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ABSTRACT

This document presents the findings of an extensive study of
the steam electric power generating point source category
for the purpose of developing effluent limitations,
guidelines, standards of performance for new sources, and
pretreatment standards for the industry in compliance with
and to implement Sections 304, 306 and 307 of <the Federal
Water Pollution Control Act Amendments of 1972.

Effluent limitations gquidelines contained herein set forth
as mandated by the "Act":

(1) The degree of effluent reduction attainable through
the application of the "best practicable control
technology currently available® which must be achieved
by nonnew point sources by no later than July 1, 1977.

(2) The degree of effluent reduction attainable through
the application of the "best available . technology
economically achievable® which must be achieved by
nonnew point sources by no later than July 1, 1983.

The standards of performance for new sources contained
herein set forth the degree of effluent reduction which is
achievable through the application of +the f#best available
demonstrated control technology, process, operating methods,
or other alternatives.®

This report contains findings, conclusions and
recommendations on control and treatment technology relating
to chemical wastes and thermal discharges from Steam
electric powerplants. Supporting data and rationale for
development of the effluent 1limitations, guidelines and
standards of performance are contained herein.
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SECTION I

CONCLUSIONS

For the purpose of establishing effluent 1limitations,
guidelines and standards of performance for steam electric
powerplants, it has been found that separate consideration
must be given to effluent heat and to pollutants other than
heat, and these are therefore discussed in separate parts of
this report.

The framework for establishing limitations for pollutants
other than heat (chemical-type wastes) has been based on the
types of waste streams generated in each plant, which in
turn are dependent on fuels used, processes employed, plant
site characteristics and waste control technologies.
Chemical-type wastes include wastes from the water treatment
system, power cycle system, ash handling system, air
pollution control system, coal pile, yard and floor
drainage, condenser cooling system and miscellaneous wastes.

Significant factors for limitations for effluent heat

(thermal discharges) are utilization, age, and size of
facilities.

A survey of current industry practices has indicated that
many plants provide only minimal treatment of chemical type
wastes at the present time, although some of the more
recently constructed plants employ elaborate re-use and
recycle systems as a means of water management. Current
industry practice as far as thermal discharges are concerned
is that they have been successfully controlled where
required by environmental considerations or at sites where
the -lack of sufficient naturally available cooling water
made once-through cooling systems impractical.

Current treatment and control technology in the general
field of waste treatment includes many processes which could
be applied by powerplants to reduce the discharge of
chemical pollutants. It is therefore concluded that best
practicable control technology currently available to be
applied no later than July 1, 1977, consists of the control
and treatment of chemical-type wastes to achieve significant
reductions in the 1level of fpollutants discharged from
existing sources. It is also concluded that best available
technology economically achievable to be applied no later
than July 1, 1983, for chemical-type wastes is reflected in
addition by recycle of bottom ash transport water and by
chemical +treatment of cooling tower blowdown to remove



chromium, phosphorus and zinc. Standards of performance for
new sources will provide for essentially the same effluent
levels as kest available technology, however, limitations on
cooling tower blowdown are based on design for corrosion
prevention rather than the addition of chemicals for
corrosion inhibition.

For thermal effluents, it is concluded that technology is
currently available and is widely utilized in the industry
to achieve any desired or necessary degree of reduction of
the thermal component of powerplant discharges, including
essentially the complete elimination of thermal discharges.
The technological basis for best available technology
economically achievable, and new source performance
standards consists of closed-cycle evaporative cooling
systems such as mechanical and natural draft cooling towers
and cooling ponds, lakes and canals.

The designation of specific control and treatment as best
practicable control technology currently available, best
available technology economically achievable, or as the
basis for new source standards for both chemical and thermal
discharges 1is intended to satisfy sections 304 and 306 of
the Act. Technology so designated provides the basis for
establishment of thermal and chemical effluent limitations,
guidelines and standards, in that the technology selected is
available and capable of meeting the recommended
limitations. However, the designation of specific
technology as “best practicable®", etc., does not mean that
it alone must be utilized to meet the effluent limitations.
Any technology capable of meeting the 1limitations may be
employed by any powerplant so 1long as the effluent
limitations are achieved.



SECTION 1I
RECOMMENDATIONS

As a result of the findings and conclusions contained in
this report, the effluent 1limitations, guidelines and
standards of performance recommended for the steam electric
power generating point source category, in compliance with
the mandates of the Federal Water Pollution Control Act
aAmendments of 1972, are summarized in Tables 1I-1 and I-2.



Table 1I1-2

SUMMARY OF EFFLUENT LIMITATIONS GUIDELINES AND STANDARDS FOR HEAT #
All no discharge limitations allow for blowdown to be discharged at a temperature not
to exceed the cold-side temperature, except where a unit has existing closed-cycle
cooling blowdown may exceed the cold-side temperature. All limitations for existing
units to be achieved by no later than July 1, 1981, except where system reliability

would be seriously impacted the compliance date can be extended to no later than July 1, 1983.
EXISTING GENERATING UNITS '
Capacity 500 Mw and greater

Placed into service prior to January 1, 1970 NO LIMITATION,

Placed into service January 1, 1970 or thereafter NO DISCHARGE
Capacity 25 Mw to 499 Mw

Placed into service prior to January 1, 1974 NO LIMITATION,

Placed into service January 1, 1974 or thereafter NO DISCHARGE
Capacity less than 25 Mw NO LIMITATION

* Note: Exceptions prescribed on a case-by-case basis for units in systems of
less than 150 Mw capacity, units with cooling ponds or cooling lakes,
units without sufficient land available, units with blowdown TDS 30,000
mg/l or greater and neighboring land within 500 ft of cooling tower(s),
and units where FAA finds a hazard to commercial aviation would exist.

NEW SOURCES NO DISCHARGE

# Note: No effluent limitations on heat from sources other than main condenser
cooling water



SECTION III

INTRODUCTION

General Background

The involvement of the PFederal Government in water pollution
control dates back to 1948, when Congress enacted the first
comprehensive measure aimed specifically at this problem.
At that time the Surgeon General, through the U. S. Public
Health Service, was authorized to assist states in wvarious
ways to attack +the problem. The emergence of a national
water pollution control program came about with the enact-
ment of the Water Pollution Control Act of 1956 (Public Law
84-660) which to this date remains the basic 1law governing
water pollution. This law set up the basic system of tech-
nical and financial assistance to states and municipalities,
and established enforcement procedures by which the Federal
Government could initiate legal sters against polluters.

The present program dates back to the Water Quality Act of
1965 and the Clean Water Restoration Act of 1966. Under the
1965 Act, the states were required to adopt water quality
standards for interstate waters, and to0 submit to the
Federal Government, for approval, plans to implement and
enforce these standards. The 1966 Act authorized massive
Federal participation in the construction of sewage
treatment plants. An amendment, the Water Quality Act of
1970, extended Federal activities into such areas as
pollution by o0il, hazardous substances, sewage from vessels,
and mine drainage.

Originally, pollution control activities were the responsi-
bility of the U. S. Public Health Service. In 1961, ¢the
Federal Wwater Pollution Control Administration (FWPCA) was
created in the Department of Health, Education, and Welfare,
and in 1966, the FWPCA was transferred to the Department of
the Interior. The name was changed in early 1970 to the
Federal Water Quality Administration and in December 1970,
the Environmental Protection Agency (EPA) was created by Ex-
ecutive order as an independent agency outside the Depart-
ment of the Interior. Also by Executive Order 11574 on
December 23, 1970, President Richard M. Nixon established
the Permit Program, requiring all industries to obtain
permits for the discharge of wastes into navigable waters or
their tributaries under the provisions of the 1899 River and
Harbor Act (Refuse Act). The permit program immediately
became involved in legal prroblems resulting eventually in a
ruling by a Federal court that effectively stopped the



issuance of a significant number of permits, but it did
result in the filing with EPA, through the U.S. Army Corps
of Engineers, of applications for permits which, without
doubt, represent the most complete inventory of industrial
waste discharges yet compiled. The granting of a permit
under the Refuse Act was dependent on the discharge being
able to meet applicable water quality standards. Although
EPA could not specify methods of treatment, they could
require minimum effluent 1levels necessary to meet water
quality standards.

The Federal Wwater Pollution Control Act Amendments of 1972
(the "ActY) made a number of fundamental changes in the
approach to achieving clean water. One of the most signifi-
cant changes was from a reljiance on water quantity related
effluent 1limitations to a direct control of effluents
through the establishment of technology-based effluent
limitations to form an additional basis, as a minimum, for
issuance of discharge permits. The permit program under the
1899 Refuse Act was placed under full control of EPA, with
much of the responsibility to be delegated to the States.

Purpose_and Authority

The Act requires the EPA to establish guidelines for
technology-based effluent limitations which must be achieved
by point sources of discharges into the navigable waters of
the United States. Section 301(b) of the Act requires the
achievement by not 1later than July 1, 1977, of effluent
limitations for point sources, other than publicly owned
treatment works, which are based on the application of the
best practicable control technology currently available as
defined by the Administrator pursuant to Section 304 (b) of
the Act. Section 301 (b) also requires the achievement by
not later than July 1, 1983, of effluent limitations for
point sources, other than publicly owned treatment works,
which are Lkased on the application of the best available
technology economically achievable which will result in
reasonable further progress toward the national goal of
eliminating the discharge of all pollutants, as determined
in accordance with regulations issued by the Administrator
pursuant to Section 304(b) of the Act. Section 306 of the
Act requires the achievement by new sources of a Federal
standard of performance providing for the control of the
discharge of pollutants which reflects the greatest degree
of effluent reduction which the Administrator determines to
be achievable through the application of the best available
demonstrated control technology, processes, operating
methnods, or other alternatives, including, where
practicable, a standard permitting no discharge of



pollutants. Section 304(b) of the Act requires the Adminis-
trator to publish within one year of enactment of the Act,
regulations gproviding guidelines for effluent limitations
setting forth the degree of effluent reduction attainable
through the application of the best practicable control
technology currently available and the degree of effluent
reduction attainable through the application of the best
control measures and practices achievable including treat-
ment techniques, process and procedure innovations,
operation methods and other alternatives. The regulations
proposed herein set forth effluent limitations, guidelines
pursuant to Section 304 (b) of the Act for the steam electric
powerplant industry.

Section 306 of the Act requires the Administrator, within
one year after a category of sources is included in a list
published pursuant to Section 306 (b) (1) (A) of the Act, ¢to
propose regulations establishing Federal standards of
performances for new sources within such categories. The
Administrator published in the Federxal Register of January
16, 1973 (38 F.R. 1624), a list of 27 source categories.
Publicaticn of the 1list constituted announcement of the
Administrator's intention of establishing, under Section
306, standards of performance applicable to new sources
within the steam electric powerplants industry category,
which was included within the list published January 16,
1973. See Table 1III-1 for a summary of the principal
statutory considerations.

Section 304(c) of the Act requires the Administrator to
issue informaton on the processes, procedures or operating
methods which result in the elimination or reduction in the
discharge of pollutants to implement standards of
performance under section 306 of the Act. Such information
is to include technical and othexr data, including costs, as
are available on alternative methods of elimination or
reduction of the discharge of pollutants.

Section 316(a) of the Act provides that whenever the owner
or operator of any point source can demonstrate to the
satisfaction of the Administrator that any effluent 1limita-
-tion proposed for the control of the thermal component of
any discharge will require more stringent control measures
than are necessary to assure the protection and propagation
of a balanced, indigenous population of shellfish, fish and
wildlife in and on the body of water into which the
discharge is to be made the Administrator may impose less
stringent limitations with respect to the thermal component,
(taking into account the interaction of such thermal
component with other pollutants) that will assure the
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STATUTORY
BASIS

Table III-1

PRINCIPAL STATUTORY CONSIDERATIONS

General Description Process Changes

Cost

Process

-Employed, Age

& Size of Equip-~
ment & Facilities..

Best Practicable
Control Technology
Currently Available

304(b) (1) (A)

[Existing Sources]

1. Achieve by 1977.

2. Generally average
of best existing per-
formance; high- con-
fidence in engineering-
viability.

3. Where treatment

Normally does not
emphasize in-process
controls, except
vhere presently
commonly practiced.

-uniformly inadequate

a higher degree of
treatment may be
required 1if practic-~
able {compare exist-~
ing treatment of
similar wastes].

Balancing of
total cost of
treatment against
effluent reduc-~
tion benefits.

Age, size &

process employed
may require
variations in
discharge limits
(taking into account

compatibility of costs
and process technology)

Non Water Quality
Environmental
Impact & Energy

Best Available
Technology
Economically
Achievable

304(b) (1) (B)

[Existing Sources]

1. Achieve by 1983.

2. Generally best
existing performance
but may include tech-
nology which 1s capable
of being designed,
though not yet in
place; further
development work could
be required.

Emphasizes both
in-process and end-
of-process control.

Costs considered
relative to broad
test of reasonr
ableness.

Age, size &

process employed
may require
variations in
discharge limits
(taking into account

compatibility of costs
and process technology)

Assess impact of
alternative controls
on air, solid waste,
noise, radiation

and energy require-
ments.

Assess impact of
alternative controls
on air, solid waste
noise, radiation and
energy requirements,

Standards of
Performance Best
Available
Demonstrated Con-
trol Technology

306
[New Sources])

1. Achieved by sources
for which "construc-
tion| commences after
proposal of regula-
tions.

2. Generally same
considerations as for 1983;
more critical analysis

of present availability.

Emphasizes process
changes.

Cost considered
relative to broad
test of reasonable-
ness.

N/A

Assess impact of
alternative controls
on air, solid wasta,
noise, radiation

and energy require- -
ments.



protection and propagation of a balanced, indigenous

population of shellfish, fish, and wildlife in and on that
body of water.

The Act defines a new source to mean any source, the
construction of which is commenced after the publication of
proposed regulations prescribing a standard of performance.
Construction means any placement, assembly, or installation
of facilities or equipment (including contractual
obligations to purchase such facilities or equipment) at the
premises where such equipment will be wused, including
preparation work at such premises. '

Scope_of Work_and_Technjcal Approach

This document was developed, specifically, for effluent dis-
charge from steam electric powerplants covered under
Standard Industrial Classification (SIC) 1972 Industry Nos.
4911 and 4931, relating to liquid discharges to navigable
waters of the United States.

Industry No. 4911 encompasses establishments engaged in the
generation, transmission and/or distribution of electric
energy for sale. Industry No. 4931 encompasses
establishments primarily engaged in providing electric
service in combination with other services, with electric
services as the major part though less than 95 percent of
the total. The S.I.C. Manual (1972) recommends that, when
available, the value of receipts or revenues be used in
assigning industry codes for transportation, communication,
electric, gas, and sanitary services.

The study was limited to powerplants comprising the electric
utility industry, and did not include steam electric
powerplants in industrial, commercial or other facilities.
Electric generating facilities other than steam electric,
such as combustion gas turbines, diesel engines, etc. are
included to the extent that power generated by the
establishment in question is primarily through steam
electric processes.

This report covers effluents frcm both fossil~fueled and
nuclear plants and excludes the radiological aspects of
effluents. )

The Act requires that in developing effluent limitations,
guidelines and standards of performance for a given
industry, certain factors must be considered, such as the
total cost of the application of technology in relation to
the effluent reduction benefits to be achieved, age of
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equipment and facilities, processes employed, engineering
aspects of the application of various types of control
techniques, process changes, non-water quality environmental
impact (including energy requirements) and othexr factors.
For steam electric powerplants, formal segmentation of the
industry based on all the factors mentioned in the Act has
been found to be inapplicable. However, the two basic
aspects of the effluents produced by the industry, chemical
aspects and thermal aspects, were found to involve such
divergent considerations that a basic distinction between
guidelines for chemical wastes and thermal discharges was
determined to be most useful in achiewving the objectives of
the Act. Accordingly, this report covers waste
categorization, control and treatment technology and
recommendations for effluent 1limitations for chemical and
other nonthermal aspects of waste discharge in Part A and
similar subjects for thermal aspects of discharges in Part B
of this rerport considering the factors cited in the Act.

Section 502(6) of the Act defines the term pollutant in
relation to the discharge into water of certain materials,
substances and other constituents of discharge. The
inclusion of heat in the list ¢f pollutants indicates the
clear intention on the part of CcCongress to have this
pollutant included in the same manner as other pollutants in
the establishment of effluent 1limitation guidelines and
standards of performance. Other recognition of heat in
special provisions of the Act is in Sections 104 (t) and 316.

Section 104 (t) requires the EPA Administrator in cooperation
with other agencies and organizations to conduct continuing
comprehensive studies of the effects and methods of control
of thermal discharges. The studies are to include cost-
effectiveness analysis and total impact on the environment.
The Act states that they are to be used by EPA in carrying
out Section 316 of the Act, and by the States in
establishing water quality standards. However it does not
indicate that the studies are to be utilized in establishing
effluent limitation guidelines and standards of performance.
Section 316(a) does provide for individual variances to be
granted from effluent gquidelines for +thermal discharges,
where such a wvariance will assure the protection and
propogation of a balanced, indigenous population of
shellfish, fish and wildlife in and on that body of water.

Consequently, the Act requires effluent guidelines and
standards of performance for heat to be developed in the
same manner as for other pollutants, but also allows for
individual relief from the guidelines and standards under
Section 316. In this context, this report only contains an
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evaluation of control and treatment technology for thermal
discharges which reduces or eliminates the amounts of heat
discharged. Consideration of mixing 2zone <technology is
therefore not included, since mixing zones do not reduce the
effluent heat but rely in part upon the dilution effect of
the receiving water to decrease the overall receiving water
temperatures to meet applicable 1limitations based on
environmental criteria. Therefore they do not gualify as a
control or treatment technology for the establishment of
technology-based ef fluent limitations guidelines or
standards of performance.

The effluent 1limitations and standards of performance
recommended herein have been developed from a detailed
review of current practices in the steam electric powerplant
industry. A critical examination was made of treatment
methods now in use in the industry and methods used in other
industries to achieve solutions to problems similar to those
encountered in steam electric powerplants. As part of the
review of current practices, aprlications for discharge
permits filed in accordance with other provisions of the Act
were examined. There is also a volumuous literature base
and on-going reseach development and demonstration programs
in this and related technical areas. Also as part of this
effort visits were made to 35 plants, with at least one
plant visit to each of the ten EPA regions. Six plants were
visited outside the U.S. Sampling programs were conducted
at plants where it was felt that sufficient information
could be obtained to document treatment practices. The
plants visited are listed below:

Beznau, Dottingen,Switzerland

B.F. Cleary, Taunton, Massachusetts
Big Brcwn, Fairfield, Texas

Brayton Point, Somerset, Massachusetts
Canal, Sandwich, Massachusetts
Centralia, Centralia, Washington
Cherokee, Denver, Colorado
Chesterfield, Chester, Virginia
Dresden, Morris, Illinois

Dunkirk, Dunkirk, New York

Fremont No. 1, Fremont, Nebraska
Fremont No. 2, Fremont, Nebkraska
Fort Calhoun, Fort Calhoun, Nekraska
Greene county, Demopolis, Alabama
Holtwood, Holtwood, Pennsylvania
Keystone, Shelocta, Pennsylvania
Lichterfelde, West Berlin

Marshall, Terrell, North Carolina
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Milliken, Ludlowville, New York
Mohave, Davis Dam, Nevada
Morgantown, Newburg, Maryland

North Omaha, Omaha, Nebraska
Palisades, Benton Harbor, Michigan
Paradise, Drakesboro, Kentucky
Pittsburg, Pittsburg, California
Preussag, Ikbenburen, West Germany
Quad Cities, Cordova, Illinois
Rancho Seco, Rancho Seco, California
Roseten, Roseton, New York

Rugeley, Town of Rugeley, England
Sanford, Sanford, Florida

Turkey Point, Florida City, Florida
Valmont, Valmont, Colorado
Volkswagenwerk, Wolfsburg, West Germany
Westfalen, Schmehausen, West Germany
Will County, Joliet, Illinois

The economic analyses contained in this report pertain only
to costs related to control and treatment technology for the
reduction and elimination of the discharge of pollutants
from steam electric powerplants. Benefits derived from
associated costs are simply the reduction and/or elimination
of pollutant discharges. Cost-benefit analysis which
consider environmental effects, benefits to society,
economic impact, etc. are beyond the scope of this report.

In arriving at recommendations fcr effluent limitations
guidelines and standards of performance, extensive use has
been made of prior studies in this area made for EPA, in-
house information developed by EPA, information developed
by industry sources, and comments submitted by numerous
Federal and State agencies, industrial and other groups, and
others.

Industry Descriptio

Steam electric powerplants are the production facilities of
the electric power industry. The industry also provides for
the transmission and distribution of electric energy. The
industry 1is made up of +two basically distinct ownership
categories, investor-owned and publicly-owned, with the
latter further divided into Federal agencies, non-Federal
agencies, and cooperatives. About two-thirds of <the 3400
systems in the United States perform only the distribution
function, but many perform all three functions, production
(generally referred to as generation), transmission, and
distribution. In general, the larger systems are vertically
integrated, while the smaller systems, largely in the
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municipal and cooperative categories, rely on firm purchases
to meet all or part of their requirements. Many of the
systems are interconnected, and can, under emergency
conditions, obtain power from other systems.

Historically, the industry started around 1880 with the con-
struction of Edison's steam electric plant in New York City.
For the next sixty years, growth was continuous, but
unspectacular, due to the fairly limited demand for power.
However, since 1940 the annual per capita production of
electric energy has grown at a rate of about six percent per
year, and the total energy consumption by about seven
percent. In 1970, there were about one thousand generating
systems in the United States. These systems had a combined
generating capacity of 340,000 megawatts (Mw) and produced
1,530,000,000 megawatt hours (Mwh) of energy. A breakdown
of the capacity and production by ownership categories is
given in Table III-2.

The industry produces, transmits and distributes a single
product, electric energy. The product is distinguished from
other products of the American industry by the fact that it
cannot be economically stored, and that the industry must be
ready to produce at any give time all the product the
consumer desires to utilize. While some industrial power is
sold on a so-called "interruptible® basis, the total amount
sold on this basis is insignificant compared to the overall
power consumption. The ability of the industry to meet any
instantaneous demand is the criterium for what constitutes
satisfactory performance in the industry and is the single
most significant factor in determining the need for new gen-
erating facilities.

Other special considerations involved in a discussion of the
industry relate to its role as a public utility, a monopoly,
and a regulated industry. As a public utility, its major
objective 'is to ©provide a public service. It must supply
its product to all customers within its assigned service
area, but it cannot discriminate between customers, and it
must supply its product to all customers within a given
class at equal cost. As a monopoly, the industry is
generally assigned a service area, but within that area is
exempt from competition except perhaps for competition with
other sources of energy, particularly in +the industrial
area. However, in return for the granting of a monopoly,
the industry is required to furnish service. Thus it cannot
cease to service a certain area when such service appears to
be unprofitable. Finally, in view of its position as a
public wutility and a monopoly, both the quality of service
it must provide and the rates it may charge for its service
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Table III-2

SUMMARY DESCRIPTION

ELECTRICAL POWER GENERATING INDUSTRY (YEAR 1970)

Number of plants (stationS)eececceccccccececeeseapprox. 1000

Number of generating UNitS.ececsesccsscseesesapPpProx. 3000

OWNERSHIP NUMBER OF SYSTEMS*¥* GENERATING CAPACITY, Ma* GENERATION, 106MWh*
Investor 250 265,000 : 1,180 -
Federal 2 40,000 190
Public (non=Fed) 700 35,000 140
Cooperative 65 5,000 22

CUSTOMERS NUMBER ENERGY SOLD, Mwh

Residential 55,000,000 450,000,000
Commercial 8,000,000 325,000,000
Industrial 400,000 575,000,000
Other - 60,000,000

PROJECTED GROWTH

INSTALLED CAPACITY, Mw

1970 266,000
1980 540,000
1990 1,057,000
FUEL USED PERCENT HEAT INPUT
Coal 54
Natural Gas 29
0il 15
Nuclear 2
COST (YEAR 1968) mills/{ kwh
Production 7.7
To Customers 15.4

* Note: Includes some hydroelectric and internal combustion.



are regulated by both State and Federal regulatory agencies.
Since the rates it is allowed to charge are a function of
the cost of providing service, any prudent costs imposed on
the industry by regulatory agencies will eventually be
passed on to the electricity consumer. And since the
consumer, particularly at the retail residential 1level, has
very few options to the use of electricity, the relationship
between costs and consumption is generally considered to be
"inelastic" in the short time, that is, an increase in cost
has little effect on the level of consumption.

The use of electric energy can be divided into three major
categories: industrial, residential and commercial. In
1965, industrial use accounted for 4l% of all energy
generated. Residential use accounted for 26¢% and commercial
use for 18%. Another 17% of the energy generated was used
by miscellaneous users for auxiliary operations within the
industry or 1lost in transmissions. Studies by the Federal
Power Commission (FPC) indicate no change in this basic use
pattern over the next two decades.

On the other hand, the total amount of electric energy that
will be used is expected to increase significantly over the
next two decades. Again, based on studies by the FPC, it is
believed that the required generating capacity will increase
from 340,000 Mw in 1970 to 665,000 Mw in 1980 and 1,260,000
Mw in 1990. The industry's 1970 generating facilities would
therefore have to be almost doubled by 1980 and again
doubled by 1990.

At the present time, steam electric powerplants, including
both fossil-fueled and nuclear-fueled plants, account for
about 79% of total generating capacity and 83% of the total
power generated. The remainder is accounted for by hydro-
electric generation, both of the once-through and pumped-
storage types, and by direct combustion-generation processes
such as gas turbines and diesel engine driven generators.
Table 1III-3, taken from reports of the FPC, shows the
projected growth of generating capacity over the next two
decades.

Four basic fuels are used in steam electric powerplants,
three fossil fuels-coal, natural gas and oil - and uraniunm,
presently the basic fuel of nuclear power. A potential
fuel, reclaimed refuse, is being burned at one experimental
facility, but is not likely to have a major impact on the
industry within the foreseeable future. Table III-4, again
from FPC reports, shows the projected distribution of fuel
use for steam electric power generation for the next two
decades.
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TABLE III- 3

PROJECTED GROWTH OF UTILITY ELECTRIC GENERATING CAPACITY
(Figures in thousands of megawatts)

1970 (actual) 1980 1990
% of % of Z of
Type of Plant Capacity Total Capacity Total Capacity Total
Fossil Steam 260 76 393 59 557 44
Nuclear Steam 6 2 147 22 500 40
Subtotal Steam 266 78 540 81 1,057 84
Hydroelectric-
conventional 52 15 68 10 82 6
Hydroelectric-
pumped storage 4 1 27 4 71 6
Gas-Turbine and Diesel 19 6 31 5 51 ’ 4
TOTALS 341 100 666 100 1,261 100

Notes: (1) These projections are keyed to the electrical energy demand projections made

by Regional Advisory Committee studies carried out in the 1966-1969 period.

(2) The projections are premised on an average gross reserve margin of 20%.

(3) Since different types of plants are operated at different capacity factors,
this capacity breakdown 1s not directly representative of share of kilowatt—hours
production. For example, since nuclear plants are customarily used in base-load
service and therefore operate at comparatively high capacity factors, nuclear
power's contribution to total electricity production would be higher than its
capacity share.
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Table I1I-4

FPC PROJECTION OF FUEL USE IN STEAM ELECTRIC
POWERPLANTS
Fuel 1970 1980 1990
Coal 54% 41% 30%
Natural Gas 29 14 8
Fuel Oil 15 14 9
Nuclear 2 31 53




Table III-S5 shows the projected annual fuel requirements for
steam electric powerplants over the next two decades. See
also Figure 1III-1 for a graphical presentation of the
projection, by the Joint Committee on Atomic Energy, of the
U.S. energy flow pattern for 1980. Although their share of
the total fuel use is declining, the actual use of all three
fossil fuels 1is projected to continue to increase. Most
significant is the fact that utility consumption of coal
will more than double although coal's share of the total use
will decrease from S4% to 31%. These projections assume no
major slippages in the construction of nuclear generating
plants. Should such slippages occur, it is possible that
coal will ke called upon to assume an even greater role in
meeting the nation's energy needs.

Coal 1is the most abundant of the fossil fuels. Nationwide
it is estimated that proven recoverable reserves are
sufficient to supgply our needs for the next 200 to 300
years. A problem with coal is that it varies in chemical
properties and its geographic distribution does not coincide
with the geographic distribution of the demand for electric
energy. A primary concern is the sulfur content of the
coal. Most of the Eastern coal is too high in sulfur
content to meet the increasingly stringent limits on sulfur
dioxide in stack gases.

sulfur dioxide removal systems are being employed at a
number of powerplants. All indications are that limitations
on sulfur dioxide emissions will substantially increase
production costs in coal-burning powerplants. In the West,
there are large deposits of low sulfur coal, but here the
cost of either shipping the coal or transmitting electric
energy are substantial. The possibilities of further
environmental restrictions as much as the actual
environmental regulations now in force has possibly resulted
in the conversion of a large number of coal burning plants
to other forms of fossil fuel, and the construction of new
generating facilities wusing less abundant but more
environmentally acceptable fuels.

Both natural gas and low sulfur residual oils are in short
supply. The natural gas situation was initially felt to be
more critical and some generating plants were being
converted from natural gas to fuel oil. The 1970 FpC
projections indicated that natural gas utilization would
remain fairly constant and that the use of fuel o0il would
increase at approximately the same rate as the use of coal.
All of these projections were based on the assumption that
there would be no additional governmental actions regulating
the wutilization of fuels and that nothing would happen to
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FPC PROJECTED ANNUAL FUEL REQUIREMENTS FOR

Table III- 5

STEAM ELECTRIC POWERPLANTS

Fuel Measure 1970 1980 1990
Coal 106 tons 332 500 500
Natural Gas 1012 cubic feet 3.6 3.8 3.8
Fuel 0il 106 barrels 331 640 800
U308 103 tons to diffusion 7¢5 41 127

plants without re-
cycle of plutonium
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Figure III-1

PROJECTED TOTAL U,S. ENERGY FLOW PATTERN (1980)

HYDROELECTRIC

———e 0 R AN
R NN
N N N I
GEOTHERMAL RN RN
1Y CONVERSION LOSSES 3}
AWINNNY
=02
ANANIANNL aAVINNY '.\\u.s\\\\\\\\
ENEmY ARTATAAL I AN AAAANNAAN AL AN L AN NN AN
SREnsnaninanng
T A A AN AN
”ucmk N N ANYTINANANNNNA
GENERATION RN

3.2

6AS
{IMPORTS)

————

i

AR

(2]

2

GAS
(DOMESTIC)

———

RESIDENTIAL
&
COMMERCIAL

9.9

04000570000220052505007

0000450056007

e

= | 07/0%

INDUSTRIAL
130

%u?m .0‘&033 Q

oA

% NEXY ;Ou
X .oﬁ%ﬁ“auov-% ) 0-8" °°'°0 DR
NS o AT R EXPORTS

02 OL-6AS 1505 14

NONENERGY

¥+
ol 10077 33

(IMPORTS)

O—-

oL
(DOMESTIC) 11.5

————

TRANSPORTATION
120

[UNITS: MILLION BBLS/DAY OIL EQUIVALENT)

0

202

LOST
ENERGY

USED
ENERGY



affect our present heavy reliance on foreign sources for
fuel oil. Subsequently, the fuel o0il problem became
critical, projections were altered and certain plants were
considered for reconversion to coal.

