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PREFACE

In January, 1979, USEPA's Office of Enforcement and Office of Water
and Waste Management requested help from the Office of Research

and Development in compiling wastewater treatment performance

data into a "Treatability Manual."

A planning group was set up to manage this activity under the
chairmanship of William Cawley, Deputy Director, Industrial
Environmental Research Laboratory - Cincinnati. The group in-
cludes participants from: 1) the Industrial Environmental
Research Laboratory - Cincinnati; 2) Effluent Guidelines Divi-
sion; 3) Office of Water Enforcement and Permits; 4) Municipal
Environmental Research Laboratory - Cincinnati; 5) R.S. Kerr,
Environmental Research Laboratory - Ada; 6 Industrial Environ-
mental Research Laboratory - Research Triangle Park; 7) WAPORA,
Incorporated; and 8) Burke-Hennessy Associates, Incorporated.

The objectives of this program are

. to provide readily accessible data and information on
treatability of industrial waste streams;

o to provide a basis for research planning by identifying
gaps in knowledge of the treatability of certain pollut-
ants and waste streams.

The primary output from this program is a five volume Treatabil-
ity Manual. This was first published in June 1980, with revisions
made in September 1981 and August 1982. This publication re-
places Volume I in its entirety, and updates Volumes II, III,

IV, and V. The individual volumes are named as follows:

Volume I - Treatability Data

Volume II - Industrial Descriptions

Volume III - Technologies

Volume IV - Cost Estimating (In the process of re-

vision for later publication)
Volume V - Summary
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IV.1 INTRODUCTION

This volume presents procedures and cost data for estimating the
cost of industrial wastewater treatment systems on a unit process
basis. The emphasis in this volume is cost, with supporting
technical information concerning process design and performance
included only as necessary to develop costs from these data.

A brief overview of the cost estimating procedure used in this
volume is presented as a framework for understanding subsequent
cost data presentations. The unit process cost presentations are
grouped according to physical-chemical, biological, sludge treat-
ment, and disposal technologies and are numbered to correspond to
the technology descriptions in Volume III. A chapter has been
reserved for the possible future presentation of waste treatment
system cost data for various levels of treatment on an industry
by industry basis. Information is also presented on computer
based cost estimating models.

Chapter 2 presents a brief overview of some of the major con-
siderations involved in the preparation of a cost analysis and
detailed instructions on the use of the cost estimating data
presented in Chapter 3. 1In addition, information on appropriate
levels of detail for a cost estimate and a table summarizing the
CE Plant Construction Cost Index are provided.

Information for estimating the costs of a variety of wastewater
treatment unit processes is presented in Chapter 3. Table 1IV.1-1
shows those technologies included in Chapter 3 as well as those
technologies which are addressed in Volume III but not in Volume
IV at this time.

The unit process data were derived from the BAT Effluent Limita-
tion Guidelines engineering study for the Organic Chemicals/
Plastics and Synthetic Fibers Industries. Each unit process
section contains two major sections. First is a description of
the design procedure and the steps and procedures required to
determine the capital and O & M costs for the unit process. Each
presentation follows a standard format:

Basis of Design

Capital Costs

Operation and Maintenance Costs
Miscellaneous Costs
Modifications

b whH

Each unit process section includes descriptions of the key design
parameters, a flow diagram, capital cost curves, equations for
calculating the fixed and variable 0 & M requirements, and explana-
tions of possible variations on the design procedures presented.
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TABLE IV.1-1. TECHNOLOGIES INCLUDED IN VOLUME IV CHAPTER 3

Section Category Included .
IV.3.1.1A Activated Carbon Adsorption X
Iv.3.1.1B Carbon Regeneration X
IV.3.1.2A Chemical Oxidation X
Iv.3.1.4 Chemical Reduction
IV.3.1.5A Precip. and Coag/Floc X
Iv.3.1.6 Distillation
1v.3.1.7 Electrodialysis
Iv.3.1.8 Evaporation
IVv.3.1.9A Multi-Media Filtration X
Iv.3.1.10A Flotation X
Iv.3.1.11 Flow Equalization X
Iv.3.1.12 Ton Exchange
Iv.3.1.13A Neutralization X
Iv.3.1.13B Liming to a High pH X
I1v.3.1.13C Lime Handling X
Iv.3.1.14 0Oil Separation X
Iv.3.1.15 Polymeric Adsorption
Iv.3.1.16 Reverse Osmosis
Iv.3.1.17 " Screening
Iv.3.1.18 Sedimentation X
Iv.3.1.19Aa Ammonia Stripping X
IV.3.1.19B Steam Stripping a
IVv.3.1.20 Solvent Extraction
1v.3.1.21 Ultrafiltration
IV.3.2.1A Activated Sludge X
Iv.3.2.1B Aeration X
Iv.3.2.1C Nutrient Addition X
Iv.3.2.1D Heating/Cooling X
Iv.3.2.2 Lagoons
Iv.3.2.3A Nitrification X
Iv.3.2.3B Denitrification X
IVv.3.2.4 Rotating Biological Contactors
Iv.3.2.5 Trickling Filters
Iv.3.3.1 Deep Well Injection
Iv.3.3.2 Incineration
Iv.3.3.3 Land Application
1v.3.3.4 Recycling
Iv.3.4.1 Gravity Thickening X
IVv.3.4.2A Aerobic Digestion X
Iv.3.4.3A Vacuum and Pressure Filtration X
Iv.3.4.4 Incineration (sludge) X
IV.3.4.5A Landfill X
IV.3.4.5B Outside Contractor X
Iv.3.5 Miscellaneous Costs X

a) May be available at a later date.
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The second major section presented for each unit process is a
programmed worksheet designed to assist the user in making the
necessary calculations to estimate capital and O & M costs. Each
worksheet set includes a Summary Work Sheet which focuses on the
development of capital cost estimates and yearly O & M costs from
the components that contribute to the unit process costs. Also
included is a technical Work Sheet or series of technical Work
Sheets and work tables which provide the detailed equations and
tabulation formats for developing the design and cost factors
needed to complete component costs in the Summary Work Sheet.

The Summary and technical Work Sheets are each separated into six
identical sections:

I. DESIGN FACTOR
II. CAPITAL COST
IITI. VARIABLE O & M

IV. FIXED O & M
V. YEARLY O & M
VI. UNCOSTED ITEMS

A separate set of worksheets is included under the unit process
heading of Miscellaneous Costs to assist the user in calculating
common plant costs and in making final adjustments to cost esti-
mates.

All unit process cost estimating methods have been verified to
the extent feasible by comparing the hand estimated results
against information from the BAT engineering study [4-2]. This
test does not necessarily guarantee the results of the method
will reflect "real world" costs, only that the study and the work
sheet approach yield similar results.

Cost data for various levels of treatment by industry will be
presented on a unit cost basis as they are compiled. These data
will be presented in Chapter 4.

Chapter 5 presents information on computer based cost estimating
methods. Specifically it presents an overview of the model from
which the technology cost sections in Chapter 3 were derived.
Information on other models may be presented in the future.
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IV.2 COST ANALYSIS APPROACH
IV.2.1 INTRODUCTION

This chapter provides a brief overview of the major elements of
cost analysis for industrial wastewater treatment facilities and
information on their presentation in the Treatability Manual.
This is not a complete reference on cost analysis; the user is
encouraged to study additional references if a more complete
understanding of the subject is required.

This chapter focuses on the major elements and various levels of
detail of a cost analysis. It also introduces the unit process
based cost estimating procedure in Chapter 3 of this volume.

The source of information for developing the Chapter 3 technology
costing procedures was mainly the technical study performed for
the Organic Chemicals Branch at Effluent Guidelines Division of
the USEPA. The proposed method for developing the cost estimates
is based largely on the computerized method used by the contrac-
tor's model for estimating costs for the Organic Chemicals/
Plastics and Synthetic Fibers Industries technical studies. The
cost estimating method for all of the technology sections has
been simplified to some extent to allow the easy calculation by
hand. The cost estimating method presented for several technol-
ogies in Chapter 3 has been simplified to a very significant
degree. These technologies include: Activated Carbon Adsorption
(3.1.1A), Chemical Oxidation (3.1.2A), Coagulation/Flocculation
(3.1.5A), and Activated Sludge (3.2.1A). The cost estimates
developed using the methods in Chapter 3 may lead to slightly
different results than would be achieved using the cost model
(when it is available). The significance of any differences
would have to be determined on the basis of the situation under
consideration.

IVv.2.2 GENERAL FACTORS IN COST ANALYSIS

This overview of the standard elements of a cost analysis is
intended to provide the reader with an idea of the context within
which cost information such as that in Chapter 3 is typically
used. Special emphasis is placed on the relative levels of
detail and reliability of cost estimates prepared during the
planning stages of a project and on the additional costs involved
in retrofit projects versus new construction.

Iv.2.2.1 Standard Elements of a Cost Analysis

A cost estimate should provide sufficient information to allow a
good understanding of the basic project, the major technical and
cost assumptions, the estimated costs, and the overall economic
and financial merits of the project [4-3]. The level of detail
of this information may vary depending on the projected use or
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relative stage of development of the project, but the same types
of information are generally required for any cost analysis. For
purposes of this discussion, a complete cost analysis is con-
sidered to be composed of the following six elements:

Element 1 Project Background Information
Element 2 Specified Cost Factors

Element 3 Capital Cost Estimate

Element 4 Annual Cost Estimate

Element 5 Project Feasibility Assessment
Element 6 Reliability Assessment

The general nature and scope of each of these elements is indi-
cated in Table IV.2-1. This document will focus only on Element 3
(Capital Cost Estimates), Element 4 (Annual Cost Estimates), and
to a limited degree Element 2 (specified cost factors such as the
construction cost index). However, it should be kept in mind

that all of the elements should be addressed in a complete cost
analysis.

IV.2.2.2 Basic Levels of Capital Cost Estimating

A cost estimate includes capital cost, annual cost, and financial
cost elements. Of these, the capital cost estimate is generally
the most difficult to make and has the greatest overall variability.
[4-3]. Therefore, the level of effort involved in the capital
investment estimate usually determines the level of effort for

the entire cost analysis. The annual cost and financial aspects

of the estimate are also subject to variation, but are not as
site-specific or as difficult to analyze at the early stages of a
project as are the capital costs.

In general there are five basic levels of capital cost estimates.
The general characteristics and relative degree of accuracy of
each of the levels is described in Table IV.2-2.

The information presented in Chapter 3 of Volume IV is suitable
for developing Level 1 order-of-magnitude or Level 2 study level
cost estimates. This level of accuracy and effort is appropriate
for cost estimates developed during the early or conceptual
stages of a project since technical process information is typi-
cally not sufficient to warrent a greater level of effort.

The cost information in Chapter 3 is unit process based.. The

Level 2 study estimate can be developed when there are sufficient
data on the wastewater characteristics and the application of the
technologies available in Chapter 3 to allow full use of the cost
factors presented in the methods. When there are insufficient

data on the wastewater or the treatment technology use in the
specific industry does not agree well with the methods in Chapter 3,
then the best estimate that can be developed would be the Level 1
order-of-magnitude estimate.
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TABLE IV.2-1. STANDARD ELEMENTS OF A COST ANALYSIS

Element

Element

Element

Element

Element

Element

Project Background Information
Includes basic facility description, performance specifications,
and project status assessment

Specified Cost Factors
Identifies key financial factors such as interest rates, depre-
ciation assumptions, reference year for costs, and cost index

Capital Cost Estimate

a) Direct Costs - equipment, structures, ancillary facilities
b) Indirect Costs - engineering, contingencies, fees

¢) Financial and Other Costs

Annual Costs Estimate
a) Variable 0 & M - varies with rate of throughput
b) Fixed O & M - fixed by the size of facilities

Project Feasibility Analysis
Presents an assessment of the profitability or financial feasi-
bility of undertaking the proposed project

Reliability Assessment of the Cost Estimate

Presents an assessment of the overall reliability of the cost
estimate based on known and unknown factors, available data
correlations, sensitivity analysis, or other formal assessment
techniques
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IV.2.2.3 Consideration of Retrofit Costs

Many outside factors can affect the magnitude and accuracy of a
cost estimate. Factors such as location, climate, and inflation
can significantly alter a cost estimate. Such factors may be
considered by the person making the estimate as appropriate for
the intended use of the estimate.

One of the most significant factors which should be considered is
whether the project under consideration is a retrofit of an
existing facility or new construction. "This can have a very
significant effect on the final costs. When an addition is made
to an existing plant, it is termed a retrofit and the cost nor-
mally is more than for the construction of the same unit at a new
plant. The considerations regarding retrofit costs apply when a
unit process type cost estimate is prepared. Besides the complex
design problems, there is also the physical difficulty of inte-
grating the process into the design scheme and constructing the
retrofit unit on the plant site. Some of the factors that con-
tribute to the additional costs are as follows:

Plant Age - May require structural modifications to plant and
process alterations.

Available Space - May require extensive steel support construc-
tion' and site preparation. Existing equipment may require re-
moval and ralocation. New equipment may require custom design to
meet space allocations.

Utilities - Electrical, water supply, waste removal, and waste
disposal facilities may require expansion.

Production Shut-down - Loss of production during retrofit must be
included in overall costs.

Direct (Field) Labor - If retrofitting is accomplished during
normal plant operations, installation time and labor hours will
be increased. If installation occurs during off-hours, overtime
wages may be necessary.

Engineering - Increased engineering costs to integrate control
system into existing process.

As a rule of thumb, eguivalent retrofit installation costs from
25 to 40 percent more than that for construction on a new facility
[4-3].

In cases where there are multiple trains of the same unit process
the cost of installing the second and third trains is about 90 to
95 percent of the cost of the first one [4-3]. This reduction in
cost per unit results from the common series of engineering,
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purchasing, supervision, and administration of construction for
the multiple train facility.

IV.2.3 COST DATA FORMAT

Chapter 3 presents a unit process based cost estimating method
for wastewater treatment processes. The user of this information
must have available a preliminary design of the wastewater treat-
ment facility to be costed, including a list of unit processes
which are to be used, their relative order in the system, and
necessary influent and effluent conditions. The Chapter 3 tech-
nology cost presentations can then be used to estimate the capital
and operation and maintenance costs of the wastewater treatment
system or units under consideration. Each of the technology cost
presentations includes two types of information; a text section
and a cost worksheet. A patterned description of the steps and
procedures required to determine the capital and O & M costs is
included as text for each technology. This text includes the
required design parameters for using the cost estimating method,
a flow diagram of the unit process, capital cost curves, and
variable O & M cost factors. The second type of information
included for each technology cost presentation is a programmed
worksheet series to assist the user in calculating the capital
and O & M costs for the specific treatment application using the
methodology for that technology. It is anticipated that the
typical user of these technology cost sections could work mainly
from the worksheets, relying upon the text for reference and
background information.

IV.2.3.1 Technology Cost Sections

Each major technology cost section begins with an introduction
that identifies the techology, its general application, and
references the corresponding section in Volume III for more
detailed technical information. This is followed by a standard
five element presentation that identifies the design basis and
capital cost basis, presents the cost curves, presents the wvari-
able and fixed O & M elements and useful factors for their calcu-
lation, and indicates methods to estimate quantities of items
which will affect the subsequent design and costing of other
units (e.g., land required, sludge generation). A generic tech-
nology cost section is presented in Table IV.2-3 illustrating the
type of information that is typically contained in each of the
five standard sections. NOTE: COMMON PLANT COSTS SUCH AS ENGI-
NEERING, YARD PIPING, AND ADMINISTRATION BUILDINGS ARE NOT IN-
CLUDED IN THE CAPITAL COSTS FOR INDIVIDUAL UNIT PROCESSES.

COMMON PLANT COSTS MUST BE CALCULATED AS A SEPARATE ITEM SEE
MISCELLANEOUS COSTS, 1IV.3.5.
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TABLE IV.2-3. GENERIC TECHNOLOGY/COST SECTION
Al Basis of Design

. Focuses on the development of the primary factor needed to use the cost
curves but also gives a general description of the design procedure.

a) Source

Identifies the source of the information and industry for which this
cost estimating method was developed.

b) Required Input Data

Identifies the data that the user must have in order to cost
the system using this method.

c) Limitations
Identifies circumstances under which the technology was not
considered applicable in the original study from which it was
developed.

d) Pretreatment

Identifies required pretreatment systems and criteria for
application.

e) Design Factor

‘ Identifies the procedure and equations in both metric and
English units needed to determine the primary factor(s) used in
the cost curves. In addition any scale factors or correction
factors required to properly use the cost curves are described.

£) Subsequent Treatment

Identifies any subsequent units which are required when the
technology is used (e.g., clarification following activated
sludge).
A2 Capital Costs
Introduces the cost factor and references the cost curves.

a) Cost Data

Identifies equipment included in the capital cost estimates for each
of the systems used to develop the cost curve. The size of the equip-
ment also is described.
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TABLE IV.2-3. GENERIC TECHNOLOGY COST SECTION (CONCLUDED)

b) Capital Cost Curves

Identifies the basis (e.g., size of systems) and scale of the cost
curves. The specific cost points used to develop the cost curve are
identified in the text, and these points are indicated on the cost
curve (as a boxed point).

c) Cost Index

Identifies the date of the cost estimate and a standard engineering
cost index for that date.

A3 Operation and Maintenance Costs
Introduces the major elements of the fixed and variable O & M costs.

a) Variable Cost

Presents the equations and performance variations necessary to
determine the variable 0 & M costs (e.g., those costs that will vary
in magnitude according to the type and quantity of wastewater treated).
This includes costs such as power, chemicals, process water, steam,
and fuel. This section is often the most technically complex part

of a technology cost section since variable costs are significantly
influenced by the performance and scale of the unit process.

b) Fixed Cost

Presents the fixed 0 & M cost factors such as labor, supervision,
overhead, maintenance, and taxes, which are not influenced by the
performance of the unit. These factors are based on the original
study with the base year and unit cost information included.

A4 Miscellaneous Costs

Introduces the need for computing required miscellaneous costs such as
yard piping, engineering, and buildings that are not directly associated
with any one unit process. The computation of these normally required
costs are deferred to a separate technology cost presentation on Mis-
cellaneous Costs (Section IV.3.5). The most important information pro-
vided by this section relates to computing sludge quantities, aeration
requirements, land requirements, and other items which are not directly
costed for the unit process in question but which affect the costing of
subsequent systems such as sludge dewatering units.

A5 Modifications

Presents supplemental information on design factors and costing methods
which may be of assistance to the user.
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IV.2.3.2 VWorksheets

Each technology cost section is accompanied by worksheets de-
signed to assist the user in developing cost estimates. Although
the Technology cost sections present both metric and English
versions of the design and O & M equations, the worksheets present
only the English versions. Basically each worksheet set consists
of a Summary Work Sheet which focuses on development of capital
cost estimates and yearly O & M costs for the unit process, and a
technical Work Sheet or series of technical Work Sheets and work
tables which provide detailed equations and tabulation formats
for developing the design and cost factors needed to complete the
Summary Work Sheet. The Summary Work Sheet is separated into six
major parts:

I DESIGN FACTOR
II CAPITAL COST
III VARIABLE O & M

v FIXED O & M
\Y YEARLY O & M
VI UNCOSTED ITEMS

The technical Work Sheet includes the same six headings as the
Summary but also includes a Section in which to list any cost
factors and unit costs. Generic examples of both a Summary Work
Sheet and technical Work Sheet are presented in Tables IV.2-4 and
IV.2-5 respectively illustrating their typical order and format.
In the following sections, a general introduction is provided on
the content and use of the worksheets.

Iv.2.3.2.1 Technical Work Sheet (Table IV.2-4)

Use of the worksheets should start with the technical Work Sheet
for the technology of interest. The name of the technology will
appear at the top of the page. In general, technical computa-
tions will be completed on this worksheet and the results trans-
ferred to the Summary Work Sheet for costing. Following is a
step-by-step walkthrough of the sections of the technical Work -
Sheet (Table IV.2-5) and a discussion of its use in costing.

Required Cost Factors and Unit Coéts

This section is provided for the user to identify the cost factors
such as labor rates, cost index, and chemical costs which will be
used when completing the Summary Work Sheet. A current capital
cost index must be selected to adjust the costs derived using the
capital cost curve (e.g., based on July 1977, St. Louis, CE Plant
Index = 204.7) to the time and place of current interest. The
next group of factors concerns unit costs for chemicals and
utilities. These factors are highly variable depending on loca-
tion and quantity purchased so some discretion is advised in
selecting a unit cost. As a point of reference Table IV.2-6
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TABLE IV.2-4. GENERIC SUMMARY WORK SHEET

TECHNOLOGY NAME

SUMMARY WORK SHEET REFERENCE: Section No.
Y. DESIGN EaCTOR CAPITAL
a. Factor = units
b. Scale Factor if required
II. CAPITAL COST
Cost = x ( + 204.7) $
Cost from curve current index
III. VARIABLE O & M $/day 0 & M
a. Power = x x 17.9 =
Hp EC, $/Kw-hr
b. Chemical = X =
1b/day $/1b
¢. Fuel = x =
gal/day $/gal
d. Steam = x =
1b/day $/1b
IV. FIXED O & M $/day
a. Labor: x =
hr/day $/hr
b. Supervision: x =
hr/day $/hr
¢. Overhead: x =
Labor, $/day %/100
d. Lab Labor: x % =
hr/day $/hr
e. Maint, Service, x + 365] =
I&T: capital, s %/100
f. Service Water: x =
thou gpd $/thou gal
V. YEARLY O & M 3685 «x =
day/yr sum, $/day $/yr

VI. UNCOSTED ITEMS

a. Land = ft2 b. Sludge = lb/day
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TABLE IV.2-5. GENERIC technical WORK SHEET

TECHNOLOGY NAME
WORK SHEET

REQUIRED COST FACTORS AND UNIT COSTS

1. Current Index = . Capital Cost Index
2. EC: Electricity Cost = $/Rw-hr
3. Chemical = $/1b
4. Fuel = $/gal
5. Steam = $/1b
6. Labor = $/hr
7. Supervision = $/hr
8. Overhead = % Labor : 100 = %/100
9. Lab Labor = $/hr
10. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other 0 & M Factor sum = % + 100 = %/100
11. Service Water = $/thou gal
I. DESIGN FACTOR
a. Factor = x equation = units
Unit
b. Scale factor
II. CAPITAL COST
ITI. VARIBLE O & M
a. Power Requirements
HP = x equation = Hp
factor, unit
b. Other factors
IV. FIXED O & M
V. YEARLY O & M
VI. UNCOSTED ITEMS
a. Factors as required
Date: 4/1/83 Iv.2-11




TABLE IV.2-6. BASE UNIT COSTS FOR UTILITIES AND CHEMICALS
(YEAR 1977) [4-2]

ITEM UNIT COST
POWER $0.02/kw-hr
FUEL OIL $0.46/gal
STEAM $0.0045/1b
LIME $0.0149/1b
SULFURIC ACID $0.0215/1b
_AMMONIA $0.0789/1b
PHOSPHATE $0.604/1b
SODIUM SULFIDE $0.1375/1b
FERRIC CHLORIDE $0.045/1b
ALUM $0.0645/1b
POLYMER $2.00/1b
ACTIVATED CARBON $0.52/1b
METHANOL $0.0696/1b
WASTE HAULING $0.0004/1b-mile
RESIDUE DISPOSAL $0.018/1b
SOLVENT-UNDECANE $0.137/1b
SOLVENT-TRICRESYL $0.76/1b
CAUSTIC $0.1575/1b
CHLORINE $0.0713/1b
P. PERMANGANATE $0.48/1b
H. PEROXIDE $0.386/1b
SODIUM CHLORIDE $0.0199/1b

Source - These costs are derived from the BAT Effluent Limitations
Guidelines Engineering Study for the Organic Chemicals/Plastics and
Synthetic Fibers Industries [4-1].
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provides the 1977 values for chemicals, electricity, steanm,
contract hauling, etc., which were used in the original cost
source [4-1]. The user may either scale these costs to a current
date or use unit cost data available from other sources (e.gq.,
local utilities, equipment supply vendors).

The final group of factors is concerned with labor and other
"fixed" operation costs. Here again current local rates may be
used if known or the labor rates used by the original source may
be scaled. The fixed O & M factors used by the source are indi-
cated in a Fixed O & M table in each technology cost section. A
generic fixed O & M table is shown in Table IV.2-7 to illustrate
the information provided in each technology cost section. Infor-
mation on items such as Maintenance, Services, and Insurance and
Taxes, which are typically calculated as a percent of capital
cost, is also contained in the fixed O & M table. The values
included with the Chapter 3 text may be used unless substitute
values more suited to local conditions are available. In any
case, the percentages for maintenance, service, and insurance and
taxes would be summed and this sum divided by 100 as indicated in
Table 1IV.2-5 in order to obtain the factor which will subse-
quently be used to determine part IV e. of the O & M costs on the
Summary Work Sheet.

I DESIGN FACTOR

This section provides a programmed approach to determining the
key design factor that is used to estimate costs from the capital
cost curve. For example, surface area is the key design and cost
factor for sedimentation units. Therefore, a fill-in-the-blanks
equation is provided in this section to determine surface area in
English units. It is expected that if the user has any gquestions
about the meaning of the equations, reference would be made to
the technology cost section where the equations and terms are
defined in detail.

The effort involved in determining the key design factor varies
widely from one technology to another. In many cases the Kkey
factor is simply the influent flow adjusted by a simple scale
factor. In other cases, the design factor is specific to the
influent waste requiring more difficult calculations. In such
cases Work Tables are provided in which each component of the
influent waste matrix is analyzed separately in determining the
overall value of the key design factor for the unit process.
When Work Tables are used, detailed instructions are presented in
the DESIGN FACTOR section and space is provided for performing
final computations or listing the design factor which will be
transferred to the Summary Work Sheet for costing purposes.

Date: 4/1/83 IV.2-13



TABLE IV.2-7.

GENERIC FIXED O & M TABLE FROM A TECHNOLOGY COST

SECTION.

