 CeNTRALIA STP £.90 3Q 3
530922  BLALK DJLAMOND STP .32 30 4

STETE WZEST VIRGINIA

GRANT NO FACIULITY NaM= PROJECTED FLOW TRFATMENT LEVEL CHANGE

540169 ALSERSON STP 0.45 40 4
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(CONTINUED)
TREWTIMENT PLANT PRCJzCTS IN

DaTA BASE
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44
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