Finally, the projected growth of nuclear generating capacity
is dependent in the short run on the discovery of additional
deposits of 1low-cost uranium and the construction of
additional ore processing facilities. In the long run, it
is dependent on the successful development and use of
breeder reactor systems. The United States may have a full-
scale breeder plant in operation in the 1980°'s.

In summary, this report deals with the setting of effluent
guidelines for an industry with many complex aspects. It is
a public utility and therefore is regulated both as to the
quality of its service and the rates it can charge for the
service. While regulation limits the rates it can charge,
it also insures that any prudently increased costs will
eventually be passed on to the retail customer. Except for
some competition in the industrial use of electricity, there
is little competition for the use of its product. Oon the
other hand, the industry itself has little mobility. A
powerplant generally cannot be moved and a generating unit
can be shut down only when an equivalent unit has been
provided. Since its product cannot be stored and must be
produced to meet a fluctuating demand, much of its capacity
is used only part time. With suitable sites near the
centers of demand largely used up, it has to go further and
further from its demand to obtain satisfactory generating
sites, and even <then is often encountering pressure from
environmental groups opposed to the construction of the new
facilities. In addition, because of planning, construction
and design problems with regard to a number of plants
already sited, delays are resulting for some major power
plant installations. Generally, the slippage in the
schedules for new powerplants is requiring the industry to
continue to operate some of the older, less efficient, and
perhaps less environmentally acceptable plants.
Amplification of the "energy crisis" has evoked considerable
attention, constraints, and changes in +the industry. In
addition to some shifts in fuel and fuel costs, reduced
projections for the demand for electricity 'and possibly
other factors have caused at least one major system to
announce a slowdown in planned expansion resulting in the
delay in construction of generating units.

The setting of effluent standards for steam electric power-
plants has therefore involved a 1large number of complex
factors, many of which do not apply to a conventional



manufacturing industry producing a non~-perishable,
transportable product in a competitive market.

Process _Description

The "production® of electrical energy always involves the
utilization and conversion of scme cther form of energy.

The three most important sources of energy which are
converted to electric energy are the gravitational potential
energy of water, the atomic energy of nuclear fuels, and the
chemical energy of fossil fuels. The utilization of water
power involves the transformation of one form of mechanical
energy into another prior to conversion to electrical
energy, and can be accomplished at greater than 90 percent
of theoretical efficiency. Therefore, hydroelectric power
generation involves only a minimal amount of waste heat
production due to conversion inefficiencies. Present day
methods of utilizing the energy of fossil fuels, on the
other hand, are based on a combustion process, followed by
steam generaticn to convert the heat first into mechanical
energy and then to convert the mechanical energy into
electrical energy. Nuclear processes as generally utilized
also depend on the conversion of thermal energy (heat) to
mechanical energy via a steam cycle. Although progress in
powerplant development has been rapid, a large part of the
enexrgy released by the fuel as heat at a high temperature
level, in even the most efficient plants, is not converted
to useful electrical energy, but is exhausted as heat at a
lower temperature level., This is due to the limitations of
the second law of thermodynamics which can be stated as
follows: A reversible heat . engine can generate work from
high-temperature heat only at the expense of rejecting a
part of +this heat to a lower-temperature reservoir. The
fraction of the high-temperature heat which is converted to
work is (T-t)/T, where T is the absolute temperature of the
high-temperature heat source and t is the absolute
temperature of the lower-temperature heat sink.

Where a water-steam cycle is used to convert heat to work,
the maximum theoretical efficiency that can be obtained is
limited by the temperatures at which the heat can be
absorbed by the steam and discarded to the environment. The
upper temperature is limited by the temperature of the fuel
bed and the structural strength and other aspects of the
boiler. The 1lower temperature is ideally the ambient
temperature of the environment, although for practical
purposes the reject temperature must be set by design
significantly above the highest anticipated ambient
temperature. Within these temperatures it can be shown that
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the conversion of heat into any other form of energy is
limited to efficiencies of about 40 percent regardless of
any improvements to the present day machines employed. The
limited boiler temperature utilized by present day light
water nuclear powerplants is the major reason of the lower
efficiency of these plants compared to fossil-fueled plants.
For any steam electric power generation scheme, therefore, a
minimum of about 60 percent of the energy contained in the
fuel must be rejected to the environment as waste heat. The
extent +¢o0 which existing and future steam electric
_powerplants approach this theoretical 1limit will be
discussed later in this report, as will alternate methods of
converting fuel energy to electric energy which do not
employ a steam cycle and therefore are not limited to steam -
cycle efficiencies.

Fossil-fueled steam electric powerglants produce electric
energy in a four stage process. The first operation
consists of the burning of the fuel in a boiler and the
conversion of water into steam by the heat of combustion.
The second operation consists of the conversion of the
high-temperature high-pressure steam into mechanical energy
in a steam turbine. The steam leaving the turbine is
condensed to water, transferring heat to the cooling medium,
which 1is normally water. The turbine output is conveyed
mechanically to a generator, which converts the mechanical
energy into electrical energy. The condensed steam is
reintroduced into the boiler to complete the cycle.

Nuclear powerplants utilize a similar cycle except that the
source of heat is atomic interactions due to nuclear fuel
rather than combustion of fossil fuel. Water serves as both
moderator and coolant as it passes through the nuclear
reactor core. In a pressurized watexr reactor, the heated
water then passes through a separate heat ‘exchanger, where
steam is produced on the secondary side. This steam, which
contains no radioactive materials, drives the turk’ .e. 1In a
boiling water reactor, steam is generated directl, in the
reactor core and 1is then piped directly to the turbine.
This arrangement results in some radioactivity in the steam
and therefore regquires some. shielding of the turbine. Long
term fuel performance and thermal efficiencies are .milar
for the two types of nuclear systems.

The theoretical water-steam cycle employed in steam electric
powerplants is known as the Rankine cycle. Actual cycles in
powerplants only approach the performance of the Rankine
cycle because of practical considerations. Thus, the heat
absorption does not occur at constant temperature, but
consists of heating of the 1liquid to the boiling point,
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converting of 1liquid to vapor and superheating (heating
above the saturation equilibrium temperature) the steam.
Superheating 1is necessary to prevent excess condensation in
the turbines and results in an increase in cycle efficiency.
Reheating, the raising of the temperature above saturation
of the partially expanded steam, is wused to obtain
improvements in efficiency and again to prevent excess
condensation. Preheating, bringing of condensate to near
boiling temperatures with waste heat, is also used for this
purpose. Condensers cannot be designed to operate at
theoretically optimum values because it would require
infinitely large equipment. All of these divergences from
the optimum theoretical conditions cause a decrease in
efficiency and an increase in the amount of heat rejected
per unit of production. As a result, only a few of the
larger and newer plants approach even the efficiencies
possible under the ideal Rankine cycle. Also as a result of
second law limitations, modifications of the steam cycle of
an existing plant are not likely to result in significant
reductions in heat rejection.

Alternate Processes

Alternate processes for generating electric energy can be
divided into three distinct groups. The first group
includes those processes that are presently being used to
generate significant amounts of electrical energy. This
group includes hydroelectric power generation, combustion
gas turbines, and diesel engines. The second group includes
processes that seek to improve on the steam electric cycle
by utilizing new fuels or new energy technology. This group
includes liquid metal fast breeder reactors, geothermal
generation, utilization of solar energy, and various forms
of combining cycles to obtain greater thermal efficiency.
The 1last group includes those systems, also mostly still
under development, that seek to eliminate the inherent
limitations of the conventional Rankine cycle by providing
for some alternative type of conversion of chemical energy
into electrical energy. This group includes
magnetohydrodynamics, electrogasdynamics and fuel cells.

Presently Available Alternate Processes
Hydroelectric Power

Hydroelectric developments harness the energy of falling
water to produce electric power, and have a number of
distinct advantages over steam electric plants. Operation
and maintenance costs are generally lower. Although the
initial capital cost may be higher, hydroelectric develop-
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ments have longer life and lower rates of depreciation, and
capital charges may therefore be less. The cost of fuel |is
not an item of operating cost. Both availability and
reliability are greater than for steam electric wunits.
Hydroelectric plants are well suited for rapid start and
rapid changes in power output and are therefore particularly
well adapted to serve peak loads. Best of all,
hydroelectric plants do not consume natural fuel resources,
produce no emissions that affect air quality and discharge
no significant amounts of heat to receiving waters.

Unfortunately, the availability of hydroelectric power is
limited to 1locations where nature has created the
opportunity by providing both the stream and the difference
in elevation to make the energy extractable. In many
instances this means generation far away from load centers
with long transmission lines required to bring the energy to
its point of |use. At the present time, hydroelectric
generation in the United States is a major factor only in
the Far West, in New York State, and in some areas of the
Appalachian Region. Total hydroelectric capacity installed
at the end of 1970 amounted to 52,300 Mw, amounting to about
15% of the total installed U. S. generating capacity. In
spite of a projected growth of about 30,000 Mw by 1990, the
share of once-through hydroelectric power is expected to
decline to about 7% by 1990. The primary reason for this
decline is that the best available sites for hydroelectric
power have already been developed and that the remaining
sites are either too far from locad centers or too costly ¢to
develop. Development of some sites may be prohibited by
legislation such as the Colorado River Basin Project Act (P.
L. 90-537) and the Wild and Scenic Rivers Act (P. L. 90~
542). Development of the maximum potential at other sites
may be limited by the Federal Power Act which requires that
a project to be licensed or relicensed be best adapted to a
comprehensive plan for the use of the basin's resources.

There is a possibility of importing substantial blocks of
hydroelectric power from eastern Canada, but the rapid rate
of growth in Canada has possibly been a factor in the
inability of <that country and the United States to enter
into long-term contracts for the sale of power. As much as
S,000 Mw might be available on a short-term basis of about
twenty years and could be transmitted to load centers in the
Northeastern United States at economically feasible costs.

One form of hydroelectric power, pumped storage projects, is
expected to play an increasing role in electric power
generation. In a pumped storage project water is pumped, by
electricity generated by thermal wunits, into an elevated
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reservoir site during off-peak hours and electricity is then
generated by conventional hydro means during the periods of
peak usage. Pumped storage plants retain the same favorable
operating characteristics as once-through hydroelectric
plants. Their ability to accept or reject large blocks of
energy very quickly make them much more flexible than either
fossil-fueled or nuclear plants. Of course, the power
required to pump the water into the reservoir must be
generated by some other generating facility. Efficiencies
of pumping and of hydroelectric generation are such that
about 3 kwh of energy must be generated for each 2 kwh
recovered, but on many systems the loss of 1 kwh of non-peak
fuel consumption in lieu of 2 kwh (equivalent) of capital
expenditure for additional reak generating capacity is
favorable in the light of overall system economics.

Although the earliest pumped storage project dates back to
1929, total pumped storage capacity at the end of 1970
amounted to only 3,700 Mw. FPC estimates indicate that
rumped storage capacity may reach 70,000 Mw by 1990. This
would represent a higher rate of growth than +the projected
growth of the entire industry.

Although hydroelectric plants produce neither air emissions
nor thermal discharges, some proposed projects have drawn
opposition from environmental groups because of the large
volumes of water being drawn through the turbine-pump units,
with the associated potential for damage to marine life, and
the relatively large areas of wuncertainty surrounding the
effect of artificial reservoirs on groundwater regimen.
Several of the rumped storage rroject reservoirs have
required remedial measures to reduce leakage of water from
the reservoir.

In general, hydroelectric power represents a viable
alternative to fossil~-fueled or nuclear steam cycle
generation where geographic, environmental and economic
conditions are favorable. Pumped storage additionally
offers an opportunity to improve overall system performance
and. reliability, particularly for rapid startup and
maintenance of reserves ready to be 1loaded on very short
notice.

Combustion Gas Turbines and Diesel Engines

Combustion gas turbines and diesel engines are devices for
converting the chemical energy of fuels into mechanical
energy by using the Brayton and Diesel thermal cycles as
opposed to the Rankine cycle used with steam. As with the
Rankine c¢ycle,. the second 1law of thermodynamics imposes

28



upper limits as their ideal energy conversion efficiencies
based on the maximum combustion temperature and the heat
sink temperature (ambient air). The actual conversion
efficiencies of combustion gas turbines and diesel engines
are lower than those of the better steam cycle plants.
Diesel engines are used in small and isolated systems as a
principal generator of electrical energy and in larger
systems for emergency or standby service. Combustion gas
turbines are used increasingly as peaking units and in some
instances as part of combined cycle plants, where the Lot
exhaust gases from a combustion gas turbine are passed
through a boiler to generate steam for a steam turbine.
Both types of units are relatively 1low in capital cost
($/kw), require 1little operating labor, are capable of
remote controlled operation, and are able to start quickly.
Since these wunits typically operate less than 1,000 hours
per year, fuel costs are generally not a deciding factor.

In a combustion gas turbine, fuel is injected into
compressed air in a combustion chamber. The fuel ignites,
generating heat and combustion gases, and the gas mixture
expands to drive a turbine, which is usually located on the
same axle as the compressor. Various heat recovery and
staged compression and combustion schemes are in use in
order to increase overall efficiency. Aircraft jet engines
have ‘been used to drive turbines which in turn are connected
to electric generators. In such units, the entire jet
engine may be removed for maintenance and a spare installed
with a minimum of outage time. Combustion gas turbines
require little or no cooling water and therefore produce no
significant thermal effluent.

Diesel engines can be operated at partial or full loads, are
capable of being started in a very short time, and are
ideally suited for peaking use. Many large steam electric
plants contain diesel generators for emergency shutdown and
startup power if the plant is isclated from outside sources
of power.

In 1970, combustion gas turbine and diesel engines
represented 6% of the total United - States generating

capacity. This represented 15,000 Mw of combustion gas
turbines and 4,000 Mw of diesel engines.

Alternate Processes Under Active Development

Future Nuclear Types

At the present time almost all of the nuclear powerplants in
operation in the United States are of the boiling water
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reactor (BWR) or pressurized water reactor (PWR) type. As
previously discussed some technical aspects of these types
of reactors 1limit +their thermal efficiency to about 30%.
There are potential problems in  the area of fuel
availability if the entire future nuclear capacity is to be
met with these types of reactors. In order to overcome
these problems, a number of other types of nuclear reactors
are in various stages of develcpment. The objective of
developing these reactors is two-fold, to improve overall
efficiency by being able to produce steam under temperature
and pressure conditions similar to those being achieved in
fossil fuel plants, and to assure an adequate supply of
nuclear fuel at a minimum cost. Included in this group are
the high temperature gas-cooled reactor (BTGR), the seed
blanket light water breeder reactor (LWBR), the liquid metal
fast breeder reactor (LMFBR), and the gas~cooled fast
breeder reactor (GCFBR). All of these utilize a steam cycle
as the last stage before generaticn of electric energy.
Both the HTGR and the LMFBR have advanced sufficiently to be
considered as potentially viable alternate processes.

The HTGR is a graphite-moderated reactor which uses helium
as a primary coolant. The helium is heated <to about 750
degrees centigrade (1400 degrees Fahrenheit), and then gives
up 1its heat to a steam cycle which operates at a maximum
temperature of about 550 degrees centigrade (1,000 degrees
Fahrenheit). As a result, the HTGR can be expected to
produce electric energy at an overall thermal efficiency of
about 40%. One HTGR is operating in the United States at
this time, with another expected to be operating in 1974,
The thermal effects of its discharges should be similar to
those of an equivalent capacity of fossil-fueled plants.
Its chemical wastes will be provided with essentially
similar treatment systems that are presently being provided
for BWR and PWR plants.

The LMFBR will have a primary and secondary loop cooled with
sodium, and a tertiary power producing loop utilizing a
conventional steam system. Present estimates are that the
LMFBR will operate at an overall thermal efficiency of about
36%, although higher efficiencies are deemed to be
ultimately possible. The circulating water thermal
discharges of the LMFBR will initially be about halfway
between those of the best fossil-fueled plants and the
current generaticn of nuclear plants. Chemical wastes will
be similar to those of current nuclear plants.
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Coal Gasification

The technology for producing from coal a low Btu gas
suitable for combustion in a utility powerplant has long
been available, Thus far, the economics of processing the
coal at the mine and transporting gas to the point of use
have not been sufficiently favorable to 1lead to the
construction of large scale facilities based on this
process.

The attractiveness of the concept lies in its potential for
utilizing the most abundant of the fossil fuels, coal,
without the problems usually associated with coal, sulfur
and particulates in the stack gases and ash and slag
problems in +the boiler. The drawbacks are that coal
gasification only returns 2 kw for each 3 kw of coal
processed, large capital investments are required, and the
resulting cost per Btu is high.

The Federal Government and a number of private organizations
are supporting research and development seeking to reduce
the cost of coal gasification. There are at least eight
process alternates in various stages of development with
different by-products or energy requirements. Best current
estimates are that low Btu gas could be produced from coal
for about twice the average price currently (1973) paid by
electric utilities for natural gqas. With an increasing
shortage of natural gas and fuel o0il and increasing pressure
on the utilities for environmentally ®"clean"™ generation of
electric energy, coal gasification could well turn into a
significant factor in the steam electric powerplant
industry.

Combined Cycles

One possible avenue toward greater overall thermal
efficiency lies in first utilizing the hot gases generated
by combustion of the fuel in a combustion gas turbine and
then passing the exhaust of the turbine through a steam
boiler. A small number of plants based on this concept have
been constructed. One problem lies in the fact that
present-day turbine technology requires a relatively clean
gas or 1light oil (natural gas or refined o0il) fuel. Gas
turbines are used primarily as peaking units due to the
shortage of natural gas supplies, its high cost per unit of
heating value, and the relatively high maintenance cost of
the equipmente. Thermal efficiency is a primary
consideration only for base loaded units and experience
with gas turbines used as base- load units is limited.

A major advantage of the combustion gas turbine is the fact
that it requires no cooling water. Conversion of existing
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units or plants ¢to combined cycle offers, at least in
theory, the potential for reducing the thermal effects
associated with a given production of electrical energy. 1In
practice, the modification of existing equipment is
generally 1likely to be technically difficult, if not
impossible, and of doubtful economic viability.

One form of combining cycles that holds special attraction
is the utilization of municipal refuse as a source of energy
for the production of steam and electrical power. Municipal
refuse has an average heating wvalue of about 12,000 J/g
(5000 Btu/lb). Many municipalities have been forced to
incineration of their refuse by the growing scarcity of
available and environmentally acceptable sites for landfill
operations. In European countries, higher fuel costs and
lower wages have resulted in economics favorable to the
recovery of heat from the incineration of refuse. In the
United States, general .-practice has been to incinerate
refuse in refractory furnaces without attempt at heat.
recovery, although several large municipal incinerators now
generate steam.

Plant No. 2913 has been converted to accept a mixture of 10
to 20% shredded refuse and 80 to 90% powdered coal. The
refuse has previously been processed to remove a portion of
the ferrous metals. The operation appears to be reasonably
successful. However, the modifications to both the refuse
disposal operations and the production of electric energy
are such that the economics must be carefully evaluated in
each individual case.

Future Generating Systems
Magnetohydrodynamics

Magnetohydrodynamic (MHD) power generation consists of
passing a hot ionized gas or liquid metal through a magnetic
field to . generate direct current. The concept has been
known for many years, although specific research directed
towards the development of viable systems for generating
significant quantities of electric energy has only been in
progress for the past ten years.

The promise of MHD lies in its potential for high overall
system efficiencies, particularly if applied as a "topping"
unit in conjunction with a conventional steam turbine. The
exhaust from a MHD generator is still at a sufficiently high
temperature to be utilized in a waste heat boiler. The
combined MHD-steam cycle could result in overall system
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efficiencies of 50 to 60% and would require substantially
less cooling water than presently available systems.

The problems with MHD lie in the development of suitable
materials that can withstand temgeratures in the 2200-28000C
(4000-5000°F) range. This includes electrodes, channels,
and auxiliary components. There are also problems in the
burning of commercial fuels containing various impurities
(such as sulfur-containing coal) and problems resulting from
the fixation of nitrogen and the 1lack of satisfactory
methods to remove nitrous oxides from the stack gases.

Although the Soviet Union and Japan are actively engaged in-
MHD research and development, including the construction of
a commercial size MHD plant in Moscow, experimental
generators in the United States have produced only moderate
outputs for short periods of time or small outputs for
periods of up to hundreds of hours. 1In spite of substantial
interest in and support of MHD research by the oOffice of
Coal Research of the U. S. Department of the Interior, and
the Edison Electric Institute, it does not seem likely that
MHD will reach commercial operations in the United States
within the next several years.

Electrogasdynamics

Electrogasdynamics (EGD) produces power by passing an
electrically charged gas through an electric field. The
process converts the kinetic energy of the moving gas to
high voltage direct current electricity.

The promise of EGD is similar to the promise of MHD. Units
would be smaller, with a minimum of moving parts, would not
be 1limited by thermal cycle efficiencies and would not
require cooling water. The system could also be adapted to
any source of fuel or energy including coal, gas, oil or
nuclear reactors.

Unfortunately, the problems of developing commercially
practical wunits are also similar to those associated with
MHD. A pilot plant was constructed in the United States in
1966, but tests on the pilot model uncovered major technical
problems and resulted in a termination of the project. 1In
view of these difficulties and the relatively small current
effort toward further work on this process, it seems
unlikely that EGD will have an impact on the national energy
picture within the next twenty years.



Fuel Cells

Fuel cells are electrochemical devices, similar to storage
batteries, in which the chemical energy of a fuel such as
hydrogen is converted continuously into low voltage electric
current. Fuel cells presently under development produce
less that 2 volts per cell. 1In order to create a usable
potential, many cells have to be arranged in series and many
of these series arrangements must be paralleled in order to
produce a significant current. Converters would be required
to convert the direct current produced by the cells into
alternating current.

The main attractiveness of the fuel cell lies in its modular
capability and the possibility of tailoring power output to
the immediate needs. Puel can be stored and used when
needed. Losses in transporting fuel are also less that the
corresponding 1losses incurred in transmitting electricity.
The efficiency of the direct conversion from chemical to
electric energy is high and the heat losses are minimal.

Main problem areas at the present time lie in developing low
cost materials of construction and low cost fuels. The most
effective electrcdes presently available are platinum
electrodes, which can be used in military and space applica-
tions, but are not economically competitive for commercial
use. Presently used fuels include hydrogen, hydrazine and
methyl alcohol. The use of relatively low cost fuels such
as coal, natural gas or petroleum is not feasible at this
time. Unfortunately, the manufacture of the usable fuels
also involves the utilization of significant quantities of
electric and other energy, so that the overall benefits are
questionable.

A strong effort is being made in the United States to
develop the fuel cell for residential and commercial
service. A number of prototype units have been installed
‘and are operating successfully. However the fuel cell 1is
not expected to replace a significant portion of the central
plant power generation within the next ten years.

Geothermal Generation

Geothermal generation utilizes natural steam or hot water
trapped in the earth's crust to produce electrical enerxgy.
At the present time, geothermal generation is limited to
areas of geothermal activity such as fumaroles, geysers and
hot springs. If steam is obtained directly from the earth,
it can be used to drive a turbine. Hot water must first be
flashed to steam or used to evaporate some other type of
working fluid.
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Advantages of this type of power generation are that the
gsource 'of energy is essentially free, although the costs of
drilling are not insignificant. Disadvantages are that the
steam must first be cleaned and that, at the current state
of the art, this scheme is practical only where there is
geothermal activity near the surface of the earth. With the
advances being made in deep drilling for locating oil, it
would seem possible to tap energy sources almost anywhere on
earth. However, economic considerations appear to 1lead to
the conclusion that geothermal generation will be feasible
only under specially favorable geologic conditions.

Industry Requlation

At the Federal 1level, numerous agencies have regqulatory
authority or direct responsibility for certain aspects of
the industry. These include the Atomic Energy Commission
(AEC), Department of Agriculture, Department of the
Interior, Federal Power Commission, the Department of the
Treasury, Securities and Exchange Commission, Tennessee
Valley Authority, Environmental Protection Agency, U.S. Army
Corps of Engineers and the Department of Labor.

The Federal Power Commission (FPC) is authorized to provide
certain types of economic regulation over certain investor-
owned electric utilities and administrative supervision over
certain publicly-owned systems. 1It licenses all non-Federal
hydroelectric projects, regulates all interstate rates and
services, and requires systems to keep a specific system of
accounts and submit reports on their activities. The annual
report FPC Form 67, Steam Electric Plant Air and Water
Quality Control Data, with responses from 654 plants, and
the Summary Report for the year ended December 31, 1969,
formed one of the major sources of data for this report.
The 654 plants reporting represented steam electric plants
of 25 Mw or greater capacity which were part of a power
supply system of 150 Mw or greater and plants of 25 Mw or
greater capacity operating in one of the Air Quality Control
Regions.

The Atomic Energy Commission (AEC) has the responsibility
for licensing construction and operation of nuclear plants
(stations). A utility proposing to build a nuclear plant
must first apply for a construction permit. With this
application the wutility must file a Preliminary Safety
Analysis Report and an Environmental Impact Statement.
After the major design details bhave been completed, and
while construction is under way, the utility has to submit a
Final Safety Analysis Report which then becomes the basis
for an operating license. In conformance with a recent
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decision by the United States cCourt of Appeals, AEC
licensing procedures now include consideration of all
environmental factors, non-nuclear as well as nuclear, as
required by the National Environmental Policy Act (NEPA) of
1969.

At the state level, all states except Minnesota, Nebraska,
Texas and South Dakocta have regulatory commissions with
authority over investor owned utilities. 1In less than half
the states the commissions also have the power to regulate
publicly-owned utilities. The degrees of authority vary,
but generally include territorial rights, quality of
service, safety, and rate-setting. The rate-setting power
generally requires a utility to demonstrate to the
regulatory authority that a proposed rate structure 1is
necessary in order to permit the utility to earn a return on
its equity investment, also known as a rate base. The rate
base may be determined from historical cost or fair market
value or some other valuation formula, but in most cases,
commissions in effect assure the utility of a minimum return
on capital invested in its system.

construction_sSchedules_

Construction schedules for nuclear gplants and fossil-fueled
plants are significantly different in the total time span
required from the concept study stage to commercial
operation. For example, the condensed construction schedule
for a 200 Mw oil-fired wunit shown in Figure III-2
encompasses a span of about three years from initiation of
the concert study to commercial operation. 1In contrast,
Figure III-3 shows excerpts from a typical LWR nuclear plant
project schedule. The time span shown from the initiation
of the preliminary design until commercial operation is
about 8-9 years.

Reliability, Reserve Generating Capacity,
and Scheduling_of OQutages

According to the Federal Power Commission and the National
Electrical Reliability Council (References 292, 392 and
396), in order to maintain the wuninterrupted service that
customers expect and rely ugon, all power systems must
maintain or have access to more generating capacity than the
expected annual peak load. This spare capacity, known as
required reserves, changes from time to time and varies
widely from system to system, depending on the system size,
the sizes and types of generating units in the system, the
forced outage rates for these units, maintenance
requirements, and system load characteristics.
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Figure III-2

CONDENSED CONSTRUCTION SCHEDULE, 200 MW OIL-FIRED UNIT* (Reference No. 187)

Years 1972 1973 1974 1975

Months |JFMAMJJASQO MAMJJASO MAMJJAS ONDUFMAMJ
Concept Study Begun -
Grading and Excavation - Boilout —P
Piling - Initial Steam —4
Substructure wafm—— Commercial Oper. \
Structural Steel -
Superstructure e ————
Callery Work ———
Steam Generator -
Steam Turbine-Generator -
Condensing Equipment ' ——
Cooling Tower*#¥ ——————
Equipment Erection e ————
Flues, Ducts and Stack .
Misc, Field Erection ——
Piping System -
Thermal Insulation - -
Electrical =

* Note: Base~load type unit with provisions for cycling duty. Major items of
equipment include one main transformer, one generator, one steam turbine,
one steam condenser, two condensate pumps, five closed feedwater heaters,
one deaerating heater, two boiler feedwater pumps, one steam generator,
one combustion burner group, and two combustion air fans and compressors.

** Note: Cooling tower is mechanical draft.
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Figure III-3

TYPICAL IWNR NUCLEAR PLANT PROJECT SCHEDULE

(HIGHLIGHTS ONLY) *

Task

Site Selection and Acquisition
Environmental Studies

Prepare NSSS and Fuel Specifications
Vendor Bid Preparation

Bid Evaluation and Negotiation
Contract Auiards

Preliminary Design

Detailed Design

Site Clearance and Excavation
Foundations and Buildings
Containment Erection

NSSS Equipment Installation
Turbine-~Generator Erection

NSSS and T-G Auxiliary Equipment
Fuel Loading

Testing

Commercial Cperation

. \Year 1

1 2

3. 4 5 6 7 8 9 10

* Note: Excerpts from Reference No., 186,



Methods of Determining Reserve Requirements

The planning techniques used by electric utility systems to
establish required reserve levels can be divided into two
broad categories:

1. Non-probabilistic methods

2. Probabilistic methods

Generating caracity requirements based on a non-
probabilistic method have generally been determined by
establishing minimum reserve requirements over the annual
peak load period based on:

1. A fixed percentage of peak load, or

2. A fixed multiple of the system's largest
generating unit, as for example the largest unit
plus an average-sized unit.

In the use of these non-probabilistic methods, judgment
plays a predominant role. Their only advantage is
simplicity, since reserve requirements can easily be
calculated once an annual peak load has been projected and
the capacity of the largest unit is known. This simplicity
of application, however, is offset by the inherent inability
of such methods to measure, in a quantitative manner, the
system reliability associated with such -~ reserve
determinations. In this approach, little consideration is
given to the daily, monthly, and seasonal load patterns, or
to the characteristics of generating equipment peculiar to
the individual system, such as unit availabilities and the
mix of unit types and sizes.