FIXED O & M COST BASIS AND UNIT COST

FACTORS FOR TECHNOLOGY [4-11}]

Element

Labor (1,2)
Supervision (1)
Overhead (1)

Laboratory
Labor (3)

Maintenance
Services
Insurance & Taxes
Service Water

NA - not applicable

Cost Basis
(Equivalent Unit Quantity)

Weeks ( hr/day)
% Labor ( hr/day)
% Labor Cost

Shifts ( hr/day)
% Capital

% Capital

% Capital

Thou gpd

Base Unit Cost
(July 1977)

$ 9.80/hr
$11.76/hr

NA

$10.70/hr
NA
NA
NA

$ 0.50/thou gal

(1) Labor may vary from 0.7 to 1.2 times the standard amount
indicated depending on the overall scale of the plant.
ion, and Overhead may be adjusted for the

scale of the plant as indicated in Miscellaneous Costs

Labor, Supervis

(Section IV.3.5

).

(2) One week = 7 days = 168 hours = 4.2 shifts

(3) One shift = 40 hours
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II CAPITAL COST

Capital cost computations rarely require any additional space in

the technical Work Sheet. However, for some technologies a scale
factor may be computed under the capital cost section. The cost

from the cost curve and any scale factor are entered and adjusted
using a current index on the Summary Work Sheet.

III VARIABLE O & M

Variable O & M calculations in the technical Work Sheet may be
simple or complex. The horsepower requirements are presented as
a regression function of the design factor computed in the DESIGN
FACTOR section. Other variable O & M items such as chemical
requirements may require extensive calculations to reflect the
specific influent waste characteristics. 1In such cases supple-
mental work tables are provided along with detailed instructions
on their use.

IV FIXED O & M

As in the case of capital cost computations, fixed O & M estimates
are relatively simple and are rarely addressed in the technical
Work Sheet. Using the unit cost factors for each unit process
(see Table IV.2-7) or the revised factors from the REQUIRED COST
FACTORS AND UNIT COSTS section, most fixed O & M cost computa-
tions may be performed on the Summary Work Sheet. However, in a
few cases such as for landfill operations and for unit processes
consisting of several distinct units (e.g., ammonia stripping and
ammonium sulfate recovery) some computation may be required to
determine the fixed O & M factors for the unit process as a
whole. In these cases programmed calculation formulas are pro-
vided, with the results to be transferred to the Summary Work
Sheet for final cost calculations.

V_YEARLY O & M

This calculation is always performed on the Summary Work Sheet
for the technologies in this report. This heading is included in
the technical Work Sheet in the event that a separate estimate is
developed.

VI UNCOSTED ITEMS

Uncosted items include land requirements and sludge generation
which do not directly enter into the cost computations for the
unit process but which affect the cost of subsequent unit pro-
cesses (e.g., sludge handling) or the cost of the plant as a
whole. The kinds of calculations involved in quantifying the
uncosted items are similar to those involved in quantifying the
design factors and variable O & M factors. Once calculated, the
uncosted items are transferred to the Summary Work Sheet from
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which they can be easily located and transferred when needed for
subsequent costing operations.

IVv.2.3.2.2 Summary Work Sheet (Table IV.2-4)

Almost all of the costing calculations for an individual unit
process are performed on the Summary Work Sheet (see Table IV.2-4).
As noted previously, the design factors and required quantities
of O & M items are calculated on the technical Work Sheet and
transferred to the Summary Work Sheet for costing. Following is
an introduction to the Summary Work Sheet and a discussion of its
use in costing.

I DESIGN FACTOR

The key design factor as computed in the technical Work Sheet is
transferred to this section along with any necessary scale factor.
This provides a quick reference point for verifying the factor to
be used when selecting the capital cost from the cost curve.

II CAPITAL COST

The capital cost of the unit process as designed is computed in
this section. The capital cost from the cost curve in the asso-
ciated technology cost section is entered along with the current
cost index, with the current capital cost estimate for the unit
process computed. In those instances wiere the scale factor is
applied to the cost rather than to the design factor, a space for
entering it will also be shown in the capital cost equation.

IIT VARIABLE O & M

The daily cost of the variable O & M items are computed in this
section. The required quantities of power, chemicals, etc., are
transferred from section III of the technical Work Sheet and
multiplied by the current unit cost from the REQUIRED COST FACTORS
AND UNIT COSTS section to yield daily cost.

IV FIXED O & M

Fixed O & M item costs are estimated as a daily cost in a manner
very similar to variable O & M. The exception is that the quanti-
ties of labor, supervision, laboratory labor, and service water
must be transferred from the Fixed O & M table in the technology
cost section (see Table 4 for example) rather than from the
technical Work Sheet. The cost quantities are then multiplied by
the current unit costs from the REQUIRED COST FACTORS AND UNIT
COSTS section to vyield daily cost. Maintenance, Services, and
Insurance and Taxes are determined as a specified percentage of
capital cost. For these items the capital cost is multiplied by
the sum of percentages from the REQUIRED COST FACTORS AND UNIT
COSTS section and divided by 365 to yield daily cost.
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V_YEARLY O & M

Yearly O & M is the sum of the daily variable and fixed O & M
costs multiplied by 365 days/yr. Note that this sum may not
reflect the actual O & M cost for the unit process, since several
of these O & M cost items may be adjusted to reflect the size of
the treatment facility. This is addressed in Miscellaneous
Costs, Section IV.3.5.

VI UNCOSTED ITEMS

The quantities of uncosted items computed in the technical Work
Sheet are recorded in this section for subsequent costing opera-
tions.

I1v.2.3.2.3 Summary on the Use of Work Sheets -

The work sheets are provided to facilitate the use of costing
information provided in the technology cost sections. Calcu-
lations and decision points in the work sheets are often abbrevi-
ated or combined for the sake of conciseness and do not show all
of the elements individually that contribute to the equation
(e.g., several conversion factors or design factors will be
combined into one number). Thus, the work sheets are not in-
tended to stand alone as a cost estimating tool but need to be
used in conjunction with the technology cost section in order to
clarify the meanirng of variables and variable names, fixed O & M
cost factors, and critical decision points in system design.

Iv.2.4 COST INDEX

The cost curves presented in Chapter 3 are based on CE Plant
construction cost index of 204.7. This reflects construction
costs in St. Louis in July 1977. The CE Plant index appears
bimonthly in Chemical Engineering Magazine and an annual update
is published in April of each year. It is a useful indicator of
changes in construction costs for process type projects requiring
steel and skilled erection labor. The CE Plant index reflects a
weighting of current costs as follows: equipment, machinery and
supports, 61%; erection and installation labor, 22Y%; buildings,
material and general labor, 7%; and engineering and supervision
10%.

A summary of recent values for the CE Plant construction index is
presented in Table IV.2-8.
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IV.3 TECHNOLOGY COST DATA

Cost data are presented in this chapter for industrial wastewater
‘ unit processes. The format used in these Technology cost sections

is described in Chapter 2. The user who is not familiar, with the

format of these sections is advised to review the Chapter 2

information to fully understand the limits and use of these cost
data.
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IV.3.1.1 ACTIVATED CARBON ADSORPTION

Introduction

Activated carbon adsorption is a physical separation process in
which organic and inorganic materials are removed from wastewater
by sorption onto the carbon surface. The typical process may use
either a granular carbon in a fixed or moving bed for the sorbent
or may use a powdered carbon in a slurry system. Further details
describing this process can be found in Volume III, Section
III.3.1.1 of the Treatability Manual. Costing methodologies and
cost data for industrial wastewater treatment applications are
presented below.

IV.3.1.1-A. Granular Activated Carbon Adsorption

A 1. Basis of Design

This cost estimate is for a granular activated carbon adsorption
system using fixed beds. The primary cost factor is the bed
volume required for attaining the desired pollutant removal. A
small bed system (volume <34 m® (<1200 £ft3)) and a large bed
system (volume >34 m3® (>1200 ft3)) of the type considered are
illustrated in Figure IV.3.1.1-Al and Figure 1IV.3.1.1-A2, re-
spectively.

Bed volume may be estimated based on the empty column hydraulic
contact time. It is assumed that for low order systems (bed
volume <£34 m3 (£1200 £t®)) the contact time with all units operat-:
ing is 30 min while for high order systems (bed volume >34 m3
(>1200 ft®)) the contact time with all units operating is 20 min
[4-2]. Hydraulic surface loadings were used to develop column
designs with respect to depth and surface area. Surface loadings
were assumed to be in the range of 3.4 L/s/m?2 (5 gpm/ft2) for
high order systems and 1.15 L/s/m2 (1.7 gpm/ft?) for low order
systems. The lower surface loading for low order systems is due
to the fact that a minimum of three columns is used and each
column is designed on the basis of a 3.4 L/s/m2 (5 gpm/ft?) sur-
face loading rate for the entire flow [4-2].

a) Source
The unit cost information in this section was derived from the
BAT Effluent Limitations Guidelines engineering study for the

Organic Chemicals/Plastics and Synthetic Fibers Industries
[4-2].
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b) Required Input Data

Wastewater flow, L/s (mgd)

Carbon use rate, Kg carbon/L (lb carbon/1,000 gal)
Priority pollutants of concern (mg/L)

0il and grease (mg/L)

TSS (mg/L)

c¢) Limitations

Granular activated carbon adsorption is not considered applicable
if all treatable pollutants including organic priority

pollutants are present in concentrations less than their lowest
expected effluent value.

d)® Pretreatment

Pretreatment should be provided as indicated for the following
conditions:

i) If influent TSS >25 mg/L, then multi-media filtration
should be provided upstream of carbon adsorption.

ii) If influent o0il >35 mg/L, then o0il removal should be
provided upstream of carbon adsorption.

(e) Design Factor

The primary capital cost factor used for the granular activated
carbon adsorption system is the bed volume required. Bed volume
is determined from the flow and the hydraulic contact time as
follows:

Metric
BV = (FLOW x CT x 60 x 0.001)
where: BV = bed volume, m3
FLOW = influent flow, L/S
CT = contact time, min
60 = seconds/min
0.001 = m3/L
English
BV = (FLOW x 10® x CT) ¢ (1440 x 7.48)
where: BV = bed volume, ft3
FLOW = influent flow, magd
10® = conversion factor, mgd to gpd
CT = hydraulic contact time, min
1440 = min/day
7.48 = gal/ft?3
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The low order cost curve (Figure-1IV.3.1.1-A3) reflects vertical,
downflow type systems designed with an empty column hydraulic
contact time of approximately 30 minutes while the high order
curve (Figure IV.3.1.1-A4) reflects pulsed bed upflow type systems
designed with an empty column hydraulic contact time of approx-
imately 20 minutes (Range 17 to 29). This should be taken into
account during column sizing and costing.

(£f) Subsequent Treatment

None specified, but spent carbon must be regenerated or replaced.

A 2. Capital Costs

The activated carbon adsorption capital cost estimate is based on
the bed volume required. The capital cost may be estimated using
Figure IV.3.1.1-A3 for low order systems (bed volumes <34 m3,
1200 ft®). The capital cost for high order systems may be esti-
mated using Figure IV.3.1.1-A4 (bed volumes >34 m3, 1200 ft3).
Costs estimated using these curves must be adjusted to a current
value using an appropriate current cost index.

a) Cost Data

The items included in the capital cost estimates are as follows
[4-2]:

i) Low Order Systems Bed Volume <34 m3® (<1200 ft3)
Carbon columns (pressurized, steel, rubber lined, downflow
with 100% bed expansion volume)
0.876 L/s - 3@ 0.61 m diam, 7.32 m height, 60 min contact
(0.02 mgd - 3@ 2 ft diam, 24 ft height, 60 min
contact)

4.38 L/s - 3@ 1.22 m diam, 4.88 m height, 30 min contact
(0.10 mgd - 3@ 4 ft diam, 16 ft height, 30 min
contact)

8.76 L/s - 3@ 1.83 m diam, 4.27 m height, 30 min contact
(0.20 mgd - 3@ 6ft diam, 14 ft height, 30 min
contact)

17.5 L/s - 3@ 2.59 m diam, 4.27 m height, 30 min

contact
(0.40 mgd - 3@ 8.5 ft diam, 14 ft height, 30 min
contact)

Carbon holding tanks (2)

Backwash holding tank

Initial carbon charge 0.762, 3.81, 7.58, and 15.1 Mg, re-
spectively (0.84, 4.2, 8.36, and 16.7 tons, respec-
tively)

Date: 4/1/83 IV.3.1.1-A5
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Pumps (feed, backwash, surface spray, carbon transfer,
backwash return)

Agitators for carbon holding tanks

Instruments, piping, electrical

‘ ii) High Order Systems Bed Volume >34 m3 (>1200 ft3)
Carbon columns (pulsed bed, steel, rubber lined, upflow)
21.9 L/s - 2 plus spare @ 2.59 m diam, 4.88 m height,
39 min contact
(0.5 mgd - 2 plus spare @ 8.5 ft diam, 16 ft height,
39 min contact)

43.8 L/s - 3 plus spare @ 2.59 m diam, 4.88 m height,
29 min contact
(1.0 mgd - 3 plus spare @ 8.5 ft diam, 16 ft height,
29 min contact)

219 L/s - 7 plus spare @ 3.35 m diam, 4.27 m height,
20 min contact
(5.0 mgd - 7 plus spare @ 11 ft diam, 14 ft height,
20 min contact)

876 L/s - 21 plus spare @ 3.66 m diam, 3.96 m height,
17 min contact
(20.0 mgd - 21 plus spare @ 12 ft diam, 13 £t height,
17 min contact)

Spent carbon holding tank
Regenerated carbon holding tank

Initial carbon charge 37.2, 49.9, 145, and 440 Mg,
‘ respectively (41, 55, 160, and 485 tons,
respectively)

Pumps (feed, spent carbon, regenerated carbon)
Instruments, piping, electrical

b) Capital Cost Curves

i) Low Order Systems (bed volume <34 m2 or <1200 ft3) - Figure

IV.3.1.1~A3.

- Cost (hundred thousand dollars) vs. bed volume (m2
or ft?3)

- Curve basis, cost estimate on four systems at flow
rates of 0.876, 4.38, 8.76, and 17.5 L/s (0.02, 0.10,
0.20, and 0.40 mgd) (carbon bed volumes 3.17, 7.88,
15.8, and 31.6 m3® (112, 278, 557, and 1,115 £ft3))

ii) High Order Systems (bed volume >34 m3 or >1200 ft3) -~
Figure IV.3.1.1-A4.
- Cost (millions of dollars) vs. bed volume (m3® or £t?2)
- Curve basis, cost estimate on four systems at flow
rates of 21.9, 43.8, 219, and 876 L/s (0.5, 1.0,
5.0 and 20 mgd) (carbon bed volumes 51.3, 77, 263
and 874 m® (1,814, 2,721, 9,310, and 30,870 ft3)

‘ Date: 4/1/83 IV.3.1.1-A7



c5 Cost Index

Base period, July 1977, St. Louis
Chemical Engineering (CE) Plant Index = 204.7

A 3. Operation and Maintenance Costs

Operating costs include both fixed and variable components. The
variable component of operating cost is the power for pumps.
Costs for simple replacement of carbon for a small system may

be calculated as shown in Section A4. Costs for carbon re-
generation are estimated as shown in Carbon Regeneration (Section
Iv.3.1.1-B). Fixed operating costs include labor, supervision,
overhead, maintenance, laboratory labor, services, insurance and
taxes, and service water. All fixed and variable operating costs
should be adjusted to current levels using an appropriate index
or unit cost factor.

a) Variable Costs

i) Power Requirement - pumps, low order systems (bed volume
€34 m® (£ 1200 ft3)) [4-1]. This equation was developed
using regression analysis procedures.

Metric

Kw

]

(0.564 x BV) + 4.75

where: KW = power, kilowatts

BV bed volume, m3
English

HP = (0.0214 x BV) + 6.37
where: HP = power, Hp

BV = bed volume, ft@

ii) Power Requirement - pumps, high order systems (bed volume
>34 m3® (>1200 ft3)) [4-1]. This equation was developed
using regression analysis procedures.

Metric
KW = (0.116 x BV) + 11.1
where: KW = power, kilowatts
BV = bed volume, m2
English

HP

(0.00441 x BV) + 14.9

Date: 4/1/83 Iv.3.1.1-A8




where: HP
BV

power, Hp
bed volume, ft3

iii) Power Cost

Metric

PC = KW x 24 x EC
where: PC = power cost, $/day

KW = power, kilowatts

24 = hr/day

EC = electricity cost, $/KW
English

PC = HP x 24 x 0.746 x EC
where: PC = power cost, $/day

EC = electricity cost, $/Kw-hr

24 = hr/day

0.746 = KW-hr/Hp-hr

b) Fixed Costs

The fixed O & M components for this technology are listed in
Table IV.3.1.1-Al1, including the cost basis and unit costs [4-11].

A 4. Miscellaneous Costs

Costs for engineering, and common plant items such as piping and
buildings, are calculated after design and costing for all unit
processes are completed (see Section IV.3.5).

The amount of carbon required by the system is calculated to
facilitate design and cost estimates for subsequent systems.

Spent carbon must be regenerated or replaced. The decision
whether to replace or regenerate is based on the carbon use rate.
Carbon regeneration may be appropriate (see Section IV.3.1.1-B)
for systems using more than 454 Kg/day (1000 lb/day) of carbon.
For smaller systems exhausted carbon may be replaced and dis-
carded. The carbon use rate is highly dependent on the charac-
teristics of the waste being treated. Carbon use rates observed
for wastewaters from several different industrial categories are
presented in Table IV.3.1.1-A2 for guidance. Also see Section
ITTI.3.1.1 of Volume III for more information on this subject.

i) OQuantity of Carbon Use
Metric

CU = FLOW x CUR x 86,400

Date: 4/1/83 1v.3.1.1-A9



TABLE IV.3.1.1-Al. FIXED O & M COST BASIS AND UNIT COST
FACTORS FOR ACTIVATED CARBON ADSORPTION

[4-11)

Cost Basis Base Unit Cost
Element (Equivalent Unit Quantity) (July 1977)
Labor (1,2) 0.30 Weeks (7.20 hrs/day) $ 9.80/hr
Supervision (1) 10% Labor (0.72 hrs/day) $11.76/hr
Overhead (1) 75% Labor Cost NA
Laboratory (3) 0.25 Shifts (1.43 hrs/day) $10.70/hr
Maintenance 5.5% Capital NA
Services 0.40% Capital NA
Insurance & Taxes 2.50% Capital NA
Service Water 0.16 L/s $ 0.13/thou. L

(3.56 Thou gpd) ($ 0.50/thou gal)

NA - not applicable

(1) Labor may vary from 0.7 to 1.2 times the standard amount
indicated depending on the overall scale of the plant.
Labor, Supervision, and Overhead may be adjusted for the
scale of the plant as indicated in Miscellaneous Costs
(Section IV.3.5).

(2) One week = 7 days = 168 hours = 4.2 shifts-

(3) One shift = 40 hours

Date: 4/1/83 IVv.3.1.1-Al10
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where: CU = carbon use, Kg/day
FLOW = influent flow, L/s
CUR = carbon use rate, Kg carbon/L
86,400 = s/day
English
CU = FLOW x CUR x 1000
where: CU = carbon use, lb/day
FLOW = influent flow, mgd
CUR = carbon use rate, lb carbon/1000 gal
(see Table IV.3.1.1-A2)
1000 = conversion, mil gal to 1000 gal

ii) Cost of Carbon Replacement

e if CU >454 Kg/day (>1000 lb/day) see Section
IV.3.1.1-B, Carbon Regeneration

o if CU <454 Kg/day (<1000 lb/day) estimate cost of
replacement carbon as shown below

CRC

CU x CP

where: CRC
CU
Cp

carbon replacement cost, $/day
carbon use, Kg/day or lb/day
price of replacement carbon, $/Kg or $/lb

A 5. Modifications

None required.
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ACTIVATED CARBON ADSORPTION

SUMMARY WORK SHEET REFERENCE: 1IV.3.1.1-A
I. DESIGN FACTOR CAPITAL
a. Bed Volume = ft3
II. CAPITAL COST
Cost = x ( + 204.7) $
Cost from curve current index
III. VARIABLE 0 & M $/day O &M
a. Power = x x 17.9
Hp EC, $/Rw-hr
b. Carbon Cost = x
CU, 1b/day CP, $/1b
IV. FIXED O & M
a. Labor: x
hr/day $/hr
b. Supervision: x
hr/day $/hr
c. Overhead: X
Labor, $/day %/100
d. Lab Labor: x
hr/day $/hr
e. Maint, Service, x + 365
I&T: capital, $ %/100 day/yr
f. Service Water: x
thou gpd $/thou gal
V. YEARLY O & M 365 x =
day/yr  sum, $/day $/yr

VI. UNCOSTED ITEMS

a. Carbon Use (to be regenerated) = 1lb/day

Date: 4/1/83 Iv.3.1.1-A13




ACTIVATED CARBON ADSORPTION
WORK SHEET

REQUIRED COST FACTORS AND UNIT COSTS

1. Current Index = Capital Cost Index
2. EC: Electricity Cost = $/Kw-hr
3. CP: Replacement
Carbon = $/1b
4. Labor = $/hr
5. Supervision = $/hr
6. Overhead = % Labor + 100 = %/100
7. Lab Labor $/hr
8. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other 0 & M Factor Sum = % ¢ 100 = %/ 100
9. Service Water = $/thou gal
I. DESIGN FACTOR
1. Hydraulic Contact Time
CT = min
2, Bed Volume
BV = ( x ) x 92.8 = £t3

FLOW, mgd CT, min

II. CAPITAL COST

Date: 4/1/83 Iv.3.1.1-Al14




I1I1. VARIABLE O & M

a. Power Requirements, low order systems

HP = (0.0214 x ) + 6.37 = Hp
BV, ft3

b. Power Requirements, high order systems

HP = (0.00441 x ) + 14.9 = Hp
BV, ft3

c. Carbon replacement cost, for carbon use less than 1000 lb/day

CRC = x
CU, lb/day Cp, $/1b

see part a. VI.2 for determination of carbon use (CU)

IV. FIXED O & M

V. YEARLY O & M

VI. UNCOSTED ITEMS

a. Carbon Requirement
1. Carbon Use Rate
CUR = 1b carbon/1000 gpd
2., Daily Carbon Use Requirement

CcU = x x 1000 = 1b/day
FLOW, mgd CUR 1b/1000 gpd

e If CU >1000 lb/day, see Section IV.3.1.1-B to
estimate cost of carbon regeneration.

e If CU <1000 1lb/day, see III c. above to estimate cost
of carbon replacement.

Date: 4/1/83 Iv.3.1.1-A15



Iv.3.1.1-B. Carbon Regeneration

B 1. Basis of Design

This cost estimate is for the thermal regeneration of granular
activated carbon using a hydraulic conveyance system and a
multiple-hearth regeneration furnace. A system of the type con-
sidered is illustrated in Figure IV.3.1.1-Bl. The primary cost
factor is the required surface area of the regeneration furnace.

A maximum furnace size of 48.3m2 (520 ft2) is used, with the number
of furnaces varied to provide the total required furnace capacity.
The total carbon use is the basis for determining the required
hearth surface area for the furnace, based on an assumed carbon
loading rate of 195 Kg/day/m? (40 lb/day/ft?).

a) Source

The unit cost information in this sgsection was derived from the
BAT Effluent Limitations Guidelines engineering study for the
Organic Chemicals/Plastics and Synthetic Fibers Industries [4-2].
The method for developing the design factor is based on assump-
tions and procedures in the Contractor Developed Design and Cost
Model [4-1].

b) Required Input Data

Carbon use Kg/day (lb/day) from the carbon adsorption unit
process

c) Limitations

Carbon regeneration is used only when carbon usage exceeds 454
Kg/day (1000 lb/day). Below that level, spent carbon is disposed
to landfill and replaced with unused carbon.

d) Pretreatment

None specified.

e) Design Equation

The principal factor used to estimate capital costs is the re-
quired hearth surface area for the carbon regeneration furnace.
This is computed based on the carbon usage as follows:

Metric

TESA 1.2 x CU + RRATE

where: TFSA
CU

total furnace surface area, m2
carbon usage, Kg/day (see Section 4a of
Carbon Adsorption)

Date: 4/1/83 I1v.3.1.1~-B1
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RRATE = rate of carbon loading in furnace, Kg/day/m?
(195 Kg/day/m? is the default value)

1.2 = allowance factor for 20% down time
English
TEFSA = 1.2 x CU ¢ RRATE
where: TFSA = total furnace surface area, ft?2
CU = carbon usage, lb/day (see Section 4a of Carbon
Adsorption)
RRATE = rate of carbon loading in furnace, lb/day/ft?
= 40 lb/day/ft? (default value) (see Table
Iv.3.1.1-A1) [4-2]
1.2 = allowance factor for 209% down time

The number of furnaces must be adjusted so that the average size
is less than 48.3m2 (520 ft2).

Metric
CN = TFSA # 48.3
where: CN = computed number of furnaces
48.3 = maximum individual furnace size, m?
English
CN = TFSA + 520
where: CN = computed number of furnaces
520 = maximum individual furnace size, ft?

The actual size of each furnace is computed after rounding to the
next highest whole unit (N)

DFSA

TEFSA + N

where: DFSA = design furnace surface area, m? or ft?2
N = design number of furnaces

CN rounded up to next whole number

f) Subseguent Treatment

None specified, although scrubber water from the air cleaning
system might require treatment.

A 2. Capital Costs
The design surface area for each regeneration furnace is the

primary cost factor necessary for estimating capital costs. The
number of furnaces required is used to determine a scale factor

Date: 4/1/83 Iv.3.1.1-B3



for adjusting the total capital cost, based on the cost estimate
per furnace presented in Figure IV.3.1.1-B2.

a) Cost Data

Items included in the capital cost curve estimates are as follows
[4-2]:

Multiple Hearth Incinerator Package including feed hopper,
dewatering screw, blowcase, afterburner, venturi, and
scrubber (sizes 3.34, 7.9, 17.7, 40.3, and 48.3 m2 hearth
area (36, 85, 191, 434, and 521 ft2? hearth area))

Q0il Storage Tank

Venturi Recirculation Tank

Caustic Storage Tank

Pumps (venturi recirculation, caustic transfer, carbon
transport, carbon slurry sump, fuel oil)

Agitators

Piping

Instrumentation

b) Capital Cost Curves

i) Curve - Figure IV.3.1.1-B2.
- Cost per furnace (thousands of dollars) vs.
hearth area (square meters or square feet).
- Curve basis, cost estimate for five systems
designed with hearth surface areas of 3.34, 7.9,
17.7, 40.3, and 48.3m? (36, 85, 191, 434, and
521 £t2?)

ii) Scale factor to convert cost per furnace to total
capital cost

COST 8

]

cPF x (N) O-

where: COST total capital cost

CPF cost per furnace based on design furnace
surface area (DFSA)
N = design number of required furnaces

c) Cost Index

Base period, July 1977, St. Louis
Chemical Engineering (CE) Plant Index = 204.7

A 3. Operation and Maintenance Costs
Operating costs include both fixed and variable components.
Variable operating costs include power, steam, fuel oil, and

service water. Fixed operating costs include labor, supervision,
overhead, maintenance, laboratory labor, services, insurance and

Date: 4/1/83 Iv.3.1.1-B4
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taxes, and service water. All fixed and variable operating costs
should be adjusted to current levels using an appropriate index
or unit cost factor.

a) Variable Costs

i) Power Requirements - combustion air blower, shaft cooling
blower, venturi recirculation pumps, caustic transfer
pumps, carbon transfer pumps, carbon sump pumps, and fuel
oil pump agitator. The following equation was developed
using regression analysis procedures [4-1].

Metric

KW = (0.5 x TFSA) + 2.93

where: KW power, kilowatts

TFSA total furnace surface area, m?
English
HP = (0.0623 x TFSA) + 3.93
where: HP = power, Hp
TEFSA = total furnace surface area, ft2

ii) Power Cost

Metric

PC

KW x 24 x EC

where: PC power cost, $/day

KW = power, kilowatts

24 = hour/day

EC = electricity cost, $/Kw-hr
English

PC = HP x 24 x 0.746 x EC
where: PC = power cost, $/day

HP = power, Hp

24 = hr/day

0.746 = Kw-hr/Hp-hr
EC = electricity cost, $/Kw-hr

iii) Steam Requirements - steam is added to the furnace at
the rate of one pound of steam per pound of carbon

STEAM = 1.0 x CU

Date: 4/1/83 IV.3.1.1-B6




iv)

vi)

Date:

STEAM
Cu
1.0

where:

Steam Cost
TSC
TSC

STEAM
CPP

where:

wnH

o

steam usage, Kg/day or lb/day
carbon usage, Kg/day or lb/day
Kg steam/Kg carbon or lb steam/lb carbon

STEAM x CPP

total steam cost, $/day

steam usage, Kg/day or lb/day

cost per Kg or 1lb of steam, $/Kg or
$/1b

Fuel Requirement ~ this is based on total heat,
supplied with fuel o0il

Metric

FUEL

FUEL
JPD

where:

Ccu
18600
1.2
1.1

LI T I T [ T [

41900
0.869

English
FUEL

FUEL
BTU

where:

Cu
8000
1.2
1.1

i

18,000
7.25

Fuel Cost

TFC

4/1/83

JPD + (41900 x 0.869)

fuel, L/day

heat required, KJ/day

CU x 18600 x 1.2 x 1.1

carbon usage, Kg/day

KJ/Kg carbon

allowance for 20% downtime

allowance for 109 carbon loss during
regeneration

fuel heating wvalue,
conversion factor,

KJ/Kg
Kg fuel/L fuel

BTU # (18000 x 7.25)

fuel, gal/day

heat required, BTU/day

CU x 8000 x 1.2 x 1.1

carbon usage, 1lb/day

BTU/1lb carbon '
allowance for 20% down time
allowance for 10% carbon loss during
regeneration

fuel heating value, BTU/1lb
conversion, lb fuel/gal fuel

FUEL x ECPG

iv.3.1.1-B7



where: TEC

total fuel cost, $/day

FUEL = fuel, L/day or gal/day
FCPG = fuel cost, $/L or $/gal
vii) Service Water Requirements - this is for scrubber water .
and for carbon quenching

e Scrubber Water

Metric
SCRWT

where: SCRWT
ACFM

FUEL
0.869
1440

0.5

24.2

367 + 294

1.1
2.01
60

English
SCRWT

where: SCRWT
ACFM

FUEL
7.25
1440
0.5
387
660 = 530

1.1
0.015
1440
1000

nmnn LI I I (T

i

it wnnn

L T T T}

ACFM x 2.01 ¢+ 60

scrubber water, L/s

furnace air requirement, m3/min
(FUEL x 0.869 : 1440) x 0.5 x 24.2 x
(367 = 294) x 1.1

fuel required, L/day

conversion factor, Kg fuel/L fuel
min/day

0.5 Kg-mole air/Kg fuel

m3® air/Kg-mole air (at 21°C)
volumetric ratio, 93°C to 21°C
(367°K to 294°K)

109, excess air factor

L water/m3 air

seconds/minute

ACFM x 0.015 x 1440 = 1000

scrubber water, thousand gal/day
furnace air requirement, ft3/min
(FUEL x 7.25 + 1440) x 0.5 x 387 «x
(660 # 530) x 1.1

fuel required, gal/day :
conversion factor, lb fuel/gal fuel
conversion, min/day

0.5 lb-mole air/lb fuel

ft2® air/lb-mole air (at 70°F)
volumetric ratio, 200°F to 70°F
(660°R to 530°R)

10% excess air factor

gal water/ftd air

conversion, min/day

conversion, gal to thousand gal

e Quench Water

Metric
QUNWT

ate: 4/1/83

JPD + (2400 x 1.0 x 86400)
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viii)

ix)

Date:

where: QUNWT
JPD

2400
1.0
86400

English
QUNWT

where: QUNWT
BTU

1030
8.34
1000

Service Water
Metric
WC

where: WC
SCRWT
QUNWT
WCPL
86400

English
WwC

where: WwC
SCRWT
QUNWT
WCPG

gquench service water, L/s

heat required, KJ/day [see (V)
Fuel Requirement]

heat of vaporization, KJ/Kg water
Kg water/L water

conversion, s/day

BTU : (1030 x 8.34 x 1000)

gquench service water, thousand
gal/day

heat required, BTU/day [see (v) Fuel
Requirement]

= heat of vaporization, BTU/lb water
= lb water/gal water

= conversion, gal to thousand gal

Cost

(SCRWT + QUNWT) x WCPL x 86400

service water cost, $/day
scrubber water, L/s
guench water, L/s

water cost, $/L
seconds/day

L I L I I 1

(SCRWT + QUNWT) x WCPG

service water cost, $/day
scrubber water, thousand gal/day
quench water, thousand gal/day
water cost, $/thousand gal

mhfn

Carbon Replacement - a 10% loss of carbon per cycle
is assumed during regeneration.

CR
where: CR

Cu
0.1

4/1/83

CU x 0.1

carbon replacement rate, Kg/day or lb/day
carbon use, Kg/day or lb/day
10% replacement factor

IV.3.1.1-B9



x) Carbon Cost

CRBCOST CR x CCPP

where: CRBCOST

i

cost of replacement carbon, $/day

CR carbon replacement rate, Kg/day or
lb/day
CCPP = carbon cost per pound, $/Kg or $/1b

b) Fixed Costs

The fixed O & M components for this technology are listed in Table
Iv.3.1.1-Bl1, including the cost basis and the unit costs [4-11].

A 4. Miscellaneous Costs

Costs for engineering and common plant items such as land, piping,
and buildings, are calculated after completion of costing for
individual units (See Section IV.3.5).

A 5. Modifications

None required.
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TABLE IV.3.1.1.-Bl. FIXED O & M COST BASIS AND UNIT COST
FACTORS FOR CARBON REGENERATION [4-~11]

Cost Basis Base Unit Cost
Element (Equivalent Unit Quantity) (July 1977)
Labor (1,2) 0.30 Weeks (7.20 hrs/day) $ 9.80/hr
Supervision (1) 10% Labor (0.72 hrs/day) $11.76/hr
Overhead (1) 75% Labor Cost NA
Laboratory (3) 0.10 Shifts (0.57 hrs/day) $10.70/hr
Maintenance 6.32Y% Capital NA
Services 0.40% Capital NA
Insurance & Taxes 2.509% Capital NA
Service Water 0.08 L/s $ 0.13/thou L

(1.72 Thou gpd) ($ 0.50/thou gal)

NA - not applicable

(1) Labor may vary from 0.7 to 1.2 times the standard amount
indicated depending on the overall scale of the plant.
Labor, Supervision, and Overhead may be adjusted for the
scale of the plant as indicated in Miscellaneous Costs
(Section 1IV.3.5).

(2) One week = 7 days = 168 hours = 4.2 shifts

(3) One shift = 40 hours

Date: 4/1/83 IV.3.1.1-B11



CARBON REGENERATION

SUMMARY WORK SHEET REFERENCE: 1IV.3.1.1-B
I. DESIGN FACTOR CAPITAL
a. Design Furnace Surface Area = ft2
b. Scale Factor =
II. CAPITAL COST
Cost = x x : 204.7) $
Cost from curve F current index
ITII. VARIABLE O & M $/day 0O &M
a. Power = x x 17.9 =
Hp EC, $/Rw-hr
b. Steam = x =
STEAM, 1b/day $/1b
c. Fuel = x =
FUEL,gal/day $/gal
d. Water = x =
WATER, thou gal §/thou gal
e. Carbon = x =
CR, 1lb/day $/1b
IV, FIXED O & M
a. Labor: x =
$/hr hr/day
b. Supervision: x =
$/hr hr/day
c. Overhead: x =
LABOR, $/day %/100
d. Lab Labor: x =
$/hr hr/day
e. Maint, Service, x + 365 =
I&T: capital, § %/100 day/yr
f. Service Water: x =
thou gpd $/thou gal
V. YEARLY O & M 365 «x =
day/yr sum, $/day S/yr
VI. UNCOSTED ITEMS
Date: 4/1/83 IV.3.1.1-B12




CARBON REGENERATION
WORK SHEET

REQUIRED COST FACTORS AND UNIT COSTS

1. Current Index = Capital Cost Index
2. EC: Electricity Cost = $/Kw-hr
3. Steam Cost = $/1b
4., Fuel cost = $/gal
5. Water Cost = $/thou gal
6. Activated Carbon Cost = $/1b
7. Labor = $/hr
8. Supervision = $/hr
9. Overhead = % Labor ¢+ 100 = %/100
10. Lab Labor = $/hr
11. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other 0 & M Factor Sum = % ¢+ 100 = %/100
12, Service Water = $/thou gal
I. DESIGN FACTOR
a. Total Furnace Surface Area
TFSA = 1.2 x :+ 40) = ft2
*CU, lb/day
*See Section 4a of Activated Carbon Adsorption, IV.3.1.1-A
b. Number of Furnaces Required
CN = + 520 =
TFSA, ft2
The number of furnaces (CN) should be rounded up to the nearest whole
number (N): N =
c. Individual Design Furnace Surface Area (DFSA)
DFSA = + = ft2
TFSA, fte N
Date: 4/1/83 Iv.3:1.1-B13




d. Scale Factor for Costs

SF = ( )0-8 _

N

II. CAPITAL COST

IIT. VARIABLE O & M

a. Power Requirements

HP = (0.0623 x ) + 3.93 = Hp
TFSA, ft2

b. Steam Requirement

STEAM = 1.0 x = 1b/day
CU, lb/day

c. Fuel Reguirement

FUEL = ( x 0.0809)
CU, lb/day

gal/day

d. Scrubber Water

SCRWT = x 0.0288
FUEL, gal/day

thou gal/day

e. Quench Water

QUNWT = x 0.0012 = thou gal/day
CuU, 1b/day

f. Total Water

WATER = + =

SCRWT, thou gal/day QUNWT, thou gal/day
g. Carbon Replacement

CR = x 0.1 = 1b/day
Cu, lb/day

thou gal/day|

IV. FIXED O & M

V. YEARLY O & M

VI, UNCOSTED ITEMS

Date: 4/1/83 1v.3.1.1-B14



IV.3.1.2 CHEMICAL OXIDATION

Introduction

Chemical oxidation processes are used to chemically break down
pollutants such as cyanides, sulfides, and formaldehydes which
are not amenable to biological or other traditional means of
treatment. Powerful oxidants such as chlorine, peroxide, or
permanganates are used for chemical oxidation depending on the
specific pollutant to be treated and concern over toxic chlori-
nated residuals. Cyanide treatment by an alkaline chlorination
process is now widely used and can achieve nearly complete cya-
nide destruction. Chemical oxidation processes are described in
more detail in Volume III of the Treatability Manual, Section
I1I1.3.1.2. Costing methodologies and cost data for this technol-
ogy are presented below.

IV.3.1.2-A. Chlorine Oxidation of Cyanide

A 1. Basis of Design

This presentation is for estimating costs for oxidation of
cyanide, by the alkaline chlorination process. A system of the
type considered is represented in Figure IV.3.1.2-Al. The capi-
tal cost factor is the volume of the two stage reactor vessel.
The principal design factors for cyanide oxidation systems are
wastewater flow and influent cyanide concentration. Influeat oil
and grease and TSS are checked to determine if pretreatment is
necessary. Chlorine is supplied to the system at a mass ratio of
15 parts chlorine to 1 part cyanide and caustic is added to
control pH between 8.0 and 9.5 and to subsequently neutralize any
excess chlorine. The reaction vessel is sized for 10 minutes
residence time in the first stage and 30 minutes in the second.

a) Source

The unit cost information in this section was derived from the BAT
Effluent Limitation Guidelines engineering study for the Organic
Chemicals/Plastics and Synthetic Fibers Industries [4-2]. The
method for developing the design factor is based on assumptions
and procedures in the Contractor Developed Design and Cost Model
[4-1].

b) Required Input Data

Wastewater flow L/s (mgd)
Wastewater characteristics
cyanide (mg/L)
0il and grease (mg/L)
TSS (mg/L)
pH

Date: 4/1/83 Iv.3.1.2-A1
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¢) Limitations

Chlorine oxidation is not considered applicable if cyanide is
present at less than 10 mg/L.

d) Pretreatment

Pretreatment should be provided as indicated for the following
conditions:

i) Equalization if necessary, due to flow variations.

ii) If influent oil and grease >50 mg/L, use 0il removal
process.

iii) 1If influent TSS >50 mg/L, use multi-media filtration.

e) Design Equation

The primary cost factor for alkaline chlorination of cyanide is
the volume of the reaction vessel. The required basin volume for
a chemical oxidation system is calculated based on a standard
hydraulic detention time of 40 minutes (10 min. first stage and
30 min. second stage).

Metric

VOL

(FLOW x 40 x 60) % 1000

where: VOL basin volume, m3

FLOW = average influent flow, L/s
40 = detention time, min.
60 = seconds/minute
1000 = conversion factor, L/s to m3/s
English
VOL = (FLOW x 40) * 1.44
where: VOL = basin volume, thousand gallons
FLOW = average influent flow, mgd
40 = detention time, min.
1.44 = conversion factor, mgd to thousand gallons/min

f) Subsequent Treatment

None specified

g) Chlorinated Organics

Possible formation of chlorinated organics from alkaline chlori-
nation of cyanide should be carefully considered.

Date: 4/1/83 IV.3.1.2-A3



A 2. Capital Costs

The volume of the two stage oxidation tank is the primary factor
for estimation of capital cost using the capital cost curve
(Figure IV.3.1.2-A2). Costs estimated using this curve must be

adjusted to a current value using an appropriate current cost
index.

a) Cost Data

Items included in the capital cost estimate for alkaline chlori-
nation of cyanide are as follows [4-2]:

Two stage concrete reaction vessel
Agitators (2)
Chlorine feed systems
chlorine vaporizer
chlorinator
circulation pumps (2)
Piping, instrumentation, electrical
Metal shed
pH control
ORP (oxidation/reduction potential) control

b) Capital Cost Curves

Curve - see Figure IV.3.1.2-A2.
~ Cost (thousands of dollars) vs.
basin volume (cubic meters or thousand gallons).
~ Curve basis, cost estimates on four volumes:
105, 526, 1050, and 2100 m3 (27.8, 139, 278, and
556 thousand gallons) 43.8, 219, 438, and 876 L/s
(1, 5, 10, and 20 mgd) at 40 minute detention.

c) Cost Index

Base period, July 1977, St. Louis
Chemical Engineering (CE) Plant Index = 204.7

A 3. Operation and Maintenance Costs

Operating costs include both fixed and variable components.
Variable operating costs include power, chlorine, and caustic.
Fixed operating costs include labor, supervision, overhead,
laboratory labor, maintenance, services, insurance and taxes, and
service water. All fixed and variable operating costs should be
adjusted to current levels using an appropriate index or unit
cost factor. Miscellaneous plant costs and caustic costs are
developed in subsequent Sections.

Date: 4/1/83 IV.3.1.2-Al
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a) Variable Costs

i) Power Requirements - includes agitators, recirculation
pumps. The following equation was developed using
regression analysis procedures [4-1].

Metric

KW = (0.166 x VOL) + 23.6
where: KW = power, kilowatts

VOL = basin volume, m3
English

HP = (0.845 x VOL) + 31.6
where: HP = power, Hp

VOL = basin volume, thousand gallons

ii) Power Cost

Metric

PC = KW x 24 x EC
where: PC = power cost, $/day

KW = power, kilowatts

24 = hr/day

EC = electricity cost, $/Kw-hr
English

PC = HP x 24 x 0.746 x EC
where: PC = power cost, $/day

HP = power, Hp

24 = hr/day

0.746 = Kw-hr/Hp-hr
EC = electricity cost, $/Kw~hr

iii) Chemical Requirements
e Chlorine

Metric

CL FLOW x 0.086 x CN x 15

where: CL = chlorine requirement, Kg/day
FLOW = influent flow, L/S

Date: 4/1/83 1IV.3.1.2-A6




0.086 = conversion factor
CN = influent cyanide (as NaCN), mg/L
15 = ratio, Kg chlorine/Kg influent cyanide

. English
CL = FLOW x 8.34 x CN x 15
where: CL = chlorine requirement, lb/day

FLOW = influent flow, mgd

8.34 = conversion factor
CN = influent cyanide (as NaCN), mg/L
15 = ratio, 1lb chlorine/lb influent cyanide

¢ Caustic (needed to maintain pH between 8.0 and 9.5)

- If influent pH <8.0:

Metric

CR = [(CN x 17) + (8 - pH)3 x 15] x 0.086 x FLOW
English

CR = [(CN x 17) + (8 - pH)® x 15] x 8.34 x FLOW

~ If influent pH 28.0:

Metric
. CR = CN x 17 x 0.086 x FLOW
where: CR = required amount of caustic, Kg/day
17 = Kg caustic/Kg CN~
English
CR = CN x 17 x 8.34 x FLOW

where: CR
17

required amount of caustic, lb/day
1b caustic/1lb CN-

iv) Chemical Costs (except caustic):

Once the total requirements for chlorine has been estab-
lished, the associated cost may be estimated as follows:

CC =CL x N

. Date: 4/1/83 IV.3.1.2-A7



where: CC chlorine cost ($/day)

CL calculated requirement for chlorine
Kg/day or lb/day
N = unit cost of chlorine, $/Kg or $/lb )

Capital and O & M costs for caustic addition may be cal-
culated for individual add-on technologies or for whole
plants which use a central handling and distribution
system by using Section IV.3.1.13-C. For new plants or
expansions involving several treatment units which use
lime, a central lime/caustic unit may be considered to
serve all of them. For single unit add-on's a small
caustic or lime system may be considered. In either case,
the total quantity of caustic or lime required should be
determined and carried forward to Section 1IV.3.1.13-C to
determine costs.

b) Fixed Costs

The fixed O & M components for this technology are listed in
Table IV.3.1.2-Al1, including values for the cost basis and the
unit costs [4-11].

A 4. Miscellaneous Costs

Costs for engineering, and other common plant items such as land,
piping, and buildings, are calculated after completion of costing
for individual units (see Section IV.3.5).

A 5. Modifications

None.
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TABLE IV.3.1.2-Al1. FIXED O & M COST BASIS AND UNIT COST FACTORS
FOR CHEMICAL OXIDATION ([4-11]

Cost Basis Base Unit Cost

Element (Equivalent Unit Quantity) (July 1977)
Labor (1,2) 0.20 Weeks (4.80 hrs/day) $ 9.80/hr
Supervision (1) 10% Labor (0.48 hrs/day) $11.76/hr
Overhead (1) 75% Labor Cost NA
Laboratory (3) 0.15 shifts (0.86 hrs/day) $10.70/hr
Maintenance 3.93% Capital NA
Services 0.04y Capital NA
Insurance & Taxes 2.50% Capital NA
Service Water 0.075 L/s $ 0.13/thou L

(1.72 Thou gpd) ($ 0.50/thou gal)

NA - not applicable
(1) Labor may vary from 0.7 to 1.2 times the standard amount
‘ indicated depending on the overall scale of the plant.
Labor, Supervision, and Overhead may be adjusted for the
scale of the plant as indicated in Miscellaneous Costs
(Section IV.3.5).
(2) One week = 7 days = 168 hours = 4.2 shifts

(3) One shift = 40 hours

’ Date: 4/1/83 Iv.3.1.2-A9



CHEMICAL OXIDATION

SUMMARY WORK SHEET REFERENCE: 1IV.3.1.2-A
I. DESIGN FACTOR CAPITAL
Basin Volume = thousand gallons
II. CAPITAL COST
Cost = x ( :+ 204.7) $
Cost from curve current index
III. VARIABLE O & M $/day O &M
a. Power = x x 17.9 =
Hp EC, $/Kw-hr
b. Chlorine = x =

CL, 1b/day NCL, &/1Ib

IV. FIXED O & M

a. Labor: x =
hr/day $/hr

b. Supervision: x =
hr/day S/hr

c. Overhead: x =

Labor, $/day %/100

d. Lab Labor: x =
hr/day $/hr
e. Maint, Service, x + 365 =
I&T: capital, 3 %/100 day/yr
f. Service Water: x x 1000 =

thou gpd $/gal

V. YEARLY 0 & M 365 «x =
day/yr sum, $/day S/yr

VI. UNCOSTED ITEMS

a. Caustic = l1b/day

Date: 4/1/83 Iv.3.1.2-A10




CHEMICAL OXIDATION

WORK SHEET

REQUIRED COST FACTORS AND UNIT COSTS

1. Current Index =

Capital Cost Index

basin volume, thou. gal.

CL = x x 125 =
FLOW, mgd CN, mg/L

b. Chlorine Requirement for Cyanide Oxidation

1b/day

2. EC: Electricity Cost = $/Kw-hr
3. NCL: Chlorine Cost = $/1b
4. Labor = $/hr
5. Supervision = $/hr
6. Overhead = % Labor # 100 = %/100
7. Lab Labor = $/hr
8. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other O&M4 Factor Sum = + 100 = %/100
9. Service Water = $/thou gal
I. DESIGN FACTOR
Basin Volume = x 27.8 = thousand gallons
FLOW, mgd
II. CAPITAL COST
IITI. VARIABLE O & M
a. Power Requirements
HP = ( x 0.845) + 31.6 = Hp

Date: 4/1/83 Iv.3.1.2-al11




A

FIXED O & M

V. YEARLY O & M

VI. UNCOSTED ITEMS

a. Caustic Requirement for Cyanide Oxidation
If influent pH <8.0
CR = [( x 17) + (8 = )3 x 15] x 8.34 x

CN, mg/L pH FLOW, mgd
= 1b/day
If influent pH 28.0
CR = x x 142 = 1b/day
CN, mg/L  FLOW, mgd
Date: 4/1/83 Iv.3.1.2-A12




Iv.3.1.5 PRECIPITATION AND COAGULATION/FLOCCULATION

Introduction

Chemical precipitation, coagulation, and flocculation are em-
ployed to help remove heavy metals and colloidal and dissolved
solids from wastewater streams. Various coagulants such as alum,
lime, ferric chloride, organic polymers, and synthetic polyelec-
trolytes are used in the process depending on the specific waste
material to be removed. The coagulants are rapidly mixed with
the wastewater and the colloidal particles are allowed to agglom-
erate into a floc large enough to be removed by subsequent sedi-
mentation or filtration processes. Precipitation is a chemical
process by which soluble metallic ions and certain anions are
converted to an insoluble form for subsequent removal from the
wastewater stream. Coagulation/Flocculation is often included to
aid in the removal of the insoluble precipitates. The perfor-
mance of the process is limited by chemical interactions, temper-
ature, solubility variances, and common ion and mixing effects.
This process is discussed in more detail in Volume III of the
Treatability Manual, Section III.3.1.5. Costing methodologies
and cost data for this technology are presented below.

IV.3.1.5-A. Precipitation and Coagulation/Flocculation

A 1. Basis of Design

This presentation is for precipitation and coagulation/floccu-
lation of priority and conventional pollutants in wastewater
streams. The basic factor for estimating the capital cost of a
precipitation/coagulation/flocculation system with this method is
wastewater flow. The system is designed with separate mixing and
flocculation chambers having two minutes and 20 minutes detention
time respectively at 1209% of average daily flow. A flow diagram
of such a system is presented in Figure IV.3.1.5-Al.

A standard dose of 200 mg/L of alum is assumed in all cases
unless otherwise specified. 1If different coagulant(s) and/or
different dose rate(s) are considered more appropriate by the
user, they may be substituted for the standard alum dose. A
dosage of one mg/L of polyelectrolyte is assumed in all cases
except when the unit is used to coagulate and flocculate an acti-
vated sludge waste stream. In that case, alum is not used and
only a 5 mg/L dose of polyelectrolyte is used. If precipitation
of some priority pollutant(s) is desired an appropriate precip-
itant dose must be assumed by the user. For more information see
Section III1.3.1.13 of Volume III. Sludge generation from this
unit process is accounted for by summing the amount of coagulants
added and precipitates removed. Final conditioning and disposal
of sludge as well as provisions for lime handling, if needed, are
accounted for in subsequent unit processes.