Probabilistic methods, although  complex, provide an
analytical means for evaluating the relative risk associated
with supplying system load requirements by various means.
This is generally accomplished by interrelating the load and
capacity models developed for the particular system and time
period under study. The load model usually consists of a
series cf load levels representing the full range of daily
or monthly peak loads anticipated throughout the given
period. The model is usually developed from historical
records of daily peaks, with adjustments to reflect expected
changes in load characteristics of future loads. It may
also include provision for the probability of load changes
because of deviations from normal conditions of weather or
expected economic activity.

The capacity models used in probabilistic method usually
involve calculating the 1likelihood of availability of
various levels of system generating capacity, based on
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assumed ' forced outage rates for the individual units. The
study period is usually divided into uniform maintenance
intervals so that units <that would not be available for
service due to scheduled maintenance would be excluded from
the calculations for that particular interval. In effect,
this results in a number of capacity models. The
interrelation of such capacity models with load models forms
the basis for evaluating the risk of capacity not being able
to satisfy the load requirements. Sample calculations and
more detailed explanations are given in some of the Regional
Advisory Committee reports published in Parts II and III of
the 1970 National Power Survey.

To illustrate the relationship between reliability and
reserve generating capacity consider the two curves in
Figure III-4 which are based on studies made by two groups
of systems. Assuming an equivalent level of reliability,
€.g., one occasion in ten years when, on a probability
basis, insufficent generation will be available to cover
load, the New England systems require a reserve of about 21%
compared with 12% for the MARCA systems. This reflects the
differences in type, number, and size of generating units as
well as the diversity and composition of 1load in each
instance - all factors which affect generation reserves.
Furthermore, the percent reserve requirements can be
expected to change with time, reflecting varying conditions.

Reserves for Scheduled Outages

Generating units are taken out of service at fairly regular
intervals for inspection, overhaul, and repair as required.
This practice accounts for the relatively high reliability
of generating capacity. When conditions are such on an
electric system that generating capacity needed to supply
load must be taken out of service, generating capacity from
reserves must be provided tc¢ take its place. The amount of
reserves needed at time of peak load depends on the duration
of maintenance outages and whether the work can be scheduled
during offpeak months.

There are variations from year to year in the amount of
scheduled maintenance that a generating unit requires, and
some types of inspection and repair are needed only at two
or three year intervals. There are also variations in
intervals between scheduled outages and in downtime for
maintenance because of such factors as age, size and type of
unit. On the average, baseload boiler-turbine-generator
units require about one month of scheduled maintenance per
year.

40



OCCASIONS/ YEAR -INSUFFICIENT CAPACITY TO CARRY LOAD

Figure

3
2
MARCA NEW ENGLAND
1
ONE OCCASION
KINIOYEARS
p— et S— R —— - db—
0
5 10 15 20 25 30
PERCENT RESERVE
I11-4 Regional Reliabi%&&y Versus

Percent Reserve

41



In general, the relatively large generating units will be
operated at higher use factors and will require more time
for maintenance than the smaller units. For the purpose of
the Federal Power Commission analysis of 1980 reserve for
scheduled outages, the 1large size thermal units, 600
megawatt or over, were assumed ¢to require 600 hours of
scheduled maintenance annually while units of 200 megawatt
to 599 megawatt size were assumed to require 500 hours, and
units under 200 megawatt, 400 hours.

In estimating the amount of reserve required for scheduled
maintenance, it is necessary to determine whether there is
enough time and spare capacity to take all units out of
service for their scheduled overhaul during off-peak monthse.
In actual practice, such a determination would involve
extensive calculation if there were many units in the system
and the scheduling were tight, Various combinations would
be explored to determine the optimum schedule in terms of
utilizing the spare capacity available in generating units
of different sizes for each interval.39¢ Reference 395 gives
an example of a model for the optimization of outage costs.
At the same time the maintenance schedule should provide for
reasonable use of the crews and not result in excessive
loading on parts of the transmission system. A further
factor is that the generating capacity of a system may
change month by month because of retirements, additions,
cooling water 1limitations, and seasonal changes in the
output capability of installed hydro-electric units.

Coordination for Reliability

Most of the text of this discussion 1is exerpted from
Reference 292, from the Federal Power Commission.

Nearly every major electric utility system in <the United
States 1is connected with neighboring systems to form large
interconnected networks. Financial benefits are thereby
often realized from staggered construction of large
generating units, short-term capacity transactions, and
interchanges of economy energy. Reduction of installed
reserve capacity is made possible by mutual emergency
assistance arrangements and associated coordinated
transmission planning. Bulk power supply reliability is
enhanced by interconnection agreements covering spinning
reserves, reactive kilovolt-ampere requirements, emergency
service, coordination of day-to-day operations, and
coordination of maintenance. The satisfactory performance
of a power supply network requires close cooperation among
component systems for accurate control of frequency, sharing
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of load regulating responsibilities and maintenance of power
system stability.

There are thousands of arrangements among systems from all
segments of the industry providing for various degrees and
methods of electrical coordination. These variations
reflect differences in 1load density, characteristics of
generating sources, geography, and climate. They are also a
product of managerial views with respect to planning,
marketing, competition, and retention of prerogatives.
Because of these differences, no single definition of
coordination has been established by the electric utility
industry. As used in this discussion %coordination® is
joint planning and operation of bulk power facilities by two
or more electric systems for improved reliability and
increased efficiency which would not be attainable if each
system acted independently. "Full coordination®" involves
coordination of all systems within an area, to the extent
technologically and economically feasible to permit the
serving of their combined loads with a minimum of resources
and to exrloit opportunities for coordination with adjacent
areas.

Managements of various electric systems have developed a
wide variety of formal and informal coordinating
organizaticns or power pools. Some merely provide members
with a mechanism for the exchange of information; others
deal primarily with day-to-day interconnected operations
under normal and abnormal system conditions; many engage in
coordinated planning and operation for increased economies;
and still others are dedicated to improving reliability over
broad geographic areas encompassing otherwise unaffiliated
electric systems. All of these organizations contribute in
varying degrees to the reliability and economy of electric
power supply.

The term "formal power pool®™ as used here means twOo or more
electric systems which coordinate the planning and/or
operation of their bulk power facilities for the purpose of
achieving greater economy and reliability in accordance with
a contractual agreement that establishes each member's
responsibilities. Individual members usually are able <to
obtain the economies and other advantages available to much
larger systems while retaining their separate corporate
identities.

Table A-2-1 of Appendix 2 lists the individual members of
each formal power pool in the contiguous United States. The
areas served by formal power pools cover most of the United
States as shown in Figure A-2-1 of Appendix 2.
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A power pool must have sufficient generating capacity to
meet the canbined pool load plus reserve to cover equipment
outages, frequency, regulation, 1load swings, errors in
forecasting loads, and slippage in planning and construction
schedules. The various pools make specific provision for
sharing among the pool particirants the burden of providing
this reserve margin. There are, in general, two different
methods of accomplishing this objective. Under one, each
member is required to maintain a specified minimum capacity
reserve, usually stated in percent of peak lcad. Under the
other, existing installed generating capacity is shared on
an equalized reserve basis. That is, rather than each
member being responsible for maintaining some minimum amount
of reserve, the reserve capacity of the pool is shared
proportionally among the members. Reserve responsibility is
satisfied by capacity transactions so that members with
excess capacity resources are compensated by members having
capacity deficiencies.

There are at least 13 informal organizations of utilities in
the contiguous United States which are structured to
emphasize some limited aspects of inter-system coordination.
These coordinating groups are informal in the sense that no
member 1is contractually obligated to undertake any specific
course of action or to provide any kind of service to other
members. The groups are usually concerned primarily either
with planning or operation, although some are active in
both. The geographic areas covered by these groups are
shown in Figure A-2-2 of Appendix 2. Table A-2-2 of
Appendix 2 lists each group, its acronym, and the individual
members. Twenty~four individual systems, as shown in Table
A-2-3 of Appendix ‘2, are members of two or more informal
coordinating groups.

The National Electric Reliability Council (NERC) was formed
in 1968 for the purpose of further augmenting the
reliability and adequacy of bulk power supply by the
electric systems of North America. It consists of nine
regional reliability councils whose membership comprises
essentially all of the power systems in the United States
and the canadian systems in the provinces of Ontario,
British Columbia, Manitoba, and New Brunswick.

Each council has established a mechanism to provide for
direct or indirect participation by the smaller electric
utilities within its boundaries. The approximate geographic
boundaries of the councils are shown on Figure A-2-3 of
Appendix 2, and the individual members of each council are
shown in Table A-2-4 of Arpendix 2.
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None of the reliability councils has authority to make
decisions involving the planning or installation of new bulk
power facilities, but most have a formal review and approval
role. Seven reliability councils have adopted criteria for
testing the design and operation of existing and proposed
bulk power facilities and the other two have established
committees to formulate such criteria. Several councils
have adopted procedures for reporting by members of uniform
compatible data on load estimates, scheduled maintenance,
power exchanges, and installed reserve margins. A few have
developed guides and regionally coordinated programs
covering daily operating reserve margins, emergencies on the
interconnected system, uniform rating of generating
equipment, and principles of relaying. Some regional
councils have established environmental committees to
encourage more effective consideration of environmental
matters in the siting, construction, and operation of major
facilities.

The Federal Power Commission's Statement of Policy on
Reliability and Adequacy of Electric Service, Order No. 383-
2 (Docket No. R-362), issued April 10, 1970, is intended to
implement fully the voluntary aspects of Section 202(a) of
the Federal Power Act, and to encourage utilities throughout
the Nation to continue to strengthen the reliability
councils and develop more effective bulk power supply
programs. The Commission Order requested participation by
the staffs of the Commission and appropriate State
commissions as non-voting participants in the principal
meetings of NERC and the regional councils, and requested
regional councils to report the projection of loads and
coordinated bulk power supply programs on a ten-year basis.
It also requested reports on the status of consultations
with affected groups and appropriate 1local, State, and
Federal  authorities regarding the environmental impact of
proposed major facilities, and information on 1load flow
studies, network stability analyses, principal communication
and control systems, and coordinated regional programs
pertaining to provisions for emergencies, scheduled
maintenance outages of major facilities, and other matters
which affect the overall reliability of the interconnected
network. Initial reports were filed as of September 1,
1970. Future reports to be filed on April 1 of each year
provide opportunity for updating the power supply programs
in the ten-year framework to reflect revisions in 1load
estimates, new developments and resources, and the
resolution of environmental issues.

In April 1962, representatives of interconnected systems
throughout the United States and eastern Canada met at
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Omaha, Nebraska, and laid the groundwork for an
international organization to coordinate the operation of a
looming coast-to-coast interconnected network. This led to

formation of the North American Power Systems
Interconnection Committee (NAPSIC) which held its first
meeting in January, 1963. NAPSIC is a voluntary
organizaticn of operating personnel representing ten
interconnected Operating Areas. The scope of the

organization has expanded so that by 1971 it included
consideration of the following:

1. Operating reliability criteria,
2. Frequency regulation,
3. Time control,
4., Tie-line frequency bias,
5. Orerating reserves,
6. Time error correction rrocedures,
7. Emergency operating procedures
(a) Load shedding and restoration
(b) Tie separation and restoration
{c) Generating unit security,
8. Scheduled maintenance outages of major facilities
9. Interchange scheduling procedures,
10. Procedures, for handling inadvertent interchange,
1l1. Any other operating matters that required
coordination to effect reliable inter-
ccnnected operation.

NAPSIC!'s contribution to reliable system performance is
enhanced by its close 1liaison with planning entities,
regional reliability councils, and the National Electric
Reliability Council. Much of the reliability council work
overlaps activities which are the concern of the Operating
Areas within NAPSIC. Close working relationships which have
been established between these different organizational
units provide the opportunity for very effective
coordination between planning and operating functions.

Coordinating Techniques

Over the years electric utilities have developed a wide
variety of coordinating techniques to achieve increased
reliability and improved economies. Some of the major
coordinating techniques are described below.

Staggered construction is a technique which involves
construction of excess capacity by one utility for the use
of one or more other utilities with the supplier-buyer
arrangement being reversed or modified with each succedding
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unit. Several variations of this practice are widely used.
Sometimes adjacent systems informally coordinate their
capacity additions over a period of several years so that
the total installed capacity reserve approximates the amount
required by the entire geographic area. Another form of
staggered construction which has gained widespread
acceptance in recent years is the unit-sale concept. This
entails arrangements whereby a system installs a larger unit
than it otherwise normally would, and sells a specified
amount of excess capacity from that unit to one or more
neighboring systems. The purchaser's entitlement is limited
to the availablity of capacity from the specific unit. 1In
the event of an outage of such unit, the buyer is not
entitled to any portion of the supplier's other capacity
resources.

Seasonal capacity exchanges can usually be made when the
annual peak loads of two utilities, areas, or regions occur
in different seasons of <the year. However, individual
systems within the same power pool having annual peak
demands which occur in different months do not normally
participate in seasonal capacity exchanges because, in a
pool, savings from intrapool diversity are automatically
achieved by the decreased total installed reserve
requirements resulting from the pool operation.

Small Systems

For the purpose of providing a statistical frame of
reference, small electric systems were defined in the 1964
National Power Survey as those bhaving annual peak-hour
demands of less than 25 megawatts. By this definition there
were 3,190 small systems in 1962, of which 899 generated all
or part of their requirements and 2,291 purchased their
entire requirements. By 1968 the total number of small
systems decreased to 2,842, a reduction of 348, principally
as the result of acquisitions and mergers. More than 800 of
the remaining small systems owned generating facilities, and
243 were electrically isolated from major <transmission
networks.

The total cost of generation at the bus bar for the sizes of
plants usually installed by small systems is relatively high
because such plants cost more per kilowatt to build, burn
more fuel per kilowatt-hour, and cost more per kilowatt-hour
to operate. The ability to take full advantage of modern
generation and transmission technology is often limited to
the larger systems. Only 31 systems with generating
capacity of less than 500 megawatts are members of formal
power pools.
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Since the cost gap between small scale and large scale
generation and transmission has been progressively widened
by technological improvement, most of the smaller electric
systems which generate the bulk of their electric
requirements are at a relatively greater economic
disadvantage than they were during the 1950's and the early
1960*'s. Benefits from coordinated planning are being
realized by some of these smaller system through joint
ownership, or entitlements in large, more efficient
generating units sized to meet area needs, and through
associate or affiliate membership in regional councils.
Systems which serve their growing needs by power purchases
receive reliability and economic benefits when their power
suppliers participate in area-wide and regional
coordination. .

Many small systems buy all of their power requirements at
wholesale, although they have the option to plan, install,
and operate bulk power facilities. A heavy concentration of
these distribution systems within a specific geographic area
increases the chances of economic feasibility for them
jointly to plan and construct their own bulk power system,
but such endeavors may result in duplication of faciities
unless suitable wheeling arrangements can be worked out with
neighboring, and generally competing, systems.

Small systems having generating facilities, but with
sufficient capacity to meet their total electric
requirements, include: (1) those having only a small amount
of generation (often, hydro) which 1is supplemented with
purchases from a neighboring supplier (2) systems which plan
gradually to phase themselves out of the generating business
but still have one or more units in serviceable condition;
and (3) systems that use small units for peak shaving to
reduce average purchased power costs. There 1is a wide
variety of bilateral arrangements covering such situations
This type of system will continue to be a part of the
overall supply, primarily because it provides an
intermediate step in moving to or from full within-system
generation.

some small systems have sufficient generation to meet their
own requirements and operate in complete electric isolation,
or with interconnection facilities normally open. Others
are connected to and operate in parallel with major power
networks, under a wide variety of agreements. In recent
years, some small systems have been able to negotiate lower
-reserve requirements through coordination of their
operations with neighboring systems, and a few have gained
access to large scale generation.
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At the beginning of 1968, 243 systems were electrically
isolated from power supply networks. Approximately 82 1/2
percent of the total generating capacity of the isolated
systems was located in eight states (Florida, Illinois,
Kansas, Louisiana,  Massachusetts, Mississippi, Ohio and
Texas) .

Isolated systems typically experience relatively high power
supply costs and inferior bulk power reliability. About 75
- percent of the isolated systems in 1966 carried reserve
capacity greater than 50 percent of their annual system peak
demands. On such systems the forced outage of a generating
unit may represent loss of such a large portion of on-line .
capacity that partial or total power failure may result
before other units can respond to meet the increased load
placed upon them. Also, an isolated system is vulnerable to
extended service interruption if fire, natural disaster, or
other catastrophe destroys one or more of its major
generating plants.
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SECTION 1V

INDUSTRY CATEGORIZATION

The purpose of this section is to establish a framework for
the orderly development of effluent limitations guidelines
and standards in consideration of waste water
characteristics, pollutant parameters, control and treatment
technology, cost, energy, non-water gquality aspects, and
other factors as presented in suksequent sections. The
rationale supporting the recommended industry
subcategorization and effluent 1limitations guidelines and
standards 1is presented in Sections IX, X, and XI of this
document.

Steam electric powerplants are characterized by many diverse
aspects, and at the same +time by many similarities.
Categorization of the industry into discrete segments for
the purpose of establishing effluent limitations guidelines
requires consideration of the various factors causing both
this diversity and similarity. Specific factors which
require detailed analysis in order to categorize the
industry include the processes emgployed, raw materials
utilized, the number and size of generating facilities,
their age, site characteristics and mode of operation.

Process Considerations

There are five major unit processes involved in the
generation of electric power - the storage and handling of
fuel related materials both befcre and after usage, the
production of high-pressure steam, the expansion of the
steam in a turbine which drives the generator, the
condensation of the steam leaving the turbine and its return
to the boiler, and the generaticn of electric energy from
the rotating mechanical energy. Figure 1IV-1 shows a
schematic flow diagram of a typical steam electric
powerplant. Power cycle diagrams for typical fossil fuel
units and nuclear units are shown in Figures IV-2, and IV-3,
respectively.

Fuel Storage and Handling

All fuels must be delivered to the plant site, stored until
-usage, and the spent fuel materials stored on the premises
or removed, Fossil-fueled Fglants require off-loading
facilities and fuel storage in quantities based on the size
of the plant and the 1limited reliability of delivery.
Fossil-fuels are transported to the furnace where combustion
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Table II-1

SUMMARY OF EFFLUENT LIMITATIONS GUIDELINES AND STANDARDS FOR POLLUTANTS OTHER THAN HEAT

SOURCE

POLLUTANT PARAMETER

EF

FLUENT LIMITATIONS*

BPCTCA (1977)

BATEA (1983)

New Sources

Ash transport

Rainfall runoff from materials stor-
age piles and construction activities

Rainfall runoff from other sources *#&%
Sanitary wastes and radwastes

All sources

other than Cr, Zn, and P
All corrosion inhibiting materials

Total suspended solids
0Oil and grease

Total suspended solids
All pollutant parameters
All pollutant parameters

Polychlorinated biphenyls
pH value ****

30 (100 max)
15 ( 20 max)

No limitation
No limitation
No
Within
at all times

discharge

Not to exceed 50mg/l

the range 6.0-9.0

Nonrecirculating cooling water Free available chlorine 0,2 (0.5 max) **

Total residual chlorine *k

—-—————— —

Cooling tower blowdown Free available chlorine 0.2 (0.5 max) **

Total residual chlorine *

Chromium, total 0.2 (0.2 max) -

2Z2inc, total No limitation 1.0 (1.0 max) -

Total phosphorus ( as P ) 5.0 (5.0 max) -

Corrosion inhibiting materials Case~by-case -

No discharge

Bottom ash transport Total suspended solids - 2.4 (8.0 max) 1.5 (5.0 max)
0il and grease - 1.2 (1.6 max) 0.75(1.0 max)
Fly ash transport Total suspended solids - 30 (100 max) No discharge
0il and grease - 15 ( 20 max) No discharge
Low-volume wastes .
Boiler blowdown Total suspended solids B 30 (100 max)
0il and grease 15 ( 20 max)
Copper, total 1.0 (1.0 max)
Iron, total 1.0 (1.0 max)
Metal equipment cleaning wastes Total suspended solids 30 (100 max)
0il and grease 15 ( 20 max)
Copper, total 1.0 (1,0 max)
Iron, total 1.0 (1.0 max)
Others, except sanitary wastes Total suspended solids - 30 (100 max) o
and radwastes Oil and grease 15 ( 20 max)

* Note:

Numbers are concentrations, mg/l, except for pH values, Effluent limitations, except for pH and rainfall runoff, are quantities of pollutants
to be determined by multiplying the concentration indicated times the flow of water from the corresponding source, Effluent limitations are
averages of daily values for 30 consecutive days ( maximum values for any one day are determined from the numbers in parentheses), except for
pH and rainfall runoff. In the event that waste streams from various sources are combined for treatment or discharge, the quantity of each
pollutant attributable to each waste water source shall not exceed the limitation for that source. No limitations are prescribed for
sources/pollutants not specified in this table.

Neither free available chlorine nor total residual chlorine may be discharged from any unit for more than two hours ( aggregate ) in any one
day and not more than one unit in any plant may discharge free available chlorine or total residual chlorine at any one time. Exceptions to be
if discharger demonstrates that limitations must be exceeded in order for the cooling system to operate

...and from facilities designed, constructed, and operated to treat the volume of material storage runoff and runoff from construction activit-
24 hour rainfall event.

** Note:
made, on a case-by-case basis,
efficiently.
**%* Note:
ies that is associated with a 10 year,
*+*%% Note:

From all sources except nonrecirculating cooling water, rainfall runoff from sources other than materials storage piles and construction activ-
ities ***, sanitary wastes and radwastes.
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takes place. The combustion of fossil fuels results in
gaseous products of combustion and non-gaseous non-
combustible residues called ash. A portion of the ash is
carried along with the hot gases. This portion is referred
to as fly ash. The remainder of the ash settles to the
bottom of the furnace in the combustion zone and is called
bottom ash. The amount and characteristics of each type of
ash is dependent on the fuel and the ¢type of boiler
employed. Coal produces a relatively large amount of bottom
ash and fly ash. 0il produces 1little bottom ash but
substantial fly ash. Gas produces little ash of any type.

Coal-fired steam generators can be categorized as wet or dry
bottom according to ash characteristics. Gas-fired and oil-’
fired steam generators are generally run with dry bottoms.
In one type of wet bottom steam generator the coal is burned
in such a manner as to form a molten slag which is collected
in the bottom and is tapped off similar to the tapping of a
blast furnace. In dry bottom steam generators, where ash is
removed hydraulically, it is customary to pump the ash
slurry to a pond or settling tank, where the water and ash
are separated. :

Many modern powerplants remove fly ash from the gaseous
products of combustion by means of electrostatic
precipitators, although scrubbers may be required on plants
burning fossil fuels containing more than a minimal amount
of sulfur. The removal of fly ash collected in an
electrostatic precipitator depends on the method of ultimate
disposal. If the fly ash is to be used in the manufacture
of cement or bricks or otherwise used commercially, it is
generally collected dry and handled with an air conveyor.
If it is to be disposed of in an ash pond or settling basin,
it is sluiced out hydraulically.

Many of the operations involving fossil-fuels are potential
sources of water pollutants. The storage and handling of
nuclear fuels in comparison is not a continuous operation,
requires 1little space, is highly sophisticated from the
standpoint of engineering precision and attention to
details, and is not considered to be a potential source of
nonradiation water pollutants.

Steam Production

The production of high-pressure steam from water involves
the combustion of fuel with air and the transfer of the heat
of combustion from the hot gases produced by the combustion
to the water and steam by radiation and convection. In
order to obtain the highest thermal efficiency, as much of
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the heat of combustion as possible must be transferred from
the gases to the steam and the gases discharged at the
lowest possible temperature. This requires the transfer to
be accomplished in a series of steps, each designed for
optimum efficiency of the overall process. Not every boiler
provides each of the steps outlined in this section, but
most of +the boilers supplying steam to larger and newer
generating units (over 200 Mw and built in the 1last twenty
years) provide these steps as a minimum. A typical boiler
for a coal-fired furnace is shown in Figure IV-U4.

Feedwater is introduced into the boiler by the boiler feed
pump and first enters a series of +tubes (regenerative
feedwater heater) near the point where the gases exit from
the boiler. There it is heated to near the boiling point.
The water then flows to one or more drums connected by a
number of tubes. The tubes are arranged in vertical rows
along the walls of the combustion zone of the boiler. In
this zone, the water in the tubes is vaporized to saturated
steam primarily by the radiant heat of combustion. The
saturated steam is then further heated to higher
temperatures primarily by convection of the hot gases in the
superheater section of the Loiler. In some boilers, the
steam is reheated after passage through the initial sections
of the turbine. Finally, the flue gases are passed through
a heat exchanger (air heater) in order to transfer heat at a
low temperature to the air being blown into the boiler.

As far as steam production is concerned, the efficiencies
possible from the conversion of the chemical energy of the
fuel to electric energy degpend on the maximum steam
temperatures and pressures and on the extent of the
utilization of regeneration feedwater heaters, reheat and
air heating. For a simple cycle using saturated steam with
a maximum pressure of 6.3 MN/sq m (900 psi) expanded in the
turbine to atmosgheric pressure and using exhaust steam to
heat the feedwater, the total cycle efficiency would be
about 20%. If the saturated steam is superheated to 530°C
(1,000°F), the efficiency is increased by an increment of 5
to 6%. The addition of a high-vacuum (863 kg/sq m (2-1/2
in. of Hg abs)) condenser and the addition of feedwater
heating will increase possible efficiencies by an increment
of 12 - 13% to about 38%. By increasing the maximum
pressure  still further and reheating the steam, the
efficiency can be increased to about 45%. These are turbine
cycle efficiencies and do not reflect various losses in the
boiler and auxiliary power requirements. 1Indications are
that these efficiencies represent the limit obtainable from
the processes presently in use, Higher efficiencies which
require higher steam pressures and temperatures would
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present material problems that doc not seem to be near
solution. The alternate of lower terminal temperatures is
not possible since the waste heat must be rejected to the
environment under ambient conditions, unless economical
techniques could be developed to reject waste heat to the
low temperature of outer space.

In the effort to improve the efficiency of the steam cycle,
designers have attempted to resort to higher temperatures
and pressures. Maximum turbine operating pressures
increased from about 1,000 psi in the early 1930¢s to 5,000
psi in the early 1960's. Since then, turbine design
pressures for new units have receded slightly to a maximum
of 3500 psi. Similarly, maximum operating temperatures
increased from 800°F to 1200°F for a brief period and then
receded to a maximum of 10509FP, as designers looked to more
sophisticated reheat cycles and turbine designs to optimize
plant performance.

Nuclear generators presently in operation fall into two
classes, pressurized water reactors (PWR) and boiling water
reactors (BWR). In a PWR, water under a pressure of about
14 MN/sg m (2,000 psig) is heated as it circulates past the
nuclear fuel rods in a closed loop. This hot water then
exchanges heat with a secondary water system which is
allowed to vaporize to steam. In the BWR, water heated in
the reactor core under a pressure of about 7 MN/sq m (1,000
psig) is allowed to vaporize to steam directly. Neither of
these processes produce steam with significant amounts of
superheat and this limits their thermal cycle efficiencies
to about 30%.

The size or rating of boilers is in terms of thousands of
pounds of steam supplied per hour. According to the FPC the
increase in boiler capacity was rather slow until 1955, when
the maximum capacity of boilers installed began to rise from
a level of about 1,500 thousand pounds per hour to the
present level of about 10,000 thousand pounds per hour.
Prior to 1950, individual boilers were kept small, in 1large
part because boiler outages were rather numerous, so that it
was common design practice to provide multiple boilers and
steam header systems to supply a turbine-generator. Some
plants report to the FPC that the steam headers are
connected to multiple turkine-generators. Advances in metal
technology since 1950, with associated lower costs of larger
units, have made it economical and reliable to have one
Foiler per turbine-generator.
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Steam Expansion

The conversion of the pressure energy of the steam into
mechanical energy occurs in the steam turbine. In the
turbine the steam flows through a succession of passages
made up of blades mounted on alternately moving and
stationary discs. Each set of moving and stationary discs
is called a stage. The moving discs are mounted on a
rotating shaft while the stationary discs are attached to
the turbine casing. As the steam passes from disc to disc,
it gives up its energy to the rotating klades and in the
process loses pressure and increases in volume. If the
steam enters the turbine in a saturated condition, a small
portion of the steam will condense as it passes through the
turbine. One reason for superheating or reheating steam is
to reduce this condensation and the mechanical problems
associated with it.

There are. many different types of <turbines and turbine
arrangements in use in steam electric powerplants. Almost
all <turbines in use in central generating plants are of the
condensing type, discharging the steam from the 1last stage
at below atmospheric pressure. The efficiency of the
turbine 1is highly sensitive to the exhaust pressure
(backpressure) . A turbine designed optimally for one level
of backpressure will not operate as efficiently at the other
levels of backpressure. Some turktines designed for 863
kg/sq m (2-1/2 in. of Hg abs) backpressure cannot operate at
1,730 kg/sgq m (5 in. of Hg abs) because of high temperature
in the last stages. In general, turbines designed for once-
through cooling systems will generally be operated at 1lower
backpressures than those designed for closed cooling
systems. Moreover, if a turbine designed for the 1low
backpressures corresponding to once-through cooling system
is operated instead with a closed c¢ooling system, an
incremental decrease in turbine efficiency will result
during times when the back pressure is higher than it would
have been for once-through cooling.

In most turbine arrangements a portion of the steam leaves
the casing before the final stage. This type of turbine is
called an extraction turbine. The extracted steam is used
for feedwater heating purposes. In some turbines, a portion
of the steam is extracted, reheated in the boiler, and
returned to the turbine or to another turbine as a means of
improving overall efficiency. Many different mechanical
arrangements of high pressure and low pressure turbines on
one or more shafts are possible, and have been utilized.

While there are no major effluents associated with the steam
expansion phase other than those resulting from housekeeping
operations, the significance of the steam expansion lies in
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its effect on plant efficiency and therefore on the thermal
discharge. 1In many plants, turbine design will be a key
factor determining the extent of the feasibility of convert-
ing a once-through cooling system to a closed system.

Steam Condensation

Steam electric powerplants use a condenser to maintain a low
turbine exhaust pressure by condensing the steam leaving the
turbine at a temperature corresponding to vacuum conditions,
thus providing a high cycle efficiency and recovering the
condensate for return to the cycle. Alternatively, the
spent steam could be exhausted directly to the atmosphere
thus avoiding the requirement for condensers or condenser
cooling water, but with gfoor cycle efficiency and a
requirement for 1large quantities of high purity water.
There are two basic types of condensers, surface and direct
contact. Nearly all powerplants use surface condensers of
the shell and tube heat exchanger type. The condenser
consists of a shell with a chamber at each end, connected by
banks of tubes. If all of the water flows through the
condenser tubes in one direction, it is called a single-pass
condenser. If the water passes through one half of the
tubes in one direction and the other half in the opposite
direction, it is called a two-pass condenser. Steam passed
into the shell condenses on the outer surface of the cooled
tubes.

A single-pass condenser tends to require a larger water
supply than a two-pass condenser and will generally result
in a 1lower temperature rise in the cooling water. In most
instances it will also produce a lower turbine backpressure.
A two-pass condenser is utilized where the cooling water
supply is limited or in a closed system where it is desired
to reduce the size of the cooling device, and improve its
efficiency by raising the temgeratures of operation.

Many condensers at the more-recently built powerplants have
divided water boxes so that half the condenser can be taken
out of service for cleaning while the unit is kept running
under reduced loads. Since cleanliness of the condenser is
essential to maintaining maximum heat transfer efficiency,
it is common practice to add some type of biocide to the
cooling water to control the growth of algae or slimes in
the condenser. In spite of these biocides most powerplants
clean condensers mechanically as part of regularly scheduled
maintenance procedures, Some plants employ continuous on-
line mechanical cleaning systems. :
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Operation of the condenser requires large quantities of
cooling water. Wherever adequate supplies of cooling water
are available, it has been common practice to take cooling
water from a natural source, pumg it through the condenser,
and discharge it to the same body of water from which it was
obtained. This is known as a "once-through®" system. One of
the major considerations in siting powerplants is the
availability of an adequate source of high-quality once-
through cooling water. If sufficient water for a once-
through system is not available and other considerations
prevail in determining the location of the plant, cooling
water must be recirculated within the plant. In this case
some form of cooling device, an artificial pond with or
without sprays, or a cooling tower must be provided to keep
the temperature from rising above the maximam level
permissible or desirable for turbine operation. Figure IV-5
shows a schematic flow diagram of a typical recirculating
(closed) system utilizing cooling towers. For reasons of
economy closed systems typically operate at higher
temperature differentials across the condenser <than once-
through systems, balancing the somewhat reduced efficiency
of the turbine against the lower quantity of cooling water
required, and therefore the smallex size and lower cost of
the cooling device. However, since nearly all cooling
devices currently in use oktain their cooling effect from
evaporation, the dissolved solids concentration of closed
cooling systems tends to increase, eventually reaching, if
uncontrolled, a point where scaling of the condenser would
interfere with heat transfer. A portion of the concentrated
circulating water must therefore be discharged continually
as blowdown to remove dissolved solids, and purer fresh
watexr must be provided to make up for 1losses due to
evaporation, blowdown, liquid carryover (drift), and leaks.

Flow rates of cooling water vary with the type of plant, its
heat rate and the temperature rise across the condenser. A
fossil plant with a heat rate of 10,000 kJ/kwh (9,500 Btu
per kwh) and a 6.7°C (1l2°F) rise across the condenser
{values typical of plants in the industry using
once-through cooling systems) will require about 0.5 x 10-¢
cu m/sec (0.8 gpm) of cooling water for every kw of
generating cagacity. A nuclear plant with a heat rate of
11,100 kJ/kwh (10,500 Btu per kwh) and a 11°C (20°F) rise
across the condenser, (typrical of plants using closed
cooling systems) will require about 0.46 x 10—¢ cu m/sec
(0.73 gpm). Because of differences in thermal efficiencies,
nuclear plants under identical conditions require about 50%
more cooling capacity than comparible fossil plants.
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While both once-through and closed cooling systems are
currently in use in the industry, the use of closed systems
has generally been dictated by 1lack of sufficient water
supplies to operate a once-through system and not generally
by considerations of the thermal effects of the cooling
water discharge. A few plants bhave installed cooling
devices on their effluents to meet receiving water quality
standards and a few others have installed or are planning to
install cooling devices or to convert to closed systems in
order to meet receiving water temperature requirements.

Generating of Electricity

The actual generation of electric energy is accomplished in
a generator, usually directly connected to the turbine. The
generator consists of a rotating element called a rotor
revolving in a stationary frame called a stator. The
process converts mechanical energy into electric energy at
almost 100% of theoretical efficiency and therefore produces
little waste heat.

Raw_Materials

General aspects of the four basic fuels in use in the
industry have been discussed in the previous section. In
this section some of the characteristics of each of the
fuels will be discussed as they affect the process and the
wastewater effluents produced.

Coal

Coals are ranked according to their geological age which
determines their fuel value and other characteristics. The
oldest coals are the anthracites, which contain in excess of
92% fixed carbon. Most anthracite lies in a limited region
of eastern Pennsylvania and is not a major factor in the
nationwide generation of electric enexrgy. Most of the power
is produced from bituminous coal (the next lower rank) which
contains between 50 and 92% fixed carbon and varies in fuel
value between 19,300 and 32,600 J/g (8,300 and 14,000 Btu
per 1b). A substantial amount of power is also produced
from lignite containing less than 50% carbon and having an
average heating value of 15,600 J/g (6,700 Btu per 1lb).

Three major characteristics of coal that affect its use in
powerplants are the percentages of volatile combustible
matter, sulfur and ash. The sulfur content of coal is
particularly critical since air pollution limitations
restrict the emission of sulfur dioxide. The sulfur content
of U. S. coals varies from 0.2 to 7.0 percent by weight.
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Most of the low sulfur coal deposits are located west of the
Mississippi River. 1In the East, a large portion of the 1low
sulfur coal has been dedicated to metallurgical and export
uses.

The ash content of coal varies from 5 to 20% by weight. Ash
can create problems of air pollution, slagging, abrasion and
generally reduced efficiency. One problem of substituting
low sulfur coal for coal with a higher sulfur content is
that low sulfur coals tend to have higher ash fusion
temperatures, which may cause problems in boiler operation.
The fly ash produced by low sulfur coal tends to have higher
electrical resistivity which reduces the efficiency of
electrostatic precigitators.

Several other aspects of coal as a fuel for steam electric
powerplants should be noted. The first is the increased
popularity of mine-mouth plants, that is plants built for
the purpose of using coal from a specific mine and located
in the immediate vicinity of that mine. Much of the current
construction of coal-fired units consists of mine-mouth
plants. These plants in effect trade off the cost of trans-
porting coal against the cost of transmitting the electrical
energy generated. Their major advantages are that in most
cases that they are not located in or near urban centers and
therefore do not arouse public opposition or have the same
type of environmental impact as plants located within those
centers, Most mine-mouth plants are base-load operated and
many use cooling towers because of the absence of adequate
cooling water supplies. They comgete favorably on a unit
cost basis with nuclear plants and in many instances can be
constructed with a substantially shorter lead time.

A second aspect consists of the potential impact on the
industry of the successful develorment of a commercial-scale
coal gasification process. A number of processes are
currently under development. The potential of coal
gasification lies in its ability +to produce a storable
product that can be transported economically by pipeline and
can be burned without ash or sulfur problems. At the
present, the estimated cost of synthetic gas is still
substantially higher than the cost of alternate fuels, but
upward pressures on natural gas and residual oil prices may
make coal gasification economically attractive.

- Natural Gas

The use of natural gas as a fuel for generating electricity
is a fairly recent development, dating back to about 1930.
In 1970 0.1 +trillion cum (3.9 trillion cu ft) of natural
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gas were burned to generate electricity, placing natural gas
second among the fossil fuels and accounting for almost 30%
of the energy generated from fossil fuels.

The original attractions of natural gas were its
availability and its economics. For a long time natural gas
was considered almost a by-product. At the same time, its
use in utility powerplants resulted in simpler and less
costly fuel handling, burning facilities and a marked
reduction in ash handling and air pollution problems.
However, the availability of natural gas has declined
sharply in the last few years, and utilities are finding it
"increasingly difficult to conclude long-term agreements for
natural gas supplied for central generating plants. The
future availability of naturalégas is uncertain. Present
reserves of natural gas amount to an estimated twelve times
our current annual production, and the annual discovery of
new sources is less than the current rate of consumption.

Estimates by the FPC project a fairly stable level of
natural gas consumption by the electric utility industry
over the next twenty years. However, in view of the
projected growth of the industry as a whole, the share of
the total electricity generated is expected to decrease to
8% by 1990. This trend could be affected by several
technological developments. One of these is the successful
commercial application of coal gasification. Another is an
AEC program to increase the yield of natural gas from
underground formations by the wunderground explosion of
nuclear devices. In the meantime, some existing plants
using natural gas as a fuel were being converted to o0il in
spite of the advantages of natural gas in the ash and air
pellution areas.

Fuel 0il

Fuel o0il is presently the third most significant source of
fossil fuel for generating electricity, accounting for 15%
of the total generation in 1970. However, in the New
England- Middle Atlantic area it accounted for 82% of the
thermal generation, primarily as a result of the conversion
of coal-burning plants to residual fuel o0il in order to meet
air pollution standards.

Three types of fuel o0il are used in utility powerplants:
crude oil, distillate o0il, and residual oil. A key problem
with the use of fuel o0il, as with the use of coal, is the
sulfur content. At the present time, powerplants in the
Northeast are burning oil containing less than 1% sulfur by
weight. Domestic supplies of low sulfur crudes are quite
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limited and will not be improved significantly when Alaskan
oil is available in the contigquous United States. As a
result, utilities have been highly dependent on foreign
sources of supply. Major foreign sources include Venezuela,
and the Middle East. Venezuelan sources must be, and are,
desulfurized at the source, while Middle Eastern crudes are
low in sulfur in their original state.

With the future availability of petroleum products of all
types in question, it appears doubtful that the recent trend
toward increased burning of oil in powerplants will continue
in the future, FPC projections (1970) indicated a slight
increase in the percentage share of ¢il compared to total
use of fossil fuels over the next five years, with a
leveling off thereafter. The price of fuel o0il, which had
remained fairly constant during. the early 1960's has
increased in recent years, and will possibly increase
further in the future.

A possible technological development which might affect the
supply of fuel o0il is the extraction of 0il from oil shales.
Certain areas of Colorado, Utah and Wyoming contain large
reserves of o0il shale, with unfavorakle economics being the
major obstruction to the development of an o0il shale
industry. If crude oil prices continue to escalate and oil
supplies continue to dwindle, the development of this source
may become economically viable.

Fuel o0il use in powerplants minimizes bottom ash problenms,
although fly ash can continue to be troublescme. Some fuel
0ils also contain vanadium and may contain other unusual
components which may or may not wind up in a powerplant
effluent. ’

Refuse

Emphasis on recycling waste products has increased interest
in use of another fuel - solid waste. Refuse and garbage
are not confined to kitchen wastes, but include a mixture of
all household wastes with commercial and industrial wastes.
Large-scale inorganic industrial wastes are generally not
included. The average American domestic refuse has many
combustibles which raise its heating value to approximately
40% of that of coal. Incineration coupled with steam
generation has been practiced for a considerable period in
Europe, where household garbage as collected is mixed,
especially during the winter months, with the ashes of
household coal furnaces. Garbage is generally shredded and -
most non-combustibles are removed by magnetic and
centrifugal separators before firing to the furnace.
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However, furnaces must still be designed for non-combustible
loadings. Garbage 1is essentially sulfur-free but can
generate moderate quantities of hydrogen chloride from the
combustion of polyvinyl chloride and other chlorinated
polymers. Because of the rresence of these materials,
studies of the removal of acid gases from the furnace stack
gases, and the disposal of the effluents resulting from
these operations should continue.

At the present time there is cne powerplant in the United
States that burns refuse as part of its fuel. The plant has
the capability of using as much as 20% refuse with at least
80% coal, although operation to date has been limited to 10%
refuse and 90% coal.

Information on U.S. Generating Facilities (Size and Age)

An inventory of operating steam electric powerplants in the
United States is presented in Appendix 1 of this report.
The 1list has been divided into ten sections to conform to
the ten EPA regions of the country. The inventory shows the
operating utilities by states, plants, and their specific
geographic location. It also shows the total plant capacity
in megawatts, with an indication of whether the plant is
nuclear or fossil-fueled, and a designation of plants that
are under construction. Gas combustion turbine facilities
operating within fossil-fueled generating plants have been
indicated on a separate line.

The inventory shows a total of 1,037 operating generating
plants in the United States as of January 1% 1972, consist-
ing of 1011 fossil-fired plants and 26 nuclear plants. —A
total of 59 plants were under construction as of the date
indicated. Of this total, 42 are nuclear plants and 17 are
.fossil-fueled plants. Table IV-1l provides a summary of the
industry inventory by EPA region and individual states.

Figures 1IV-6 through 1IV-8 rrovide a cumulative frequency
distribution plot of plant size within the steam electric
powerplant industry. It can be seen from Figure IV-6 that
approximately S0 percent of the plants in the industry are
100 Mw or 1larger, and that 25 percent of all plants are
larger than 400 Mw. Figure 1IV-7 shows that the size
distributicn of fossil-fueled plants roughly corresponds to
the industry profile. However, Figure IV-8 illustrates the
large size of nuclear plants, showing that 50 percent of
these plants are larger than 800 Mw, and that 25 percent are
larger than 1,500 Mw.
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TABLE IV-1
INDUSTRY INVENTORY SUMMARY

PLANTS UNDER

OPERATING PLANTS _CONSTRUCTION
STATE TOTAL FOSSIL NUCLEAR FOSSIL NUCLEAR
EPA Region 1
Connecticut 16 13 3 0 0
New Hampshire 5 5 0 0 0
Rhode Island 5 5 0 0 0
Vermont 4 3 1 0 0
Maine . 6 6 0 0 1
Massachusetts 29 28 1 0 1
EPA Region 2
New Jersey 18 17 1 0 1
New York 39 36 3 1 2
Puerto Rico 4 4 0 0 Y
Virgin Islands 2 2 0 0 0
EPA Region 3
Delaware 5 5 0 0 0
Maryland 14 14 0 0 1
Pennsylvania 48 45 3 0 2
Virginia 15 15 0 0 2
West Virginia 12 12 0 1 0
District of Columbia 2 2 0 0 0
EPA Region 4
Alabama 10 10 0 0 3
Florida 43 43 0 0 4
Georgia 13 13 0 3 1
Kentucky 19 19 0 2 0
Mississippi 9 9 0 0 0
North Carolina 12 12 0 1 2
South Carolina 16 15 1 1 1
Tennessee 7 7 0 1 1
EPA Region 5
Illinois 45 43 2 1 3
Indiana 29 29 0 1 0
Michigan 40 38 2 2 4
Minnesota 48 45 3 0 1
Ohio 54 54 0 0 3
Wisconsin 33 31 2 0 1
EPA Region 6
Arkansas 10 10 0 0 1
Louisiana 27 27 0 1 1
New Mexico 16 16 0 0 0
Texas 91 91 0 1 0
Oklahoma 19 19 0 0 0
EPA Region 7
Iowa : 37 37 0 0 1
Kansas 32 32 0 0 0
Missouri 31 31 0 0 0
Nebraska 15 15 0 0 2
EPA Region 8
Colorado 23 23 0 0 1
Montana 8 8 0 0 0
North Dakota 9 9 0 0 0
South Dakota 9 8 1 0 0
Utah 6 6 0 0 0
Wyoming 8 8 0 0 0
EPA Region 9
Arizona 12 12 0 1 0
California 39 37 2 0. 2
Hawaii 7 7 0 0 0
Nevada 6 6 0 0 0
EPA Region 10
Alas%a 14 13 1 0 0
Idaho 1 1 0 0 0
Oregon 6 6 0 0 0
Washington 9 9 0 0 0
TOTAL 1037 1011 26 17 42
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The Federal Power Commission Form 67, "Steam—-Electric Plant
aAair and Water Quality Control Data for the Year Ended
December 31, 1969" provides data on the capacity
utilization, age, etc., of generating units. This form must
be filed annually by plants with a generating capacity of 25
Mw or greater, provided the plant is part of a system with a
total capacity of 150 Mw or more.

size of Units

According to the Federal Power Commission (FPC) 1970
National Power Survey, in 1930, the largest steam-electric
unit in the United States was about 200 megawatts, and the
average size of all units was 20 megawatts. Over 95 percent
of all units in operation at that time had capacities of 50
megawatts or less. By 1955, when the swing to larger units
began to be significant, the largest unit size had increased
to about 300 megawatts, and the average size had increased
to 35 megawatts, (see Fiqure 1IV-9). There were then 31
units of 200 megawatts or larger. By 1968, the largest unit
in operation was 1,000 megawatts; there were 65 units in the
400 to 1,000 megawatt range; and the average size for all
operating units had increased to 66 megawatts. In 1970, the
largest unit in service was 1,150 megawatts; three
1,300-megawatt units were under construction; and three
additional 1,300-megawatt units were on order. The average
size of all wunits under construction was about 450
megawatts. As the smaller and older units are retired, the
average size of units is expected to increase to about 160
megawatts by 1980 and 370 megawatts by 1990.

The distribution of U.S. generating capacity by size, as a
percentage of the generating capacity installed in
particular years, is given in Table IV-2.

Age of Facilities

In the steam electric powerplant industry, age of generating
facilities must be discussed on the basis of units vather
than on a glant basis. Generally, the units comprising a
generating plant have been installed at different times over
a period of years, so that the age of equipment within a
given plant is likely to be distributed over a range of
yearse. In addition, age may play a peculiar role in
assigning a unit to a particular type of operation as out-
~lined below.

In general, the thermal efficiency of newly designed power
generation plants has increased as operating experience and
design technology have progressed. Early plants generated
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Table IV-2
DISTRIBUTION OF INSTALLED GENERATING CAPACITY IN THE U.S.

BY SIZE

FOR VARIOUS YEARS WHEN -EQUIPMENT WAS FIRST PLACED IN SERVICE

Generating Capacity,

Year in Which Equipment was First Placed in_Service

megawatts 1945 1955 1960 1965 1970 1972 1974 [1970-1974
0 - 24 18 8 4 0 1 0 0 0
25 - 99 58 26 13 12 4 1 1

100 - 299 24 66 56 55 32 13 3 13

300 - 499 27 25 32 13 10 15

500 - 0 8 31 73 84 71




saturated steam at 1low fpressures and consumed large
quantities of fuel to produce a unit of electrical energy.
One electrical kilowatt hour of energy is equivalent to 860
k cal (3,413 Btu) of heat energy. Steam pressures and
temperatures increased from about 1.17 MN/sq m (170 psig) at
the turn of the century to 1.72 - 1.90 MN/sq m (250 - 275
psig) and 293°C (560°F) by World wWar I, and to 3.10 - 4.48
MN/sq m (450-640 psig) and 370-400°C (700-750°F) by 1924.
27s In 1924 and 1925 there was a surge to 8.27 MN/sq m
(1,200 psig) and 370°C (700°F) and it has steadily increased
since then, until by 1953 pressures had reached the critical
pressure of steam (22.11 MN/sq m (3,206 psia) and
temperatures of 540-565°C (1,000-1,050°F) .278 Above the
critical gressure the 1liquid and vapor phases are
indistinguishable and there 1is no need for a steam drum
(separator). The economic justification of the
supercritical cycle has resulted in a limited number of this
type of unit to date.

These changes have had the effect of reducing the amount of
fuel required to generate a kilowatt hour, as shown in
Figure 1IV-10, taken from Reference No. 292. 1In 1900 it
required 2.72 kg (6 pounds) of coal, (41,700 k cal (75,000
Btu) to generate one kwh. Today a supercritical,
double-reheat unit of Plant no. 3927 has established an
annual heat rate of 2197 k cals/kwh (8,717 Btu/kwh). 280
This amounts to 0.318 kg (seven-tenths of a pound) of coal
per kwh. The heat economies of the newer facilities
generally make it desirable to keep them in full-time
base-load operation. The older units with their higher fuel
consumption are therefore generally relegated to cycling or
peaking service. 1In spite of this general trend, there are
indications that heat rates have been increasing since 1972
as a result of pressures to reduce capital cost in relation
to fuel prices, and increasing use of air and water
pollution control equipment which tend to reduce generating
efficiency. ) '

A computer plot of heat rate in Btu/kwh vs unit capacity in
megawatts (x 10) is shown in Figure IV-1ll. The plot is a
print-out of data obtained from FPC Form 67 for the year
1969. 1In the plot, data obtained from newer plants (under
10 years old) are represented by squares, those 10-20 years
old by triangles, and those over 20 years by X's.
Similarly, Figure Iv-12 is a printout of <the same
information replotted with Btuw/kwh as the ordinate and wunit
age as the abscissa. The data from both plots represent
over 1,000 operating units, and are not conclusive, but do
show general trends. The newer plants, of larger size,
generally are more efficient. Thus the data illustrates the
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improvement in efficiency achieved as the industxy has
progressed to newer and larger generating facilities.

Mode of Operation_({Utilization)

The need for considering a subcategorization of the industry
based on utilization arises because of the costs and
economics associated with the installation of supplemental
cooling facilities. The unit cost increment (mills/kwh)
required to amortize the capital costs of the cooling system
is dependent on the remaining kwh's that individual units
will generate. The remaining generation is a function of
both the manner in which the individual unit is utilized and
the number of years that the unit will operate prior to
retirement. These two factors are not fully independent
variables. 1In general, utilities will employ their most
efficient, usually newest equirment most intensively. This
equipment will also generally have the 1longest remaining
useful 1life. The cost of installing supplemental cooling
water equirment for these units relative to the remaining
generation will therefore be relatively low. Therefore,
these more modern, highly-utilized units, which also would
reject relatively 1large amounts of the waste heat, are
better able to carry the costs associated with thermal
effluent control.

Less efficient, usually older equipment will be utilized to
a lesser degree to meet daily and seasonal peak loads. This
lower annual utilization is compounded by the fact that this
equipment has relatively fewer remaining years of service
prior to retirement. Therefore, the cost of amortizing
supplemental cooling equipment for these units will be
substantially higher than for the newer, more highly
utilized units. Because of their 1low utilization, these
units will reject considerably less heat per unit of
capacity than the newer equipment. Also, because of the
higher costs associated with this equipment, utilities might
consider early retirement of much of this equipment rather
than the installion of costly treatment equipment. Since
these units provide an important function as peaking or
standby capacity, retirement prior to the installation of
replacement capacity would have associated penalties.

According to the FPC National Power Survey (1970), all of
the high-pressure, high-temgperature, fossil-fueled
steam-electric generating units, 500 megawatts and larger,
have been designed as "base load" units and built for con-
tinuous operation at or near full load. Daily or frequent
"stops" and "starts"™ are not consistent with their design
and construction and so-called *cycling®™ or part-time
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variable generation was not originally comtemplated for
these wunits, However, by the time units having lower
incremental production costs become available for base 1load
operation, it is believed that the earlier -"base load®" units
can be adapted and used as "“intermediate" peaking units.
The units placed in service during the 1960's still have 15
or more years of base load service ahead of them, but
eventually the installation of more economical base load
equipment may make it desirable to convert to peaking
service those units which are suitable for such conversion.

New steam—-electric peaking units, sometimes referred to as
mid-range peaking units, are designed for minimum capital
cost and to operate at low capacity factor. They are oil-
or gas-fired, with a minimum of duplicate auxiliaries, and
operate at relatively 1low pressures, temperatures, and
efficiencies. They are capable of quick startups and stops
and variable loading, without jeopardizing the integrity of
the facilities. Such units are economical because low
carital costs and 1low annual fixed charges offset 1low
efficiency and operation at low capacity factors. The units
can, however, be operated for extended periods, if needed,
to meet emergency situations.

The first of such fossil-fueled steam-electric units
designed for reaking service, a 100-megawatt, 1,450 psi,
1000°F, non-reheat, gas—~fired unit, was installed in 1960.
Two earlier 1low capital cost fossil-fueled steam—electric
plants--a 69-megawatt, single-unit plant (1952), and a 313-
megawatt, two-unit plant (1954)~--were generally classified
as hydro standby; they were not straight peaking -
installations. The 313-megawatt plant was later modified
for base lcad operation.

With increasing 1loads and the accompanying need for
additional peaking capacity, at least 27 peaking units of
this general type were on corder or under construction at the
end of 1970. All are either oil- or gas-fired, because the
added costs of coal and ash handling facilities for peaking
units are not justified by the small fuel cost saving that
might be realized by using coal. Eight of the 27 units are
in the 250 to 350-megawatt class, fifteen in the
400-megawatt class, and four in the 600-megawatt class.
Most of the units are designed for steam conditions of 1,800
psi and 950°/950°F.

The use of the nuclear power plant in conjunction with other
forms of generation in order to provide energy to meet the
daily requirements of a power system will probably not be
vastly different from the use of a fossil-fueled plant of
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the same capacity. There are some differences, however,
that may affect the operation of the nuclear plant, such as
relative operating costs, refueling time and inspections.

Because an economic loading schedule for a power system will
tend to favor operation of units with the lowest incremental
production cost, the capacity factor of a nuclear fueled
plant is expected to be relatively high when it is added ¢to
a system consisting of fossil-fueled plants. However, when
newer, more efficient nuclear plants are added to the
system, which can operate with even lower production costs,
the first nuclear plants will begin to have decreasing
capacity factors. Most of the plants that have been ordered
during the past three years will probably have annual
capacity factors of 80 percent or better for a period of ten
to fifteen years, depending on the operating requirements
and makeup of the system.

The limited operating experience to date with the
comparatively small nuclear plants indicates that they are
able to handle 1load swings without difficulty. It is
expected that the larger units now on order will perform
similarly, but it may develop that they will not be amenable
to load regulation. In that event, fossil units,
pumped-storage units, conventional hydro wunits, or other
types of peaking units will be installed to carry peak load
with nuclear units being maintained at base 1load for
substantially all of their useful lives. If nuclear units
are to be utilized with very low annual capacity factors,
substantial research and engineering effort must go into the
determination of core designs to economically accomplish
this type of operation.

Base-load units are responsible for the bulk of the thermal
discharges, will continue to operate for many more years,
and are able to support the required technology with
relatively small increases in the bus-bar cost of power.
The balance of the steam-electric power generation inventory
is made up of older equipment, which reject considerably
less heat and for which the cost of installing control and
treatment technology would be considerably higher relative
to the effluent reduction benefits obtained. It is
understood that considerable abatement will take place in
time in this older portion of the inventory dque to normal
attrition.

Traditionally, the power industry has employed two
categories for generating equipment. Units that are
continuously connected to 1load, with the exception of
scheduled and unscheduled maintenance periods, have been
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termed base-lcaded units. Units which are operated to meet
seasonal peak 1loads have been termed peaking units. 'Daily
load swings have usually been met by modulation of the base-
loaded units. More recently, the increased cycle
sophistication built into the newer base-loaded equipment
has made them less efficient in accommodating large daily
load swings. Therefore, a third type of capacity called
cyclic or intermediate generation unit has come into general
acceptance within the industry. This third type of unit is
usually a downgraded base-loaded unit which can be adapted
to the intermittent operation with fairly rapid load swings.

The progression of individual units of capacity through the
three +types of duty assignments generally follows the
sequence given below:

1. New steam electric capacity has historically been
added as base-load wunits. All but a few existing steam
electric generating units were at one time base-loaded
units. Beginning in the middle 1960's some new peaking
units, both steam electric and gas turbine types have been
constructed. More recently (late 1960's early 1970's)
several units of the combined (gas turbine/steam turbine)
cycle design have been designed specifically for cyclic or
irtermittent duty. The aggregate existing capacity of units
or. - inally built for peaking or cyclic service is
considerably less than 1% of the total steam electric
inventory.

2. Cycling capacity and peaking capacity has been
obtained by downgrading the older less efficient base-loaded
equipment as more efficient replacement capacity has been
built. The manner in which a unit is downgraded depends
upon the needs of the individual wutility and the
requirements of its system load curve. Toward the end of
its usefi'\ life, the unit may be held in standby duty to be
used only in the event of an outage to the other units.

3. Units have been retired from the bottom 1level of
utilization. Therefore, retirements of steam electric
capacity have generally been made from the peaking
inventory. While the annual retirement. of steam electric
powerplant capacity have been significantly less than 1% of
the total capacity, this amount constitutes a significant
portion of the present peaking inventory.

The typical utility makes duty assignments by comparing the
capability of 1its available generating units against the
requirements of its system 1load curve. Efficient system
operation dictates that the most efficient equipment be
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operated continuously. These are the base-loaded units. In
descending order, the less efficient equipment is assigned
lower utilization duty to meet daily and seasonal variations
in the locad curve. The process of matching capacity to load
is different for each utility. The system load curve will
be different for each utility as will the capability of its
individual generating units.

Large systems will have sufficient diversity of load which
will dampen extreme peaks and valleys in the characteristic
load curve. They will also have multiple units serving each
of the load segments and considerable flexibility in making
duty assignments. Individual 1large industrial 1loads may
dominate the system load curve for smaller utilities and
highs and lows of 1load may be more exaggerated. Duty
assignments for smaller systems will be more constrained by
the lack of multiple units and single units may be found
which service all three load segments. Duty assignments are
also influenced by the needs of the regional power grid in
which most wutilities participate through a series of
agreements governing interconnections.

The diversity in both load and available capacity com-
plicates the process of establishing concrete limits between
the three types of generating equipment. The following
bases of establishing definiticns of base-load, cyclic and
peaking units have been considered.

1. Qualitative descriptions of the three types of
operation.

2. Annual hours of operation.

3. Plant index numbers such as load factor, capacity
factor, utilization factor, etc.

The relative merits of definitions based on these systems
are discussed below. The ideal definition should be
relatively easy to employ, allow effective separation of the
three types of generation, and be understood and accepted.

Definitions Based on Qualitative Description of the Three
Types of Generation

This would rely on a description of the three types of
generation as the basis of separation. Suggested
definitions of the three types of generation are as follows:
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A base~loaded unit is one which is continuously connected to
load except for periods of scheduled or unscheduled
maintenance.

A cycling unit is one which services daily 1load variations
above the base-~load. This type of unit is typically
connected to load some 250 days per year for a typical
period of about 12 hours. When not connected to load the
boiler is kept warm to allow rapid return to the system.

A peaking unit is one which is operated to meet peak 1loads

only. Duriné periods when the unit is not generating power
it is held in standby or is shut down.

Annual Hours of Operation

It is clear that a basic difference between the three types
of generation is the amount of time that the different units
operate.