Date: 4,/1/83 1v.3.1.5-A1



(T-¥]
NOILVINODO0Td/NOILVIIdIDAYd ¥0d WVIOVIA
MOTd SSED0Ud  TV-G°1 € Al TUNODIA

SdWNd G234 3012010 1MW

SUWIIN

310vASNrQY

] e
ANIN VNt

= b | g =
[= =] b | o =
[= =] M B2 | I =]
= = 3| g =

LV} b | <

P .
ANINN443
h ) 2 NOt
U\

= Bl g D | o =]
= bl g D | =]
[= b | g =) =]
= b | o =] =3

c | e ———

/d 1LYy

Nt

NeLALCQY
WIWAI0

o~
T
[Va)
—
o
=
—

4/1/83

Date



a) Source

The unit cost information in this section was derived from
the BAT Effluent Limitations Guidelines engineering study for the
Organic Chemicals/Plastics and Synthetic Fibers Industries [4-2].

b) Required Input Data

Wastewater flow L/s (mgd)
Influent TSS and precipitable pollutant concentrations

(mg/L)

¢) Limitations

Precipitation/coagulation/flocculation may not be suitable if:

i) Precipitable pollutants not present or present at
concentrations below treatable levels.

ii) No precipitable pollutants and influent TSS <30 mg/L.

d) Pretreatment

Neutralization is required when influent pH <£2.5 or pH 29.0.
Depending on the coagulant used, the suitable ranges of pH may be
much smaller.

e) Design Egquation

Average daily wastewater flow is the primary capital cost factor
for coagulation/flocculation systems. The design of the system

is based on two minutes detention in the mixing chamber and twenty
minutes detention in the flocculation chamber at 120% of average
daily flow.

f) Subsequent Treatment

Subsequent treatment involves a solids separation process (multi-
media filtration or sedimentation depending on TSS concentration
and floc characteristics).

A 2. Capital Costs

Flow is the primary capital cost factor for this unit process.
Capital cost can be estimated using the capital cost curve
(Figure IV.3.1.5-A2). This curve is based on the addition of one
coagulant chemical plus polyelectrolyte. The cost for a system
which uses more than one coagulant should be adjusted as indi-
cated in Section A 5, b. Costs estimated using this curve must
be adjusted to a current value using an appropriate current cost
index.

Date: 4/1/83 IV.3.1.5-A3



a) Cost Data

Items included in the capital cost curve estimates are as follows
[4-2]:

Concrete mixing chamber (2)

Concrete flocculation chamber (2)
Polyelectrolyte addition system (1)
Coagulant holding tank (1)

Coagulant feed pumps (2)

Agitators (2)

Horizontal paddle wheel flocculators
Sluice Gates (2)

b) Capital Cost Curve

Curve - see Figure IV.3.1.5-A2.
- Cost (thousands of dollars) vs flow (liters per
second or million gallons per day).
- Curve basis, cost estimates on four flow rates:
17.5, 87.6, 438, and 876 L/S (0.4, 2.0, 10.0, and
20 mgd).

Scale Factor - for more than one coagulant, see Section A
5,b

c) Cost Index

Base period, July 1977, St. Louis
Chemical Engineering (CE) Plant Index = 204.7

A 3. Operation and Maintenance Costs

Operating costs include both fixed and variable components.
Variable operating costs include power, coagulants, and poly-
electrolyte. Fixed operating costs include labor, supervision,
overhead, laboratory labor, maintenance, services, insurance and
taxes, and service water. All fixed and variable operating costs
should be adjusted to current levels using an appropriate index
or unit cost factor. Byproduct handling and miscellaneous common
plant costs must be estimated separately.

a) Variable Costs

i) Power Requirements. This equation was developed using
regression analysis procedures [4-1].

Metric

KW = (0.054 x FLOW) + 1.79

Date: 4/1/83 IV.3.1.5-A4
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FIGURE 1IV.3.1.5-A2. CAPITAL COST ESTIMATE FOR PRECIPITATION
AND COAGULATION/FLOCCULATION [4-10]
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ii)

iii)

Date:

where: KW power, kilowatts

FLOW influent flow, L/s
English
HP = (3.17 x FLOW) + 2.40
where: HP = power, Hp
FLOW = influent flow, mgd
Power Cost
Metric
PC = KW x 24 x EC
where: PC = power cost $/day
KW = power, kilowatts
24 = hr/day
EC = electricity cost $/Kw-hr
English
PC = HP x 24 x 0.746 x EC
where: PC = power cost, $/day
24 = hr/day
0.746 = Kw-hr/Hp-hr
EC = electricity cost, $/Kw-hr

Chemical Reguirements

Chemical requirements for this unit process include the
coagulant and polyelectrolyte.

¢ Requirement for Coagulant or Precipitant

Metric

CHEM(n)

i

COGDOSE(n) x FLOW x 0.086

1

where: CHEM(n) amount of coagulant (n) needed,

Kg/day

COGDOSE = coagulant dose, mg/L
FLOW = influent flow, L/S
0.086 = conversion factor
English
CHEM(n) = COGDOSE(n) x FLOW x 8.34

4/1/83 IV.3.1.5-A6
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where: CHEM(n) = amount of coagulant (n) needed,
lb/day
COGDOSE(n) = coagulant dose, mg/L
(standard 200 mg/L alum dose or
see Section A 5, a)
FLOW = influent flow, mgd
8.34 = conversion factor

Requirement for

Polyelectrolyte

Polyelectrolyte is added in an amount sufficient to
achieve a concentration of 1.0 mg/L.

Metric
POLY
where: POLY
PDOSE
FLOW
0.086
English
POLY
where: POLY
FLOW
PDOSE
8.34

([t

PDOSE x FLOW x 0.086

amount of polyvelectrolyte required,
Kg/day
polyelectrolyte dose,
influent flow, L/S
conversion factor

mg/L

FLOW x PDOSE x 8.34

amount of polyelectrolyte required,
lb/day

influent flow, mgd

polyelectrolyte dose, mg/L
conversion factor

If coagulation/flocculation is being used only to

aid in the settling of waste activated sludge,

it

is assumed that a polyelectrolyte dose of 5 mg/L is
required and no other chemicals are used [4-1].

Chemical Cost (except lime*)

The chemical cost may be estimated as follows:

where:

CC (n)

CC (n)
CHEM (n)

N (n)

z

cost of chemical (n),
requirement for chemical (n),

(CHEM (n) x N (n))

$/day
Kg/day or

lb/day

unit cost of chemical (n),

$/Kg or $/1b

*Costs for lime are based on total plant needs rather

than on the needs of an individual unit.

Lime is

assumed to be stored and distributed through a central

4/1/83
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lime handling system. Therefore, lime requirements
should be totaled for each unit process but costs for
handling systems and chemicals should be estimated
separately after the design of all unit processes
requiring lime is completed (See Section IV.3.1.13C).-
If lime is required for an add-on technology, lime
handling and material costs may also be estimated from
information in Section IV.3.1.13C.

b) Fixed Costs

The fixed O & M components for this technology are listed in Table
IV.3.1.5-Al1, including values for the cost basis and the unit
costs [4-2].

A 4. Miscellaneous Costs

Costs for engineering, and common plant items such as land, yard
piping, and buildings, are calculated after completion of costing
for individual units (see Section IV.3.5).

Sludge handing and treatment facilties are not included in the
cost estimates for this technology but should be designed and
costed separately according to the individual technologies re-
quired (see Section IV.3.4). The nature and quantity of sludge
generated by each wastewater treatment process should be esti-
mated for use in the design and costing of sludge treatment
processes. Sludge generation by this technology is determined
from chemical use and influent pollutants removed (including
solids and precipitable pollutants). A rough estimate of sludge
generation may be made using the equation indicated below:

Metric

SLDG (n) £ [CHEM (n) + MPPT (i)]

where: SLDG (n) sludge of type n, Kg/day

CHEM (n) = coagulant (n) added, Kg/day
MPPT (i) = pollutant (i) removed, Kg/day
= POL (i) x FLOW x 0.086
POL (i) = pollutant (i) removed (solids or pre-
cipitable pollutant) influent concen-
tration, mg/L
FLOW = influent flow, L/s
0.086 = conversion factor
English
SLDG (n) = I [CHEM (n) + MPPT (i)l
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TABLE IV.3.1.5-Al1. FIXED O & M COST BASIS AND UNIT COST
FACTORS FOR PRECIPITATION AND COAGULA-
TION/FLOCCULATION [4-11]

Cost Basis Base Unit Cost
Element (Equivalent Unit Quantity) ~(July 1977)
Labor (1,2) 0.25 Weeks (6.00 hr/day) $ 9.80/hr
Supervision (1) 10% Labor (0.60 hr/day) $11.76/hr
Overhead (1) 75% Labor Cost NA
Laboratory (3) 0.20 Shifts (1.14 hr/day) $10.70/hr
Maintenance 3.539% Capital NA
Services 0.40% Capital NA
Insurance & Taxes 2.509% Capital NA
Service Water 0.08 L/S $0.13/thou L

(1.81 Thou gpd) ($ 0.50/thou gal)

NA - not applicable

(1) Labor may vary from 0.7 to 1.2 times the standard amount
indicated depending on the overall scale of the plant.
Labor, Supervision, and Overhead may be adjusted for the
scale of the plant as indicated in Miscellaneous Costs
(Section IV.3.5).

(2) One week = 7 days = 168 hours = 4.2 shifts

(3) One shift = 40 hours

. Date: 4/1/83 IVv.3.1.5-A9



where: SLDG (n) sludge of type n, lb/day

CHEM (n) = coagulant (n) added, lb/day
MPPT (i) = pollutant (i) removed, lb/day
= POL (i) x FLOW x 8.34
POL (i) = pollutant (i) removed (solids or pre-
cipitable pollutant) influent con-
centration, mg/L
FLOW = influent flow, magd
8.34 = conversion factor

This is an estimate of sludge generation that could be either
too high or too low. Factors that will tend to make this
estimate too high include the amount of the chemical added that
remains in solution, the precipitable pollutants that remain in
solution, and the solids that cannot be removed (e.g., too fine).
Factors that may cause this estimate to be too low include side
reactions such as the precipitation of alkalinity in the waste-
water. It is also helpful to identify the nature of the sludge
according to coagulant (e.g., alum sludge) as this information
will be used in the sizing and costing of required sludge handling
systems.

A 5. Modifications

a) Coagulant Dose

If the user determines that a precipitant or coagulant and/or
dose rate other than the standard 200 mg/L of alum is more appro-
priate, it may be substituted into the design. Chemicals such as
lime, ferric chloride and sodium sulfide alsc have been found to
be effective in precipitating many priority pollutants (see
Section 3.1.5 of Volume III for representative data). The coagu-
lant dose, or doses selected should be sufficient to precipitate
the pollutant(s) of concern, coagulate the resulting precipitate,
and overcome any side reactions such as hydrolysis which might
compete with the desired reaction. In addition, each coagulant
has an optimum pH range and pH adjustment using acid or base may
be required.

b) Capital Cost Scale Factor

The capital cost curve (Figure IV.3.1.5-A2) is based on feed
equipment for one coagulant and a polyelectrolyte. If more than
one coagulant is used, the capital cost should be adjusted by a
scale factor to account for the additional feed equipment. The
scale factor used for this process is the sgquare root of the
number of coagulants and is applied to the flow prior to esti-
mating the capital cost from the cost curve [4-1].

Date: 4/1/83 IV.3.1.1-A10




Scale Factor (applies to flow prior to cost estimation)

Flow for cost purposes = FLOW x (n)o‘5

where: Flow
n

influent flow, L/s or mgd
number of coagulant chemicals, not including
polyelectrolyte

Note that the scale factor does not change the design flow, it is
only a capital cost adjustment.
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COAGULATION/FLOCCULATION

SUMMARY WORK SHEET REFERENCE: 1IV.3.1.5-A
I. DESIGN FACTOR CAPITAL
a. FLOW = mgd
II. CAPITAL COST
Cost = x ( + 204.7)
Cost from curve current index
III. VARIABLE 0 & M $/day O &M
a. Power = x x 17.9 =
Hp EC, $/Kw-hr
b. Chemical, Alum = x =
AL, 1lb/day NAL, $/1b
¢. Chemical, = x =
1b/day $/1b
d. Chemical, = x =
1b/day $/1b
e. Polyelectrolyte = x =
POLY, 1b/day NP, $/1b
IV. FIXED O & M
a. Labor: x =
hr/day $/hr
b. Supervision: x =
hr/day s/hr
c. Overhead: x =
Labor, $/day %/100
d. Lab Labor: x =
hr/day $/hr
e. Maint, Service, x + 365 =
I&T: capital, $ %/100 day/yr'
f. Service Water: x =
thou gpd $/thou gal
V. YEARLY O & M 365 «x =
day/yr  sum, $/day $/yr
VI. UNCOSTED ITEMS
a. Lime Requirement = 1b/day
b. Alum Sludge = 1b/day
¢. Chemical Sludge, = 1b/day
d. Chemical Sludge, = 1b/day
Date: 4/1/83 Iv.3.1.5-A12




COAGULATION/FLOCCULATION
WORK SHEET

REQUIRED COST FACTORS AND UNIT COSTS

1. Current Index = Capital Cost Index
2. EC: Electricity Cost = $/Kw-hr
3. NAL: Alum Cost = $/1b
4. NFC: Ferric Chloride
Chemical Cost, = $/1b
5. NP: Polymer .Cost = $/1b
6. Labor = $/hr
7. Supervision = $/hr
8. Overhead = % Labor + 100 = %/100
9. Lab Labor = $/hr
10. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other 0 & M Factor Sum = : 100 = %/100
IL1. Service Water = $/1000 gal

¥. DESIGN FACTOR

a. Standard Dose, 200 mg/L Alum
FLOW = mgd

b. If more than one coagulant used, not including polyelectrolyte

Flow for cost purposes = x ( )0'5 =

FLOW,mgd n

n = number of coagulant chemicals not including polyelectrolyte,
see III B,3

mgd

II. CAPITAL COST
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I1I1. VARIABLE O & M

a. Power Requirements

HP = (3.17 'x ) + 2.40
FLOW, mgd

Hp

b. Chemical Requirements
1. Standard 200 mg/L Alum Dose

CHEM (Alum) = 1670 x
FLOW, mgd

1b/day

2. Nonstandard Coagulant Dose (indicate coagulant and dose rate)

CHEM x x 8.34

COGDOSE,mg/L  FLOW,mgd

1b/day

CHEM X x 8.34

COGDOSE,mg/L FLOW,mgd

1b/day

3. Number of coagulant chemicals required (n) =

4, Polyelectrolyte Addition
If activated sludge is not being treated (1 mg/L)

POLY = x 8.34 = 1lb/day
FLOW, mgd
If activated sludge is being treated (5 mg/L)
POLY = x 41.7 = 1b/day
FLOW, mgd

IV. FIXED O & M

a. Sludge Generation

1. Pollutants Removed

Indicate coagulant and sum of pollutant concentrations removed by
coagulant

e Pollutants removed by Coagulant 1
MPPT = X x 8.34 = 1b/day
$ POL (1) FLOW

e Pollutants removed by Coagulant 2
MPPT = x x 8.34 = 1b/day
I POL (1) FLOW
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2. For standard 200 mg/L alum dose

SLDG (Alum) = + = 1b/day
‘ MPBT (Alum) CHEM(Alum)

3. For nonstandard coagulant dose

Indicate coagulant, sludge type, total lb/day pollutant removed
(MPPT) and total 1lb/day chemical coagulant added (CHEM).

SLDG

+ = 1b/day
MPPT CHEM

SLDG

1
+
[}

1b/day

MPPT CHEM

‘ Date: 4/1/83 Iv.3.1.5-a15



Iv.3.1.9 FILTRATION

Introduction

Granular-media filtration involves the passage of a stream con-
taining suspended matter through a bed of granular material with
a resultant capture of solids. In most common filter designs,
the liquid flows downward through a static bed. Mechanisms
operative within the filter bed that contribute to solids removal
include: physical straining, sedimentation, inertial impaction,
interception, and adhesion. Further details describing this
process can be found in Volume III of the Treatability Manual,
Section III1.3.1.9. Costing methodologies and cost data for this
technology are presented below.

IV.3.1.9-A. Multi-Media Filtration

A 1. Basis of Design

This presentation is for the multi-media filtration of waste-
water, with a sludge byproduct generated. A process flow diagram
for this technology is presented in Figure IV.3.1.9-Al1. The
principal design factors for multi-media filtration are wastewater
flow, TSS concentration, and filter surface area. The filter
surface area is also the principal capital cost factor for this
technology. Influent TSS and oil and grease are checked to
determine if pretreatment is necessary. The surface hydraulic
loading rate for the filter is selected based on the influent TSS
concentration, floc characteristics, run length, and bed depth.
From these data and the influent flow, the required filter sur-
face area is calculated for a run time of eight hours at a bed
depth of 1.5 m (5 ft). An appropriate safety factor is applied
to account for backwash time and down time for operating units
[4-1].

a) Source

The unit cost information in this section was derived from the BAT
Effluent Limitations Guidelines engineering study for the Organic
Chemicals/Plastics and Synthetic Fibers Industries [4-2].

b) Required Input Data

Wastewater flow, L/s (gpm)
Influent total suspended solids (TSS), (mg/L)

¢) Limitations

Multi-media filtration is not used if influent TSS concentration
<5 mg/L.
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d) Pretreatment

Pretreatment should be provided as indicated for the following
conditions:

i) If influent oil >35 mg/L, an oil removal process should
be used.

ii) If influent TSS >100 mg/L, then clarification should
be used.

e) Design Factor

The filter surface area is the primary factor used to estimate
cost by this method. Multi-media filters are assumed to have a
bed depth of 1.5 m (5 ft) and operate on an 8 hour run cycle
[4-2]. The user should select an appropriate hydraulic loading
rate between 1.4 and 5.4 L/s/m?® (2 to 8 gpm/ft?) and calculate
the required filter surface area including the necessary safety
margins. The surface loading rate is affected by the influent
TSS concentration, the relative strength of the floc, and other
factors. For further information see Volume III, Section
I11.3.1.9.

Metric
SA = FLOW * Q
where: SA = surface area, m?
FLOW = applied average influent flow, L/s
Q = surface hydraulic loading rate, L/s/m?
(see Volume III, Section II1I1.3.1.9 for guidance in
selecting a loading rate)
English
SA = (FLOW x 10%) # (1440 x Q)
where: SA = surface area, ft2
FLOW = applied average influent flow, mgd
Q = surface hydraulic loading rate, gpm/ft?2
(see Volume III, Section III.3.1.9 for guidance in
selecting a loading rate)
106 = conversion factor, mgd to gpd
1440 = conversion factor, day to minute

The following safety margins are included in the final sizing of
the filter surface area to account for continued operation during
backwash and other downtime of filter units:

- If SA 258.3 m2 (628 ft?), add 20% for system non-service
mode operation
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- If SA <58.3 m? (628 ft2), add 50% for system non-service
mode operation

f) Subsequent Treatment

None specified.
A 2. Capital Costs

The total surface area of the multi-media filtration units is the
principal factor in the capital cost estimate. Presented in
Figure IV.3.1.9-A2 are installed costs for multi-media filters as
a function of surface area. The filter systems represented by
the curve are sized on an assumed loading rate of 3.4 L/s/m?

(5 gpm/ft?), for a bed depth of 1.5 m (5 ft) and a run length

of 8 hours. They are assumed to use a hydraulic backwash rate

of 13.6 L/s/m?2 (20 gpm/ft?) and an air scour rate of 0.22 L/s/m?
(5 £t%/m/ft?) for a period of 15 minutes. Costs estimated using
these curves must be adjusted to a current value using an appro-
priate current cost index.

a) Cost Data

Items included in the capital cost curve estimates are as follows
[4-10]:

For the 5.2, 19.5, and 65 m? (56, 210, and 7C0 ft?) design units -
Vertical pressure downflow sand filters, maximum individual
unit size of 9.29 m? (100 ft?2)
Feed pumps .
Backwash pumps
Air compressor for air scour
Backwash holding tank
Piping, insulation
Instrumentation

For the 260 m2 (2800 ft2) design unit -
Four compartment horizontal filter (four units)
Backwash pumps, air scour compressors, and backwash
holding tank are not required for this equipment
Feed pumps
Piping, insulation
Instrumentation

b) Capital Cost Curves

Curve - see Figure IV.3.1.9-A2.
- Cost (thousands of dollars) vs surface area (sgquare
meters or square feet).

Date: 4/1/83 IVv.3.1.9-A4
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- Curve basis, cost estimates for the filtration
systems based on total filter surface areas of 5.2,
20, 65, and 260 m® (56, 210, 700, and 2800 ft?)
based on flows of 8.76, 43.8, 219, and 876 L/s (0.2,
1, 5, and 20 mgd).

c) Cost Index

Base Period, July 1977, St. Louis
Chemical Engineering (CE) Plant Index = 204.7

A 3. Operation and Maintenance Costs

Operating costs include both fixed and variable components. The
variable component of the operating cost is the power requirement
for the filtration system. Fixed operating costs include labor,
supervision, overhead, laboratory labor, maintenance, services,
insurance and taxes, and service water. All fixed and variable
operating costs should be adjusted to current levels using an
appropriate index or unit cost factor.

a) Variable Cost

i) Power Requirements - feed pumps, compressors, backwash
pumps [4~1]. This eqguation was developed using regression
analysis procedures.

Metric
KW = [71.4 x (logn FLOW)] - 140
where: KW = power required, kilowatts
FLOW = influent flow, L/s
logn = natural logarithm
English
HP = [95.8 «x (logn FLOW)] + 174
where: HP = power, Hp
FLOW = influent flow, mgd
logn = natural logarithm

ii) Power Cost

Metric
PC = KW x 24 x EC
where: PC = power cost, $/day
24 = hours/day
EC = electricity cost, $/Kw-hr
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English

PC = HP x 24 x 0.746 x EC
where: PC = power cost, $/day
EC = electricity cost, $/Kw-hr
24 = hr/day
0.746 = Kw-hr/Hp-hr

b) Fixed Costs

The fixed O & M components for this technology are listed in
Table IV.3.1.9-Al1, including values for the cost basis and the
unit costs [4-11].

A 4. Miscellaneocus Costs

Costs for engineering, and common plant items such as piping and
buildings, are calculated after completion of costing for indi-
vidual units (see Section IV.3.5).

The amount of sludge accumulated by the system should be account-
ed for in order to facilitate cost estimates for subsequent
sludge handling systems. Sludge production from filtration is
based on an assumed solids removal efficiency which must be
selected by the user based on conditions.

Metric
SP = FLOW x 0.086 x E x TSS
where: SP = sludge production, Kg/day (dry)
FLOW = applied flow, L/s
0.086 = conversion factor
E = solids removal efficiency, fraction
(see Volume III, Section II1I1.3.1.9 for guidance)
TSS = influent suspended solids, mg/L
English
SP = FLOW x 8.34 x E x TSS

where: SP sludge production, 1lb/day (dry)

FLOW = applied flow, mgd
8.34 = conversion factor
E = solids removal efficiency, fraction
(see Volume I1I, Secton 3.1.9 for guidance)
TSS = influent suspended solids, mg/L
Date: 4/1/83 1v.3.1.9-A7



TABLE IV.3.1.9-Al. FIXED O & M COST BASIS AND UNIT COST
FACTORS FOR MULTI-MEDIA FILTRATION

[4-11]
Cost Basis Base Unit Cost
Element (Equivalent Unit Quantity) (July 1977)
Labor (1,2) 0.15 Weeks (3.50 hrs/day) $ 9.80/hr
Supervision (1) 109 Labor (O.Bé hrs/day) $11.76/hr
Overhead (1) 75% Labor Cost NA
Laboratory (3) 0.10 Shifts (0.57 hrs/day) $10.70/hr
Maintenance 4.09% Capital NA
Services 0.40Y% Capital NA
Insurance & Taxes 2.50y% Capital NA
Service Water 0.23 L/s $0.13/thou L
(5.18 Thou gpd) ($ 0.50/thou gal)

NA - not applicable

(1) Labor may vary from 0.7 to 1.2 times the standard amount
indicated depending on the overall scale of the plant.
Labor, Supervision, and Overhead may be adjusted for the
scale of the plant as indicated in Miscellaneous Costs
(Section 1IV.3.5).

(2) One week = 7 days = 168 hours = 4.2 shifts

(3) One shift = 40 hours
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A 5. Modifications

The total surface area calculation is outlined in Section A 1,e,

‘ Design Factor. A minimum of two operating filters and one stand-
by is specified for most applications with the system sized to
accommodate 150% of average daily flow. For very small systems,
two filters each sized to accommodate 100% of flow may be accept-
able. For systems with a total filter surface area greater than
58.3 m? (628 ft2?2), no designated spare filter is required, but the
total surface area should be designed to accommodate 120% of
average daily flow [4-1].
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MULTI-MEDIA FILTRATION

SUMMARY WORK SHEET REFERENCE: 1IV.3.1.9-A
I. DESIGN FACTOR CAPITAL
JFiltration Surface Area = SA = ft2
(including safety margin)
II. CAPITAL COST
Cost = x ( + 204.7) S
Cost from curve current index
III. VARIABLE O & M $/day 0O &M
a. Power = X x 17.9 =
Hp EC, S$/Rw-hr
IV. FIXED O & M
a. Labor: x =
hr/day S$/hr
b. Supervision: x =
hr/day $/hr
¢c. Overhead: x =
Labor, $/day %/100
d. Lab Labor: x =
hr/day $/hr
e. Maint, Service, x + 365 =
I&T: capital, $§ %/100 day/yr
f. Service Water: x =
thou gpd $/thou gal
V. YEARLY O & M 365 «x =
day/yr sum, $/day $/yr
VI. UNCOSTED ITEMS
a. Filter Backwash Solids = 1b/day
Date: 4/1/83 Iv.3.1.9-a10




MULTI-MEDIA FILTRATION
WORK SHEET
. REQUIRED COST FACTORS AND UNIT COSTS
1. Current Index = Capital Cost Index
2. EC: Electricity Cost = $/Kw-hr
3. Labor = $/day
4., Supervision = S$/hr
5. Overhead = % Labor & 100 = %/100
6. Lab Labor = $/hr
7. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other O&M Factor sum = + 100 = %/ 100
8. Service Water = $/thou gal
I. DESIGN FACTOR
a. Wastewater characteristics
‘ Influent flow = mgd (FLOW)
Influent total suspended solids = mg/L (TSS)
b. Hydraulic loading rate (must be selected by user)
Q= gpm/ft2
c. Filtration Surface Area
sa = ( x 108) & ( x 1440) = ft2
FLOW mgd Q, gpm/ft2
d. Safety Margin
If SA 2 628 ft2, then: Design SA = 1.2(SA) = ft2
If SA < 628 ft2, then: Design SA = 1,5(SA) = ft2
II. CAPITAL COST
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III. VARIABLE 0 & M

a. Power Requirements

HP =[%5.8 x (logn :ﬂ + 174 = Hp
FLOW, mgd
IV. FIXED O & M
V. YEARLY O & M
VI. UNCOSTED ITEMS
Filter Backwash Solids
SP = x x x 8.34 = 1b/day
FLOW, mgd TSS, mg/L E, fraction
Date: 4/1/83 IV.3.1.9-a12




Iv.3.1.10 FLOTATION

Flotation is used to treat wastewaters containing suspended
solids, colloidal material, or oils that have a specific gravity
close to that of water. Dissolved air flotation (DAF) is a
process by which suspended solids, free and emulsified oils, and
grease are separated from wastewater by releasing gas (air)
bubbles into the wastewater to aid separation. DAF is discussed
in more detail in Volume III, Section III.3.1.10 of the Treat-
ability Manual. Costing methodologies and cost data for these
technologies are presented below.

IV.3.1.10-A. Dissolved Ajir Flotation

A 1. Basis of Design

This presentation is for the removal of o0il and solids from
wastewater by the dissolved air flotation (DAF) process. This
process is represented schematically in Figure IV.3.1.10-Al. The
principal design factor for this technology is the influent
wastewater flow.

The dissolved air flotation system is sized according to the in-
fluent flow rate and design overflow rate. The design overflow
rate for this DAF unit process is 1.36 L/s/m2 (2880 gpd/ft?),
based on design flow plus 50% effluent recycle. The main feed
influent of the DAF unit undergoes pre-flotation flocculation
using lime to aid in the separation of oils and to coagulate and
stabilize the floc. The design flow rate, in all cases, is 120
percent of the average wastewater flow. A minimum of two units,
each at 50Y% of design capacity, are provided.

Free o0il is readily removed by DAF systems but further treatment
is generally required to improve removal of emulsified and soluble
0il. The system presented in this section includes lime floccu-
lation of the DAF influent to aid in the separation of oils and

to coagulate and stabilize floc. O©0il and solids removal also may
be enhanced by other chemical and physical means as well. Varia-
tions on the DAF process and information on emulsion breaking
technigques are presented in Sections III.3.1.10 and I11.3.1.14 of
Volume III respectively.

a) Source

The unit cost information in this section was derived from the BAT
Effluent Limitations Guidelines engineering study for the Organic
Chemicals/Plastics and Synthetic Fibers Industries [4-2]. The
method for developing the design factor is based on assumptions
and procedures in the Contractor Developed Design and Cost Model
[4-1].
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b) Required Input Data

Average and peak wastewater flow L/s (mgd)

Characteristics of the wastewater stream (mg/L)
- 0il and grease
- TSS
- floating solids
- floating organic pollutants

c¢) Limitations

DAF is not considered applicable for treating influent o0il con-
centrations of less than 10 mg/L.

d) Pretreatment

For influent oil concentrations greater than 35 mg/L DAF may be
preceded by gravity o0il separation.

e) Design Equation

Average influent wastewater flow rate in liters per second
(million gallons per day) is the primary capital cost factor for
DAF systems. The cost factor (flow) is adjusted by a scale
factor (Section A 2 b) to account for peak flow prior to esti-
mating costs.

f) Subsequent Treatment

Sludge and oil and grease removed from the wastewater stream are
usually treated by thickening, stabilizing and dewatering pro-
cesses before being disposed.

A 2. Capital Costs

The primary cost factor for DAF is the design influent wastewater
flow rate. This parameter is the independent variable in the
cost curves for the unit process (Figure IV.3.1.10-A2). For
flows greater than 4.38 L/s (0.1 mgd), a scale factor is applied
to adjust the flow prior to selection of a cost from the cost
curve. The scale factor is used as a means of adjusting capital
cost to account for peak flow capacity.

a) Cost Data

Items included in the capital cost estimates for the DAF units
are as follows (4-2]:

Pre-flotation flocculation tanks (2)

Flotation clarifier, rectangular
Vertical turbine flocculators (2)

Date: 4/1/83 Iv.3.1.10-A3



Splitter box, concrete (2)

Polymer holding tank

Polymer feed pumps (2)

Sludge pumps, prodgressive cavity (2)
Air compressor, centrifugal (2)
Sluice gates

Piping

Instrumentation

b) Capital Cost Curve

i) Curve - Figure IV.3.1.10-A2
- Cost (millions of dollars) vs. wastewater flow
(liters per day or million gallons per day).
- Curve basis, cost estimates for system at six
flow rates: 2.33, 8.39, 21, 25.2, 219, and 437
L/s (37, 133, 333, 400, 3467, and
6933 gpm).

ii)* Scale factor: applies to flow prior to selection of a
cost from the cost curve

e if Avg Flow <4.38 L/s (< 0.1 mgd), scale factor:
SF = 1.0

e if Avg Flow >4.38 L/s (> 0.1 mgd), scale factor:

SF = peak flow + average flow
» 2 x average flow

iii) Flow for Cost Purposes (DFLOW) = FLOW x SF

¢) Cost Index

Base Period, July 1977, St. Louis
Chemical Engineering (CE) Plant Index = 204.7

A 3. Operation and Maintenance Costs

Operating costs are comprised of both variable and fixed compo-
nents. Power requirement is the only variable operating cost
component. Fixed operating cost components include labor, super-
vision, overhead, laboratory labor, maintenance, services, insur-
ance and taxes, and service water. All fixed and variable oper-
ating costs should be adjusted to current levels using an appro-
priate index or unit cost factor.

a) Varijiable Cost

i) Power Requirements, DAF - sump pumps, flocculators,
DAF package, sludge pumps, polymer package feed pumps
and air compressors [4-1]

Date: 4/1/83 Iv.3.1.10-24
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i1)

iii)

Date:

Metric
KW

where: KW
FLOW

English
HP

where: HP
FLOW

Power Cost

Metric
PC
where: PC
KW
24
EC
English
PC
where: PC
HP
24
0.746
EC

1

il

i ui

it

o

(0.198 x FLOW) + 5.28

power, kilowatts
average influent flow, L/s

(11.6 x FLOW) + 7.08

horsepower redquired, Hp
average influent flow, mgd

KW x 24 x EC

power cost, $/day

power, kilowatts

hr/day

electricity cost, $/KW-hr

HP x 24 x 0.746 x EC

power cost, $/day
horsepower required, Hp
hrs/day

Kw~hr/Hp-hr

electricity cost, $/Kw-hr

Lime Requirements

Lime is used in this DAF unit for preflocculation and to
help reduce the solubility of some o0ils. The amount of
lime required varies according to flow and influent

conditions.

Option 1

If oil and TSS are the only pollutants present

with no floating materials.

Metric

4/1/83

LIME = 1.5 x (IOIL - EOIL) x 0.086 x FLOW
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where: LIME

English

1.5
I0IL

EOIL

0.086
FLOW

LIME

where: LIME

Option 2

Metric

English

4/1/83

1.5
IOIL

EOIL

8.34
FLOW

]

nnn

nn

If oil, TsS
Two intermediate variables (A&B) are calculated
and the lime requirement is equal to the larger
of the two.

where: A
IFLT
EFLT

1.5

where : A
IFLT
EFLT

1.5

Iv.

daily lime requirement, Kg/day
1509, excess dose factor

average influent oil concentra-
tion, mg/L (when DAF follows oil
separation, IOIL = 35 mg/L)
expected effluent oil, mg/L
(default value 10)

conversion factor

average influent flow, L/s

1.5 x (IOIL - EOIL) x 8.34 x FLOW

daily lime requirement, lb/day
150% excess dose factor

average influent oil concentra-
tion, mg/L (when DAF follows oil
separation, IOIL assumed = 35
mg/L)

expected effluent oil, mg/L
(default value 10)

conversion factor

average influent flow, mgd

and floating materials are present.

(IFLT - EFLT) x 1.5 x 0.086 x FLOW

intermediate estimate of lime re-
quired for floating material, Kg/day
average influent floating materials,
mg/L

expected effluent floating materials,
mg/L (default value 30)

150% excess dose factor

(IFLT - EFLT) x 1.5 x 8.34 x FLOW

intermediate estimate of lime re-
gquired for floating material, lb/day
average influent floating materials,
mg/L

expected effluent floating materials,
mg/L (default value 30)

1509 excess dose factor

.1.10-A7



Metric

B =1.5x (10IL - EOIL) x 0.086 x FLOW

where: B = intermediate estimate of lime re-
quired for oil removal, Kg/day

English
B =1.5 x (IOIL - EOIL) x 8.34 x FLOW

where: B = intermediate estimate of lime re-
quired for oil removal, lb/day

If B > A, LIME

B, Kg/day or lb/day
e If A>B, LIME = A, Kg/day or lb/day

Option 3 If only floating materials are present in the
influent

Metric

LIME

IFLT x 0.086 x 1.5 x FLOW

where: LIME daily lime requirement, Kg/day

IFLT average influent floating
materials, mg/L
1.5 = 150% excess dose factor
English
LIME = IFLT x 8.34 x 1.5 x FLOW

where: LIME daily lime requirement, lb/day

IFLT average influent floating mate-
rials, mg/L
1.5 = 150% excess dose factor

iv) Lime Cost

Costs for lime are based on total plant needs rather than
on the needs of individual unit processes. Lime require-
ments should be summed for all systems, but costs for
lime handling systems and chemicals will be estimated
after design of all unit processes requiring lime (see
Section IV.3.1.13-C, Lime Handling).

b) Fixed Costs

The fixed O & M components for a DAF system are listed in Table
IV.3.1.10-Al including the cost basis and the unit costs [4-11].

Date: 4/1/83 IV.3.1.10-A8




TABLE IV.3.1.10-Al. FIXED O & M COST BASIS AND UNIT COST
FACTORS FOR DISSOLVED AIR FLOTATION

[4-11]
Dissolved Air Flotation
Cost Basis Base Unit Cost

Element (Equivalent Unit Quantity) (July 1977)
Labor (1,2) 0.25 Weeks (6.00 hrs/day) $ 9.80/hr
Supervision (1) 10% Labor (0.60 hrs/day) $11.76/hr
Overhead (1) 75% Labor Cost NA
Laboratory (3) 0.20 Shifts (1.14 hrs/day) $10.70/hr
Maintenance 7.539% Capital NA
Services 0.409% Capital NA
Insurance & Taxes 2.50% Capital NA
Service Water 4.6 L/s $0.13/thou L

(105.4 Thou gpd) ($0.50/thou gal)

NA - not applicable

(1) Labor may vary from 0.7 to 1.2 times the standard amount
indicated depending on the overall scale of the plant.
Labor, Supervision, and Overhead may be adjusted for the
scale of the plant as indicated in Miscellaneous Costs
(Section IV.3.5).

(2) One week = 7 days = 168 hours = 4.2 shifts

(3) One shift = 40 hours

Date: 4/1/83 IV.3.1.10-A9



A 4. Miscellaneous Costs

Costs for engineering, and common plant items such as piping and
buildings, are calculated after completion of costing for indi- .
vidual units (See Section IV.3.5). The required quantity of land

and expected sludge generation from the unit process are calcu-

lated below to facilitate subsequent cost estimates.

a) Land

The following equation estimates the amount of land required for
DAF based on the overflow rate, scale factor and cost factors.

Metric

LAND = SF x FLOW x (1.2 ¢ 1.36)

where: LAND land requirement, m2

SF = scale factor (see Section A2, b)
FLOW = average influent wastewater flow rate, L/s
1.2 = factor for accessories
1.36 = overflow rate, L/s/m?
English
LAND = SF x FLOW x (1,200,000 + 2,880)

where: LAND land requirement, ft?2

SF = scale factor (see Section A2, b)
FLOW = average influent wastewater flow rate, mgd
1,200,000 = mgd x 1.2 factor for accessories, gals/
day
2,880 = overflow rate, gpd/ft2

b) Sludge and Float Production

DAF may produce waste byproducts consisting of oil, solids, or
oily solids. Sludge or float production varies according to
flow, the influent conditions, and whether or not the DAF unit is
preceded by gravity oil separation. Two cases are considered
corresponding to the influent options examined under the Lime
Requirements Section (A3, a, iii). The total amount of float
produced by DAF may be generally estimated as follows:

FLOAT

OFLOAT + SFLOAT + FFLOAT

where: FLOAT total float produced, Kg/day or lb/day

OFLOAT = o0il float from DAF unit, Kg/day or lb/day
SFLOAT = suspended solids float, Kg/day or lb/day
FFLOAT = floating materials float, Kg/day or lb/day

The amount of float varies according to the type of waste being
treated. Three options for estimating total float production are

Date: 4/1/83 IV.3.1.10-A10




shown below for situations in which only o0il and TSS are removed,
others where o0il, TSS, and floating materials are removed, and last
where only floating materials are removed.

i)

Date:

Option 1 DAF Unit Float = if o0il and TSS are the only

pollutants
0il Float
Metric
OFLOAT = LIME + [0.086 x FLOW x (IOIL - EOIL)]
where: OFLOAT = o0il float from DAF unit, Kg/day
LIME = daily lime requirement, Kg/day
(see Section A3 a, iii, option 1)
IOIL = influent insoluble o0il, mg/L (assumed
to be 35 mg/L)
EOIL = expected effluent oil concentration
from DAF unit, mg/L (default value 10)
English
OFLOAT = LIME + [8.34 x FLOW x (IOIL - EOIL)]
where: OFLOAT = o0il float from DAF unit, lb/day
LIME = daily lime requirement, lb/day
(see Section A3, a, iii, Option 1)
IOIL = influent insoluble o0il, mg/L (assumed to
be 35 mg/L)
EOIL = expected effluent oil concentration from
DAF unit, mg/L (default value 10)
TSS Float
Metric
SFLOAT = 0.086 x FLOW x (TSSI -~ TSSE)
where: SFLOAT = suspended solids float, Kg/day
TSSI = influent TSS, mg/L
TSSE = effluent TSS, mg/L (assumed to be
30 mg/L if DAF preceded by gravity
0oil separation)
English
SFLOAT = 8.34 x FLOW x (TSSI - TSSE)
where: SFLOAT = suspended solids float, lb/day
TSSI = influent TSS, mg/L
TSSE = effluent TSS, mg/L

4/1/83

(assumed to be 30 mg/L if DAF preceded by
gravity oil separation)
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ii) Option 2 DAF Unit Float - if oil, TSS, and floating
solids are present

If there are oil, TSS, and floating solids in the influent
the following equations are used to determine the amount
of float produced by the DAF unit.

0il Float and Floating Materials

OFLOAT

LIME x 1.67

where: OFLOAT float from DAF unit, Kg/day or lb/day

nu

LIME daily lime requirement, Kg/day or
lb/day (see Section A3,a, iii, Option 2)
TSS Float
Metric
SFLOAT = 0.086 x FLOW x (TSSI - TSSE)

where: SFLOAT suspended solids float, Kg/day

TSSI = influent TSS, mg/L
TSSE = effluent TSS, mg/L (assumed to be
30 mg/L if DAF preceded by gravity
0il separation)
Engish
SFLOAT = 8.34 x FLOW x (TSSI - TSSE)

where: SFLOAT
TSSI
TSSE

suspended solids float, lb/day
influent TSS, mg/L

effluent TSS, mg/L

(assumed to be 30 mg/L if DAF preceded
by gravity oil separation)

ot

1iii) Option 3 DAF Unit Float - if only floating solids are
present

FFLOAT LIME x 1.67

where: FFLOAT
LIME

floating solids, Kg/day or lb/day
daily lime requirement, Kg/day or lb/day
(see Section A3, a, iii, Option 3)

A 5. Modifications
DAF is often used in series with gravity oil separation to treat

combination waste streams of oils, suspended solids, and colloidal
materials.
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DISSOLVED AIR FLOTATION

SUMMARY WORK SHEET REFERENCE: 1IV.3.1.10A
I. DESIGN FACTOR CAPITAL
a. Flow for cost purposes = mgd
) DFLOW
II. CAPITAL COST
Cost = x ( + 204.7)
Cost from curve current index
III. VARIABLE O & M S/day 0 &M
a. Power = x x 17.9
Hp EC, $/Kw-hr
IV. FIXED O & M
a. Labor: x
hr/day $/hr
b. Supervision: x
hr/day $/hr
¢. Overhead: x
Labor, $/day %/100
d. Lab Labor: x
hr/day $/hr
e. Maint, Service, x z 365
I&T: capital, $ %/100  day/yr
f. Service Water: x
thou gpd $/thou gal
V. YEARLY O & M 365 x =
day/yr sum, $/day $/yr
VI. UNCOSTED ITEMS
a. Land = ft2 b. Lime = 1b/day
c. DAF Float = 1b/day
Date: 4/1/83 1v.3.1.10-A13




DISSOLVED AIR FLOTATION
WORK SHEET

REQUIRED COST FACTORS AND UNIT COSTS

1. Current Index = Capital Cost Index
2. EC: Electricity Cost = $/Kw-hr
3. Labor = $/hr
4. Supervision = $/hr
5. Overhead = % Labor : 100 = %/100
6. Lab Labor = $/hr
7. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other 0 & M Factor Sum = % + 100 = %/100
8. Service Water = $/thou gal

I. DESIGN FACTOR

a. Scale Factor for DAF:

If average wastewater flow (FLOW) < 0.1 mgd, Scale Factor

[}
-

If average wastewater flow (FLOW) > 0.1 mgd, Scale Factor

( + ) + [2 x ( )] =
Peak flow, mgd Avg FLOW, mgd Avg FLOW, mgd SF

b. Wastewater Flow for Costing Purposes:

DFLOW = x = mgd
Avg FLOW, mgd Scale factor

II. CAPITAL COST

III. VARIABLE O & M

Power Requirements (DAF)

HP = (11.6 x ) + 7.08
Avg FLOW, mgd

Date: 4/1/83 IV.3.1.10-214




IV. FIXED O & M

V. YEARLY O & M

VI. UNCOSTED ITEMS

a. LAND = x x 417 = ft2
SF FLOW, mgd

b. Lime Requirements for DAF

1 Option 1 (oil and TSS only pollutants, no floating material)

DAF Suspended Solids Float

LIME = x 12.5 x ( - ) = 1b/day
FLOW, mgd IOIL, mg/L EOIL, mg/L
2 Option 2 (o0il, TSS, and floating materials present)
A= x 12,5 x ( - ) =
FLOW, mgd IFLT, mg/L  EFLT, mg/L
B = x 12.5 x - ) =
FLOW, mgd IOIL, mg/L  EOIL, mg/L
If B> A, LIME = B = 1b/day
If A> B, LIME = A = 1b/day
3 Option 3 (Floating materials only)
LIME = x 12.5 x = 1b/day
IFLT, mg/L FLOW, mgd
c. Waste Solids from DAF Unit
1 Option I (0il and TSS only pollutants, no floating material)
DAF 0il Float
OFLOAT = + [8.34 x x ( - )1
LIME, 1b/day FLOW, mgd 10IL, mg/L EOIL, mg/L
= 1b/day

SFLOAT = 8.34 x “x ( - )
FLOW, mgd TSSI mg/L  TSSE mg/L
= 1b/day
Date: 4/1/83 IV.3.1.10~-A15




Total Option I DAF Float

2 Option II (oil and floating solids present)

DAF 0il and Floating Solids Float

Note: for LIME see Section III,b

Suspended Solids Float from DAF

Total Option II DAF Float

FLOAT(1) = + = 1lb/day
DFLOAT, lb/day SFLOAT, lb/day
OFLOAT = 1.67 x = 1b/day
LIME, 1b/day
SFLOAT = 8.34 x x ( - ) =
FLOW, mgd TSSI, mg/L TSSE, mg/L
FLOAT(1) = + = 1b/day

OFLOAT, 1lb/day SFLOAT, 1lb/day
3 (Floating solids only)

FLOAT = FFLOAT = 1.67 x = 1b/day
LINE, 1b/day

1b/day

Date:
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IV.3.1.11 FLOW EQUALIZATION

Introduction

Flow equalization is used to reduce variations in wastewater
flow, and achieve a more constant flow rate through the down-
stream treatment processes. A secondary objective of flow equal-
ization is to reduce fluctuations in concentration and mass flow
of wastewater constituents. Flow equalization can significantly
improve the performance of wastewater treatment facilities and
can reduce the required size of downstream facilities. Flow
equalization is described in more detail in Volume III of the
Treatability Manual, Section III.3.1.11. Costing methodologies
and cost data for industrial wastewater treatment applications
are presented below.

IVv.3.1.11-A. Equalization

A 1. Basis of Design

Wastewater flow is the principal design factor for equalization.
High, average, and low flowrate estimates are used to size the
equalization basin to maintain a detention time of at least 24
hours. The surface area of the equalization basin is used as a
factor in estimating the land required for diking, access roads,
piping, miscellaneous associated facilities, and a spill-contain-
ment basin. A spill-containment (surge storage) basin with a
detention time of 12 hours is included unless the equalization
basin capacity is less than 757 m® (200,000 gal). A flow equali-
zation system of the type considered is represented in Figure
IV.3.1.11-A1.

a) Source

The unit cost information in this section was derived from the
BAT Effluent Limitations Guidelines engineering study for the
Organic Chemicals/Plastics and Synthetic Fibers Industries [4-2].
The method for developing the design factor is based on assump-
tions and procedures in the Contractor Developed Design and Cost
Model [4-1].

b) Required Input Data

Wastewater flowrate L/s or (mgd) (high, average, low)

¢) Limitations

None indicated.

d) Pretreatment

None specified; however, neutralization may precede equalization
if the wastewater is excessively corrosive.

Date: 4/1/83 IV.3.1.11-a1
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e) Design Equation

The design flow is calculated based on influent high,

and low flows:

where:

FLOW

FLOW
AVG
SF

AVG x SF

design flow,

L/s or mgd

average,

average influent wastewater flow, L/s or mgd
scale factor

The scale factor (SF) is computed in one of two ways
depending on the way in which the average influent flow
is determined:

If AVG is calculated as a daily average,

SE = [(RATIO - 2.0) + 1.0]

0.5

If AVG is calculted as a monthly average,

SF =

[ (RATIO - 1.5) + 1.0]

0.5

The flow ratio (RATIO) is the greater of the high flow
to average flow ratio or the average flow to low flow

The scale factor (SF) calculated from the flow
ratio (RATIO) cannot be greater than 3 nor less than 1.

ratio.

where:

RATIOH = HIGH : AVG
RATIOL = AVG # LOW
RATIOH = high to average flow ratio
RATIOL = average to low flow ratio
HIGH = high flow, L/s or mgd

AVG = average flow, L/s or mgd

LOW = low flow, L/s or mgd
If RATIOH > RATIOL, set RATIO = RATIOH
If RATIOL > RATIOH, set RATIO = RATIOL
If SF > 3.0, set SF = 3.0
If SF < 1.0, set SF =1.0

f) Subsequent Treatment

None specified.

A 2.

Capital Costs

The cost factor for equalization is the wastewater flow rate.
One of two different cost curves is used to estimate capital
costs depending on the design volume of the egqualization basin.
Small equalization basins (<8.76 L/s (<0.20 mgd)) may be costed
using Figure IV.3.1.11-A2 and large equalization basins (8.76 to

Date:
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876 L/s (0.2 to 20 mgd)) may be costed using Figure IV.3.1.11-A3.
Costs estimated using these curves must be adjusted to a current
value using an appropriate current cost index.

a) Cost Data

Items included in the capital cost curve estimates are as follows
[4-2]:

Low Order Equalization Basins <8.76 L/s (<0.20 mgd)
Pumps, piping, valves
Electrical
Tank and pump foundations
Carbon steel tank with liner
Instrumentation
Sump, sump liner
Insulation
Fiberglass grating

High Order Equalization Basins 8.76 to 876 L/s
(0.20 to 20 mgd)
Pumps, piping, valves
Electrical
Concrete diversion chamber,equalization
basin, and surge storage basin
Instrumentation
Sluice gates
Floating agitator
Protective coating

b) Capital Cost Curves

Low Order Basin Curve - see Figure IV.3.1.11-AZ2.
- Cost (thousands of dollars) vs. design flow (liters
per second or thousand gallons per day)
- Curve basis, cost estimate on design flows of 0.044,
0.219, 2.19 and 8.76 L/s (1, 5, 50, and 200
thousand gallons/day)

High Order Basin Curve - see Figure IV.3.1.11-A3.
- Cost (millions of dollars) vs. design flow (liters
per second or million gallons per day)
- Curve basis, cost estimate on design flows of 8.76,
43.8, 219 and 876 L/s (0.2, 1.0, 5.0, and 20 mgd)

c) Cost Index

Base period, July 1977, St. Louis
Chemical Engineering (CE) Plant Index = 204.7

Date: 4/1/83 Iv.3.1.11-A4
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A 3. Operation and Maintenance Costs

Operating costs include both fixed and variable components. The
variable component of operating cost for egqualization is power.
Fixed operating costs include labor, supervision, overhead,
laboratory labor, maintenance, services, insurance and taxes, and
service water. All fixed and variable operating costs should be
adjusted to current levels using an appropriate index or unit
cost factor.

a) Variable Cost

i) Power Requirements - Low Order Basins
This equation was developed using regression analysis
procedures [4-1].

Metric
KW = (0.346 x FLOW) + 0.71
where: KW = power, KW
FLOW = design flow, L/s
English
HP = (20.3 x FLCW) + 0.95
where: HP power, Hp

FLOW = design flow, mgd
ii) Power Requirements - High Order Basins
This equation was developed using regression analysis
procedures [4-1].

Metric

KW

(0.553 x FLOW) - 2.17

where: KW = power, KW
FLOW = design flow, L/s
English
HP = (32.5 x FLOW) ~ 2.91
where: HP = power, Hp
FLOW = design flow, magd

iii) Power Costs

Metric

PC KW x 24 x EC
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where: PC power cost, $/day

KW = power, kilowatts
24 = hr/day
. EC = electricity cost, $/KW-hr

English

PC = HP x 24 x 0.746 x EC
where: PC = power cost, $/day

HP = horsepower required, Hp

EC = electricity cost, $/Kw-hr

24 = hr/day

0.746 = Kw-hr/Hp-hr

b) Fixed Costs

The fixed O & M components for this technology are listed in
Table]IV.S.l.ll-Al including the cost basis and the unit costs
[4-11].

A 4. Miscellaneous Costs

Costs for engineering, and common plant items such as yard piping
and buildings, are calculated for the plant as a whole after the
completion of costing for individual unit processes (see Section
IV.3.5). The equalization process requirements for land are
estimated separately for low and high order basins.