Reference 292, Part II suggests that steam peaking units are
designed to operate 1less than 2,000 hours per year.
Reference 256 indicates that base-load units operate in
excess of 6,000 hours per year. Units which operate between
these two 1limits would be defined as cycling units. The
hours of oreration referred to in this system are hours that
the unit is connected to load. Hours of boiler operation
are not satisfactory. There is considerable difference in
hours of boiler operation and hours connected to 1load for
cycling and peaking units. Hours of condenser operation
could be used as a substitute since it is equivalent ¢to
hours connected to load. See Table IV-3 for the heat rate,
service life, and capacity factors characteristic of units
within the above groupings based on hours of operation.

Historical records of annual hours of operation are required
to employ this sytem. There will be instances where base-
loaded units will have been operated less than 6,000 hours
per year because of extended maintenance requirements. On
the other hand there will be cases of stretching out the
operating schedules of peaking and cycling units because of
capacity shortage in particular systems. This system does
have the advantage of a basic simglicity in discriminating
between the different categories of generation.

Performance Indices

This would require relating the utilization of a unit to
indices of its rperformance. Several of these indices are
described below. :
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Table 1IV-3

CHARACTERISTICS OF UNITS BASED ON ANNUAL
HOURS OF OPERATION

S8

Annual Hours of Heat Rate, Btu/kwhr Remaining Service¥ yr| Capacity Factor
Operation Min, Mean Max. Min, Mean Max. Min, Mean Max.
0 - 2000 8727 15793 27315 1 11 - 26 .01 .07 .17
2000 - 6000 8735 12493 27748 1 15 26 .03 .35 .71
6000 - 8760 8706 10636 26741 1 19 32 15 67 l.l2

* Note: Based on a total service life of 36 years.




Load Factor

Load factor is the ratio of the average demand for power
(kilowatts) over a designated period to the maximum demand
for power occurring in that period. The average demand is
the total (kilowatt-hours) for <the period divided by the
total time span (hours). For example, in the twelve months
ended December 31, 1971, the electric energy generated and
purchased less sales to other electric utilities amounted to
35,720,253,101 kilowatt~hours. The one~hour net maximum
demand was 7,719,000 kw. The average hourly demand was,
consequently, 35,720,253,101 7 8760 = 4,078,000 kw. The
annual system load factor 1is, therefore, 4,078,000 /
7,719,000 = 0.528 or 52.8%. The load factor may be regarded
as providing some measure of the variation of demand during
a given period. Thus, if the load factor is 100% over a
period of 24 hours, the demand has been maintained constant
for the duration of the period.

Operating Load Factor

If the maximum demand varies from day to day, then the
operating load factor is the ratio of the average demand to
the average value of the maximum demands for the period.
For example, the daily maximum demands for a ten-day period
and the corresponding kilowatt-hours are as follows:

Maximum Demand Kilowatt Hours
Day kw ___Per day
1 1,000 19,200
2 950 13,700
3 800 14,400
4 380 9,700
5 700 10,900
6 850 18,000
7 500 7,000
8 750 10,000
9 820 9,100
10 900 12,000
Totals 8,250 124,000
Maximum Demand 1,000 kw
Average Maximum Demand = 8,250 /7 10 = 825 kw
Average Demand = 124,000 /7 (10 x 24) = 517 kw
Load Factor = (517 7 1000) x 100 = 51.7%
Operating Load Factor = (517 / 825) x 100 = 62.6%
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Thus the operating load factor takes into account the varia-
tion of the daily maximum demand.

Capacity Factor

Capacity factor defines the relation between energy output
over a given <time span and the capacity for energy
production over the same time span, and normally provides
measure of the wutilization of the generating equipment
relative to investment. This factor is also a ratio of the
average load to the total rating of the installed generating
equipment for a given period. For example, in the twelve
months ended December 31, 1970, one unit generated
4,465,175,600 kilowatt-hours (exclusive of gas turbine
generation). The maximum unit capacity (winter rating) was
878,000 kw. The average hourly 1load was 4,465,175,600 7/
8760 = 509,723 kw. The annual capacity factor is therefore,
509,723 ~, 878,000 = 0.5806 or 58.1%.

Operating Capacity Factor

Although a plant may have installed equipment of a certain
amount of generating capacity, only part of this may be in
actual operation for the given period. Suppose for a
certain generating plant the capacity of the installed
equipment is 770,000 kw and for some particular month only
600,000 kw of boiler capacity is actually operating. This
means that the maximum demand that can be imposed on the
plant is limited to 600,000 kw. The operating capacity
factor for the month would <then be in the ratio of the
average demand for power to 600,000 kw, the maximum capacity
utilized. This factor therefore, determines the relation
between average output and the peak demand for power which
the plant is prepared to meet.

Use Factor

This term is generally used in connection with the
performance of turbo-generators. It is the ratio of the
actual energy output of a machine during a certain period to
the energy generation which could have been obtained during
the actual operating hours in that period by operating the
machine at rated capacity. A turbo-generator operating for
7,000 hours generated 350,000,000 kilowatt-hours. The rated
capacity of <the unit is 100,000 kw. The use factor was
350,000,000 » (100,000 x 7,000) = 0.5 or 50%.
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Section 30u4(b) of the Act requires the Administrator to take
into account, in determining the applicable control measures
and practices, the total cost of application of <technology
in relation to <the effluent reduction benefits to be
achieved from such application. Among the above factors,
the capacity factor alone would determine, for otherwise
similar circumstances, the incremental production cost
associated with the application of pollution control
technology in relation to the effluent reduction benefits to
be achieved.

The 1970 National Power Survey by the Federal Power
Commission (FPC) descrilkes base-lcad, intermediate, and
peaking units as follows. Base-load units are designed to
run more or less continuously near full capacity, except for
periodic maintenance shutdowns. Peaking units are designed
to supply electricity principally during times of maximum
system demand and characteristically run only a few hours a
day. Units used for intermediate service between the
extremes of base-load and peaking service must be able to
respond readily to swings in systems demand, or cycling.
Units used for base-load service produce 60 percent, or
more, of their intended maximum output during any given
year, i.e., 60 percent, or more, capacity factor; peaking
units less than 20 percent; and c¢ycling units 20 to 60
percent. The FPC Form 67, which must be submitted annually
by all steam electric plants (except small plants or plants
in small systems) reports annual boiler capacity factors for
each boiler. The boiler capacity factor is indicative of
the gross generation of the associated generating unit.

Site Charaéteristigs

Engineering criteria require an adequate supply of cooling
water, adequacy of fuel supply, fuel delivery and handling
facilities, and proximity of 1load centers. These have
always been important factors in the selection of powerplant
sites. 292 Traditionally, plants have been located in or
near population centers to reduce transmission costs and
satisfy the other key site factors mentioned. Table IV-4
shows a total of 153 plants located in the 50 largest cities
of the country. This total represents approximately 15
percent of all plants in the industry, and does not include
suburban plants near the cities in question, or urban plants
in smaller population centers. Clearly, a significant
- number of existing plants in the steam electric generating
industry are situated in locations which interface with a
reasonable percentage of the country's population.
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Table IV-4

URBAN STEAM ELECTRIC POWER PLANTS

2
WONOOUVD WN - lO

NUMBER OF
CITY STATE POPULATION PLANTS

New York New York 7,894,862 12
Chicago Illinois 3,369,359 4
Los Angeles california 2,809,596 4
Philadelphia Pennsylvania 1,950,098 4
Detroit Michigan 1,513,601 6
Houston Texas 1,232,802 7
Baltimore Maryland 905,759 6
Dallas Texas 844,401 6
Washington D.C. 756,510 2
Cleveland Ohio 750,879 3
Indianapolis Indiana 744,743 3
Milwaukee Wisconsin 717,372 3
San Francisco California 715,674 2
San Diego california 697,027 3
San Antonio Texas 654,153 7
Boston Massachusetts 641,071 2
Memphis Tennessee 623,530 1
St. Louis Missouri 622,236 3
New Orleans Louisiana 593,471 4
Phoenix Arizona 581,562 1
Columbus Ohio 540,025 3
Seattle Washington 530,831 2
Jacksonville Florida 528,865 3
Pittsburgh Pennsylvania 520,117 5
Denver Colorado 514,678 3
Kansas City Missouri 507,330 3
Atlanta Georgia 497,421 1
Buffalo New York 462,768 1
Cincinnati Ohio 452,524 2
San Jose california 445,779 0
Minneapolis Minnesota 434,400 2
Fort worth Texas 393,476 3
Toledo oOhio 383,818 2
Newark New Jersey 382, 288 1
Portland Oregon 380,555 2
Oklahoma City Oklahoma 368,856 2
Louisville Kentucky 361,958 4
Oakland California 361,561 1
Long Beach California 358,633 2
Omaha Nebraska 346,929 4
Miami Florida 334,859 1
Tulsa Oklahoma 330,350 1
Honolulu Hawaii 324,871 1
El Paso Texas 322,261 2
st. Paul Minnesota 309,828 2
Norfolk Virginia 307,951 3
Birmingham Alabama 300,910 2
Rochester New York 296,233 3
Tampa Florida 277,767 4
Wichita Kansas 276,554 4

Total 152
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The trend in recent years toward larger units, combined with
the advent of commercial nuclear power generation and the
institution of mine-mouth coal-fired plants has resulted in
a greater rmumber of plants being constructed in rural areas.
Site selection for new generating facilities is not only
governed by the factors cited, but increasingly by
environmental considerations. The prevention and control of
air and water pollution is undoubtedly as important as many
of the traditional factors involved in the selection of new
plant sites. Factors generally considered in decisions on
plant location include land requirements, water supply, fuel
supply and delivery, etc.

Land requirements are quite variable. For plants situated
near population centers, land cost is a prime consideration.
The largest consumers of land are the fuel storage area, ash
disposal area and water cooling fponds, lakes etc. if
utilized. sSince they are public utilities, power generating
plants must have sufficient fuel storage capacity to allow
uninterrupted operation for the duration of a major
transportation strike. This means that unless the plant is
very near its source of supply, it must have a storage
capability up to approximately three month's fuel. Even
mine-mouth plants must have fuel storage to allow them to
withstand a miners' strike.

Most steam plants require water for two main purposes -
boiler feed water make-up and steam condensation. The cost
of preparation of the high purity koiler feed water required
by modern boilers is a function of the purity of the source
water. It is possible to use saline water for cooling
purposes, but it cannot be used in a boiler. Preparation of
boiler feed from saline water by evaporation or reverse
osmosis is generally quite expensive. The availability of
large quantities of cooling water has traditionally affected
the decisions made regarding plant location. In areas where
water is critically short, recirculation of cooling water
using cooling towers or ponds has been widely practiced.
This subject is discussed in detail in subsequent sections
of this report.

Plant location may also be influenced by energy transporta-

tion costs. The cost of transmission of enerqgy as
electricity must be weighed against the cost of transporting
fuel. Generally, fuel availability and economic factors
will be the major considerations regarding the relationship
between fuel and plant siting.

The trend in siting of generating plants using open-cycle
cooling is toward locations on oceans, estuaries and lakes.
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Of the plants installed near 1960, approximately 80% are on
rivers, 10% on lakes, 10% on estuaries and 2% used municipal
water. For the plants installed in the 1970's,
approximately 50-60% are on rivers, 20-30% on lakes, 15% on
estuaries, 2% on municipal water and 2% on oceans. '

. The methods used to control atmospheric pollution by stack
gases vary. With plants burning solid fuel, a particulate
emission problem may exist. The usual control system is the
electrostatic precipitator. Finely divided solid particles
suspended in a gas stream will accept an electrostatic
charge when they pass through an electrical field. If they
are then passed between two oppositely charged plates, they
are attracted to one of the plates, depending on the
polarity of the charges. On the plates they agglomerate and
may be removed by rapping the plates. This operation is
usually carried out at temperatures between 121° and 177°C
(250-350°F). Finely divided solids may also be removed from
the vent gases by using bag filters or by intimately
contacting them with water in a venturi scrubber or similiar
device.

Sulfur dioxide in stack gases can present another air
pollution problem. This, of course, is most easily
controlled by firing low sulfur fuel, which is not always
readily available. Many alternatives have been proposed to
remove the S02, and several are being used on a commercial
scale. Most involve neutralization of the acid SO2 with
alkaline materials such as soda ash, lime, limestone,
magnesia or dolomite, and ammonia. The processes developed
to date consist of both once-through and recycle systems. A
detailed analysis of air pollution control systems which
produce a 1liquid waste stream is presented in another
section of this report.

Categorization

The Act requires, for the purposes of assessment of the best
practicakle control technology currently available, that the
toal cost of application of technology in relation to the
effluent reduction benefits to be achieved from such
application be considered. Other factors to be considered
are the age of equipment and facilities involved, the
process employed, the engineering aspects of the application
of various types of control techniques, process changes,
nonwater quality environmental impact (including energy
requirements) and other factors as deemed appropriate. For
best available technology economically achievable the Act
substitutes "cost of achieving such effluent reduction®" for
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"total cost cee in relation to effluent reduction
benefits..."” For new source standards which reflect the
greatest degree of effluent reduction achievable through the
application of the best available demonstrated control
technology, processes, operating. methods, or other
alternatives, the Act requires only the consideration of the
cost of achieving such effluent reduction and any nonwater
quality environmental impact and energy requirements.

There are two radically different tyres of waste produced by
steam electric powerplants. The first type consists of the
essentially chemical wastes which originate from different
processes and operations within a plant. These wastes are
highly variable from plant to plant, depending on fuel, raw
water quality, rrocesses used in the plant and other
factors. Some waste streams are not directly related to in-
dividual generating units but result from auxiliary process
systems such as water treatment, ash disposal, housekeeping
operations, and air pollution control. However, all of
these waste streams are at least in a qualitive way
comparable to waste streams produced by other manufacturing
operations.

The second type of waste consists of the waste heat produced
by the plant and disposed to the environment through the
cooling water system. As previously indicated, waste heat
is an integral part of the process of producing electric
energy. As 1long as electric energy is produced by the use
of thermal energy from fuels to produce steam, waste heat
will be produced, and will ultimately have to be dissipated
to the environment. Under present day technology, the
atmosphere is the final recipient for this heat, but water
is generally used as an intermediate recipient. The choices
available in the control of thermal discharges therefore in
most cases are limited to accelerating the transfer of the
waste heat from water to the atmosphere. There is no
available means of significantly reducing the waste heat
. itself.

Furthermore, while the technology for affecting this trans-
‘fer is available, its application is dependent on many fac-
tors not directly associated with the production process.
The effectiveness of heat transfer devices is to some degree
governed by atmospheric conditions. The achievement of any
specific level of reduction does not follow the type of cost
- effectiveness curve associated with the removal of more
conventional pollutions.

The basic categorization in this report therefore is to
separate consideration of the chemical wastes from the ef-
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fects of thermal discharges. Within the chemical waste
category, each plant is considered as a whole and sub-
elements have been established according to the type of
wastes produced by each plant. In the consideration of
thermal discharges, each generating unit is considered
separately.

Chemical Wastes

The origin and character of chemical wastes within a power-
plant is dependent upon the factors indicated above. Plants
utilizing different fuels will produce different wastes to
the degree that certain waste streams are completely absent
in plants employing one type of fuel. Coal pile runoff is
not a problem in oil-fired plants, and similarly ash
sluicing is not necessary in gas-fired plants. Nuclear
plants have closed waste systems to contain any waste which
is, or may be, radioactive. These wastes are handled in a
manner prescribed by the Atomic Energy Commission, and are
not relevant to the categorization of the industry for the
purposes of this project. As a result, many of the waste
streams present in fossil-fired plants are not normally
present, or of concern in a nuclear plant.

Another factor, such as raw water quality, will determine
the type of water treatment employed within a specific
plant, and in turn the wastes produced from water treatment
processes. Although these wastes are extremely variable,
depending upon the treatment employed (clarification,
softening, ion exchange, evaporation, etc.), they are wastes
which are common to all powerplants regardless of fuel or
~ other factors. Other waste streams depend upon the specific
characteristics of the particular plant in question.

As a result, the industry has been categorized for chemical
waste characteristics by individual waste sources. The
basis of evaluation of plants in the industry will be a
combination of the appropriate waste sources for a
particular powerplant. Guidelines will be established for
each waste source, and can then be applied and utilized in
the manner of a building-block concept. Waste streams may
be combined, and in many cases this would have obvious
advantages, and the appropriate guidelines would then also
be combined for application to the new waste stream.
Subcategories have been based on distinguishing factors
within groups of plants. Table IV-5 provides the informal
categorization for the purposes of the development of
effluent 1limitations guidelines and standards for chemical
wastes, and Table 1IV-6 shows the applicability of the
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{I.

IlI.

IV.

VI.

VII.

VIII.

TABLZ IV-5
- CHEMICAL WASTE CATZGORLES

Condenser Cooling System

A,
Be

‘Once-through

Recirculating

Water Treatment

A.
B.
C.
D.
E.
F.

Clarification
Sottening

Ion Exchange
Evapbrator
Filtration
Other Treatment

Boiler or PWR Steam Generator

A,

Blowdown

Maintenance Cledninyg

A. Boiler or PWR Steam Generator Tubes
B. Boiler Fireside
C. Air Preheater
D. Misc. Small Eguipment
E. $tack
F. Cooling Tower Basin
Ash Handling
A. Oil-Fired Plants
1. fly ash
2. bottom ash
Be. Coal-Fired Plants
1. fly ash
2. bottom ash
Drainage
A. Coal Pile
B. Contaminated Floor and Yard Drains
Air Pollution Control Devices
A. S02 Removal

Miscellaneous Waste Streams

A.
B.
C.
D.
E.
F.

Sanitary Wastes

Plant Laboratory and Sampling sSystems
Intdke Screen Backwash

Closed Cooling Water Systems
Low-Level Rad Wastes

Construction Activity
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TABLE IV- 6

APPLICABILITY OF CHEMICAL WASTE CATEGORIES

BY TYPE OF FUEL

Process_or_Qperation Nucleaxr _Coal__Oil__Gas
I. Condenser Coolinyg System
A. Once-through X X X X
B. Recirculating X X X X
II. Water Treatment
A. Clarification X X X X
B. Softening X X X X
C. Ion Exchange X X X X
D. Evaporator X X X X
E. Filtration X X X X
F. Other Treatment X X X X
II1I. DBoiler or Generator Blowdown X X X X
IV. Maintenance Cleaning
A. Boiler or Generator Tubes X X X X
B, Boller Fireside X X X
C. Air Preheater X X X
D. Misc. Small Eyuipment X X X
E. Stack b 4 X
F. Cooling Tower Basin X X X X
V. Ash
A. Bottom Ash X
B. Fly Ash X X
VI, Drainage
A. Coal Pile X
B. Floor and Yard Drains X X X
VII. Air Pollution (SO2) Control Devices X X
VIII. Miscellaneous
A. Sanitary Wastes X X X X
B, Plant Laboratory and
Sampling Streams X X X X
C. Intake Screen Backwash X X X X
D. Cloused Cooling Water Systems X X X X
E. Low-Level Rad Wastes X
F. Construction Activity X X X A
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categories to plants utilizing the four basic fuels for
producing electricity.

Thermal Discharges

The most obvious factor influencing the rejection of waste
heat to navigable waterbodies is the type of condenser cool-
ing system utilized within a plant. Powerplants which re-
cycle cooling water through a cooling device only affect the
receiving water by way of the relatively small blowdown
stream from the cooling tower, frond, etc. On the other
hand, plants operating with once-through cooling systems are
primarily responsible for the discharge of waste heat to
receiving waters. Consequently, the basic subcategorization
for thermal discharge characteristics divides the generating
units by type of cooling system utilized, into plants having
recirculating cooling systems, or once-through cooling
systems.

As indicated above, the primary factor in consideration of
waste heat rejection 1is the generating unit in question.
Therefore, subcategorization of once-through cooling systems
has been made on a unit, rather than a plant basis. The
evaluation of generating units to further sub-divide the
industry considered in detail the various factors described
in this section of the report; namely, fuel, size, age, and
site characteristics and mode of operation utilized. The
evaluation of these factors will be described below to
provide the rationale for the subcategorization developed.

The consideration of fuel as a factor in waste heat
rejection from a powerplant essentially focuses on the
differences between present nuclear and fossil-fueled units.
In general, the inherent characteristics of a 1light water
nuclear unit make it less efficient than fossil-fired units.
This difference in efficiency results in the rejection of
more waste heat to receiving waters from nuclear units than
from comparable fossil units. Subsequent sections of the
report will discuss the technical factors which cause this
difference.

Nuclear units generally have basic similarities with regard
to age, size, location and utilization which also tend to
differentiate them from fossil-fueled units. Nuclear units
can be generally classified as being relatively new,
relatively 1large, located in rural or semi-rural areas, and
operated as base-load facilities.

These factors are extremely variable when applied to
fossil-fueled wunits on a broad basis. Also, the thermal
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waste characteristics of wunits burning different fossil
fuels indicate that there is no basis for distinguishing
between fossil fuels for the thermal categorization of the
industry. Consequently, the basic subcategorization of
once-through cooling systems divides the industry between
nuclear and fossil-fueled units.

A major factor of concern with regard to fossil-fueled
generating facilities is the utilization of individual
units. An earlier portion of this section of the report
described the relationship of this factor with age and with
efficiency or heat rate of a generating unit. In addition
to this aspect of utilization, another point of concern is
the relationship between utilization and the cost of
installing facilities to treat waste heat. Utilization is
significant in economic analysis, as it provides the
operating time against which capital costs may be applied.
Furthermore, utilization reflects the effluent heat
reduction benefit to be achieved by the application of
control technology. As defined earlier, the utilization
aspect of power generation is defined by peaking, cycling
and base 1load generating facilities. Peaking units are
defined as facilities which have annual capacity factors
less than 0.20, while cycling units have annual capacity
factors between 0.20 and 0.60 and base-load units have
annual capacity factors in excess of 0.60.

some difficulty could be encountered, for the purpose of
effluent limitations, in determining the level of
utilization that a generating unit will achieve in the years
to come. It is known, however, that all of the nuclear
steam-electric generating units and all of the
high-pressure, high-temperature, fossil-fueled units 500
megawatts (Mw) and larger have been designed as base-load
units. Almost all nuclear units are 500 Mw and larger.

All of these units presently operating were placed into
service since 1960 (excepting only one small . nuclear unit
initially operated in 1957). The units placed in service
during the 1960's had 15 or more years of base-load service
ahead of them as of 1970, and would thus have 8 or more
vears of base-load life as of 1977.

A further difficulty that could be . encountered in
determining the 1level of utilization of a generating unit
relates to the fact that the only official record of the
utilization of individual generating units is the Form 67
®"Steam-Electric Plant Air and Water Quality Control Data",
which must be filed annually with the Federal Power
Commission. Utilities are required to report the capacity
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and average annual capacity factor (level of utilization)
for each boiler, but not the turbine-generator.
Furthermore, prior to 1950, individual boilers were kept
small, in large part tecause boiler outages were rather
numerous, so that it was common design practice to provide
multiple boilers and steam header systems to supply a
turbine-generator. Some stations have the headers connected
to multiple turbine-generators. Hence, the problem could
arise in these cases as to what comprises a generating unit
(boiler(s) plus turbine-generator) and what is its level of
utilization. Furthermore, the problem of applying a
closed-loop cooling system could be more difficult where
multiple boilers supply single or multiple
turbine~generators due to the physical and operating
problems arising from the multiple connections involved.

However, advances in metal technology since 1950, with
associated 1lower costs of larger units, have made it
economical and reliable to have one boiler per
turbine-generator. The trend to the larger, one boiler per
turbine-generator units began to be significant when the
first 300 Mw unit was placed into service in 1955. From
1930 until that time the largest steam electric unit in the
U.S. was about 200 Mw. Hence, for units 300 Mw and larger,
the unit itself and its level of wutilization are clearly
defined and the physical and operating problems associated
with a closed-loop cooling system and arising from the
multiple connections involved are not encountered.

Age was identified in the Act as a factor to be taken into
account in the establishment of effluent limitation
guidelines and rerformance standards. As indicated above,
the interrelationship between age, utilization and
efficiency, has generally been well documented in the steam
electric generating industry. Age is also important because
the remaining life of equipment frovides the basis for the
economic write-off of capital investment. Consequently, age
is of significance in subcategorizing steam electric
generating units not only for technical reasons, but also
for economic considerations.

Federal Power Commission depreciation practices indicate the
estimated average service life of equirment for steam elec-
electric production to be 36 years 87. Figure IV-10, which
shows the improvement of efficiency in the generation of
electricity since 1920, indicates a sudden dip in the curve
in approximately 1949, or 24 years ago. Based on this
process factor and the anticipated service life of
equipment, it was decided, for the purposes of the cost
analysis, to segment fossil-fueled units by age, with 6
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(six-year) segments defining the range of age with regard to
generating units.

Site characteristics were considered as a possibility for
subcategorization of the industry for thermal discharges.
The basic consideration involving location related to the
situation of a plant with regard to its cooling water source
(ocean, river, estuary, lake, etc.). However, categoriza-
tion along these lines would in reality violate the intent
of <the Act, which stresses national uniformity of
application and is technology oriented. The control and
treatment of waste heat is essentially an internal matter
within a powerplant. Absolute location will influence the
cost of such control and treatment, but will not generally
determine its feasibility. This type of location factor is
primarily related to environmental considerations, which are
taken into account under Sections 303 and 316 of <the Act.
Consequently, it was decided not to establish any
subcategories for thermal waste characteristics based on
location.

Size was another factor which conceivably could form the
basis for thermal waste subcategorization of the steam
electric powerplant industry. Among those technical and
economic factors considered relative to the size of a unit
were availability and degree of rracticability of control
and treatment technology, unit costs of control and
treatment technology and their relation to other generating
costs, and system reliability. A basis for a size
subcategorization would be the precedent established by the
Federal Power Commission with regard to the requirements for
filing Form 67, "Steam Electric Plant Air and Water OQuality
Control Data". The FPC does not require filing of this form
by powerplants smaller than 25 megawatts, or plants larger
than 25 megawatts which do not belong to a utility system
with a capacity equal to, or greater than 150 megawatts.
consequently, the data available from this source would not
cover the numerous small generating plants under 25
megawatts.

As a result of evaluation of the factors outlined above,
informal segmentation for the purposes of the development of
effluent 1limitations guidelines and standards for heat
includes a division between nuclear and fossil units and
further division of ‘fossil units based on utilization, all
followed by age considerations, and finally segmentation by
size of unit as defined by cost and other considerations.
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Summary

In summary, the most significant of the basic components of
all steam electric powerplants which relate to waste water
characteristics are the fuel storage and handling
facilities, water treatment equipment, boiler, condenser,
type of cooling system, and auxiliary facilities. Steam
electric powerplants (plants) are comprised of one or more
generating units. A generating unit consists of a discrete
boiler, turbine-generator and condenser system. Fuel
storage and handling facilities, water treatment equipment,
electrical transmission facilities, and auxiliary components
may be a part of a discrete generating unit or may service
more than one generating unit. The characteristic quantity
and intensity of the waste heat transferred in the condenser
from the expended steam to the cooling water is related to
the combined characteristics of the plant components that
are its source.

The general subcategorization rationale is summarized in
Table IV-7 the subcategorization rationale £for heat is
summarized in Table IV-8 and the sukcategorization rationale
for pollutants other than heat is summarized in Table IV-9,.

The degree of nonthermal effluent reductions <that can be
achieved by the application of specific control and treat-
ment technologies are related to the type of  source
components involved, and further to water use and quality
and other considerations reculiar to individual plants.
Both wunit and plant related characteristics affect the
degree of practicability of aprlying nonthermal waste water
control and treatment technology.

Accordingly, the general categorization scheme developed was
approached from the basis that separate subcategorizations
would be canstructed for thermal characteristics and for
nonthermal characteristics so that the rationale supporting
the one would not necessarily be supportive of the other,
and candidate arproaches to either could be utilized or
discarded on their own merits. Numerous factors were
considered as candidates for further subcategorization and
are as follows: the age of equirment and facilities, the
process employed, waste source . (nonthermal characteristics),
nonwater quality environmental impact (including energy
requirements), site characteristics, size of plant, type. of
thermal control employed, fuel utilized, and utilization
characteristics of the plant, with only the age of unit, its
utilization, its generating capacity (size) and type of
thermal control employed qualifying as further bases for
subcategorization of thermal discharges, and waste source
for nonthermal discharges. Many of the above factors are
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Table IV-7

GENERAL SUBCATEGORIZATION RATIONALE

Subcategorization for heat is approached separately

from subcategorization for other pollutants because:

Control and treatment technology for heat relate
primarily to the characteristics of generating units,
while nonthermal control and treatment technologies
relate primarily to characteristics of stations.

Control and treatment technologies are dissimilar; and

The costs of thermal control and treatment technology
are much greater than nonthermal control and treatment
technologies.
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Table 1V~ 8

SUBCATEGORIZATION RATIONALE FOR POLLUTANTS OTHER THAN HEAT

Characteristic Need for Sub- Rationale
of Plant categorization
Utilization (base-load, No Costs versus effluent reduction benefits
cyclic, or peaking) vary significantly but are small in all cases
Age No Costs versus effluent reduction benefits
vary significantly but are small in all cases
Yes Certain technologies are practicable for new
sources but not for others
Fuel No Effects on costs versus effluent reduction
benefits are not significant
Size No Costs versus effluent reduction benefits are
greater for small plants but still
relatively small
Land Availability No Treatment technology includes small-sized
configured equipment as well as lagoon-type
facilities
Water Consumption No Negligible consumption
Non-Water Quality Envir- No Not significant
onmental Impact (inclu-
ding energy consumption)
Process Employed Yes Practicability of treatment technology
is related to the volumes of waste water
treated, therefore subcategories should
be based on the specific waste water streams,
especially those of significant volume
Climate No Not significant except for effect on rainfall

runoff treatment costs, but costs vyersus
effluent reduction benefits are approximately
the same and costs are relatively small
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Table 1IV-9
SUBCATEGORIZATION RATIONALE FOR HEAT

Characteristic of Unit

Need for
Subcategorization

Rationale b

Utilization(Base-load,
cyclic, or peaking)

Age

Fuel

Size

Process Employed

Land Availability
Water Consumption
Climate

Non-Water Quality
Environmental Impacts
®sSaltwater Drift

@®Fogging
@®Noise

®2Aesthetics

Yes

Yes

Yes

Yes

No

Yes

No

No

Yes

No

No

No

Coupled with age, this factor determines the
incremental cost of production versus the effluent
reduction benefits related to the thermal control
technology.