‘ a) Land - Low Order Basin ( <8.76 L/s or <0.20 mgd)

Metric

LAND 1.2 x AREA

where: LAND land requirement, m?

1.2 factor to account for land required for
diking, access roads, piping, and miscel-
laneous associated facilities

AREA = surface are of basin, m?2

= (FLOW x 86400 x 1) #+ (1000 x 3.05)
FLOW = design flow, L/s
86400 = sec/day
1 = one day detention
1000 = liters per cubic meter
3.05 = assumed basin depth, m
English
LAND = 1.2 x AREA
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TABLE IV.3.1.11-Al1. FIXED O & M COST BASIS AND UNIT COST
FACTORS FOR FLOW EQUALIZATION [4-11]

Cost Basis Base Unit Cost

Element (Equivalent Unit Quantity) (July 1977)
Labor (1,2) 0.15 Weeks (3.60 hrs/day) $ 9.80/hr
Supervision (1) 10% Labor (0.36 hrs/day) $11.76/hr
Overhead (1) 75% Labor Cost NA
Laboratory (3) 0.25 shifts (1.43 hrs/day) $10.70/hr
Maintenance 1.34Y% Capital NA
Services 0.40% Capital NA
Insurance & Taxes 2.50% Capital NA
Service Water 0.0 Thou L/s $0.13/thou L

(0.00 Thou gpd) ($ 0.50/thou gal)

NA - not applicable

(1) Labor may vary from 0.7 to 1.2 times the standard amount
indicated depending on the overall scale of the plant.
Labor, Supervision, and Overhead may be adjusted for the
scale of the plant as indicated in Miscellaneous Costs
(Section IV.3.5).

(2) One week = 7 days = 168 hours = 4.2 shifts

(3) One shift = 40 hours
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LAND
1.2

where:

AREA

FLOW
106
7.48
10

1

land requirement, ft?2

factor to account for land required
for diking, access roads, piping, and
miscellaneous associated facilities
surface area of basin, ft?2

(FLOW x 10%) + (7.48 x 10) x 1
design flow, mgd

gallons/million gallons
gallons/cubic foot

assumed basin depth, ft

one day detention

b) Land - High Order Basin (8.76 to 876 L/s or 0.20 to 20 mgd)

Metric
LAND

LAND
1.2

where:

1.5
AREA

FLOW
86400
1
1000
3.05

English
LAND

LAND
1.2

where:

1.5
AREA

FLOW
106
7.48
10

Date: 4/1/83

1.2 x 1.5 x AREA

land requirement, m?2

factor to account for land required for
diking, access roads, piping and miscel-
laneous associated facilities

factor to account for the land area of the
spill-containment (surge storage) basin
surface area of basin, m?2

(FLOW x 86400 x 1) * (1000 x 3.05)
design flow, L/s

sec/day

one day detention

liters per cubic meter

assumed basin dept, m

1.2 x 1.5 x AREA

land requirement, ft2

factor to account for land required
for diking, access roads, piping, and
miscellaneous associated facilities
factor to account for the land area of
the spill-containment (surge storage) basin
surface area of basin, ft2

(FLOW x 106) + (7.48 x 10) x 1

design flow, mgd

galions/million gallons

gallons/cubic foot

assumed basin depth, ft

one day detention
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A 5. Modifications

In addition to variations in wastewater flow rate, the following
adjustments are made but not addressed in detail in this presen- .
tation.

a) Dampening

High and low flow estimates for a wastewater treatment system may
be made by summing the high and low flows for the individual

waste streams entering the plant. This will indicate the poten-
tial extreme flow, but fails to take into account internal dampen-
ing effects. The effect of dampening in the equalization basin
due to mixing of short-term variations is accounted for by the
scale factor (Section A 1l,e). The probability of second dampen-
ing (the simultaneous occurrence of high or low flows from in-
dividual sources within the plant) is taken into account by the
use of several adjustments. One factor (ADJUST) is applied to

all streams depending on the amount of daily flow variation and
upstream dampening information. Another factor (EXTRA) is only
applied when less than five streams are being equalized to account
for the mismatching of high peak and extreme low flow values. In
addition to flow, it is assumed that variations in pollutant
concentration are equalized and dampened to the same extent

[a-1].

b) Temperature

A heat balance is performed over the equalization basin to de-
termine exit temperature as follows [4-1]:

Heat Gain = Heat Loss

QA + OB + QC = RA + RB + RC + RD
where: QA = influent heat, Joules/hr or BTU/hr
QB = mechanical heat, Joules/hr or BTU/hr
QC = solar radiation, Joules/hr or BTU/hr
RA = effluent heat, Joules/hr or BTU/hr
RB = evaporation loss, Joules/hr or BTU/hr
RC = surface convection loss, Joules/hr or BTU/hr
RD = sidewall conduction loss, Joules/hr or BTU/hr
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EQUALIZATION
SUMMARY WORK SHEET REFERENCE: 1IV.3.1.11-
. I. DESIGN FACTOR CAPITAL
Design Flow Rate = mgd
(FLOW)
II. CAPITAL COST
Cost = x ( + 204.7) = $
Cost from curve current index
ITI. VARIABLE 0 & M $/day O &M
Power = x x 17.9
Hp EC, $/Rw-hr
IV. FIXED O & M
a. Labor: x
hr/day $/hr
b. Supervision: x
hr/day $/hr
¢. Overhead: x
‘ Labor, $/day %/100
d. Laboratory: x
hr/day S$/hr
e. Maint, Service, x + 365
I&T: capital, $§ %/ 100 day/yr
f. Service Water: x x
thou gpd $/thou gal
V. YEARLY O & M 365 x =
day/yr sum, $/day $/yr
VI. UNCOSTED ITEMS
a. Land = ft2

‘ Date: 4/1/83 IvV.3.1.11-a11




EQUALIZATION
WORK SHEET

REQUIRED COST FACTORS AND UNIT COSTS

1. Current Capital Cost Index = Capital Cost Index
2. EC: Electricity Cost = $/Kw-hr
3. Labor = $/hr
4. Supervision = $/hr
5. Overhead = % Labor # 100 = %/100
6. Laboratory = $/hr
7. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other 0 & M Factor = + 100 = %/100
8. Service Water = $/thou gal

I. DESIGN FACTOR

a. Compute the following:

RATIOH

High Flowrate, mgd Average Flowrate, mgd

RATIOL

Average Flowrate, mgd Low Flowrate, mgd
b. Determine the value of RATIO as follows:

1. If RATIOH > RATIOL,

set RATIO =
RATIOH
2. If RATIOL > RATIOH,
set RATIO =
RATIOL

c. Determine the value for the scale factor (SF) as follows:

l. From I b above: RATIO =
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2. If the average flow was computed over 24 hours,
set SF = [( = 2.0) + 1.0]0'5 =
RATIO SF

3. If the average flow was computed over 30 days,

set SF = [( - 1.5) +1.0]°°° =
RATIO SF
d. If SF (from I c above) is grater than 3.0,
set SF = 3.0
e. If SF (from I ¢ above) is less than 1.0,
set SF = 1.0
f. Determine the design flow as follows:
1. FromIc, Id, orIe, SF =
2. Calculate design flow (FLOW)
Design Flowrate (FLOW) = x = mgd
SF Average Flowrate, mgd
II. CAPITAL COST

Based on the design flow determined in I f 2, select a cost from one of the
capital cost curves.

a. Low Order (FLOW <200 thousand gallons/day), use Figure IV.3.1.11-A2
b. High Order (FLOW 20.20 mgd), use Figure IV.3.1.11-A3
III. VARIABLE O & M
a. Power Requirements - Low Order (<0.20 mgd)

HP = (20.3 x ) + 0.95 = Hp

FLOW
b. Power Requirement ~- High Order (0.20 to 20 mgd)

HP = (32.5 x ) + 2.91 = Hp

FLOW
Date: 4/1/83 Iv.3.1.11-213




IV. FIXED O & M

V. YEARLY O & M

VI. UNCOSTED ITEMS

a. Land Requirement
1. Calculate Basin Surface Area (AREA)

AREA = ( x 108) = (7.48 x 10) = ft2
FLOW, mgd

2. Low Order (Flow <200 thousand gallons/day)

LAND = 1.2 x = ft2
AREA

3. High Order (FLOW 20.200 mgd)

LAND = 1.2 x 1.5 x ft2

]

AREA
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IV.3.1.13 NEUTRALIZATION

Introduction

Neutralization involves adjusting the pH of a waste stream to
make it suitable for subsequent treatment or disposal. Generally
this means adjusting an excessively acidic or basic waste stream
to an acceptable range by the addition of an appropriate base or
acid. Further details about the neutralization process may be
found in Volume III, Section 3.1.13 of the Treatability Manual.
Costing methodologies and cost data for this technology are
presented below.

IV.3.1.13-A. Neutralization

A l. Basis of Design

This presentation is for the neutralization of acidic or basic
wastewater streams by base or acid addition. The system as
represented in Figure IV.3.1.13-Al consists of a chemical addi-
tion system and a two stage neutralization tank with a design
detention time of 5 minutes in the first chamber and 20 minutes
in the second. The principal design and cost factor for this
technology is wastewater flow. A scale factor is used to adjust for
the presence or lack of flow equalization upstream of the unit.
Other important factors include influent acidity, alkalinity, pH,
TDS, and TSS. Three alternative methods of estimating the neu-
tralization chemical requirements are provided corresponding to
the types of information typically available. The preferable
method is to base the design dosage of sulfuric acid or base
(lime or caustic) required to neutralize the wastewater stream on
influent acidity or alkalinity data (in mg/L CaCO,; equivalents).
If these data are not available, the reguired reagent additions
may be approximated based on pH data. For streams where no
alkalinity, acidity, or pH data are available a standard chemical
dose estimate may be used based on best engineering judgement.
However, it should be kept in mind that use of these last two
methods can introduce considerable error. The neutralization
process is assumed to achieve a control to an average pH of 7.0,
with a pH range of 6.5 to 8.0.

a) Source

The unit cost information in this section was derived from the
BAT Effluent Limitations Guidelines engineering study for the
Organic Chemicals/Plastics and Synthetic Fibers Industries [4-2].
The method for developing the design factor is based on assump-
tions and procedures in the Contractor Developed Design and Cost
Model [4-1].
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b) Required Input Data

Wastewater Flow L/s (mgd)
Alkalinity, acidity (in mg/L CaCO; equivalents) pH
TDS, TSS (mg/L)

c) Limitations

None specified.

d) Pretreatment

Neutralization is usually preceded by flow equalization except
when neutralization is needed first to avoid severe corrosion of
downstream units.

e) Design Equation

Average daily wastewater flow in L/s (mgd) is the primary design
and capital cost factor for neutralization systems. The design
residence times of the reaction and attenuation chambers are five
and 20 minutes, respectively, at 120% of average daily flow. A
scale factor is applied to the capital cost estimate if the
neutralization unit precedes flow equalization to account for
sizing the units for 200% of average daily flow instead of 120Y%.

f) Subsequent Treatment

None specified.
A 2. Capital Costs

Influent flow is the primary capital cost factor for this unit
process. Capital costs can be estimated for neutralization sys-
tems less than or equal to 8.76 L/sec (0.2 mgd) in capacity
using the low order cost curve (Figure IV.3.1.13-A2) and for
systems between 8.76 and 876 L/S (0.2 and 20 mgd) in capacity
using the high order cost curve (Figure 1IV.3.1.13-A3). A scale
factor of 1.67 is applied to the capital cost if the neutrali-
zation unit is not preceded by an equalization unit. Costs
estimated using these curves must be adjusted to current values
using an appropriate current cost index.

a) Cost Data

Items* included in the capital cost curve estimates are as fol-
lows [4-2]:

i) Low Order <8.76 L/s, (0.2 mgd)

Mixing tank, fiberglass
Attenuation tank, fiberglass
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Acid storage and feed
Agitators (2)

Piping, electrical
Instrumentation

ii) High Order, 8.76 to 876 L/s (0.2 to 20 mgd)

Mixing tank, concrete, acid brick lined
Attenuation tank, acid brick lined
Acid storage and feed

Agitators (2)

Piping, electrical

Instrumentation

*Note that the lime or caustic handling and feed equipment is de-
signed to serve the entire plant's needs and is sized and costed
separately (see Lime Handling, Section IV.3.1.13-C).

b) Capital Cost Curves

i) Low Order Curve ~ See Figure IV.3.1.13-A2

- Cost (thousands of dollars) vs. flow (liters per
second or million gallons per day)

- Curve basis, cost estimates on four systems with
flow rates of 4.38, 8.76, 17.5, and 26.3 L/s (0.1,
0.2, 0.4, and 0.6 mgd)

ii) High Order Curve - See Figure IV.3.1.13-A3

- Cost (hundred thousand dollars) vs. flow (liters
per second or million gallons per day)

~ Curve basis, cost estimates on four systems with
flow rates of 8.76, 43.8, 219, and 876 L/s (0.2,
1.0, 5.0, and 20.0 mgd).

iii) Scale Factor - If neutralization is not preceded by
equalization, a scale factor of 1.67 is
applied to standard capital cost.

c) Cost Index

Base Period, July 1977, St. Louis
Chemical Engineering (CE) Plant Index = 204.7

A 3. Operation and Maintenance Costs
Operating costs include both fixed and variable components. The
variable components of operating cost are power and chemical

costs. Fixed operating costs include labor, supervision, over-
head, laboratory labor, maintenance, services, insurance and
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taxes,

and service water.

or unit cost factor.

a) Variable Costs

i)

ii)

iii)

Date:

Power Requirements,

- pumps,

Metric
KW

where: KW
FLOW

English
HP

where: HP
FLOW

Power Requirements, High Order (Flow 8.76 to 876 L/s (0.2

to 20 mgd)) [4-1]. These equations were developed

(0.55 x FLOW) + 0.657

power reguirement, kilowatts
influent flow, L/s

(32.3 x FLOW) + 0.881

power requirement, Hp
influent flow, mgd

using regression analysis procedures.

Metric
KW

where: KW
FLOW

English

HP
where: HP
FLOW

Power Cost

Metric
PC
where: PC
Kw
24
EC

4/1/83

nmuu

i

(0.266 x FLOW) + 6.49

power requirement, kilowatts
influent flow, L/s

(15.6 x FLOW) + 8.70
power requirement, Hp
influent flow, mgd

KW x 24 x EC

power cost, $/day

power required, kilowatts
hours/day

electricity cost, $/Kw-hr

Iv.3.1.13-A6

All fixed and variable operating costs
should be adjusted to current levels using an appropriate index

Low Order (Flow <8.76 L/s (0.2 mgd))
agitators [4-1]. These equations were
developed using regression analysis procedures.



English

PC = HP x 24 x 0.746 x EC
‘ where: PC = power cost, $/day
HP = horsepower required, Hp
24 = hours/day
0.746 = Kw-hr/Hp-hr
EC = electricity cost, $/Kw-hr

iv) Chemical Requirements

The chemical requirements for neutralization may be
estimated in one of three ways depending on the influent
wastewater quality data available. The preferred method
is to use acidity/alkalinity data (Case I), but methods
using only pH data (Case II) or a standard dose (Case
III) can be used.

e CASE I - Influent Acidity and Alkalinity Data Available:

- If both acidity and alkalinity are present in the
influent, determine the dominant characteristic.

A = AP - (a = 2)
where: A = modified dominant acidity or alkalinity,

mg/L (CaCO; equivalents)
AP = influent measured dominant acidity or

. alkalinity factor, mg/L
a = influent concentration of other factor,
mg/L

This modified alkalinity or acidity should be used in
subsequent calculations where applicable in place of the
dominant influent value.

1) Lime and topping acid requirements based on acidity.
If the influent wastewaters dominant characteristic is
acidic, lime is added to neutralize the acid and topping

acid is added to cover minor acidity fluctuations.

Metric

LIME 0.74 x AC x FLOW x 0.086
where: LIME
0.74

AC

lime requirements, Kg/day

stoichiometric ratio of Ca(OH), to CaCOgj
modified influent acidity, mg/L (CaCOj;
equivalents)
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FLOW = influent flow, L/s

0.086 = conversion- factor
English

LIME = 0.74 x AC x FLOW x 8.34

where: LIME
FLOW
8.34

lime requirements, lb/day
influent flow, mgd
conversion factor

nnn

Topping acid reguirements are based on modified
influent acidity as follows:

Metric
TA = ADOSE x FLOW x 0.086
where: TA = topping acid, Kg/day
ADOSE = acid dose, mg/L
FLOW = influent flow L/s
(ADOSE determined from the following table)
Acidity Topping Acid Dose (ADOSE)
(mg/L) (mg/L)
AC > 150 50
100 < AC £ 150 200 - AC
AC < 100 100
English
TA = ADOSE x FLOW x 8.34

where: TA = topping acid, lb/day
ADOSE = acid dose, mg/L (from above table)
FLOW = influent flow, mgd

2) Acid and topping lime requirements based on alka-
linity

If the influent wastewater is predominantly alkaline,
sulfuric acid is added to neutralize the waste and
topping lime is added to cover minor alkalinity fluctua-
tions.

Metric

ACID

il

0.98 x ALK x FLOW x 0.086
where: ACID = acid (H,S0,) requirements, Kg/day

0.98 stoichiometric ratio of H,S0, to CaCOj
equivalents

4/1/83 Iv.3.1.13-A8



ALK

modified influent alkalinity, mg/L,
(CaC0; equivalents)

FLOW = influent flow, L/s
. 0.086 = conversion factor
English
ACID = 0.98 x ALK x FLOW x 8.34

where: ACID
FLOW
8.34

acid (H,SO4) requirement, 1lb/day
influent flow, mgd
conversion factor

o

Topping lime requirements are based on modified influent
alkalinity as follows:

Metric
TL = LDOSE x FLOW x 0.086
where: TL = topping lime requirement, Kg/day
FLOW = influent flow, L/s
LDOSE = lime dose, mg/L
(LDOSE determined from the following table)
Alkalinity Topping Lime Dose(LDOSE)
(mg/L) (mg/L)
ALK > 150 50
100 < ALK 2 150 200 - ALK
‘ ALK < 100 100
English
TL = LDOSE x FLOW x 8.34
where: TL topping lime requirement, 1lb/day

LDOSE = lime dose, mg/L (from above table)
FLOW = influent flow, mgd

e CASE II - Only pH Data Available

If influent alkalinity and acidity data are not available,
the lime and acid requirements for a neutralization
system may be estimated based on the following influent
pH ranges. Estimates derived using this method should be
scrutinized for reasonableness; particularly when dealing
with highly buffered wastewaters.

1) If (low pH) >7.0, then acid and topping lime are
required:

‘ Date: 4/1/83 IV.3.1.13-A9



ACIDC = [(low pH) - 7.0]2 x 20 or
50 mg/L whichever is larger and
TLC = 50 mg/L

where: ACIDC
{low pH)
TLC

acid (H,S0,) requirement, mg/L
minimum influent pH value
topping lime requirement, mg/L

2) If (low pH) <7.0 and (avg pH) >7.0, then lime
and topping acid are required:

LIMEC = [7.0 - (low pH)1® x 20 or
50 mg/L whichever is larger and
TAC = {[((avg pH) + (high pH)) # 2] - 7}% x 20 or
50 mg/L whichever 1is greater

where: LIMEC =‘'lime requirement, mg/L

(avg pH) = average influent pH value
(high pH) = highest influent pH value
TAC = topping acid requirement, mg/L

3) If (low pH) £7.0 and (avg pH) <7.0 and (high pH)
27.0, then lime and topping acid are required:

LIMEC = {7.0 - [((avg pH) + (low pH)) ¢ 2]}% x 20 or
50 mg/L whichever is greater; and
TAC = [(high pH) - 7.0}2 x 20 or

50 mg/L whichever is greater

4) If (low pH) £7.0 and (avg pH) <£7.0 and (high pH)
£7.0, then lime only is required:

LIMEC = [7.0 - (avg pH)]3 x 20 or
100 mg/L whichever is greater; and

TAC = 0O
5) To convert chemical requirements to daily weight
basis;
Metric
ACID = ACIDC x FLOW x 0.086
TL = TLC x FLOW x (0.086
LIME = LIMEC x FLOW x 0.086
TA = TAC x FLOW x 0.086

where: ACID acid required, Kg/day

TL = topping lime required, Kg/day
LIME = lime required, Kg/day

TA = topping acid required, Kg/day
FLOW = influent flow, L/s
0.086 = conversion factor
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English

ACID = ACIDC x FLOW x 8.34
TL = TLC x FLOW x 8.34
LIME = LIMEC x FLOW x 8.34
TA = TAC x FLOW x 8.34

where: ACID acid required, 1lb/day

TL = topping lime, 1lb/day
LIME = Lime required, lb/day
TA = topping and, lb/day
FLOW = influent flow, mgd
8.34 = conversion factor

e CASE III - No Data Available

For streams where no pH, acidity, or alkalinity data are
available, a standard dose of 100 mg/L of acid and 100

mg/L of lime may be assumed. These additions are con-
sidered suitable to neutralize occasional pH swings [4-1].
For streams of an essentially neutral pH, a minimum standard
dose of 50 mg/L of acid and 50 mg/L of lime may be used.

Metric

LIME SDL x FLOW x 0.086

where: LIME lime required, Kg/day

SDL standard dose of lime, mg/L
(100 mg/L or 50 mg/L minimum)
FLOW = influent flow, L/s
0.086 = conversion factor
ACID = SDA x FLOW x 0.086

where: ACID acid required, Kg/day

SDA standard dose of acid, mg/L
(100 mg/L or 50 mg/L minimum)
English
LIME = SDL x FLOW x 8.34

where: LIME lime required, 1lb/day

FLOW = influent flow, mgd
8.34 = conversion factor
ACID = SDA x FLOW x 8.34

where: ACID

acid required, lb/day
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v) Chemical Costs (except lime¥*)

AC = ACID x N
where: AC = acid cost, $/day
ACID = acid requirement, lb/day
N = unit cost of sulfuric acid, $/1b

*Cost for lime is based on total plant needs rather than on
the needs of an individual unit process. Lime requirements
should be accounted for but costs for handling systems and
lime should be estimated separately after design of all unit
processes requiring lime (see Lime Handling, Section
1v.3.1.13-C).

b) Fixed Costs

The fixed O & M components of this technology are listed in Table
IV.3.1.13-Al, including the cost basis and the unit costs the
Model [4-11].

A 4., Miscellaneous Costs

Costs for engineering, and common plant items such as land, piping,
and buildings, are calculated after completion of costing for in-
dividual units (see Section 1IV.3.5).

A 5. Modifications

The effluent stream may be adjusted to account for changes in
total dissolved solids (TDS) and TSS which result from the neu-
tralization process. TDS is expected to change as a result of
additions of acid and lime. If both sulfate and calcium are
present in the wastewater and additional amounts are added during
neutralization, additional TSS may be formed as the solution
reaches the solubility limit for calcium and sulfate. The forma-
tion of TSS from the wastewater is of some interest for cost con-
siderations since it could affect the volume of sludge which
would eventually be collected and disposed of in subsequent unit
processes.

a) TDS Increase due to Neutralization

Metric

TDSE

It

TDSI + {[LIME x (40 ¢+ 74) + ACID x (96 : 98)]
+ (FLOW x 0.086)}

where: TDSE average effluent TDS, mg/L

TDSI = average influent TDS, mg/L
LIME = lime added, Kg/day
40 : 74 = mass ratio of Ca to Ca(OH),
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TABLE IV.3.

1.13-A1. FIXED O & M COST BASIS AND
UNIT COST FACTORS FOR NEUTRAL-

IZATION [4-11].

Element

Labor (1,2)
Supervision (1)
Overhead (1)
Laboratory (3)
Maintenance
Services
Insurance & Taxes

Service Water

Cost Basis
{Equivalent Unit Quantity)

0.20 Weeks (4.80 hrs/day)
10% Labor (0.48 hrs/day)
75% Labor Cost

.10 Shifts (0.57 hrs/day)
.509% Capital

.40% Capital

.509% Capital

.00 L/s
.00 Thou gpd)

o b O N O

Base Unit Cost
~(July 1977)

$ 9.
$11.

$10.

O Uy
oo

80/hr
76/hr
NA
70/hr
NA
NA

NA

.13/thou L
.50/thou gal)

NA - not applicable

(1) Labor may vary from 0.7 to 1.2 times the standard amount
indicated depending on the overall scale of the plant.

Labor, Supervision,

and Overhead may be adjusted for the

scale of the plant as indicated in Miscellaneous Costs
(Section 1V.3.5).

(2) One week = 7 days = 168 hours = 4.2 shifts

(3) One shift = 40 hours

Date: 4/1/83
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ACID acid added, Kg/day

96 * 98 = mass ratio of 504 to H,SO,
FLOW = influent flow, L/s
0.086 = conversion factor
English
TDSE = TDSI + { (LIME x (40 + 74) + ACID x (96 = 98)]

: (FLOW x 8.34)}

where: LIME lime added, lb/day

ACID = acid added, 1lb/day
FLOW = influent flow, mgd
8.34 = conversion factor

b) TSS Increase due to Neutralization

If calcium, sulfate, and carbonate are present in the wastewater,
then additional suspended solids may be produced (4-1]. The
user should check first to determine if calcium sulfate may

be generated (Step 1), and then check for calcium carbonate
generation (Step 2) [4-1].

i) Step 1. 1If calcium and sulfate are present in the
influent in excess of the triggering values (1000
and 2000 mg/L respectively are used to trigger the
need for this modification), the effluent TSS is

calculated as follows:

Metric

TSSE

]

(CAL + SUL - 2500) + TSSI

where: TSSE effluent TSS, mg/L

CAL = total calcium dissolved solids, mg/L
= [LIME # (FLOW x 0.086)] x (40 * 74) + CALI
LIME = lime added, Kg/day
FLOW = influent flow, L/s
0.086 = conversion factor
CALI = influent calcium dissolved solids, mg/L
40 * 74 = mass ratio of Ca to Ca(OH);
SUL = total sulfate dissolved solids, mg/L
= [ACID &+ (FLOW x 0.086)] x (96 # 98) + SULI
ACID = acid reguirement, Kg/day
SULI = influent sulfate dissolved solids, mg/L
96 + 98 = mass ratio of SO, to H,S0,
2500 = solubility limit of calcium sulfate, mg/L

800 mg/L calcium plus 1700 mg/L sulfate,
[4-2]
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TsSsI
0.086

English
TSSE

where: CAL

LIME
FLOW
SUL

) | T LI [ |

Note that the
be set at thei
TSS increase.

ii) Step 2. 1If ca
and no sulfate

Metric

TSSE

where: TSSE
CARI
CAL

LIME
FLOW
0.086
CALI
200

TSSI

English
TSSE

where: TSSE
CAL

LIME
FLOW
8.34

(I I | I | I
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influent TSS, mg/L
conversion factor

(CAL + SUL - 2500) + TSSI

total calcium dissolved solids, mg/L
[LIME ¢+ (FLOW x 8.34 )] x (40 ¢+ 74) + CALI
Lime added, lb/day

influent flow, mgd

total sulfate dissolved solids, mg/L
[ACID = (FLOW x 8.34)] x (96 + 98) + SULI

effluent values of calcium and sulfate may
r solubility limits after computing the

lcium >200 mg/L and carbonate >200 mg/L

(CARI + CAL - 200) + TSsSI

effluent TSS, mg/L

influent carbonate dissolved solids, mg/L
total calcium dissolved solids, mg/L
[LIME ¢+ (FLOW x 0.086)] x (40 + 74) + CALI
lime added, Kg/day

influent flow, L/s

conversion factor

influent calcium dissolved solids, mg/L
solubility limit for calcium carbonate,
mg/L

influent TSS, mg/L

(CARI + CAL -200) + TSSI

effluent TSS, mg/L

total calcium dissolved solids, mg/L
[LIME ¢ (FLOW x 8.34)] x (40 # 74) + CALI
lime added, lb/day

influent flow, mgd

conversion factor
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NEUTRALIZATION
SUMMARY WORK SHEET REFERENCE: 1IV.3.1.13-2

I. DESIGN FACTOR CAPITAL

a. Flow = mgd

b. Scale Factor, if required =

II. CAPITAL COST

Cost = x x + 204.7) $
Cost from curve scale factor current index
III. VARIABLE O & M $/day 0 &M
a. Power = x x 17.9 =
Hp EC, $/Kw-hr
b. ACID = x =
1b/day $/1b

IV. FIXED O & M

a. Labor: x =
hr/day S$/hr

b. Supervision: x =
hr/day $/hr

¢. Overhead: x =

Labor, $/day %/100

d. Lab Labor: x =
hr/day S$/hr

e. Maint, Service, x + 365 =

I&T: capital, $§  %/100 day/yr
f. Service Water: x =

thou gpd $/thou gal

V. YEARLY O & M 365 «x =

day/yr sum, $/day s/yr

VI. UNCOSTED ITEMS

a. LIME = 1b/day b. Effluent TSS = mg/L
c. Effluent TDS = mg/L
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NEUTRALIZATION

WORK SHEET
‘ REQUIRED COST FACTORS' AND UNIT COSTS
1. Current Index = Capital Cost Index
2. EC: Electricity Cost = $/Rw-hr
3. Sulfuric Acid = $/1b
4. Labor = $/hr
5. Supervision = $/hr
6. Overhead = % Labor + 100 = %/100
7. Lab Labor = $/hr
8. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other 0 & M Factor Sum = % + 100 = %/100
9. Service Water = $/thou gal

I. DESIGN FACTOR

' a. Flow = mgd

b. Scale factor

i) If neutralization precedes equalization, scale factor = 1.67
otherwise scale factor = 1.0

II. CAPITAL COST

Select: low order or high order cost curve
£6.2 mgd 0.2 to 20 mgd

I1I. VARIABLE O & M

a. Power Requirements, Low Order Systems (<0.2 mgd)

HP = (32.3 x ) + 0.881 = Hp
Flow, mgd

b. Power Requirements, High Order Systems (0.2 to 20 mgd)

HP = (15.6 x ) + 8.70 = Hp
Flow, mgd
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c. Chemical Requirements Case I: Influent Acidity and Alkalinity Data
Available

l. Determine dominant characteristic, alkalinity (ALK), or acidity (AC)

A= - + 2) = mg/L
larger of smaller of modified
alkalinity alkalinity alkalinity
or acidity or acidity or acidity

2. 1If wastewater is predominantly acidic:

LIME = x x 6.17 = 1b/day
AC, mg/L FLOW, mgd LIME
TA = x x 8.34 = 1b/day
ADOSE, mg/L FLOW, mgd Topping Acid
3. If wastewater is predominantly alkaline:
ACID = x x 8.17 = 1b/day
ALK, mg/L FLOW, mgd ACID
TL = x x 8.34 = 1b/day
LDOSE, mg/L  FLOW, mgd Topping Lime

d. Chemical Requirements Case II: Only pH Data Available
(method used when data are insufficient to use method C above)

1. If (low pH) >7.0:

ACIDC = [ - 7.0]12 x 20 = mg/L
(low pH)
or minimum value for ACIDC = 50 mg/L
TLC = 50 mg/L
2. If (low pH) <7.0 and (avg pH) >7.0:
LIMEC = [7.0 - 13 x 20 = mg/L
(Low pH) -
or minimum value for LIMEC = 50 mg/L .
TAC = {[( + ) £+ 2] - 7}2 x 20 = mg/L

(avg pH)  (high pH)

or minimum value for TAC = 50 mg/L
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3.

4.

5.

If (low pH) <7.0 and (avg pH) <7.0 and (high pH) 27.0:

LIMEC = {7.0 - [( + ) + 2]} x 20 =
(avg pH) (low pH)
or minimum value for LIMEC = 50 mg/L
TAC = ( -~ 7.0)2 x 20 = mg/L
(high pH)
or minimum value for TAC = 50 mg/L
If (low) pH £7.0 and (avg) pH £7.0 and (high) pH £7.0:
LIMEC = (7.0 - )3 x 20 = mg/L
(avg pH)

or minimum value for LIMEC = 100 mg/L
TAC = 0 mg/L
Convert to daily weight basis

If (low pH) >7.0 (method 1 above), then:

ACID = x x 8.34 = 1b/day
ACIDC,mg/L  FLOW, mgd
LIME = x x 8.34 = 1b/day
TLC,mg/L FLOW, mgd
If method 2, 3, or 4 used above, then:
LIME = x x 8.34 = 1b/day
LIMEC,mg/L  FLOW, mgd
ACID = x x 8.34 = lb/day
TAC,mg/L FLOW, mgd
Chemical Requirements Case III: No Data

Available (standard 100 mg/L doses assumed)

mg/L

LIME = x x 8.34 = 1b/day
SDL, mg/L FLOW, mgd’
ACID = x x-8.34 = 1b/day
SDA, mg/L FLOW, mgd
IV, FIXED O & M
V. YEARLY O & M
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VI. UNCOSTED ITEMS

a. Effluent TDS (TDSE) =

TDSI,mg/L LIME, 1b/day ACID, 1lb/day FLOW,mgd
= mg/L
b. Effluent TSS (TSSE)

1. Step 1, Calcium (CALI >1000 mg/L) and sulfate (SULI >2000 mg/L)

present
CAL = {[ + ( x 8.34)] x 0.54} +
LIME, 1b/day Flow,mgd CALI,mg/L
= mg/L
SUL = ([ s ( x 8.34)] x 0.98} +
ACID,1b/day FLOW, mgd SULI,mg/L
= mg/L
TSSE = ( + - 2500) +
CAL,mg/L SUL,mg/L TSSI,mg/L
= mg/L
Note - after this TSSE adjustment,
CALI = 800 mg/L
SULI = 1700 mg/L

2. Step 2, Calcium (CALI) >200 mg/L and carbonate (CARI) >200 mg/L
and sulfate (SULI) <2000

CaL = {[ . ( x 8.34)] x 0.54} +
LIME,1b/day FLOW,mgd CALI ,mg/L
= ng/L
TSSE = ( + - 200) +
CARI,mg/L CAL,mg/L TSSI,mg/L
= mg/L

+ [((0.54 x ) + (0.98 x ) = ( x 8.34)]
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Iv.3.1.13-B. Liming to High pH

B 1. Basis of Design

This presentation is for the liming of influent wastewater streams
to high pH as a pretreatment process for ammonia stripping. The
principal design factors are the influent flow, alkalinity,
acidity, and pH characteristics of the influent. When alkalinity
and/or acidity data are known, the lime dosages for softening,
dealkalizing, and neutralizing are calculated based on this
information. When the influent acidity or alkalinity is not
known, a generalization based on pH is used to compute the lime
required. When no data are specified, the influent stream is
assumed to possess negligible alkalinity or acidity, and a pH
close to neutral. The minimum amount of lime added is in all
cases 230 mg/L with an average target value for the effluent pH
of 11.0. The mixing time for liming is 5 minutes and residence
time is 20 minutes.

a) Source

The unit cost information in this section was derived from the
BAT Effluent Limitations Guidelines engineering study for the
Organic Chemicals/Plastics and Synthetic Fibers Industries [4-2].
The method for developing the design factor is based on assump-
tions and procedures in the Contractor Developed Design and Cost
Model [4-1].

b) Required Input Data

Wastewater flow L/s (mgd)

Alkalinity, acidity, mg/L (not required but preferred if
known), pH

Ca, CO5, TSsS, TDS (mg/L)

¢) Limitations

None specified.

d) Pretreatment

None specified

e) Design Factor

Average daily wastewater flow is the primary design and cost
factor for liming to high pH. The facilities for liming to high
pPH are similar to neutralization systems, consisting of a two
stage reaction tank and a chemical feed system. The design
residence time of the reaction and attenuation chambers is 5

and 20 minutes respectively at 120% of average daily flow.
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f) Subsequent Treatment

This unit process always precedes ammonia stripping and a clari-
fier is required to remove excess lime prior to going to the
stripper.

B 2. Capital Costs

The principal cost factor for liming to high pH is the wastewater
flow rate. A low flow (<26.3 L/s, 0.6 mgd) cost curve (Figure
IV.3.1.13-Bl) and a high flow (226.3 L/s, 0.6 mgd) cost curve
(Figure IV.3.1.13-B2) have been developed for lime feed and
monitoring systems required for liming to high pH. The quanti-
ties of lime including minimum quantity and safety factor require-
ments are computed using the methodologies presented in Section

B 3. Costs estimated using these curves must be adjusted to a
current value using an appropriate current cost index.

a) Cost Data

Items included in the capital cost curve estimates are as follows*
[4-21]:

i) Low order (<26.3 L/s, 0.6 mgd)

Mixing tank, fiberglass
Attenuation tank, fiberglass
Agitators (2)

Piping, electrical
Instrumentation

ii) High order (226.3 L/s, 0.6 mgd)

Mixing tank, acid brick lined
Attenuation tank, acid brick lined
Agitators (2)

Piping, electrical

Instrumentation

*#*]t should be noted that lime storage and handling facilities are
not included in these estimates. Once the lime requirements for
all unit processes have been determined, a central lime storage
and handling facility is designed to serve the whole plant. The
lime handling and storage facilities are therefore costed sep-
arately (see Lime Handling, Section IV.3.1.13-C).

b) Capital Cost Curves

i) Low Order Curve - Figure IV.3.1.13-Bl
- Cost (thousands of dollars) vs. flow (liters per second
or million gallons per day)
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- Curve basis, cost estimates for four systems with
design flows of 4.38, 8.76, 17.5, and 26.3 L/s
(0.1, 0.2, 0.4, and 0.6 mgd)

ii) High Order Curve - see Figure IV.3.1.13-B2
- Cost (thousands of dollars) vs. flow (liters per second
or million gallons per day)
- Curve basis, cost estimates for four systems with
design flows of 8.76, 43.8, 219, and 876 L/s (0.2,
1.0, 5.0, and 20.0 mgd)

c) Cost Index

Base Period, July 1977, St. Louis
Chemical Engineering (CE) Plant Index = 204.7

B 3. Operation and Maintenance Costs

Operating costs include both fixed and variable components. The

variable components of the operating cost are the lime and power

requirements. Fixed operating costs include labor, supervision,

overhead, laboratory labor, maintenance, services, insurance and

taxes, and service water. All fixed and variable operating costs
must be adjusted to current levels using an appropriate index or

unit cost factor.

a) Variable Costs

i) Power Requirements Low Order (FLOW <26.3 L/s, 0.6 mgd)
- pumps and agitators. These equations were developed
using regression analysis procedures [4-1].

Metric

KW = (0.55 x FLOW) + 0.286

where: KW power, Kilowatts

FLOW influent flow, L/s
English
HP = (32.3 x FLOW) + 0.384
where: HP = power, Hp
FLOW = influent flow, mgd

ii) Power Requirements High Order (FLOW 226.3 L/s,
0.6 mgd) - pumps and agitators. These equations
were developed using regression analysis procedures
[4-1].
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iii)

iv)

Date:

Metric
KW

where: KW
FLOW

English
HP

where: HP
FLOW

Power Cost
Metric
PC
where: PC
KW

24
EC

English
PC

where: PC
24

0.746

EC

(0.266 x FLOW) + 6.11

power, Kilowatts
influent flow, L/s

[ ]

(15.6 x FLOW) + 8.19

power, Hp
influent flow, mgd

KW x 24 x EC

power cost, $/day

power requirement, Kilowatts
hr/day

electricity cost, $/Kw-hr

i n

]

HP x 24 x 0.746 x EC

power cost, $/day

hr/day

Kw-hr/Hp-hr

electricity cost, $/Kw-hr

i mn

Lime Requirements*

The lime requirements are calculated based on the infor-
mation available about the influent stream characteris-

tics (i.e.,
pH data).

e CASE 1I:

no data, alkalinity and/or acidity data, or

No Data.

When no
fied, a
minimum
is used.

Metric

4/1/83

alkalinity, acidity, or pH values are speci-
soft or neutral wastewater is assumed and a
lime dose of 230 mg/L plus a 25% safety factor

LIME = 230 x 0.086 x FLOW x 1.25
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where: LIME required lime, Kg/day

230 = minimum lime dose, mg/L
0.086 = conversion factor
FLOW = influent flow, L/s
1.25 = factor for 25Y% excess
English
LIME = 230 x 8.34 x FLOW x 1.25

where: LIME
8.34
FLOW

required lime, 1lb/day
conversion factor
influent flow, mgd

If the assumption of an essentially soft or neutral
wastewater is correct, the final solution will have a
pH of approximately 11.5.

e CASE II: Alkalinity and/or Acidity Data Specified.

When either alkalinity or acidity is specified, but
not both, the other is assumed negligible and taken
as zero. Otherwise the influent values for both are
used. The amount of lime required is found using the
following relationship:

Metric

LIME

[(0.9 x ALK) + (0.74 x ACD) + 230]
x 0.086 x FLOW

where: LIME required lime, Kg/day

ALK influent alkalinity, mg/L (CaCOgj4
equivalent)
ACD = influent acidity, mg/L (CaCOj
equivalent)

230 = minimum lime dose, mg/L

0.086 = conversion factor

FLOW = influent flow, L/s

English
LIME = [(0.9 x ALK) + (0.74 x ACD) + 230]

x 8.34 x FLOW

where: LIME
FLOW
8.34

required lime, lb/day
influent flow, mgd
conversion factor,
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e CASE IIl: pH Data Specified.

When only pH is specified, the required lime is
calculated using the following equation:

Metric

LIME

20 x {11.0 - (avg pH)]3® x 0.086 x FLOW

where: LIME required lime, Kg/day

avg pH = the average influent pH
0.086 = conversion factor
FLOW = influent flow, L/s
English
LIME = 20 x [11.0 - (avg pH)1® x 8.34 x FLOW

where: LIME
FLOW
8.34

required lime, lb/day
influent flow, mgd
conversion factor

*Costs for lime are based on total plant needs rather
than on the needs of an individual unit process. Lime
requirements should be accounted for but the cost for
lime and handling and storage systems are estimated
separately after design of all unit processes using
lime.

b) Fixed Costs

The fixed O & M components for this technology are listed in
Table IV.3.1.13-Bl, including the cost basis and the unit costs
[4-11].

B 4. Miscellaneous Costs

Costs for engineering, and other common plant items such as
piping and buildings, are calculated after completion of costing
for all unit processes (see Section IV.3.5).

B 5. Modifications

The addition of large amounts of lime affects the effluent con-
centrations of TDS, TSS, calcium, and carbonate. The generation
of additional TSS is of particular interest since it would effect
the subsequent design and handling of clarification and sludge
handling facilities.

a) Effluent TSS Adjustment

TSS = TSSI + Q
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TABLE IV.3.1.13-Bl. FIXED O & M COST BASIS AND
UNIT COST FACTORS FOR LIMING
TO HIGH pH [4-11].

Cost Basis Base Unit Cost
Element (Equivalent Unit Quantity) (July 1977)
Labor (1,2) 0.20 Weeks (4.80 hrs/day) $ 9.80/hr
Supervision (1) 109 Labor (0.48 hrs/day) $11.76/hr
Overhead (1) 75% Labor Cost NA
Laboratory (3) 0.10 sShifts (0.57 hrs/day) $10.70/hr
Maintenance 2.50% Capital NA
Services 0.40Y% Capital NA
Insurance & Taxes 1.92% Capital NA
Service Water 0.00 L/s $ 0.13/thou L

(0.00 Thou gpd) ($ 0.50/thou gal)

NA - not applicable

(1) Labor may vary from 0.7 to 1.2 times the standard amount
indicated depending on the overall scale of the plant.
Labor, Supervision, and Overhead may be adjusted for the
scale of the plant as indicated in Miscellaneous Costs
(Section IV.3.5).

(2) One week = 7 days = 168 hours = 4.2 shifts

(3) One shift = 40 hours
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where: TSS
TSSI

Q

i) cCcase I: If CARB >200 mg/L
and [LIM x (40 : 74)] >200 mg/L, then:

average effluent TSS, mg/L
average influent TSS, mg/L
intermediate variable determined as follows:

i uwn

Metric
Q = LIM x (40 + 74) + CARB - 200
where: CARB = average influent CO3;, mg/L
LIM = average lime requirement, mg/L
= LIME : (0.086 x FLOW)
LIME = lime requirement, Kg/day
(see section B3,a,iii)
40 + 74 = ratio of Ca to Ca(OH),, Kg/Kg
English
Q = LIM x (40 # 74) + CARB -~ 200
where: CARB = average influent CO;, mg/L
LIM = average lime requirement, mg/L
= LIME + (8.34 x FLOW)
LIME = lime requirement, lb/day
(see Section B 3,a,iii)
40 ¢+ 74 = ratio of Ca to Ca(OH),, 1lb/lb

ii) Case II: 1If CARB >200 mg/L
and [LIM x (40 # 74)] <200 mg/L, then:

Q = 0.2 x LIM x (40 =+ 74)
iii) Case III: All other conditions.
Q=20

b) Effluent Ca and COg3

Following liming to high pH the following effluent concentrations
of Ca and CO; are assumed:

Ca = 80 mg/L
CO3z = 120 mg/L

¢) Effluent TDS

Metric

DS = TDSI + Y

Date: 4/1/83 IV.3.1.13-B9



where: TDS average effluent TDS, mg/L

TDSI = average influent TDS, mg/L
Y = intermediate wvariable
= LIM - Q
LIM = LIME # (0.086 x FLOW)
LIME = lime requirement, Kg/day
(see Section B 3,a,iii)
Q = intermediate wvariable
(see Section B 5,a)
0.086 = conversion factor
FLOW = influent flow, L/s
English
TDS = TDSI + Y
where: Y = LIM - Q
LIM = LIME ¢+ (8.34 x FLOW)
8.34 = conversion factor
FLOW = influent flow, mgd
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LIMING TO HIGH pH
SUMMARY WORK SHEET REFERENCE: IV.3.1.13-B
. I. DESIGN FACTOR CAPITAL
a. Flow = mgd
II. CAPITAL COST
Cost = x ( : 204.7) $
Cost from curve current index
III. VARIABLE O & M $/day 0O &M
a. Power = x x 17.9 =
Hp EC, $/Kw-hr
IV. FIXED O & M
a. Labor: x =
hr/day $/hr
b. Supervision: x =
hr/day $/hr
c. Overhead: x =
Labor, $/day %/100
d. Lab Labor: x =
. hr/day $/hr
e. Maint, Service, x + 365 =
I&T: capital, $ %/100 day/yr
f. Service Water: x =
thou gpd $/thou gal
V. YEARLY 0 & M 365 «x =
day/yr sum, $/day s/yr
VI. UNCOSTED ITEMS
a. LIME = 1b/day b. Effluent TSS = mg/L

. Date: 4/1/83 Iv.3.1.13-B11




LIMING TO HIGH pH
WORK SHEET

REQUIRED COST FACTORS AND UNIT COSTS

1. Current Index = Capital Cost Index
2. EC: Electricity Cost = $/RKw~hr
3. Labor = $/hr
4. Supervision = $/hr
5. Overhead = % Labor
6. Lab Labor = $/hr
7. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other 0 & M Factor Sum = % + 100 = %/100
8. Service Water = $/thou gal

I. DESIGN FACTOR

a. Flow =

FLOW, mgd

II. CAPITAL COST

III. VARIABLE O & M

a. Power Requirements, Low Order (<0.6 mgd)

HP = ( x 32.3) + 0.384 = Hp
FLOW, mgd

b. Power Requirements, High Order (20.6 mgd)

HP = ( x 15.6) + 8.19 = Hp
FLOW, mgd

¢. Chemical Requirements, Case I - No Data Specified

LIME = x 2400 = 1b/day
FLOW, mgd

Date: 4/1/83 IV.3.1.13-B12




Chemical Requirements, Case II - Alkalinity/Acidity Data Specified

LIME = [(0.9 x ) + (0.74 «x ) + 230] x
ALK,mg/L ACD,mg/L FLOW,mgd

x 8.34 = 1b/day
Chemical Requirements, Case III - pH Data Specified

LIME = (11.0 - )3 x x 167 = 1b/day
(avg)pH FLOW,mgd

IV.

FIXED O & M

V.

YEARLY O & M

VI.

UNCOSTED ITEMS

a.

Effluent TSS
1. Necessary Input Data

CARB = mg/L
avg influent CARB

LIM = + ( x 8.34) = mg/L
LIME, 1b/day FLOW, mgd

Intermediate variable = LIM x (40 : 74) = mg/L
2. Case I. lf CARB >200 mg/L and [LIM x (40 + 74)]) >200 mg/L

TSS = + [( x 0.54) + - 200]
TSSI,mg/L LIM,mg/L CO;,mg/L

= mg/L

3. Case ITI. If CARB >200 mg/L and [LIM x (40 = 74)]1 €200 mg/L

TSS = + ( x 0.11) = mg/L
TSSI,mg/L LIM,mg/L

4., Case III. All other conditions

TSS =
TSSI, mg/L

Date

4/1/83 Iv.3.1.13-813




IV.3.1.13-C Lime Handling

C 1. Basis of Design

This presentation is for a central lime handling and distribution
system designed to provide the needs of an entire industrial
wastewater treatment facility. Lime or caustic may be required
by such unit processes as dissolved air flotation, nitrification,
ion exchange, chemical coagulation, filtration (vacuum and pres-
sure), neutralizaton, and liming to a high pH. This system is
designed after the total requirement for lime has been determined
(i.e., after the unit process treatment train design is com-
plete).

The basis for the design is the type of lime handling system and
the total quantity of lime required. The type of lime handling
system depends on whether neutralization is included in the
treatment process and on the quantity of lime needed in the
treatment process. Three handling systems are available. If
neutralization is the only unit process requiring lime and if the
lime requirement is less than 227 Kg/day (500 lb/day), then a
liquid caustic system is installed. Where the treatment system
requires 3630 Kg/day (8,000 1lb/day) of lime or less, lime require-
ments are met using hydrated lime as illustrated in Figure
Iv.3.1.13-Cl. For treatment systems requiring over 3630 Kg/day
(8,000 1lb/day) of lime, the lime requirements are met using
quicklime and a slaking system as illustrated in Figure
Iv.3.1.13-C2.

a) Source

The unit cost information in this section was derived from the
BAT Effluent Limitations Guidelines engineering study for the
Organic Chemicals/Plastics and Synthetic Fibers Industries [4-2].
The method for developing the design factor is based on assump-
tions and procedures in the Contractor Developed Design and Cost
Model [4-1].

b) Required Input Data

Lime requirements for all individual unit processes.

c) Limitations

None specified.

d) Pretreatment

None specified.