Coupled with utilization, this factor determines
the incremental cost of production versus the
effluent reduction benefits related to the thermal
control technology.

Nuclear-fueled units reject significantly more
heat to cooling water than do comparible
fossil-fueled units. .

Retrofit outages in small plants (typically older
peaking plants) and small systems would be more
likely to cause reliability problems. Size may
affect retrofit costs. Size is generally

related to age and utilization. Counterbalancing
of cost variations is not as likely for small
plants and systems.

All significant differences already accounted

for by factors of utilization, age, fuel, and size.
Numerous units, due to urban locations, have
insufficient land available to implement the
control technology.

Where required water consumption rights can add an
incremental but insignificant cost over the cost
of water use rights otherwise required.
Variabilities are primarily cost related and

taken into account in the cost analysis

while technology is available to limit drift
to very low levels, significant impacts could
occur for units in urban areas on saltwater
bodies.

Technology is available to abate fogging in
the few cases where it might othicrwise have
a significant impact.

Technology is available to abate noise in
the few cases where it might otherwise have
a significant impact.

Would only be a problem in a case-by-case
evaluation of alternatives.




related as previously discussed. A further example is the
relation Letween age of generating units and their tapacity
factor, as shown in Table IV-10.

Certain further factors can be identified each of which are
not sufficiently significant to warrant their inclusion in
the general subcategorization framework but which will be
examined in detail in subsequent sections of this document.
Some of these factors are the following: available 1land
characteristics, size of the unit, accessibility of existing
cooling systen, ability of existing structures to
accommodate a new recirculating cooling system, requirements
imposed by nearby 1land uses (drift, fogging, noise,
structure height), climatic considerations (wind, relative
humidity), soil strengths, significance of consumptive use
of water, main condenser cooling water flow rate, unit heat
rate, wet-bulb temperature, back-end loading, cooling tower
plume abatement, noise abatement, aircraft safety, system
reliability requirements, and characteristics of intake
water (temperature, concentrations of constituents).
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Table 1IV-10

DISTRIBUTION OF U.Se GENERATING CAPACITY BY AGE AND CAPACITY FACTOR *

Year Installed

Capacity Factor

0 - 0.2 002 - 0.4 0.4 - O.6 O.6 +
Before 1956 11,000 Mw 7,000 Mw 13,000 Iw 20,000 w
1956-1960 2,000 5,000 15,000 10,000
1961-1971 1,000 10,000 36,000 36,000
1972-1978 0 0] 8,000 81,000

* Source: FPC data




PART A
-CHEMICAL WASTES
SECTION V

WASTE CHBARACTERIZATION

Introduction

In this part of the study (Part A) only the nonthermal, or
chemical wastes are dealt with. Part B of the report deals
with thermal discharges.

Chemical wastes produced by a steam electric powerplant can
result from a number of operations at the site. Some wastes
are discharged more or less continuously as long as the
plant is operating. Some wastes are produced inter-
mittently, but on a fairly regularly scheduled basis such as
daily or weekly, but which are still associated with the
production of electrical energy. Other wastes are also
produced intermittently, but at less frequent intervals and
are generally associated with either the shutdown or startup
of a boiler or generating unit. Additional wastes exist
that are essentially unrelated to production but depend on
meteorological or other factors.

Waste waters are produced relatively continously from the
following sources (where applicable): cooling water
systems, ash handling systems, wet-scrubber air pollution
control systems, koiler blowdown.

Waste water is produced intermittently, on a regular basis,
by water treatment operations which utilize a cleaning or
regenerative step as part of their c¢ycle (ion exchange,
filtration, clarification, evaporation).

Waste water produced by the maintenance cleaning of major
units of equipment on a scheduled basis either during
maintenance shutdown or during startup of a new unit may
result from boiler cleaning (water side), boiler cleaning
(fire side), air preheater cleaning, stack cleaning, cooling
tower basin cleaning and cleaning of miscellaneous small
equipment. The efficiency of a powerplant depends largely
on the cleanliness of its heat transfer surfaces. Internal
cleaning of this equipment is wusually done by chemical
means, and requires strong chemicals to remove deposits
formed on these surfaces. Actually the cleaning is not
successful wunless the surfaces are cleaned to bare metal,
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and this means in turn that some metal has to be dissolved
in the cleaning solution. Cleaning of other facilities is
accomplished by use of a water jet only.

Rainfall runoff results in drainage from coal piles, floor
and yard drains, and from construction activity.

A diagram indicating sources of chemical wastes in a fossil-
fueled steam electric powerplant is shown in Figure A-V-l.
A simplified flow diagram for a nuclear plant is shown in
Figure A-V-2. Heat input to the boiler comes from the fuel.
Recycled condensate water, with some pretreated make-up
water, is supplied to the boiler for producing steam. Make-
up requirements depend upon boiler operations such as
blowdown, steam soot blowing and steam losses. The quality
of this make-up water is dependant upon raw water gquality
and boiler operating pressure. For example, in boilers
where operating pressure is below 2.8 MN/sq m (400 psi),
good quality municipal water may be used without
pretreatment. On the other hand, modern high-pressure,
high-temperature boilers need a controlled high-quality
water. The water treatment includes such operations as
lime-soda softening, clarification, ion exchange, etc.
These water treatment operations produce chemical wastes.
According to the FPC234, the principal chemical additives
reported for boiler water treatment are phosphate, caustic
soda, lime and alum.

As a result of evaporation, there is a build-up of total
dissolved solids (TDS) in the boiler water. To maintain TDS
below allowable limits for bciler operation, a c¢ontrolled
amount of boiler water is sometimes bled off (boiler
blowdown) .

The steam produced in the boiler is expanded in the turbine
generator to produce electricity. The spent steam proceeds
to a condenser where the heat of vaporization of the steam
is transferred to the condenser cooling system. The
condensed steam (condensate) is recycled to the boiler after
pretreatment (condensate polishing) if necessary, depending
upon water quality requirements for the boiler. As a result
of condensate polishing (filtration and ion exchange), waste
water streams are created.

In a nonrecirculating (once-through) condenser cooling
system, warm water is discharged without recycle after
cooling. The cool water withdrawn from an ocean, lake,
river, estuary or groundwater source may generate biological
growth and accumulation in the condenser thereby reducing
its efficiency. Chlorine is usually added to once-through
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condenser cooling systems to minimize this fouling of heat
transfer surfaces. Chlorine is therefore a parameter which
must be considered for nonrecirculating cooling water
systems.

Cooling devices such as cooling towers are employed in the
recirculating cooling systems. Bleed streams (blowdown)
must generally be provided to ccntrol the build-up of
certain dissolved solids or total dissolved solids within
the recirculating evaporative cooling systems. These
streams may also contain chlorine and other chemical
additives. According to the FPC23¢, the principal chemical
additives reported for cooling water treatment are
phosphate, lime, alum and chlorine.

As a result of fossil-fuel combustion in the boiler, flue
gases are produced which . are vented to the atmosphere.
Depending upon the type of fossil fuel, the flue gases carry
certain amounts of entrained particulate matter (fly ash)
which are r emoved in mechanical dust collectors,
electrostatic precipitators or wet scrubbing or collector
devices. Thus fly ash removal may create another waste
water stream in a powerplant.

A portion of the noncombustible matter of the fuel is left
in the boiler. This bottom ash is usually transported as a
slurry in a water sluicing operation. This ash handling
operation presents another possible source of waste water
within a powerplant.

Depending upon <the sulfur content of the fossil fuel, SO2
scrubbing may be carried out to remove sulfur emissions in
the flue gases. Such operations generally create liquid
waste streams. Note that S0O2 scrubbing is not required for
gas-fired plants, or facilities burning o0il with a low
sulfur content. Nuclear plants, of course, have no ash or
flue gas scrubbing waste streams.

As a result of combustion processes in the boiler, residue
accumulates on the boiler sections and air preheater. To
maintain efficient heat transfer rates, these accumulated
residues are removed by washing with water. The resulting
wastes represent periodic (intermittent) waste streams.

In spite of the high quality water used in boilers, there is
a build-up of scale and corrosion products on the heat
transfer surfaces over a period of time. This build-up is
usually due to condenser leaks, oxygen leaks into the water
and occasional erosion of metallic parts by boiler water.
Periodically, this scale build-up is removed by cleaning the
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boiler tubes with different chemicals - such as acids,
alkali, and chelating compounds. These cleaning wastes,
though occuring only periodically, contain metalic species
such as copper, iron, etc. which may require treatment prior
to discharge.

The build-up of scale in cooling tower basins and soot
build-up in stacks require periocdic washings and these
operations also give rise to waste streams.

For coal-fired generating units, outside storage of coal at
or near the site 1is necessary to assure continuous plant
operation. Normally, a supply of 90 days is maintained.
Coal is stored either in "active" piles or "storage" piles.
As coal storage piles are normally open, contact of coal
with air and moisture results in oxidation of metal
sulfides, present in the coal, to sulfuric acid. The pre-
cipitate trickles or seeps through the coal. When rain
falls on these piles, the acid is washed out and eventually
winds up in coal pile runoff, creating another waste stream.
Similarly, contaminated floor and yard drains are another
source of pollution within the powerplant.

Besides these major waste streams, there are other miscel-
laneous waste streams in a powerplant such as sanitary
wastes, laboratory and sampling wastes, etc. which are also
shown in Figure No. A-V~-1.

In a nuclear-fueled powerplant, high quality water is used
in the steam generating secticn. Conventional water
treatment operations give rise to chemical waste streams
similar to those in fossil-fueled powerplants. Similarly,
the cooling tower blowdown is another waste stream common to
both fossil-fueled and nuclear fueled powerplants. Some
wastes in a nuclear plant contain radioactive material. The
discharge of such wastes is strictly controlled and is
beyond the scope of this project. However, the steam
generator in a PWR plant is a secondary system, having a
blowdown and periodic cleaning wastes which are not
radiocactive. Some of the disposal problems associated with
low-level radiation wastes from nuclear fuel powerplants are
briefly described in this report.

Data was accumulated from different sources to characterize
the variocus chemical wastes described above. The sources of
data include:

a. Plants visits and collection of samples for analysis
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b. Permit applications submitted by powerplants to the U.S.
Army Corps of Engineers.

c. Tennessee Valley Authority (TVA) reports of operating
plants

d. EPA Region II - questionnaire

e. EPA Region V - summary of permit applications data by
National Environmental Research Center, Corvallis

f. Southwest Energy Study - Appendices

g. U.S. Atomic Energy Commission, Environmental Impact
Statements

h. In-house data at Burns and Roe, Inc.

These data were included in Appendix 2 of the Development
Document supporting the proposed effluent limitations
guidelines and standards for steam electric powerplants,
which was issued in March, 1974. A code system was used for
individual plant identification.

Based on these data and other industrial and governmental
literature, recommended effluent limitations guidelines
proposed are developed for chemical wastes from the
following operations in steam electric powerplants.

I. Condenser Cooling System
A. Once-Through
B. Recirculating

II. Water Treatment
A. Clarification
B. Softening
C. Ion Exchange
D. Evaporator
E. Filtration
F. Other Treatment

III. Boiler or PHR Steam Generator Blowdown

IV. Maintenance Cleaning
A. Boiler or PWR Steam Generator Tubes
B. Boiler Fireside
C. Air Preheater
D. Misc. Small Equipment
E. Stack
F. Cooling Tower Basin
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V. Ash Handling
A. Oil-Fired Plants Fly Ash
B. Coal-Fired Plants
l. f£fly ash
2. bottom ash

VI. Rainfall Runoff

A. Materials Storage (Coal Pile)
B. Construction Activity

VII. Air Pollution Control Devices

VIII. Miscellanecus Waste Streams
A. Sanitary Wastes
B. Plant Laboratory and Samgling Streams
C. Intake Screen Backwash
D. Closed Cooling Water Systems
E. Low-Level Rad Wastes
F. Floor Drains
G. Others

once-Through Cooling Systems

The common biocides used are chlorine or hypochlorites. The
amount of chlorine dosage varies from site to site and
depends upon the source of cooling water and ambient
conditions. For example, in winter the biological growth is
normally not as pronounced as in sSpring oOr summer.
Consequently, chlorine demand is less in winter. Normally,
the chlorine is supplied as a slug rather than by continuous
injection. The frequency of chlorine dosage differs in each
plant, and may vary from once a day to ten times a daye.
Treatment duration varies between 5 minutes and 2 hours.
Chlorination results in residual chlorine concentrations in
“the range of 0.1 to 1 mg/1 (ppm). Higher concentrations can
be found in cases where higher 1level organisms, such as
jellyfish, or eels, tend to accumulate on condenser
surfaces.

Since the waste characteristics of once-through cooling
systems designed for economical operation and the control
technology for the reduction of the discharge of pollutants
from ¢this source reflect in many instances the same or
similar technologies, these aspects are discussed in more
detail in Section A-VII of the Development Document.
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Recirculatipg_Cooling_Systems

In the operation of a closed, evaporative cooling systen,
the bulk of the warm circulating water returning to the
cooling tower, pond, etc. is cooled by the evaporation of a
small fraction of it. During this evaporation only water
vapor 1is lost, except for leakage and some net entrainment
of droplets in the air draft (drift 1loss), and +the salts
dissolved in the remaining liquid become more concentrated.
Most natural waters contain calcium (Cat4)., magnesium
(Mg++) , sodium (Na4), and other metallic ions, and carbonate
(CO3—~), bicarbonate (HCO3-), sulfate (SO4--), chloride
(C1-) and other acidic ions in solution. All combinations
of these ions are possible. When the concentration of ions
in any possible combination exceeds the 8olubility 1limits
under the existing conditions, the corresponding salt will
precipitate. Some of these salts are characterized by
reverse solubility, that is, their solubility decreases when
the temperature rises. If water saturated with such a salt
leaves the cooling tower at the cool water temperature, as
the water is heated in passing thru the condenser the
solubility will decrease and the salt will deposit as a
scale on the condenser tube walls and hinder heat transfer
thru the tubes.

According to Reference 144, the formation of scale may be

controlled in several ways. The most common is to blowdown
a portion of the circulating water stream and replace that
quantity with fresh water so that the circulating water does
not reach saturation at any time. Blowdown therefore is the
constant or intermittent discharge of a small portion of the
circulating water in a closed cooling system to prevent a
buildup of high concentrations of dissolved solids. The
blowdown (B) is a function of the available makeup (B+D+Ev)
water quality and is related to evaporation (Ev) and drift
(D) in the following manner:

C= (B+Ev +D)/(B + D)

In this equation, C equals cycles of concentration, a
dimensionless number which expresses the number of times the
concentration of any constituent is multiplied from its
original value in the makeup water. (It does not represent
the number of passes through the system). B, Ev, and D are
expressed in consistent units (e.g. percent of circulating
water flow rate or actual flow rate).

For average makeup water quality, conventional practice sets
the value of C between 4 and 6. For extremely high quality
makeup water (or:treated water) C values of 15 and above are
possible. For salt or saline water, C values as low as 1.2
to 1.5 may be required. This is usually not a materials or
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operating limit, but rather a means of preventing biological
damage from blowdcwn salinity.

The chemical characteristics of +the recirculating water
(treated or untreated) determine the maximum C value. Table
A-V-1 provides some frules of thumb"™ to be used in
establishing the maximum C value. Note that the C subscript
designations used in the table represent individual
constituent concentrations and should not be confused with
C, cycles of concentration used above.

The "Limitation" column in Table A-V-1 indicates the maximum
value allowed in the recirculating water for each chemical
characteristic given. The maximum C value would be
established when any one of the "Limitations® is exceeded.
Note that this table provides ®rule of thumb® estimates,
which may not be applicable to unique water quality
problems.

The equation for C can be rewritten for blowdown (B):

B = Ey-D(C-1)
c -1

In order to minimize the total amount of makeup water and
blowdown the cooling tower should be operated at as high a C
value as possible., The following data were computed using
the above equation and illustrate the effect of C on the
blowdown and makeup flow rates:

C Blowdown Makeup

{cycles of concentration) cfs) __ _fcts)
1.2 107 ~ 128

1.5 42.8 64.2

2.0 21.4 42.8

5.0 5.3 26.7

10.0 2.3 23.7

20.0 1.1 22.5

This table was developed assuming an evaporation rate (Ev)
of 21.4 cfs and a drift rate (D) of 0.05 cfs (0.005% of 950
cfs).

There are several advantages to méintaining a high C value:

a. Minimizing the makeup water requirement, thus
reducing the number of organisms entrained in the cooling
water.
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Table A~-V-1

461
RECIRCULATING WATER.QUALITY LIMITATIONS

Characteristic Limitation Comment

pH and Hardness Langelier Saturation Langelier Saturation
Index = 1.0 Index = pH-pHs
where

pH and Hardness Langelier Saturation pH = measured pH
with addition of Index = 2.5 pHs = pH at saturation
proprietory chemicals with CaCO3
for deposit control. See Figure A-V-3 for

nomograph solution.

Sulfate and Calcium {Cen ) x (C..) = 500,000 C = concentration of
504 Ca SO4
SO4 in mg/1
CCa = concentration of
Ca in mg/1 as CaCO3

Silica cSiO = 150 CSioz = concentration of
S1'02 in mg/1

Magnesium and Silica (cMg) X(Csi0 ) = 35,000 CMg = concentration of
o 2 Mg in mg/1 as CaCO3

Suspended Solids Csg = 400 mg/1 Cgg = concentration of
ss in mg/1
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Figure A-V-3

NOMOGRAM TO DETERMINE LANGELIER SATURATION INDEX
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b. Minimizing the volume of blowdown water +to be
discharged.

Ce Reducing the size and cost of makeup and blowdown
handling facilities (i.e., pumgs, pipes, screens, etc.).

Values for evaporation from cooling systems average about
0.75% of cooling water flow for every 10°F of condenser
delta T for cooling towers and approximately 50% higher for
cooling ponds. This is equivalent to a range of 15.0 to
30.0 gpm/Mw for cooling towers and 22.5 to 45.0 gpm/Mw for
cooling ponds. Drift constitutes a relatively small portion
of the required makeup water. For new cooling towers, drift
losses can be kept as low as 0.005% of the 'cooling water
flow for mechanical draft towers and 0.002% for natural
draft towvers. Drift 1losses for ponds are negligible.
Estimates of the allowable blowdown flow based on these
factors can be made once the cooling water flow, condenser
delta T, and allowable concentration factors are known.

The heat content of the blowdown as a percent of condenser
heat rejection can be quite variable. The heat content of
the blowdown can vary from a fraction of 1% of the total
condenser heat rejection to as high as 7 to 8% of this
value. Higher rates of heat rejection in the blowdown are
due to larger blowdown flows (smaller C values) required in
salt water systems and systems that blowdown from the hot
side of the system. Systems that blowdown from the cold
side of the cooling system should contain no more than 1 to
2% of the condenser heat rejection.

Scale formation may be controlled by chemical means such as
softening or ion exchange to substitute more soluble ions
for the scale formers, such as Na4 substitution for Ca++ and
Mg4++. Advantage may be taken of the greater solubility of
some ions. For instance SO4-- may be substituted for CO3--
or HCO3-, as:

Ca 003 + H2 SO4 = CaSO4 + H20 + C02(9)
Mg (HCO3) 2 + H2SO4 = MqSO4 ¢2H20 +2C02(g)

In these reactions, CO2 is released as a gas. Sulfates have
a much greater solubility than carbonates and bicarbonates,
and scale formation 1is reduced. organic "sequestering"
agents are used to tie up the insoluble metallic ions so
that they cannot combine with the carbonates and
bicarbonates to form scale. Many of these agents are
proprietary compounds and their compositions are not
generally known. The use of chemical dispersants and makeup
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water softening to reduce or eliminate blowdown at certain
powerplants is discussed in Reference 22. Eventually the
limit is reached and there must be some bleed through drift
or blowdown although its quantity may be greatly reduced,
resulting in higher concentrations. Data obtained from the
study of fifteen plants reveals an extremely large variation
in the parameters listed. Generally, the important
pollutant parameters are: total suspended solids (TSS), pH,
hardness, alkalinity, total dissolved solids and phosphorus.

In general, condenser materials are chosen so as to resist
corrosion by the recirculating water. Consequently,
chemicals are generally not required in the recirculating
water for corrosion resistance, except in cases where the
recirculating water (because of the make-up water quality)
has high chloride concentrations chromates or other
chemicals are added as corrosion inhibitors.

In recirculating systems, growth organisms such as algae,
fungi and slimes occur because of the warm and moist
environment., Such biological growth will affect condenser
efficiencies and chlorine is commonly used as a biocide.
The chlorine dosage is usually in slugs. The residual
chlorine is generally in the range of 1 mg/liter. Higher
residual chlorine concentrations may cause corrosion
problems. In cooling towers with wood filling, sodium
pentachlorophenate is sometimes added to inhibit fungi
attack on wood. The chemicals are generally added to the
cooling tower basin to ensure adequate mixing. Depending
upon the chlorine dosage frequency (one to three times a
day) and sodium salt addition, the concentration of these
pollutants in the blowdown will vary for each case.

Since the waste characteristics of recirculating cooling
systems designed for economical operation and the control
technology for the reduction of the discharge of pollutants
from this source reflect in many instances, the same or
similar technologies, these aspects are discussed in more
detail in Section A-VII of the Development Document.

Water Treatment

All water supplies contain varying amounts of suspended
solid matter and dissolved chemical salts. Table A-V-2
gives typical characteristics of powerplant water supplies.
Salts are dissolved from rock and mineral formations by
water as it flows into rivers and lakes. In the boiler, as
water evaporates to steam, mineral salts deposit on metal
surfaces as scale. Scale reduces transfer of heat through
the metal tubes, and if allowed to accumulate reduces the
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Table A-V=2

TYPICAL CHARACTERISTICH:OF
POWERPLANT WATER SUPPLIES

Constituent

Concentration (mg/1)

- N

Calcium, as uaCO3
Magnesium, as CaCO3

M Alkalinity, as CaCO3
Sulfate, as SO4
Chloride, as Cl
Silica, as SiO2

Iron, as Fe

Manganese, as Mn

0il

Suspended Solids

pH

Specific Conductance, umhos (18°C)

40 - 200
10 - 50
5 - 50
20 - 140
10 - 150
2 - 15
0.2 - 2.0
0.1 - 1.0
<1 - 5.0
10 - 200
55 - 7.5
100 - 500
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flow area, eventually causing failure of the tubes. To
prevent scaling, water is treated for removal of mineral
salts before its use as boiler feed water.

Removal of the dissolved mineral salts can be accomplished
by evaporation, chemical precipitation or by ion exchange.
Evaporation produces a distilled-water-quality product but
is not always economical and results in a stream of brine
waste. Chemical rrecipitation is of limited use in the re-
moval of dissolved solids, as the product water of the
process contains soluble quantities of mineral salt. To
produce a boiler feed water, chemical precipitation followed
by evaporation is used occasionally, but cost is not always
economical. °

Clarification

Chemical precipitates and naturally occurring susperfded
solids are very fine and light. Clarification is a process
of agglomerating the solids and separating them from the
water by settling. Suspended solids are coagulated, made to
join together into 1larger, heavier particles and then
allowed to settle. Clarified water is drawn off and fil-
tered to remove the 1last traces of turbidity. Settled
solids, more commonly called sludge, are withdrawn from the
clarifier basin, continuously or intermittently and
discharged to waste. Figures A-vV-4 and A-V-5 show
simplified flow diagrams for clarification and filtration
processes respectively. Surface water, in addition to
dissolved impurities, may contain suspended matter, causing
turbidity or objectionable color. Removal of turbidity by
coagulation is an electro-chemical phenomenon. Iron and
aluminum ions of positive charge form a bridge with the
negative charge of the sediments, causing an agglomeration
of the ©particles. Most commonly used coagulants are
aluminum sulfate (alum, filter alum, Al2(SO4)3 . 18 H20),
ferrous sulfate (copperas, FeSO4 . 2 H20), ferric sulfate
(ferrifloc, Fe2 (SO4)3), and sodium aluminate (soda alum,
Na2 Al2 O4). Polyelectrolytes and other coagulant aids are
frequently used in the process.

Softening

In the softening process, chemical precipitation is applied
to hardness and alkalinity. Principal chemicals used are
calcium hydroxide (hydrated lime - Ca (OH)2) and sodium car-
bonate (soda ash-Na2003). Calcium is precipitated as cal-
cium carbonate (CaCO3) and magnesium as magnesium hydroxide
(Mg (OH) 2) .
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Chemical precipitation of calcium and magnesium can be car-
ried out at ambient temperatures, which is known as cold
process softening, or may be carried out at elevated
temperatures, 100°C(212°F), known as hot process softening.
Hot process softening is generally employed for boiler feed
water in steam electric powerplants when steam is generated
for heating purposes as well as electric power generation.
The hot process accelerates the reactions and reduces the
solubility of calcium carbonate and magnesium hydroxide. '

Since there is always some carryover of fine particles from
the clarifiers, these are generally followed by filters.
Filters may contain graded sizes of sand, anthracite coal or
other filter media. Filters are also required in case
clarifiers have an upset and precipitates are carried over
into the clear water overflow.

Ion Exchange

Ion exchange processes can be designed to remove all mineral
salts in one unit process operation. These processes
produce high-quality water -suitable for boiler feed
purposes. All of the mineral constituents are reroved in
one process. The ion exchange material 1is an organic
resinous type material manufactured in granular bead form.
Resin beads contain pores that make them similiar to a
sponge. The surface area 1is electrically charged and
attracts to the surface chemical ions of opposite charge.

Basically there are two major types of resin, cation and
anion. Cation resin attracts the positively charged ions
and anion resin attracts the negatively charged ions. When
the charded sites on the resin surface are filled with ions
exchanged from the water, the resin ceases to function and
must be regenerated. (Figure A-V-6)

The regeneration process is a three-step operation for all
ion exchange units except mixed resin units. Mixed resin
units (Figure A-V-7) contain a mixture of cation and anion
resin in a single vessel. The resin is in a mixed form
during the service run and is separated during the regenera-
tion. :

During the service run, water flow in an ion exchanger is
generally downflow through the resin bed. This downward
flow of water causes a compaction of the bed which in turn
causes an increase in resistance to flow through the bed.
In addition, the raw water being treated always contains
some micro-size particles which collect at the top surface
of the bed and add to the resistance to flow. To alleviate
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this resistance, normal water flow to the bed is stopped and
direction of flow through the bed is reversed, causing the
bed to erupt, and wash the solids out. Ion exchange beds
are usually washed for a period of 10 to 15 minutes. Flow
rates vary with the size of vessel and the type of resin.
The flow rate is adjusted to expand the resin bed 80 to 100%
of its settled bed depth. Flow rates of 3.4-4.1 10-3 cu
m/7s/sq m (5-6 gallons per minute per square foot) are
typical. The second stage of regeneration is the contacting
step. Chemical solution is passed through the bed at a
controlled flow rate such that resin is contacted with the
chemical solution for a certain time. Cation resins are
contacted for approximately 30 minutes while anion resins
are contacted for aprroximately 90 minutes. Immediately
after this chemical contact, the bed is given a slow rinse.
The normal volume of rinse is two bed volumes. The purpose
of the rinse is to wash the regenerant solution remaining in
the voids of the bed after the regenerant flow is stopped.
The bed is then rinsed until effluent quality reaches de-
ionized water specification. Quantity of rinse water
depends on the resin. Cation rinse water is approximately 8
cu m water per cu m resin. Anion rinse water is
approximately 10 cu m water per cu m resin. With mixed
resin units, there are two additional steps in the re-
generation process. After rinsing, the water 1level is
drained until it is just above the settled resin bed 1level.
Air is 1injected into the bottom of the vessel causing the
two stratified layers of resin tc mix. After this mixing,
the vessel is filled with water and the resin bed is given a
short final rinse.

Chemical characteristic of the spent regenerant depend, on
the type of service that an ion-exchanger is performing.
Cation exchange in hydrogen cycle absorbs calcium, mag-
nesium, potassium, and sodium ions from the water. The
cation unit 1is regenerated with sulfuric acid. The acid
concentration is maintained low to prevent calcium sulfate
precipitation. The spent regenerant solution contains the
eluted ions with excess acid.

In order for the regeneration process to proceed there must
be a driving force. The driving force is excess chemical
quantity. The quantity of acid regquired for regeneration,
on a weight basis, is 2-4 times the stoichiometric exchange
capacity of the resin. On a weight lkasis, the waste sul-
furic acid will consist of 1/4-1/3 part mixed cations and
2/73-374 part of excess sulfuric acid. Concentration of
cations in the waste depends on their distribution in the
water supply.
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Occasionally, hydrochloric acid is used for hydrogen cycle
regeneration. Hydrochloric acid yields a greater regenera-
tion efficiency than sulfuric acid. The cost of hydro-
chloric acid is generally higher than sulfuric acid,
therefore, it is used only when the economics justify it.

Anion exchange units are regenerated with sodium hydroxide.
The concentration is approximately 4%. The spent regenerant
will contain the eluted anions. These are sulfate,
chloride, nitrate, gghosphate, alkalinity, bicarbonate, car-
bonate, and hydroxi e. Silica in the form of HSiO3- is also
absorbed by anion exchangers and may be present in the spent
regenerant. . o PR

In high-gressure steam electric plants, condensate is
deionized to prevent dissolved salts from condenser tube
leaks from entering the boiler system, and eliminate minute
quantities of iron and copper formed as a result of
corrosion. The condensate is then polished in mixed resin
units. The ion exchange resin is regenerated with sulfuric
acid and sodium hydroxide. Sometimes, ammonium hydroxide is
used in place of sodium hydroxide. The quantity of iron and
copper found in the spent regenerants is usually negligible.

Sodium cycle ion exchange is the exchange of calcium and
magnesium ions for sodium ions. Hard water is often
softened by this process, but the content of dissolved
solids is not appreciably changed. The exchange resin is
regenerated with 10% sodium chloride solution. The waste
regenerant consists of approximately 1/3 part calcium

chloride and magnesium chloride and 2/3 part sodium
chloride.

Evaporator

Evaporation is a process of purifying water for boiler feed
by wvaporizing it with a heat source and then condensing the
water vapor on a cool surface, and collecting it externally
of the evaporator unit. In the process, a portion of the
boiling water is drawn off as blowdown.

The evaporator consists of a vessel, usually in a horizontal
position in order to provide a large surface area for
boiling. In steam electric plants, evaporators are usually
heated by a waste source of heat, such as extraction steam
from the turbine cycle. The water evaporates into the upper
surface of the vessel and is ducted to an external con-
denser. In the lower portion of the vessel, a pool of the
boiling water is maintained at a constant level to keep the
steam tubes immersed in liquid. As water evaporates from
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the pool, the raw water salts in the pool become concen-
trated. If allowed to concentrate too much, the salts will
scale the heating surfaces and the heat transfer rate di-
minishes. To prevent scaling, a portion of the pool water
is drawn off as blowdown. A simplified flow diagram of the
process is shown in Figure A-V-8.