Date: 4/1/83 Iv.3.1.13-C1
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e) Design Equation

The primary design and cost factor for lime handling systems is

the total daily lime requirement for the plant as a whole. This ‘
is found by summing the calculated lime requirements for all unit
processes as follows:

TOTLIME

I LIME(u)

where: TOTLIME total lime requirement in terms of
Ca(OH),, Kg/day or lb/day

lime requirement for a single unit pro-
cess(u) included in the treatment design

in terms of Ca(OH),, Kg/day or lb/day

LIME(u)

Based on the total lime requirement (TOTLIME), the type of lime
handling system is determined as follows:

i) Liquid Caustic

If the only unit process is neutralization and if TOTLIME
£227 Kg/day (<500 1b/day), then a liquid caustic handling
system is considered adequate to meet the wastewater
treatment facility lime requirement (i.e., caustic require-
ment). The factor used for costing the liquid caustic
system remains the equivalent lime requirement expressed
in Kg Ca(OH),/day (lb Ca(OH),/day).

ii) Hydrated Lime

If unit processes other than neutralization are used
alone or in combination (with or without neutralization)
and if TOTLIME <3630 Kg/day (<8000 lb/day), then a bagged
hydrated lime handling system is considered appropriate.
The factor used for costing the lime handling system
remains the lime requirement expressed in Kg Ca(OH),/day
({1b Ca(OH),/day).

iii) Slaking System Using Quicklime

If TOTLIME >3630 Kg/day (>8000 lb/day), then a slaking
system using quicklime is considered appropriate. Be-
cause the molecular weight of quicklime (CaO) differs
from the molecular weight of hydrated lime [Ca(OH);],
lime regquirements in terms of kilograms or pounds per day
of quicklime are adjusted as follows:

QLIME = TOTLIME x 28 : 37

Date: 4/1/83 Iv.3.1.13-C4




where: QLIME the lime requirement expressed as Kg

Ca0O/day or 1lb CaO/day

TOTLIME = the lime requirement expressed as Kg
Ca(OH),/day or lb Ca(CH),/day
28 equivalent weight of CaO

37 = equivalent weight of Ca(OH);

The cost factor is the lime requirement expressed in Kg
Ca0O/day or lb CaO/day.

f) Subsequent Treatment

None required.
C 2. Capital Costs

The cost factor used to determine capital costs is the total lime
requirement. The capital cost curve (Figure IV.3.1.13-C3) is
used to cost three types of lime handling systems as follows:
liquid caustic; hydrated lime; and a slaking system using quick-
lime. The capital cost curve is presented in terms of dollars
vs. lime requirement for systems below 3630 Kg/day (8000 lb/day),
but shifts to dollars vs. quicklime requirement for systems with
a lime requirement greater than 3630 Kg/day (8000 lb/day).

a) Cost Data

The capital cost estimates include the following items for each
of the lime handling systems indicated below [4-2]:

i) Ligquid Caustic

Steel storage tank

Insulation, electrical, pumps, and piping
Agitators

Instrumentation

ii) Hydrated Lime

Storage silo

Lime slurry tanks

Lime feeders

Bin activator for storage silo
Insulation, electrical, pumps, and piping
Agitators

Instrumentation

iii) Quicklime With Slaker

Storage silo

Date: 4/1/83 IVv.3.1.13-C5



Lime slurry tank

Bin activator for storage silo
Insulation, electrical, pumps, and piping
Agitators

Instrumentation

Combination slakers

Dust filter

b) Capital Cost Curve [4-2]

Curve - see Figure IV.3.1.13-C3

- Cost (thousands of dollars) vs. lime required (thousand
kilograms per day or thousand pounds per day)
Kg Ca(OH), for lime <3630 Kg/day; Kg CaO/day for
lime >3630 Kg/day (lb Ca(OH), for lime <8000 lb/day;
lb Ca0/day for lime >8000 lb/day)

- Curve basis, cost estimate for five systems with lime
requirements of 45.4, 227, 560, 2,800, and 8,470
Kg/day (100, 500, 1235, 6170, and 18,680 1lb/day)

c) Cost Index

Base period, July, 1977, St. Louis
Chemical Engineering (CE) Plant Index = 204.7

C 3. Operation and Maintenance Costs

Operating costs include both fixed and variable components. The
variable component includes power, while the fixed component
includes labor, supervision, overhead, laboratory labor, main-
tenance, services, insurance and taxes, and service water. All
fixed and variable operating costs should be adjusted to current
levels using an appropriate index or unit cost factor.

a) Variable Cost

i) Power Requirements - pumps, agitators, feeders. The
following equation was developed using regression analysis
procedures [4-1].

Metric

KW

(TOTLIME x 1.32 x 107%) + 1.72

where: KW = power, kilowatts
TOTLIME = lime required, Kg/day

English
HP = (TOTLIME x 3.93 x 10°%) + 2.30
where: HP = power, Hp
TOTLIME = lime required, lb/day

Date: 4/1/83 IV.3.1.13-C6
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i1)

iii)

iv)

Date:

Power Cost

Metric
PC
where: PC
KW
24
EC
English
PC
where: PC
24
0.746
EC

KW x 24 x EC

power cost, $/day

power, Kilowatts

hr/day

electricity cost, $/KW-hr

HP x 24 x 0.746 x EC

power cost, $/day

hr/day

Kw-hr/Hp-hr

electricity cost, $/Kw-hr

Process Water Requirement (TOTLIME >500 lb/day)

Metric
PW

where: PW
TOTLIME

10

1.0

86400

English
PW

where: PW
TOTLIME

10

8.34

1000

TOTLIME x 10 # (1.0 x 86400)
process water, L/s

total lime requirement, Kg/day
Kg H,0/Kg Lime

conversion factor

s/day

TOTLIME x 10 # 8.34 # 1000

process water, thousand gpd
total lime requirement, Ib/day
lb water/lb lime

conversion factor

gal/thousand gal

Lime Requirement

e Liquid Caustic System

CAUSTIC = TOTLIME x 40 # 37
where: CAUSTIC = Kg/day or lb/day of caustic
LIME = total lime requirement as Ca(OH),,
Kg/day or lb/day
40 = equivalent weight of caustic (NaOH)

4/1/83
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37 = equivalent weight of hydrated lime
[Ca(CH) ]
(two equivalents per Kg-mole or lb-mole)

e Hydrated Lime System

HYDRATED LIME TOTLIME

where: HYDRATED LIME = Kg/day or lb/day of hydrated lime
TOTLIME = total lime requirement as Ca(OH),,
Kg/day or lb/day

¢ Quicklime with Slaker System

QUICKLIME TOTLIME x 28 + 37

where: QUICKLIME Kg/day or 1lb/day of gquicklime

TOTLIME total lime requirement as Ca(OH),,
Kg/day or lb/day
28 = equivalent weight of quicklime (CaO)
37 = equivalent weight of hydrated lime

[Ca(OH):]

b) Fixed Costs

The fixed O & M components for this technology are listed in
Table IV.3.1.12-Cl, including the cost basis and the unit costs
[4-11].

C 4. Miscellaneous Costs

Cost for engineering, and other common plant items such as piping
and buildings, are calculated for the entire plant after comple-
tion of design and costing of all individual unit processes (see
Section 1V.3.5).

C 5. Modifications

None indicated.
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TABLE IV.3.13-Cl1.

FIXED O & M COST BASIS AND UNIT COST

FACTORS FOR LIME HANDLING FACILITIES

[4~-11)

Element

Labor (1,2)
Supervision (1)
Overhead (1)
Laboratory (3)
Maintenance
Services
Insurance & Taxes

Service Water

Cost Basis
(Equivalent Unit Quantity)

0.20 Weeks (4.80 hrs/day)
10y% Labor (0.48 hrs/day )
75% Labor Cost

.00 shifts

.19% Capital

.40% Capital

.50% Capital

.41 L/s
.26 Thou gpd)

wo N O w» 0

Base Unit Cost
(July 1977)

$ 9.80/hr
$11.76/hr
NA
$10.70/hr
NA
NA
NA

$ 0.13/thou L
($ 0.50/thou gal)

NA - not applicable

(1) Labor may vary from 0.7 to 1.2 times the standard amount
indicated depending on the overall scale of the plant.

Labor, Supervision,

and Overhead may be adjusted for the

scale of the plant as indicated in Miscellaneous Costs
(Section 1IV.3.5).

(2) One week = 7 days = 168 hours = 4.2 shifts

(3) One shift = 40 hours

Date: 4/1/83
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LIME HANDLING
SUMMARY WORK SHEET

REFERENCE: IV.3.1.13-C

I. DESIGN FACTOR CAPITAL
Total Lime Required = lb/day (Type = )
II. CAPITAL COST
Cost = x ( : 204.7) $
Cost from curve current index
IIT. VARIABLE 0 & M $/day 0O &M
a. Power = x x 17.9 =
Hp EC, $/Kw-hr
b. Process Water = x =
thou gpd WC, $/thou gal
c. Caustic = x =
1b/day cC, $/1b
d. Hydrated Lime = x =
1b/day HLC, $/1b
e. Quicklime = x =
1b/day QLC, $/1b
IV, FIXED O & M
a. Labor: x =
hr/day $/hr
b. Supervision: X =
hr/day $/hr
¢. Overhead: x =
Labor, $/day %/ 100
d. Lab Labor: x =
hr/day $/hr
e. Maint, Service, x + 365 =
I&T: capital, $ %/100 day/yr
V. YEARLY O & M 365 x =
day/yr sum, $/day $/yr
VI. UNCOSTED ITEMS
Date: 4/1/83 Iv.3.1.13-Cc11




LIME HANDLING
WORK SHEET

REQUIRED COST FACTORS AND UNIT COSTS

1. Current Index = Capital Cost Index
2, EC: Electricity Cost = $/Rw~hr
3. WC: Process Water Cost = $/gal
4., CC: Caustic Cost = $/1b
5. HLC: Hydrated Lime Cost = $/1b
6. QLC: Quicklime Cost = $/1b
7. Labor = $/hr
8. Supervision = $/hr
9. Overhead = % Labor & 100 = %/100
10. Lab Labor = $/hr
11. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other 0 & M Factor Sum = + 100 = %/100

I. DESIGN FACTOR

a. Determine the total lime requirement in lb/day as follows:

Complete the following table by inserting the quantity of lime required
for each unit process listed.

Unit Process Lime Required, lb/day

Neutralization
Dissolved Air Flotation
Chemical Coagulation
Vacuum Filtration
Pressure Filtration
Liming to High pH

TOTLIME = 1b/day

Date: 4/1/83 Iv.3.1.13-C12



‘b. Determine the type of lime handling system as follows:

1. If the total lime required (TOTLIME) >8000 lb/day, the handling
system is quicklime with slakers. (TYPE = QUICKLIME)

2. If the total lime required (TOTLIME) <500 lb/day, and if neutrali-
zation is the only unit process requiring lime, the handling
system is liquid caustic. (TYPE = CAUSTIC)

3. All other lime requirements are met using the bagged hydrated
lime. (TYPE = HYDRATED)

II. CAPITAL COST

a. Adjust the lime requirement for use with the cost curve as follows:

Lime Required = x = 1b/day
TOTLIME, 1lb/day Factor
(from I a)

1. 1If TYPE = QUICKLIME,

FACTOR = 56 + 74 = 0.76
2. If TYPE = HYDRATED,

FACTOR = 1.00
3. If TYPE = CAUSTIC,

FACTOR = 1.00

III. VARIABLE O & M

a. Power Requirements

HP = ( x 3.93 x 10°%) + 2.30 = Hp
Lime Required, lb/day

b. Process Water Requirements
If TOTLIME (from I a 2) >500 l1lb/day
PROCESS WATER = + 834 = thou gal

TOTLIME, 1b/day
(from I a 2)

¢. Lime Requirements

1. If TYPE (from I b) = CAUSTIC,

Date: 4/1/83 IV.3.1.13-C13



CAUSTIC = x (40 + 37) = 1b/day
TOTLIME, 1b/day
(from I a 2)
HYDRATED LIME = 0 1lb/day
QUICKLIME = 0 1b/day

2. If TYPE (from I b) = HYDRATED,

CAUSTIC = 0 lb/day
HYDRATED LIME = 1b/day
TOTLIME
(from 1 a)
QUICKLIME = 0 lb/day

3. If TYPE (from I b) = QUICKLIME,

CAUSTIC
HYDRATED LIME

0 lb/day
0 lb/day

QUICKLIME

x (28 + 37) = 1b/day

TOTLIME, 1lb/day
(from I a 2)

IV. FIXED 0 & M

V. YEARLY O & M

VI. UNCOSTED ITEMS

Date: 4/1/83 1vV.3.1.13-Cl4



Iv.3.1.14 OIL SEPARATION

Introduction

0il separation involves the removal of free oils and grease from

a wastewater stream. Gravity separation is designed to allow the
separation to occur based only upon the differences in the spe-
cific gravities of oil and water. For further details on the
gravity oil separation process, refer to Volume III, Section
I11.3.1.14 of the Treatability Manual. Costing methodologies and
cost data for this technology are presented below.

IVv.3.1.14-A. Gravity 0Oil Separation

A 1. Basis of Design

This presentation is for the removal of free oil from wastewater
by the gravity oil separation process. This process is repre-
sented schematically in Figure IV.3.1.14-Al. The basic design
and cost factor for the technology is the influent wastewater
flow. Gravity oil separation tanks are sized for an overflow
rate of 0.47 L/s/m? (1000 gpd/ft?) at 120% of the average daily
wastewater flow rate. A minimum of two units, each at 50% of
design capacity, are provided. Horizontal velocity is limited to
a maximum of 0.9 m/min (3 ft/min).

Gravity oil separation as presented in this discussion is not
assumed to remove soluble or emulsified oil. Emulsions may be
broken to enhance gravity oil separation by chemical or thermal
means. For more information on emulsion breaking see Section
I1I1.3.1.14 of Volume IIl1. In addition other unit processes such
as dissolved air flotation (see Section IV.3.1.10-A) which are
more effective in removing emulsified oils may be considered for
use in combination with or instead of gravity oil separation.

a) Source

The unit cost information in this section was derived from the BAT
Effluent Limitations Guidelines engineering study for the Organic
Chemicals/Plastics and Synthetic Fibers Industries [4-2]. The
method for developing the design factor is based on assumption

and procedures in the Contractor Developed Design and Cost Model
[4-11.

b) Required Input Data

Average and peak wastewater flow, L/s (mgd)

Characteristics of the wastewater stream (mg/L)
- 0il and grease
- TSS
- floating solids
- floating organic pollutants

Date: 4/1/83 IV.3.1.14-A1
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c) Limitations

Gravity oil separation is not considered applicable for treating
influent o0il concentrations of less than 35 mg/L

d) Pretreatment

None specified

e) Design Equation

An adjusted influent wastewater flow rate in liters per second
(million gallons per day) is the primary capital cost factor for
gravity oil separation systems. The cost factor (flow) is first
multiplied by a scale factor (see Section A 2) to account for
peak flow prior to use for cost estimating purposes.

f) Subsegquent Treatment

i) Sludge and oil and grease removed from the wastewater
stream are usually treated by thickening, stabilizing and
dewatering processes before being disposed.

ii) ©il separation may be used prior to solvent extraction to
treat wastewater streams containing supersaturated con-
centrations of organic pollutants which are lighter than
waer.

A 2, Capital Costs

The primary cost factor for oil separation is the wastewater flow
rate. This parameter is the independent variable in the capital
cost curve for the unit process (Figure IV.3.1.14-A2). For flows
greater than 4.38 L/s (0.1 mgd), a scale factor is applied to
adjust the flow prior to selection of a cost from the cost curve.
The scale factor is used as a means of adjusting capital cost to
account for peak flow capacity. Costs estimated using these
curves must be adjusted to a current value using an appropriate
current cost index.

a) Cost Data

Items included in the capital cost estimates for the o0il separa-
tion units are as follows [4-2]:

Two~-chamber separation tank with baffles,
concrete (2)

Slop-0il holding tank, covered, fiber reinforced
plastic

Splitter box, concrete

0il pumps, progressive cavity (2)

Sludge pumps, progressive cavity (2)

Date: 4/1/83 Iv.3.1.14-A3



Oil skimmer mechanism (2)
Sluice. gates

Piping, electrical
Instrumentation

b) Capital Cost Curve

i) Curve - Figure IV.3.1.14-A2.
- Cost {millions of dollars) vs. wastewater flow
(liters per second or million gallons per day).
- Curve basis, cost estimates for system at four
flow rates: 8.76, 43.8, 219, and 876 L/s (0.2, 1.0,
5.0, and 20.0 mgd).

ii) Scale factor: applies to flow prior to selection of a
cost from the cost curve

e if Avg Flow <4.38 L/s (< 0.1 mgd), scale factor:
SF = 1.0

e if Avg Flow 24.38 L/s (2 0.1 mgd), scale factor:

SF = peak flow + average flow
2 x average flow

iii) Flow for Cost purposes = Avg Flow x SF

¢c) Cost Index

Base Period, July 1977, St. Louis
Chemical Engineering (CE) Plant Index = 204.7

A 3. Operation and Maintenance Costs

Operating costs are comprised of both variable and fixed compo-
nents. Power requirement is the only variable operating cost
component. Fixed operating cost components include labor, super-
vision, overhead, laboratory labor, maintenance, services, insur-
ance and taxes, and service water. All fixed and variable oper-
ating costs should be adjusted to current levels using an appro-
priate index or unit cost factor.

a) Variable Cost

i) Power Requirements, 0il Separation ~ belt skimmer,
sludge pumps, flight skimmers and oil pumps [4-1].

Metric

KW

(0.052 x FLOW) + 2.6

where: KW = power, kilowatts
FLOW = average influent flow, L/s

Date: 4/1/83 Iv.3.1.14-A4
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FIGURE IV.3.1.14-A2. CAPITAL COST ESTIMATE FOR
. GRAVITY OIL SEPARATION [4-10]
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English

HP = (3.04 x FLOW) + 3.45
whevre: HP = horsepower required, Hp
FLOW = average influent flow, mgd

ii) Power Cost

Metric

PC = KW x 24 x EC
where: PC = power cost, $/day

KW = power required, KW

24 = hrs/day

EC = electricity cost, $/KW-hr
English

PC = HP x 24 x 0.746 x EC
where: PC = power cost, $/day

HP = horsepower required, Hp

24 = hrs/day

0.746 = Kw-hr/Hp-hr
EC = electricity cost, $/Kw-hr

b) Fixed Costs

The fixed O & M components for gravity oll separation are
listed in Table 1IV.3.1.14-Al1 including the cost basis and
the unit costs [4-11].

A 4. Miscellaneous Costs

Costs for engineering, and common plant items such as piping and
buildings, are calculated after completion of costing for individ-
ual units (See Section 1IV.3.5). The required quantity of land
and expected sludge generation from the unit process are calcu-
lated below to facilitate subsequent cost estimates.

a) Land
The following eguation estimates the amount of land required for
0il separation based on the overflow rate, scale factor, and cost
factors.

Metric

LAND = SF x FLOW x 1.2 : 0.47
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TABLE IV.3.1.14-Al1. FIXED O & M COST BASIS AND UNIT COST
FACTORS FOR GRAVITY OIL SEPARATION

[4-11]
Dissolved Air Flotation
Cost Basis Base Unit Cost

Element (Equivalent Unit Quantity) (July 1977)
Labor (1,2) 0.25 Weeks (6.00 hrs/day) $ 9.80/hr
Supervision (1) 10% Labor (0.60 hrs/day) $11.76/hr
Overhead (1) 75% Labor Cost NA
Laboratory (3) 0.20 Shifts (1.14 hrs/day) $10.70/hr
Maintenance 7.53% Capital NA
Services 0.409% Capital NA
Insurance & Taxes 2.50% Capital NA
Service Water 4.6 L/s $0.13/thou L

(105.4 Thou gpd) ($0.50/thou gal)

NA - not applicable

(1) Labor may vary from 0.7 to 1.2 times the standard amount
indicated depending on the overall scale of the plant.
Labor, Supervision, and Overhead may be adjusted for the
scale of the plant as indicated in Miscellaneous Costs
(Section IV.3.5).

(2) One week = 7 days = 168 hours = 4.2 shifts

(3) One shift = 40 hours

Date: 4,/1/83 IV.3.1.14-A7



where: LAND
SF

FLOW

1.2

0.47

English
LAND

where: LAND
SF

FLOW
1,200,000

1,000

b) Sludge and

land requirement, m?

scale factor (see Section A2,b)
average influent flow, L/s
factor for accessories
overflow rate, L/s/m?

SF x FLOW x (1,200,000 # 1,000)

land requirement, ft?2

scale factor (See Section A2,b)
average influent flow, mgd

mgd x 1.2 factor for accessories,
gal/day

overflow rate, gpd/ft?2

Float Production |

0il separation
solids, or oil

may produce waste byproducts consisting of oil,
y solids. Sludge or float production varies accord-

ing to flow and the influent conditions. In general the guantity

of sludge and
estimated as £

FLOAT

where: FLOAT
PFLOAT
OFLOAT

SLDG

Pollutant

float produced by gravity oil separation may be
ollows:

PFLOAT + OFLOAT + SLDG

total float and sludge produced Kg/day or lb/day
organic pollutant float, Kg/day or lb/day

oil float from oil separation unit, Kg/day or
lb/day

suspended solids sludge, Kg/day or lb/day

Float (PFLOAT)

This incl
(These ar
be presen
point in
float due
Metric

P

where: P

Date: 4/1/83

udes partially soluble pollutants that are flotable
e normally removed by solvent extraction, but may

t at levels above their solubility limit at this
the treatment process). This does not include oil
to 0il removal and TSS.

FLOAT = 0.086 x FLOW x E(PC(i) - PS(i))
FLOAT = pollutant float, Kg/day
0.086 = conversion factor
FLOW = influent flow, L/s
PC(i) = influent concentration of extractable

pollutant (i), mg/L

iv.3.1.14-A8



PS(i) = solubility of pollutant (i), mg/L (see
Section IV.3.1.20-A, Solvent Extraction)

. English
PFLOAT

8.34 x FLOW x I(PC(i) - PS(i))

where: PFLOAT pollutant float, 1b/day

8.34 = conversion factor
FLOW = influent flow, mgd
PC(i) = influent concentration of extractable
pellutant (i), mg/L
PS(i) = solubility of pollutant (i), mg/L

(see Section IV.3.1.20-A, Solvent
Extraction)

0il Float (OFLOAT)
This includes floating oil removed by the process.
Metric

OFLOAT

0.086 x FLOW x (SEPOIL - EFOIL)

where: OFLOAT

oil float from oil separation unit,

Kg/day

influent flow, L/s

total influent insoluble o0il, mg/L

. EFOIL expected effluent oil concentration from
gravity oil separation unit, mg/L (default

value 35 mg/L)

FLOW
SEPOIL

nun

English
OFLOAT

8.34 x FLOW x (SEPOIL - EFOIL)

where: OFLOAT 0il float from oil separation unit,

lb/day

FLOW = influent flow, mgd
SEPOIL = total influent insoluble cil, mg/L
EFOIL = expected effluent o0il concentration

from gravity oil separation unit, mg/L
(default value 35 mg/L)

Sludge (SLDG)
This includes suspended solids removed by the process.
Metric

SLDG = 0.086 x FLOW x (TSSI ~ TSSE)

. Date: 4/1/83 IV.3.1.14-A9



where: SLDG
FLOW
TSSI
TSSE

English
SLDG

where: SLDG
FLOW
TSS1I
TSSE

nunn

A 5. Modifications

suspended solids float, Kg/day
influent flow, L/s
influent TSS, mg/L
effluent TSS, mg/L

8.34 x FLOW x (TSSI - TSSE)

suspended solids float, lb/day
influent flow, mgd
influent TSS, mg/L
effluent TSS, mg/L

Gravity oil separation and dissolved air flotation (DAF) are
often used in series to treat combination waste streams of oils,
and colloidal materials.

suspended solids,

Date: 4/1/83
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OIL SEPARATION

SUMMARY WORK SHEET REFERENCE: 1IV.3.1l.14
I. DESIGN FACTOR CAPITAL
a. Flow for cost purposes = mgd
DFLOW
II. CAPITAL COST
Cost = x { + 204.7)
Cost from curve current index
III. VARIABLE O & M $/day 0 &M
a. Power = x x 17.9
Hp EC, $/Kw-hr

IV. FIXED O & M
a. Labor: x

hr/day $/hr
b. Supervision: x

hr/day $/hr
¢. Overhead: x

Labor, §/day %/100

d. Lab Labor: x

hr/day $/hr
e. Maint, Service, x + 365

I&T: capital, S %/100  day/yn
f. Service Water: x
thou gpd $/thou gal
V. YEARLY O & M 365 «x =
day/yr sum, $/day s/yr

VI. UNCOSTED ITEMS

a. Land = ft2
b. 0il Separation Float = l1b/day
Date: 4/1/83 IV.3.1.14-A11




OIL SEPARATION
WORK SHEET

REQUIRED COST FACTORS AND UNIT COSTS

1. Current Index = Capital Cost Index
2. EC: Electricity Cost = $/Kw-hr
3. Labor = $/hr
4, Supervision = $/hr
5. Overhead = % Labor # 100 = %/100
6. Lab Labor = $/hr
7. Maintenance = % Capital
Services = % Capital
Insurance/Taxes = % Capital
Other 0 & M Factor = % ¢ 100 = %/100
8. Service Water = $/thou gal

I. DESIGN FACTOR

a. Scale Factor for Gravity Oil Separation:

If average wastewater flow (FLOW) < 0.1 mgd, Scale Factor =1

If average wastewater flow (FLOW) > 0.1 mgd, Scale Factor

( + )+ [2 x| )] =
Peak flow, mgd Avg FLOW, mgd Avg FLOW, mgd SF

b. Wastewater Flow for Costing Purposes:

DFLOW = x = mgd
Avg FLOW, mgd Scale factor

II. CAPITAL COST

III. VARIABLE O & M

a. Power Requirements (Gravity 0il Separation)

HP = (3.04 x ) + 3.45 = Hp
Avg FLOW, mgd

IV. FIXED O & M
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V. YEARLY O & M
VI. UNCOSTED ITEMS
a. LAND = x x 1200 = ft2
SF Avg FLOW, mgd
b. Float from Gravity 0il Separation Unit
1. Pollutant Float (solvent extractable pollutants removed by oil separation)
PFLOAT = 8.34 x x I( - ) = 1b/day
FLOW, mgd PC(i), mg/L  PS(i), mg/L
2. 0il Float from Gravity 0il Separation
OFLOAT = 8.34 x x ( - )y = 1b/day
FLOW, mgd SEPOIL, mg/L  EFOIL, mg/L
3. Suspended Solids Sludge from Gravity 0il Separation Unit
SLDG = 8.34 x x ( - ) = 1b/day
FLOW, mgd TSSI, mg/L  TSSE, mg/L
4. Total Gravity 0il Separation Float Component
FLOAT = + + = 1b/day
PFLOAT, lb/day OFLOAT, lb/day SLDG, lb/day
Date: 4/1/83 Iv.3.1.14-313




Iv.3.1.18 SEDIMENTATION

Introduction

Gravity sedimentation is the most widely used system for removing
suspended solids from wastewater streams. Typical applications
include separation of chemically precipitated solids and/or
biological or other solids from wastewater streams. The type of
process or treatment preceeding a sedimentation system (e.gqg.,
coagulation, flocculation, and activated sludge) affects the
nature and settleablity of the influent wastewater solids and
thereby affects the design, performance, and cost of the system.
Sedimentation systems are described in more detail in Volume III
of the Treatability Manual, Section III.3.1.18. Costing methodo~
logies and cost data for this technology are presented below.

IvVv.3.1.18-A. Clarification

A 1. Basis of Design

This is a presentation of costs and necessary design factors for
wastewater clarification using rectangular and dual circular
clarifiers. The principal cost factor is the surface area of the
clarifiers, and the principal design factors are influent flow
and the appropriate overflow rate, given the influent suspended
solids concentration and the nature of the influent solids.
Design of the unit is begun by selecting an appropriate surface
overflow rate from Table IV.3.1.18-Al1 based on the source and
type of solids ente