Chemical composition of the blowdown is similar to that ‘of
the raw water feed except that it is concentrated several
times. The blowdown is alkaline, with a pH in the range of
9-11. This is due to decomposition of bicarbonate ion to
carbon dioxide and carbonate ion. The carbon dioxide is
degassed from the evaporator leaving carbonate in solution
and yielding an alkaline pH. If the concentration of
calcium sulfate is high enough, it will precipitate out of
solution. Some steam electric power plants feed phosphate
to the raw water feed. This rhosrhate reacts with calcium
and lessens the precipitation of calcium carbonate and
calcium sulfate.

Evaporators are wusually found in older low-pressure steam
electric plants. Ultra pure water required in the modern
high pressure units may generally be obtained more
economically by the ion exchange processes.

‘A typical powerplant may employ a combination of the dif-
ferent water treatment operations described above. However,
the waste streams from all these water treatment operations
are dgenerally similar in pollutant characteristics.
Consequently, a description of the combined pollutants found
in the waste streams is given below.

Character of Water Treatment Wastes

Water treatment waste streams should ke described by three
parameters: 1) pH, 2) suspended solids concentration, and 3)
concentration parameters typical of processes involved or
" toxic elements involved in the process. Reference 21
reports waste water flows as shown in Table A-V-3.

Clarification wastes consist of clarifier sludge and filter
washes. Clarifier sludge could be either alum or iron salt
sludge, from coagulant chemicals. If the clarifier is 1lime
softening, then the sludge would be a calcium carbonate-
magnesium hydroxide sludge. Filter washes would contain
suspended solids either as light carry-over floc from the
clarifier or as naturally contained in unclarified raw
water. Activated carbon absorber wash would contain light
suspended particles or very fine activated carbon particles
due to attrition of the carbon.
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Table A-V- 3

TYPICAL WATER TREATMENT WASTE
WATER FLOWS (Ref. 21)

PROCESS

RANGE OF FLOWS
. gal/ 1000 1lb water

treated

Clarifier blowdown

Lime-soda

Raw water filtration backwash
Feed water filter

Sodium zeolite regeneration
Cation exchange reéeneration
Anion exchange regeneration
Evaporator blowdown

Condensate filtration and
ion exchange

Condensate powdex

o o O O + H

o O o
.

12

0.02
0.01

|
W w w o oo s h

=40

- 0.6
- 0.06
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Various attempts have been made to classify clarifier
sludges. Although these vary from plant to plant, the basic
characteristics are quite similar. Alum sludge is a non-
Newtonian, bulky gelatinous substance composed of aluminium
hydroxide, inorganiceparticles, such as clay or sand, color
colloids, micro-organisms including plankton and other
organic matter removed from water.

The major constituent in sludge from lime soda softening is
calcium carbonate. Other consituents which may be present
are magnesium hydroxide, hydroxides of aluminum or iron,
insoluble matter such as clay, silt or sand, and organic
matter such as algae or other rlankton removed from the
water,

The American Water Works Association Research Foundation has
conducted a study among its members to gather information on
the nature of waste disposal problems in water treatment
plant to assist the utilities. 1¢

Waste sludges from clarifiers generally have a solids
content in the range of 3,000 - 15,000 mg/l. Suspended
solids amount to approximately 75 - 80% of total solids with
the quantity of volatile solids being 20 - 25% of total
solids. The BOD level usually is 30 - 100 mgs/1l. A large
corresponding COD level of 500 - 10,000 mg/1l shows that the
sludge is not biodegradable, but that it is readily
oxidizable. The sludge has a pH of about 5 - 9.

Filter backwash is more dilute than the wastes from clari-
fiers. Generally, it 1is not a 1large volume of waste.
Turbidity of wash water is usually less than S mg per 1liter
and the COD 1is about 160 mg per liter. The total solids
existing in filter backwash from glants producing an alum
sludge is about 400 mg per liter with only 40 - 100 mg/1
suspended solids.

All ion exchange wastes are either acidic or alkaline except
sodium chloride solutions which are neutral. While ion ex-
change wastes do not naturally have any significant amount
of suspended solids, certain chemicals such as calcium
sulfate and calcium carbonate have extremely low
solubilities and are often precipitated because of common
ion effects. Calcium sulfate precipitation is common in ion
exchange systems because of excess quantities of sulfuric
acid.

Evaporator blowdown consists of concentrated salts from the

feed water. Evaporators are usually operated to a point
where the blowdown is three to five times the concentration
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of the feed water. Due to the low solubility of calcium
carbonate and calcium sulfate, it is possible <that there
will Dbe precipitation of calcium carbonate and sulfate, if
present in the feed water. While the concentrated salts of
the feed water are neutral, decomposition of bicarbonate to
carbon dioxide and calcium carbonate, creates an alkaline
waste stream from the evaporator.

Table A-V-4 shows the arithemetic mean and standard devi-
ation for a number of parameters for water treatment wastes.
These data were gathered from many different sources and
reported in various ways. Therefore they show wide varia-
tions. As can be seen, the standard deviation of each
parameter chosen, is two to three times greater than the
mean value of the parameter.

Undoubtedly, other factors that do not appear in the data
caused this wvariation. Under the sub-heading of clarifi-
cation wastes, the reported data do not indicate whether the
waste stream is a sludge from a clarifier removing suspended
solids, a sludge from a lime softener for hard water, or a
wash-water from a filter. Obviously, waste stream
composition will vary depending upon its origin.

Similarly, data listed under ion-exchange wastes do not
indicate whether the waste is acid, caustic or brine waste.
There are no indicators of what source the waste originated
from, or if the waste was neutralized before reporting. In
summary, data collected on water treating wastes is of
limited wvalue because of the process variations which were
not reported, and because of the 1limited quantity of
information available on these waste streams.

Boiler or PWR_Steam_Generator Blowdown

Except for zero sclid treatment systems, no external water
treatment regardless how efficient, is in itself protection
against bciler scale without the use of supplementary
internal chemical treatment of the boiler water.

The primary cause of scale formation is that the
solubilities of scale forming.. salts decrease with an
increase in temperature. The higher the temperature and
pressure of boiler operation, the more insoluble the scale
forming salts become. No method of external chemical
treatment operates at a temperature as high as that of the
boiler water. Consequently, when the boiler feed water is
heated to the boiler operating temgeratures, the solubility
of the scale forming salts is exceeded and they crystallize
from solution as scale on the boiler heating surfaces.
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TABLE A-V-4

ARITHMETIC MEAN AND DEVIATION OF

SELECTED WATER TREATMENT WASTE PARAMETERS
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ARITHMETIC STANDARD 0O-
MEAN DEVIATION m
m 0-
CLARIFICATION WASTES
Flow - M3 per day 316 613 1.9
Turbidity - J.T.U. 1,088 2,015 1.8
Total Suspended Solids - mq TSS per 1 25,213 53,060 2.1
Total Suspended Solids - kg TSS per day 2,673 5,594 2.1
Total Hardness - mqg CaCO3 per 1 3,215 7,812 2.4
Total lardness - kg CaCd3 per day 27 63 2.3
Iron - mg Fe per 1 352 572 1.6
Iron - kg Fe per day 212 662 3.1
Aluminun 1 Piece Data -
ION EXCHANGE WASTE
Flow - M3 per day 74,515 374,737 5.0
Total Dissolved Solids - mg TDS per 1 7,408 11,550 1.6
Total Dissolved Solids - kg TDS per day 1,31 4,263 3.2
Sultate - mg SO4per 1 2,085 3,859 1.8
Sulfate - kg SO4 per day 1,100 3,4ty 3.1
Chloride - mg Cl per 1 1,708 4,603 2.7
Chloride - kg Cl per day 124 339 3.1
Sodium - mg Na per 1 3,112 6,448 2.1
sodium - kg Na per day 558 1,572 2.8
Ammonia - mg NH3 - N per 1 46 137 3.0
Anmonia - kg NH3 - N per day 14 41 2.9
EVAPQRATOR BLOWDOWN
Flow - M3 per day ° 38 62 1.6
Total Dissolved Solids - mg TDS per 1 730 805 1.1
Total Dissolved Solids - kg TDS per day 88 187 2.1
Total Suspended Solids - mg TSS per 1 175 443 2.5
Total Suspended Solids - kg T3S per iday 16 36 2.2
Sulfate - mg SO4 per 1 79 109 1.4
Sulfate - kg S04 per day 4 8 2.0
Chloride - mg Cl per 1 194 337 1.7
Chloride - kg Cl per day 17 31 1.8



Calcium and magnesium salts are the most common source of
difficulty with boiler scale. Internal chemical treatment
is required to prevent deposit scale formation from the
residual hardness concentration remaining in the feed water.
Oone of the mbst common sources of scade is the decomposition
by heat of calcium bicarbonate t0 calcium carbonate and
carbon dioxide.

Ca(HCO3) 2 + Heat = CaCO3(s) + H20 + CO2(qg)

Deposits cf iron oxide, metalic copper and copper oxide are
frequently found in boilers operating with very pure
feedwater. The source of deposits is corrosion. Causes of
the corrosive action are dissolved oxygen and carbon
dioxide.

To prevent calcium and magnesium salts from scaling on
boiler evaporative surfaces, internal treatment consists of
precipitating the calcium and magnesium salts as a sludge
and maintaining the sludge in a fluid form so that it may be
removed by boiler blowdown. The blowdown can be continuous
or intermittent and <the operation involves controlled
discharge of a certain quantity of boiler water. The most
common chemicals used for precigpitation of calcium salts are
the sodium rhosghates.

Chelating or complexing agents are sometimes applied.
Tetrasodium salt of ethylenediaminetetracetic acid (Nal-
EDTA) and trisodium salt of nitrilotriacetic acid (Na3-NTA)
are the most commonly used chelating agents. The chelating
agents complex the calcium, magnesium, iron and copper in
exchange for the sodium.

The solubility of iron in water increases as the pH de~-
creases below the neutral roint. To prevent corrosion,
neutralization of the acid with an alkali is necessary.
Sodium carbonate, sodium hydroxide and/or ammonia are
commonly employed for this purfpose.

Dissolved oxygen present in boiler water causes corrosion of
metallic surfaces. Dissolved oxygen is introduced into the
boiler, not only by the makeup water, but by air infil-
tration in the condensate system. In addition to mechanical
deaeration, sodium sulfite is employed for chemical
deaeration.

It is ccmmon practice to maintain an excess of the sulfite
to assure complete oxygen removal. The use of sodium
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sulfite is restricted to low pressure boilers because the
reaction products are sulfate and dissolved solids which are
undesirable in high pressure boilers.

Hydrazine is a reducing agent which does not possess these
disadvantages for high pressure operation. Hydrazine reacts
with oxygen to form water.

N2H4+ 02 = 2H20 + N2

The excess hydrazine is decomposed by heat to ammonia and
nitrogen.

The characteristics of boiler blowdown are an alkaline waste

with pH from 9.5-10.0 for boilers treated with hydrazine and
pH from 10-11 for boilers treated with phosphates.

Blowdown from medium pressure boiler has a total dissolved
solids (TDS) in the range of 100-500 mgs/1. High-pressure
boiler blowdown has a total dissolved solids in the range of
10-100 mg/t. Blowdown frcm boiler plants using phosphate
treatment contain 5-50 mg/1 phosphate and 10-100 mg/1
hydroxide alkalinity. Boiler plants with hydrazine
treatment produce a blowdown containing 0-2 mg/1 ammonia.

In PWR nuclear-fueled powerplants, the steam generator
employs ultrafine quality water. Consequently the blowdown
frequency and the impurities are much less than that in
fossil fuel plants.

The blowdown frequency is commonly once a day. Most of the
data also confirm the <typical alkaline nature of the
blowdown. The data do not show completely the type of
treatment and the raw water treatment efficiency. Con-
sequently, the data have greatly varying parameters.
Reference 21 reports waste water flows from boiler blowdown
ranging from 0-4 gal/ 1000 1b steam generated.

Equipment Cleaning

Chemical Cleaning Bciler or PWR Steam Generator Tubes

Boilers are subject to two major chemical problems,
corrosion and scale formation. Proper operation and main-
tenance involves the pretreatment of boiler makeup water,
and the addition of wvarious corrosion and scale control
additives to the feed water. Boilexrs operating at high
pressures (and temperatures) require more critical control
of boiler water chemistry than low pressure boilers.
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Even with the best preventive maintenance, occasional boiler
cleaning is a necessary operaticn for proper performance of
steam boilers. Condenser leaks, oxygen leaks in the boiler
water and corrosion/erosion of metallic parts by boiler
water may increase the frequency of koiler cleanings.

The data in Table A-V-5 shows pollutant concentrations for
specific cases. Inasmuch as boiler cleaning is tailored for
individual requirements, generalization about pollutant
concentration is not possible. However, the data does
indicate generally observed high amounts of metallic species
and COD requirements.

In this study, boiler tube cleaning was not categorized on
the basis of once-through or drum-type. However, it is to
be noted that similar cleaning as described earlier is fol-
lowed for once-through type boilers.

In nuclear powerplants of the PWR type, strict control on
the quality of steam generator water is maintained. Clean-
ing frequently varies with plant characteristics, as in
fossil-fuel power plants, but the cleaning methods are the
same.

Chemical cleaning of boilers can be of two types - 1) Pre-
operational--necessary for new boilers before going on-
stream and 2) Operational-necessary for scale and corrosion
products removal to maintain normal boiler operating
performance.

Preoperational Boiler Cleaning Wastes

During the manufacture and assembly of boiler steel
components, a black iron oxide scale (mill scale) is formed
on metal surfaces. The removal of mill scale is necessary
to eliminate potential galvanic corrosion and erosion of
turbine blades which can occur because of trapped mill scale
in the steam path. Similarly, the presence of o0il, grease
(used during fabrication and assembly) and construction
debris can be detrimental to boilers. Consequently,
preoperational cleaning of boilers is an important aspect of
powerplant start-up procedures.

Typical steps for preoperational cleaning involve:

(i) an alkaline boilout using a solution containing caustic
or soda ash, phosphates, wetting or emulsifying agents and
sodium nitrite as an inhibitor to protect against caustic
embrittlement.
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A

B

3409
3409
3410
3412
3414
3416
3404
3603
3603
3604
3604
3604
3604
3604
3605
3605
3605
3605
3605
3605
3606
3606
3609
3609
3609
3607
3610
3610
3610
3610
3611
3611
3612
3612
3612
3612
3612
3612
3612
3612
3612
3612
3614
3614
3614
3614
3614
3614
3613
3613
3613

B

Cleanin
Freguen

Freguency

months

24
24
12
24
12

22
23
15
20
13

20
50
60
50
12
24
24
36
22
48
100
74
15
12

18
15
50
100

. 60

30
50
40
24
30
36
40
40
30
40
24
20
36
14
12
30
24
24

[of

D

Boiler Volume

o

174
174
106
215
303
190
571
314.58
117.1

278.8
163.4
163.4
261.19
261.19
261.19
143.45
143.45
189.3
183.1
183.1
108.95
108.95
108.95
148.903
136.18
136.18
136.18
136.18
129.6
129.6
52.65
52.65
52.65
52.65
77.17
77.17
77.17
77.17
137.54

137.54

59.9
74.4
74.4
74.4
74.4
74.4
74.9
74.9
74.9

{1000 gal.)

46

28
57
80
50
150.8
83.09
30.93
43.165
43.165
92.92
35.97
35.97
69.18
69.18
69.18
37.89
37.89
50.0
48.37
48.37
28.78
28.78
28.78
39.33
35.97
35.97
35.97
35.97
34.23
34.23
13.9
13.9
13.9
13.9
20.38
20.38
20.38
20.38
36.33
36.33
15.82
19.66
19.66
19.66
19.66
19.66
19.78
19.78
15.78

E

(1b)

F

Alkalinity (CaCO3)

Kg

626
626
82
=72
1711.9
71.94
~10.84

TABLE A-v-5

CHEMICAL WASTE CHARACTERIZATION

INCREASE IN POLLUTANT QUAN 'ITY PER CLEANING CYCLE

BOILER TUBES' CLEANING
G H I J K L M N [} P Q R
Tot. T
BOD CcoD. Total Solids Dissoivgé Solids Susgggggé Solids Ammonia
(1b) kg (1b) kg (1b) kg (1b) kg (1b} kg {1b} kg
104 47.2 4017 1823 11816 5369 8588 3899 176 80 1.7 7.58
104 47.2 4017 1823 11816 5369 8588 3899 176 80 16.7 7.58
-9.8 -4.45 5091 2311 12024 5458 10684 4850 9.8 4.45 1.2 0.54
-8.3 -3.8 8302 3769 11972 5435 11225 5096 75 34 9.8 4.45
121.4 55 11101 5040 34817 15807 1983 900.4 505.2 229.4 52.86 24.0
~1.65 -0.75 9169 4163 39698 18023 37196 16887 246 111.7 3.2 1.454
[+] o ~14.07 -6.39 99.34 45.1 99.34 45.1 o] 0 o] 0
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TABLE A-v-§
CHEMICAL WASTE CHARACTERIZATION

INCREASE IN POLLUTANT QUABTITY FER CLEANING CYCLE

BOILER TUBES' CIEANING (continued)

A B c [ E F G H I J X L M N o P
plant Anglg% gﬁlfﬂ% G%ﬁge'
Code Nickel Zinc Sodium Nitrate Hardnegs Bromide Manganese Turbidity &ien M eno. §, ur factantg
(1b) xg (1b) kg (1b) xg (1b) xg (1b) xg (1b) xg (1b) xg JTU
L}
3409 95.8 43.5 5.99 2.72 1076 488 0.56 0.25 1-11 550 - - - - 370
3409 95.8 43,5 5.99 2.72 1076 488 0.56 0.25 111 550 - - - - 370
3410 - - 10.3 4.67 2018 916 -5.6 -2.54 < - - - - - 276
3412 .- -- ~0.045 ~0,02 - - -0.542 -0.25 ~29.19 -13.25 - - - - 23
3414 294 133.88 169.6 77 4885 2218 2.9 1.32 89.86 40.8 - - - - 387
3416 108.4 49.22 91.56 41.57 12378 5620 0.817 0.371 - - - - - - 100
3404 - - 0.00018  0.00008 ~55.9 -25.46 - - 1.25 0.57 - - 0.0059 0.0027 0
3603 111 50.4 141 64 - - - - - - - - 30.8 14 -
3603 - - - - - - - - - - - - - - -
3604 - - - - 2569 1166 - - - - 484 219.7 - - - NO DATA
3604 - - - - 2569 1166 - - - - 484 219.7 - - -
3604 100 45.4 126 57.2 3504 1590 - - - - 492 223 27.9 12.7 -
3604 - - - - 1902 863 - - - - 582 264 - - -
3604 - - - - 2742 1244 - - - - 484 219.7 - - -
3605 8l1.9 37.2 106 48.1 3363 1526 - - - - - - 48.9 22.2 -
3605 - - - - 3363 1526 - ‘- - - - - - - -
3605 - - - - 5007 2273 - - - - - - - - -
3605 - - - - 2200 998 - - - - 503 228 - - -
3605 - - - - 1515 687 - - - - 503 228 - - -
3605 - - - - 2031 922 - - - - 773 350.9 - - -
3606 577 262 74.89 34 182 82 - - - - 635 288 15.4 7 -
3606 - - - - 243 110.3 - - - - 847 384 - - -
3609 33 15 a4 - 20 128 58 - - - - 444 201 11 s -
3609 - - - - - - - - - - - - - - -
3609 - - - - - - - - - - - - - - -
3607 46.2 21 59.4 27 - - - - - - - - 13.2 6 -
3610 - - - - 2603 1181 - - - - 476 216 - - -
3610 - - - - 1301 590.6 - - - - 635 288 - - -
3610 44 20 55 25 2603 1244 - - - - 476 | 216 11 H -
3610 - - - - - - - - - - 476 216 - - -
3611 41.8 19 52.8 24 3500 1589 - - - - 465 211 11 H -
3611 - - - - 5374 2441 - - - - 465 211 - - -
3612 - - - - 1144 519 - - - - 481 218 - - -
3612 - - - - 573 260 - - - - 243 110 - - -
3612 - - - - 1144 519 - - - - 481 218 - - -
3612 - - - - 573 260 - - - - 243 110 - . - -
3612 - - - - 3027 1374 - - - - 270 122 - - -
3612 - - - - 3027 1374 - - - - 270 122 - - -
3612 - - ' - - - - - - - - - - - - -
3612 - - - - - - - - - - - - - - -
3612 44.0 20 55 25 - - - - - - - - 11 s -
3612 - - - - - - - - - - - - - - -
3614 - - - - 201 91.4 - - - - 698 317 - - -
3614 - - - - - - - - - - - - - - -
3614 - - - - §5.7 25,28 - - - - 193 87.6 - - -
3614 - - - - - - - - - - - - - - -
3614  24.23 11 30.8 14 1440 653 - - - - - - 6.6 3 -
3614 - - - - 2161 981 - - - - - - - - -
3613  24.23 11 30.8 14 2105 955 - - - - 201 9l1.2 6.6 3 -
3613 - - - - 810 367 - - - - 328 148.9 - - -

3613 - - - - 2105 955 - - - - 201 91.2 - - -
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TABLE A-V- §
CHEMICAL WASTE CHARACTERIZATION

INCREASE IN POLLUTANT QUANTITYY FER CLEANING CYCLE

BOILER TUBES' CLEANING (continued)

A B o D . E F G H 1 J K ‘ L M N [o] P Q R s
81 St Phosphorus Sulfate Chloride Fluoride Aluminum Chromium Copper Iron _____Magnegium
(ib) kg (1b) kg (1c) kg (1b) kg (1b) kg (1p) kg {1b) kg (1b) kg {1b) xg
3469 4.07 1.84 11.26 5.11 7772 3528 - - - - 6.91 3.13 251.6  1l4.2 599  271.9 224 101.7
3400 4.07 1.84 11.26 5.11 7772 3528 - - - - 6.91 3.13 251.6  114.2 599  271.9 - 224 101.7
3410 0.4 0.18 -40 -18.6 19100 8671 - - - - 1.4 0.63 245.5  111.4 1571 713.2 - -
3412 -0.08 -0.036 - - 6142 2788 - - - - 1.21 0.55 - = 1668 757.2 - -
3414 7.26 3.3 73.37 33.31 25898 11758 - - - - 23,17 10.52 718 326 1841 836 13.83 6.28
3416 -0.001674 -0.00076 0.33 0.15 32191 14615 - - - - 0.0832 0.0378 325 147.7 5491 2493 - -
3404  -0.0125 -0.0057 2.24 1.02 6.03 2.74 - - - - 0.035 0.0160  0.00006 0.00003  0.001  0.00045 - -
3603 24 33.6 - - 40361 18324 870 395 18.94 8.6 - - 800 363 3100 1407 66 29.9
3503 - - - - 15052 6834 - - - - - - 800 363 3100 1407 - -
3604 - - - - 21006 9537 478 217 - - - - 900 408.6 2400 1089 - -
3604 - - - - 21006 9537 478 217 - - - - 800 363 4900 2224 - -
3604 78.9 35.82 - - 45224 20532 2509 1139 17 7.7 16.9 7.7 500 227 3800 1725 59.0 26.8
3604 - - - - 14588 6623 514.7 233 - - - - 300 136.2 2200 999 - -
3604 - - - - 14588 6623 514.7 233 - - - - 600 272 2100 953 - -
3605 58.72 26.66 - - 42085 19107 3837 - 1742 13.87 6.3 13.87 6.3 200 90.8 4000 1816 48.9 22.2
3605 - - - - 38290 17834 3837 1742 - - - - 100 45.4 3000 1362 - -
3605 - - - - 42085 19107 3837 1742 - - - - 25 11.35 3000 1362 - -
3605 - - -, - 18440 8372 1050 477 - - - - 500 227 1100 499 - -
3605 - - - - 18440 8372 1050 477 - - - - 600 272 1100 499 - -
3605 - - - - 24332 11047 1385 628 - - - - 600 272 5000 2270 - -
3606 40.97 18.6 - - 29422 13358 - - 11.0 5 11.01 S 200 90.8 3500 1816 33 15
3606 - - - - 29422 13358 - - . - - - - 300 136.2 4500 2043 - -
3609 24.45 1.1 - - 13167 5978 1596 724 28.6 13 6.6 3 400 181.6 1500 681 22 10
1609 - - - - 13167 5978 - - - - - - 200 90.8 2500 1135 - -
3609 - - - - 13167 5978 399 181 - - - - 300 136.2 3000 1362 - -
3607 33.76 15.33 - - 19140 8690 - - 8.8 4 8.8 4 300 136.2 3000 1362 28.6 13
3610 - - - - 14588 6623 514.7  233.6 - - - - 500 227 * 100  45.4 - -
3610 - - - - 17506 7948 997 452.6 - - - - 400  18Bl.6 1000 454 - -
3610 30.1 13.7 - - 14588 6623 514.7  233.6 8.8 4 - - 500 227 1000 454 26.43. 12
3610 - - - - 14588 6623 514.7  233.6 - - - - 500 227 900 408 - -
3611 28.7 13.05 - - 19477 8843 864.5  392.4 6.6 3 6.6 3 600 272 2000 908 24.23 11
3611 - - - - 16696 7580 864.5  392.4 - - - - 400  181.6 2500 1135 - -
3612 - - - - 6768 3073 192.8  87.53 - - - - 200 90.8 900 408 - -
3612 - - - - 8460 3841 192.8  87.53 - - - - 100 45.4 800 363 - -
3612 - - - - - 6768 3073 192.8  87.53 - - - - 200 90.8 700 318 - -
3612 - - - ~ 8460 3841 192.8  87.53 - - - -~ 300 136.2 500 227 - -
3612 - - - - 8266 3753 282 128 - - - - 300  136.2 1000 454 - -
3612 - - - - 8266 3753 282 128 - - - - 400  181.6 1000 454 - -
3612 - - - -~ 12398 5629 1130 513 - - - - 100 45.4 1500 681 - -
3612 - - - - 11572 5254 1130 513 - - - - 100 45.4 1000 454 - -
3612 30.9 14.03 - - 17101 7764 504 228.8 8.8 4 8.8 4 300 136.2 3000 1362 26.43 12
3612 - - - - 14733 6689 504 228.8 - - - - 200 90.8 1500 681 - -
3614 - - - - 9625 4370 253 114.86 - - - - 500 227 1600 726 - -
3614 - - - - 11962 5431 1092 495 - - - - 100 45.4 1400 635 - -
3614 - - - - 9568 4344 546 247.88 - - - - 100 45.4 1200 545 - -
3614 - - - - 11962 5431 546 247.68 - - - - 100 45.4 1000 454 - -
3614 17.24 7.83 - - 11962 5431 552 250.6 4.4 2 13.2 6 50 22.7 1000 454 13.22 6
3614 - - - - 11962 5431 829 376.3 - - - - 50 22.7 500 227 - -
3613 17.24 7.83 - - 8022 3642 549 249.2 4.4 2 4.4 2 200 90.8 1000 454 13.22 6
3613 - - - - 8022 3642 362.3  164.5 - - - - 200 90.8 1000 454 - -
3613 - - - - 8022 3642 275 124.8 - - - - 200 90.8 1000 454 - -
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TABLE A-v-:6

CHEMICAL WASTE CHARACTERIZATION
INCREASE IN POLLUTANT QUANTI?Y PER CLEANING CYCLE

AIR PREHEATER CLEANING

A » c D B P G H I J K L M N o P Q R
lant an Tot.
Line h vol Alxalinity co Total Solids DissdTved Solids  Suspinded Solids Sulfate Chloride
cycles/yr n (1000 gal.) (1b) xg (1b) kg (1b) kg (1b) kg (1b) kg (1b) kg (1b) kg
1) 3409 12 409 108 -72.02 =32.7 14.4 6.54 11951 5426 7907 3590 1975 897 1066 484 1.801 0.8178
2) 3410 12 852 225 ~76.65 -34.8 16.87 7.66 24964 11334 16605 7539 4008 1820 2231 1013 0 ]
3) 3411 -] 1363 360 -90.08 -40.9 14.98 6.8 40528 18400 27022 12268 6603 2998 3601 1635 [ [
4) 3412 12 2272 600 -530.39 -240.8 35.02 15.9 65515 29744 44264 20096 10788 4898 6114 2776 9989 4534
5) 3413 L] 265 70 189.73 86.14 116.7 53 2616 1188 4467 2028 477.9 217 692 314.2 0 [+
6) 3414 6 162.8 43 -19.71 ~8.95 5.72 2.6 4768 2165 3189 1448 785.24 356.5 423.8 192.4 -8.96 -4.07
7) 3415 4 378.6 100 -25.02 -11.36 9.16 4.16 11257 5111 8249 3745 1834 833 979 444.5 ~14.16 -6.43
BOILER FIRESIDE CLEANING
8) 3410 2 2626 720 -240 -109 1134 515 40861 18551 35127 15948 3g23 1736 11949 5425 [v] V]
9) 3411 8 90.8 24 - 5.99 -2.72 19 8.63 4002 1817 3002 1363 119.09 54.07 299.4 135.9 18.01 8.18
AIR PREHEATER CLEANING (continued)
A B C D E F G H 1 J K L M N o P Q R s
Line A et Ammonia Nitrate Phosphorus Hardness Chromium Copper Iron Magnesium Nickel
(1b) kg (1b) kg (1b) kg {1b) kg (1b) kg (1b) kg (1b) kg (1b) kg (1b) kg
1) 3409 2.378 1.08 3.414 1.55 0.513 0.233 3949 1793 1.1>7 0.529 4.434 2.018 1531 695.1 874.45 397 67.55 30.67
2) 3410 4.49 2.04 5.06 2. 2.66 1.2 8255 3748 24.25 11.01 - - 3189 1448 1850 840 140.72 63.89
3) 3411 8.1 3.68 11.25 S5.11 4.67 2,12 13372 6071 39.03 17.72 - - 5103 2317 2986 1356 225 102.2
4) 3412 12 5.45 5.48 2.49 5.86 2.66 22196 10077 59.19 26.875 0 [} 8506 3862 4812 2185 375.3 170.38
S) 3413 0.722 0.328 0.471 0.214 0.035 0.016 476.8 216.5 0.749 0.34 2.907 1.32 3.495 1.587 107.4 48.76 28.63 13
6) 3414 0.925 0.42 1.074 0.488 0.559 0.254 1577 716 0.458 0.208 1.788 0.812 2.13 0.967 352.4 160 17.93 8.14
7) 3415 2.176 0.988 3.37 1.53 1.32 0.6 3709 1684 0.533 0.242 1.86 0.848 2.379 1.08 828 376 20.83 9.46
BOILER FIRESIDE CLEANING (continued)
8) 3410 1.49 0.68 14.75 6.7 11.1 5.04 35409 16076 0.0299 0.0136 - - 900 408.9 11949 5425 30.02 13.63
9) 3411 0.039 0.018 0.7 0.318 0.257 0.117 791.41 359.3 0.998 0.453 0.249 0.113 30 13.63 190.35 86.42 - -
AIR PREHEATER CLEANING (continued)
A ] c D B P G H
Ling M _fodivm Zinc BOD __Turbidit
(1b) kg (1b) kg (1b) kg JTU
1) 3409 1.799 0.818 4.43 2.011 3.6 1.635 495
2) 3410 0 0 8.97 4.075 ] 0 476
3) 3411 0 o 14.93 6.78 0 0 497
4) 3412 8630 3918 25.02 11.36 15.01 6.815 478
5) 3413 552 251 0.283 0.1285 2.335 1.06 500
6) 3414 -0.35 -0.16 1.788 0.812 1.793 0.814 500
7) 3415 1.66 0.757 2.07 0.942 1.668 0.757 498
BOILER PIRESIDE CLEANING (continued)
8) 3410 [v] [v] 29.72 13.042 [+] [v] 476
LE’) 3411 9 4.09 2 0.908 [+] 0 98




(ii) draining of the solution after achieving satisfactory
removal of oil, grease, silica, 1loose scale, dirt and
construction debris etc.

(iii) rinsing of the boiler

(iv) acid cleaning of the boiler to remove mill scale using
corrosion inhibited hydrochloric acid or organic acids, such
as citric and formic acids or patented chelating scale
removers.

(v) draining of the acid solution using nitrogen to prevent
metal rusting

(vi) second rinsing of the boiler with demineralized water

(vii) an alkaline boilout to neutralize trapped acid and to
remove trapped hydrogen gas molecules (which if left in the
boiler can cause metal embrittlement over a period of time)

(viii) and  finally followed by a passivation rinse using
sodium nitrite and phosphate solution.

These typical preoperational cleaning steps are followed for
drum type boilers. For once-through boilers, process steps
are similar except that instead of boilout, continuous
flushing is carried out.

The pollution parameters associated with preoperational
boiler cleanings are extreme pH values (acidic or alkaline
solutions) , rhosphates,. nitrates, BOD from the organic
emulsifying agents, o0il and grease and suspended solids.
The quantity of these wastes and the pollutant
concentrations vary for each specific case.

Reference 468 describes the preoperational chemical cleaning
program for a nuclear powerplant.

Operational Boiler Cleaning Wastes

A variety of cleaning formulations are used to chemically

clean boilers whose operation has deteriorated due to build
up of scale and corrosion products. Analyses of scale de-
posits are made on sample sections of tubes cut £from the
boiler. Based on the composition of scale discovered in
these samples, a cleaning program is selected. Some pro-
cedures are more effective for copper removal, others for
iron removal, and still cthers for silica removal. The
composition of boiler scale and corrosion products is brief-
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ly described. This is followed by a description of methods
used to renovate koilers.

Composition of Scale

Boiler scale contains precipitated salts and corrosion
products. Precipitation occurs because of local
supersaturation of their solution concentration near the
heated tube surfaces. These salts include calcium carbonate
and sulfate, calcium and magnesium phosphates and silicates,
and magnesium hydroxide as principal constituents. Iron and
copper oxides are present as corrosion byproducts and
various trace metals as zinc, nickel, aluminum may be
present either as constituents of the feed water, or as
corrosion products. In addition, mud, silt, dirt or other
debris introduced via condenser leaks are also present. Oil
contamination of boiler water results in carbonation of this
waste and this is incorporated into the boiler scale. The
composition of boiler scale is dependent on the composition
of boiler feed water, materials of construction, boiler
chemical additives, and contaminants leaked into the boiler
water, and therefore will differ with each successive
cleaning of the boiler.

Frequency cf Boiler Cleanings

There are many factors which affect the cleaning schedule
for power utility steam boilers. High pressure boilers
require more critical contrcl of feed water purity and
consequently usually require 1less frequent cleanings. A
review of boiler cleaning data in Table A-V-5 shows that
cleaning frequency varies from once in seven months to once
in one hundred months. The mean time between boiler clean-
ings is estimated from these data as thirty months with a
standard deviation of eighteen months.

Reference 469, prepared by the ASME Research Committee Task
Force on Boiler Feedwater Studies, is a report of an
investigation of current practices regarding factors
influencing the need (frequency) for chemical cleaning of
boilers.

Types of Boiler Tube Cleaning Processes

Alkaline Cleaning Mixtures with Oxidizing Agents for Copper
Removal

These formulations may contain free ammonia and ammonium

salts, (sulfate or carbonate), an oxidizing agent such as
potassium or sodium bromate or chlorate, or ammonium
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persulfate, nitrates or nitrites, and sometimes caustic
soda. Air is sometimes used as the oxidant. These mixtures
clean by the following mechanism: Oxidizing agents convert
metallic copper deposits to copper oxide. Ammonia reacts
with the copper oxide ¢to solubilize it as the copper
ammonium blue complex.

Since metallic copper interferes with the conventional acid
cleaning process described below, this cleaning formulation
is frequently used to precede acid cleaning when high copper
levels are present in the boiler scale.

The pollutants introduced by these cleaning formulations are
as follows: ammonium ion, oxidizing agents, high al-
kalinity, and high levels of iron and copper ion dissolved
from the boiler scale.

Acid Cleaning Mixtures

These mixtures are usually based on inhibited hydrochloric
acid as solvent, although sulfuric, sulfamic, phosphoric,
nitric, citric, formic and hydroxyacetic acids are also
used. Hydrofluoric acid or fluoride salts are added for
silica removal. Corrosion inhibitors, wetting agents, and
complexing agents to solubilize copper may also be included.

These mixtures are effective in removal of scale due to

water hardness, iron oxides, and copper oxide, but not
metallic copper.

The princiral pollutants introduced to the waste stream from
these cleaning chemicals are acidity, phosphates, fluorides,
and organic compounds (BOD). In addition large quantities
of copper, iron, hardness, phosphates and turbidity are
released as a result of loosening and dissolving the boiler
scale.

Alkaline Chelating Rinses and Alkaline Passivating Rinses

These formulations contain ammonia, caustic soda or soda
ash, EDTA, NTA, citrates, gluconates, or other chelating
agents, and may contain certain phosphates, chromates, ni-
trates or nitrites as corrosion inhibitors. These cleaning
mixtures may be used alone, or after acid cleaning to
neutralize residual acidity and to remove additional amounts
of iron, copper, alkaline earth scale compounds, and silica.
Their use introduces the following pollutants to the
discharged wastes: alkalinity, organic compounds (BOD),
phosphates, and scale components such as iron, copper and
hardness.
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Methods Using Organic Solvents

Organic solvents are also widely used to remove 4iron/copper

scales from boiler tubes. Two common methods, described in
Reference 444, are:

1. Vertan 675(R) (Dow trademark). This is an
ammoniated salt of ethylenediaminetetraacetic acid. 1In this
process the boiler is first fgrotected by injecting a
corrosion inhibitor, then sufficient Verton 675 or EDTA is
~pumped in to achieve a 5-10% solution. The boiler is then
fired to 75-100 psi (about 300-3259F) until <the iron has
been picked up, the boiler is cooled to 200°F, the chelant
strength is restored to about 5% and air is introduced into
the unit. This oxidizes the copper to the cupric form which
is readily complexed. The boiler is drained, rinsed and is
made ready for service. The pH of this solvent is about
9-5- )

2. Citrosolv Process. This is another two-step
process. It starts with a 3% citric acid solution
ammoniated to a pH of 3.5. The solution is circulated at a
temperature of 200°F for 6-8 hours or until all of the iron
has been picked up. The second step calls for raising the
pH to 9.2 - 9.5 by addition of anhydrous or aqueous ammonia
after cooling the boiler to 150°F. Air is then injected to
oxidize the copper and finally sodium nitrite is injected to
assist in rendering passive surfaces. A final demineralized
water or condensate rinse completes the job.

Proprietary Processes

Frequently boiler tubes are cleaned by specialized companies
using proprietary processes and cleaning chemicals. Most of
these chemicals are similar to those described earlier and
the resulting wastes contain: alkalinity, organic compounds
(BOD) , phosphate, ammonium compounds, and scale compounds
such as iron, copper and hardness.

Condenser Cleaning

The other major heat transfer component in a boiler system
is the condenser. The spent steam from the turbine is
liquefied in the condenser by the condenser cooling water
system. Condenser tubes are made out of stainless steel,
titanium or copper alloys. Preoperational cleaning of the
condensers is done with alkaline solutions, with emphasis on
the steam side of the condenser because of high guality
water circulation. Operational cleaning on the steam side
depends upon boiler water quality and is not done
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frequently. The water side of the condenser is cleaned with
inhibited hydrochloric acid.

Boiler Fireside Cleaning

The fireside of boiler tubes collects fuel ash, corrosion

products and airborne dust. ‘Gas-fired boilers have the
cleanest combustion process.

In order to maintain an efficient heat transfer, boiler
firesides are cleaned with high pressure fire hoses, while
the boilers are hot. Soda ash or other alkaline materials
may be used to enhance the cleaning. Depending upon the
sulfur content of the fuel, the cleaning wastes are more or
less acid.

Data was available from only two plants for boiler fireside
cleaning. These data are shown in Table A-V-6. The pol-
lutants in the waste stream may reveal extreme values of pH,
hardness and suspended solids as well as some metals.

Air Preheater Cleaning

Air preheaters are an integral part of the steam generating
system. They are used to preheat the ambient air required
for combustion and thus economize thermal energy. Two types
of preheaters are used -- <tubular or regenerative. In
either case, part of the sensible heat of the combustion
flue gases is transferred to the incoming fresh air.

In tubular air preheaters, cold fresh air is forced through
a heat exchanger tube bundle using a forced-draft-fan. The
flue gases leaving the economizer flow around the tubes and
heat is transferred through the metal interface.
Regenerative type preheaters are used more frequently in
large powerplants. In this type, heat is regenerated by
using metallic elements in a rotor. The rotor revolves
between two ducts -- outlet duct carrying hot flue gases to
the stack and intake duct carrying fresh air to the boiler
windbox. Heat is transferred to the metallic elements which
in turn transfer it to the fresh air by convection.

Soot and fly ash accumulate on the preheater surfaces and
the deposits must ke removed periodically to maintain good
heat transfer rates as well as to avoid plugging of the
tubes or metallic elements. Preheaters are cleaned by
hosing them down with high-pressure water from fire hoses.

Depending upon the sulfur content of the fuel, the cleaning
wastes are more or less acidic in nature. The washing fluid
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may contain soda ash and phosphates or detergents which have
been added to neutralize excess acidity or alkaline de-
pending on the cleaning product used. Fly ash and soot,
rust, magnesium salts, and metallic ions leached from the
ash and soot are normal constituents of the cleaning wastes.
Copper, iron, nickel, and chromium are usually prevalent in
this discharge, and in oil-fired installations vanadium may
also be present at significant levels.

Cleaning frequency is wusually about once a month, but

frequencies of 4 to 180 cleanings per year are reported in
Table A-V-5.

Chemical data for air preheater cleaning are also shown in
Table A-V-5. Data for plant number 3412 appears to deviate
considerably from the other rlants, and much of the data

reported varies considerably from other plants, by as much
as an order of magnitude.

Feedwater Heaters Cleaning

According to Reference 444, the number of closed feedwater
heaters in the preboiler cycle ranges from 4 to 10. Tubes
may be formed from admiralty brass; 90/10, 80,20, 70/30
cupro-nickel; monel and arsenical coprer in the nonferrous
group and carbon steel and stainless steel in the ferrous
family. Tube sizes are 5/8" or 374" O0.D. by 15 to 80 feet
long. They may be straight or hairpin bent tubes.
Feedwater flows through the tubes, extracting heat from the
steam which surrounds the tubes.

Pre-operationally both sides of the heaters may be cleaned
to remove oils, grease, dirt and preservative coatings put
on by the manufacturer. The cleaning solvent is generally a
solution of 0,08 to 1.0% tri-sodium phosphate containing
wetting agents. Recirculation at 180°F is maintained for 6-
12 hours. Draining and rinsing with demineralized water
completes the job. In some cases the water side of the
heaters are also acid cleaned using an organic acid such as
3% solution of citric, ammoniated citric or hydroxyacetic-
formic acids at 1909F. Sometimes these jobs are done
simultaneously with the cleaning of the boiler. Again there
is a reluctance to acid clean the steam side of the heater
for fear of acid "hanging up" in crevices.

Operational cleaning in general has not been required on the
ferrous alloy tubes. Deposits found on the water side of
the copper alloy tubing have been predominantly copper and
iron oxides. The common solvent used has been 5-20%
hydrochloric acid, circulated for 6-8 hours at a temperature
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of 150°F. Neutralization of the system has been
accomplished by circulating a 0.5 - 1.0% soda ash or caustic
soda solution for 2-3 hours at 120-150°F. Rinsing with
demineralized water completes the cleaning process.

Miscellaneous Small Equipment Cleaning

At infrequent intervals, other plant components such as con-
densate coolers, hydrogen coolers, air compressor coolers,
stator oil coolers, etc. are cleaned chemically. Inhibited
hydrochloric acid is a common chemical used for cleaning.
Detergents and wetting agents are also added when necessary.
The waste volume is, of course, smaller than that
encountered in other type of chemical cleanings. Pollutant
parameters are low-high pH, total suspended solids (TSS)
metallic components, oil, etc.

Stack Cleaning

Depending upon the fossil fuel wused, the stack may have
deposits of fly ash, and soot. Acidity in these deposits
can be imparted by the sulfur oxides in the flue gases. If a
wet scrubber is wused to clean the flue gas, process or
equipment upsets can result in additional scaling on the
stack interior. Normally, high-pressure water is used to
clean the deposits on stack walls. These wastes may contain
total susgpended solids (1ISS), high or 1low pH values,
metallic species, o0il, etc.

Cooling Tower Basin Cleaning.

Depending upon the gquality of the make-up water used in the
cooling tower, carbonates can be deposited in the tower
basin. Similarly, depending upon the inefficiency of
chlorine dosages, some algae growth may occur on basin
walls. Scme debris carried in the atmosphere may also
collect in the basin. Consequently, periodic basin washings
with water is carried out. The waste water primarily
contains total suspended solids (TSS) as a pollutant.

Ash_Handling

Steam-electric powerplants which utilize o0il or coal as a
fuel produce ash as a waste product of combustion. The
total ash is of two sorts: bottom ash and fly ash. Bottom
"ash is the residue which accumulates in the furnace bottom,
and fly ash is the material which is carried over in the
flue gas stream.
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Ash-handling or transport is the conveyance of the
accumulated waste products to a disposal system. The method
of conveyance may be either wet (sluicing) or dry
(pneumatic). This section discusses the wet ash handling
system and in particular, the waste water which it produces.

The chemical characteristics of ash handling waste water is
basically a function of the fuel burned. The following
table from Reference 278 lists commercial fuels for power
production.

Fuels Containing Fuels Containing
Ash Little or No Ash

aAll coals Natural gas
Fuel oil-"Bunker C" Manufactured gas
Refinery sludge Coke-oven gas (clean)
Tank residues Refinery gas
Refinery Coke Distillates (most)
Most tars Combustion-turbine exhaust

Wood and wood products

Other products of vege-
table

Waste-heat gases (most)
Blast-furnace gas
Cement-kiln gases

Of the fuels containing ash, coals and fuel oil are mostly
used in the power industry.

Coal

Coal is the most widely used fossil fuel in United Stated
powerplants. In 1972, 335 millicn tons of coal were con-
sumed in the U.S. for power generation. The average ash
content of coal is 11% for the nation, 238 with a range from
6 to 20%. It may, therefore be estimated <that roughly
37,000,000 tons of ash were produced in 1972 by U.S. power-
plants. Disposal of this quantity of solids from the waste
water stream has prompted most utilities to install some
sedimentation facility. In many cases, ash settling ponds
are used. A typical ash pond is illustrated in Figure A-V-
9, which is located in plant no. 4217. However, in some
cases, because of wunavailability of land, aesthetics, or
some other reason, utilities have installed more
sophisticated materials-handling systems based on the
sedimentation process. ‘

The characteristics of the water handling coal ash is re-
lated to the physico-chemical properties of that ash and to
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the volume and initial quality of the water used. Table A-
V-7 1lists some of the constituents of coal ash.23® Table A-
V-8 shows the volume and time variabilities of water flow in
an ash handling system. Reference 21 reports that water
requirements for ash handling are as follows:

. fly ash 1,200-40,000 gal/ton ash conveyed
. bottom ash 2,400-40,000 gal/ton ash conveyed

Data obtained from discharge permit applications on ash pond
overflows for 33 plants burning coal indicates a wide range
in the overflow quantities, from about 0.2 MGD per 1000 Mw
of generating capacity to about 50 MGD per 1000 Mw of
capacity. The data, as MGD per 1000 Mw, approximate a log-
normal distribution, with 50 frercent of the ash pond
overflows being less than 5 MGD per 1000 Mw and 60 percent
less than 10 MGD per 1000 Mw. Based on the annual coal
consumption reported for these plants (Ref.: Steam Electric
Plant Factors/1971), the overflows range from about 0.1 MGD
per million tons coal burned per year to about 16 MGD per
million <tons coal burned per year, with a median value of
about 4 MGD per million tons coal burned per year.

The relative percentages of bottom ash and £fly ash depend
upon the mode of firing and the type of combustion chamber.
Following figures are satisfactory averages, for a coal of
13,000 Btu/lb.

Type of operation Fly ash (% of total ash)

Pulverized_coal burners
Dry bottom, regardless of type 85

of burner
Wet bottom 65

(without fly ash reinjection)
Cyclone_furnaces : 20
Spreader_stokers

(without fly ash reinjection) 65

The number of variables involved in characterizing the water
used for ash handling is such that it is not probable that
any two plants would exhibit the same waste stream charac-
teristics. The approach taken in this report is to examine
a cross section of plant data. There are no data available
on the actual ash sluicing waste water. However, since most
plants now employ a settling pond, the ash pond overflow
data can be used to evaluate associated waste ' water
characteristics. These data are summarized in Table A-V-9.
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Table A=V- 7

CONSTITUENTS OF COAL ASH 238
Constituent Percent
Sio2 30-50
A1203 20-30
Fe203 10-30
TiO2 0.4-1.3
Cao 1.5-4.7
MgoO 0.5-1.1
Na20 0.4 1.5
KZO 1.0-3.0
SO3 0.2-3.2
C and volatiles 0.1-4.0
P 0.,1-0,3
B 0.,1-0,.6
U and Th 0.0-0.1
Cu trace
Mn trace
Ni - trace
Pb trace
Zn trace
Sr trace
Ba trace
Zr trace

152




TIME OF FLOW FOR ASH HANDLING SYSTEMS

Table A-V- 8

Plant No., 0110, a 952 Mw unit fueled by pulverized coal

- basis is one 8-=hr cycle -

Duty Flow Rate, gpm Duration, minutes
H. E. f1 1,960 73
Flushing 600 15

H. E. #2 1,960 60
Flushing 600 20

H. E. #3 1,960 47
Flushing 600 15

Purge 1,960 3 x 8 each
FiNn 1,500 3 x 15 each
Pyrites Tank 2,660 12

Purge 2,660 8

Grider Seal 8 180

Mill Rejects 515 7 x 6 each
Pressure Transfer i 210
Hydrovac* 4,604 270
Bubblers 4 continuous
Cool Weirs 540 continuous
Pyrites Tank Make-up 640 12

*NOTE: Only significant item pertaining to fly ash handling. AN

other items pertain to bottom ash handling.
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LTS

Plant
Code

3412
3416
3404
3402
3401
3405
1703
1720
1710
1722
1709
1711
1711
*1711
3936
3936
*3936
3927
2616
1808
1729
1718
3930
3930
*3930
1825
1825
1825
1825
#1825
3920
1816
2608
0111
4704
2119
2119
*2119
0107
3514
1716
1716
*1716

Plant Capacity

MW

1114.5
740
300
308

31
116.2
766

1178

1162

1232
690

1179

1086
1469
933
732

1042

500

1304
544
600
510

1300
823

2558
568
2152

676

MWHr/day

13205
10525
2420
4965
865
1629
6288
16155
3164
15563
0706

21872

18908
21705
14276
12050

2978
13886

3816

24813
7695
10149
7550
18169

9874

31458
5741
11315

11092

el
C - Coal
0 - 0il

c/0
o]
c/o
c/0
c
c/0
o]
o]
c/o
o]
o]

ocononon

c/o

nnooOn0oOao

an

TABLE A-V- g

CHEMICAL WASTE CHARACTERIZATION

ASH POND OVERFLOW =i NET DISCHARGE

CHANGE IN PARAMETER LEVEL fROM INTAKE TO DISCHARGE

Flow Total Solids Total Dissolved Solids Total Suspended Solids
m3/day (1000gpd) mg/1 (lb/day) kg/day (lb/MWHr) kg/MWHr mg/l (lb/day)} kg/day (lb/MWHr) kg/MWHr  mg/l (lb/day) kg/day (lb/MWHr) kg/MWHr
x 108 x 106
19574 5170 3560 153490 69688 11.62" 5.272 3328 143495 65147  10.87 4.929 91 3923 1781 297300 134800
13100 3460 -23 -663 -301 -0.064 -0.0292 ~110 -3174 -1441  -0.308 -0.14 40 1154 524 112066 50878
2556 675 1879 10577 4802 1.952 0.886 1852 10423 4732 1.92 0.873 27 152 69 28044 12732
2726 720 54 324 147 0.065 0.0296 40 240.2  109.04 0.483 0.219 14 84.05 38.16 16931 7687
9132 2412 -1338 ~26914 -12219 -31.1 -14.12 ~1309 -26323 -11951 =-30.41 -13.81 1 20.11 9.13 2323 1055
18.17 4.8 -18509 =745 -338 -0.457 -0.207 -18520 =741.41 -336.6 -0.455 -0.206 1 0.44 0.20 270 123
22716 6000 -240 ~12008 -5452 -1.91 -0.867 -129 ~6453 -2930 -1.026 -0.465 -111 ~5552 -2521 -89867 -40800
49218 13000 362 39247 17818 2.423 1.1 330 35777 16243 2.12 1 32 3469 1575 213656 97000
2726 720 0 0 0 0 0 108 648.45 294.4 0.2048 0.093 0 0 0 0 0
98436 26000 112 24284 11025 1.54 0.7 106 22984 10435  1.475 0.67 -1 -216.7 -98.4 -13920 -6320
3786 1000 309 2574.9 1169 0.295 0.134 328 2735 12417 0.3127 0.142 -13 -108.3 -49.2  -12445 -5650
32560 8600 509 36506 16574 1.652 0.075 486 34856 15825 1.586 0.72 23 1647 748 75110 34100
2650 700 506 2954 1341 0.135 0.061 499 2912 1322 0.133 0.06 7 40.86 18.55 1868 848
35210 9300 ' 39460 17915 1.787 0.0811 37768 17147 1.719 0.78 1687.86 766.55 76978 34948
3786 1000 387 3227 1465 0.169 0.077 447 2892 1313 0.153 0.069 17 141.76 64.36 7467 3390
22716 6000 680 34026 15448 1.799 0.816 650 32524 14766 1.719 0.78 94 4702 2135 248678 112900
26502 7000 37253 16913 1.968 0.893 35416 16079 1.873 0.85 4843.76 2199.36 256145 116290
5300 1400 647 7552 3429 0.345 0.157 620 7237 3286 0.3326 0.151 17 198.45 90.1 9141 4150
15901 4200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15144 4000 121 4035 1832 0.334 0.152 364 12143 5513  1.006 0.457 -243 -8105 -3680 -671800 =305000
1817 480 670 2680 1217 0.9 0.408 646 2586 1174 0.868 0.394 51 203.96 92.6 68491 31095
53000 14000 79 9222 4187 0.665 0.302 75 8755 3975 0.632 0.287 1 116.74 53 8266 3753
15144 4000 1124 37491 17021 9.82 4.46 1059 35328 16039  9.25 4.2 65 2167.4 984 567841 257800
3786 1000 1084 9013 4092 2.356 1.07 1081 9013 4092  2.356 1.07 3 25 11.35 6555 2976
18930 5000 46504 21213 12.176 5.53 44341 20131 11.606 5.27 2192.4 995.35 574396 260776
37103 9800 626 51163 23228 2.06 0.936 611 49934 22670 2 0.91 15  1224.67 556 49339 22400
12115 3200 525 14011 6361 0.564 0.256 435 11608 5270 0.467 0.212 8s 2268 1030 91418 41504
6058 1600 500 6669 3028 0.268 0.122 460 6136 2786  0.247 0.112 35 4669 212 18819 8544
114 30 1000 250.2 113.6 0.01 0.0045 500 125.11 6.8 .00504 0.00229 100 25.02 11.36 1008 458
55390 14630 72093 32730 2.9031 1.319 67803 30782  2.72 1.237 8186 1809 160584 72906
27259 7200 300 18614 8451 2.41 1.098 ~320 -~18614 -8451 -2.398 ~-1.098 -4 -300 -136.3 -39017 -17714
3786 1000 1290 10757 4884 1.06 0.481 1210 10090 4581  0.994 0.4513 36 300 136.3 29581 13430
5679 1500 230 2876 1306 0.362 0.164 225 2812 1277  0.354 0.1607 5 62.53  28.39 7868 3572
27782 7338 295.5 18084 8210 0.9953 0.4518 - - - - - - - - - -
15434 4076 -1 - 34 -15 ~-.0034 =.0016 - - - - - - - - - -
40694 10748 475 42578 19330 1.3535 .6145 - - - - - - - - - -
82252 21725 61 11052 5017 .3513 .1595 - - - - - - - - - -
122946 32473 53630 24347 1,7048  0.7740 - - - - - - - -
2726 720 182 1093 496.16 041904 0.0864 193 1159 526 0.2019 0.0917 -11 ~66.05 =29.98 ~11504 -5223
10865 2870 - - - - - 844 20201 9171  1.785 0.8098 -337 -8066 -17767 -712900 -323400
1893 500 414 1724.7 783 .1553 .0705 443 1854 842 .1672 .0759 -7 -29.07 -13.2 -2621 -1190
568 150 324 405.32 184.01  .G365 .0166 277 346.52 157.32  .0312 .0142 69 86.319 39.188 7782 3533
2461 650 2129.39 967 0.1928 0.0871 2200 999  0.1984 0.0891 57.25 26 5161 2343

*total of more than one waste stream for plant



TABLE A-v-9
CHEMICAL WASTE CHARACTERIZATION
(continued)

ASH_RONDOVERFLOi= NPT DISCHARGE.

CHANGE IN PARAMETER LEVE! FROM INTAKE TO DISCHARGE

1]}

&1;33 £ Total Hardpess (CaCO3) _Sulfate Chromium
mg/1 (1b/day) kg/day {(lb/MWHr) kg/MWHr mg/1 (1b/day) kg/day (1b, MWHr) kg/MWHr mg/1 {(l1b/day) kg/day (lb/MWHr) kg/MwWHr mg/1 (lb/day) kg/day (lb/MWHr) kg/MWHr
x 168 x 108 x 108 x 10 x 106 x 10° x 108 x 108
3412 736 31733 14407 2403000 1090000 152 6554 2973 496300 225100 0.075 3.233 1.468 244 111 -0.113 -4.86 -2.21 -368 -167
3416 25 1010 458.5 98057 44518 2.2 63.48 28.82 6163 2798 - - - - - [s] o] o [+] [s]
3404 - - - - - 120 675.5 306.68 124378 56468 - - - - - - - - - -
3402 -12 -72.04 -32.71 -14513 -6589 8 48.01 21.8 9676 4393 - - - - - 0.01 0.059 0.027 11 5
3401 - - - - - ~240 -4826 -2191 -5570000 -2530000 - - - - - - - - - -
3405 -252 -10.04 -4.56 ~6165 -2799 ~996 -42.5 ~19.3 ~26165 -11879 - - - - - 0.139 0.0055 0.0025 3.407 1.547
1703 - - - - - 45 2251 1022 357929 162500 - - - - . - 0.00001 0.0005 0.00023 0.079 0.036
1720 99 10731 4872 662995 301000 -18 -1951 -886 ~120704 -54800 0.011 1.19 0.541 72.68 33 -0.014 -1.515 ~0.688 -92.5 -42
1710 - - - - - 43 258.19 117.22 81497 37000 - - - - - - - - - -
1722 255 55293 25103 3.546)(1.06 1610000 63 13658 6201 876651 398000 0.15 32.51 14.76 2070 240 - - - - -
1709 357 2975 1351 341409 155000 34 258.37 117.3 29515 13400 0.1 0.722 0.378 94.71 43 - - - - -
1711 220 15777 7163 720264 327000 286 20513 9313 936123 425000 (-] (1] 0 0 [s] (1] 0 o [s] [s]
1711 110 642 291.55 29361 13330 =26 -151.78 -68.91 -6940 -3151 -0.145 -0.8326 ~0.384 =-39.6 -18 -0.03 -0.174 -0.079 -8.8 -4
1711 16419 7454 749625 340330 20665 9244 929183 421849 ~0.8326 -0.384 ~39.6 -18 -0.17 -0.079 -8.8 -4
3936 207 1724 783 90969 41300 158 1317 598 69603 31600 . - - - - - 0.0005 0.0044 0.0019 0,218 0.099
3936 335 16762 7610 886249 402357 201 10057 4566 531749 241414 - - - - - 0.007 0.35 0.159 17.6 8
*393¢ 18486 8393 977218 443657 11374 5164 601352 273014 - - - - - 0.354 0.1609 17.81 8.099
3927 275 3209 1457 147577 67000 60 700 318 32158 14600 0.153 1.784 0.81 81.49 37 0.011 0.1277 0.058 5.88 2.67
2616 - - - - - 123 4308 1956 301762 137000 1.67 58.48 26.5% 4097 1860 - - - - -
1808 - - - - - 128 4268 1938 352420 160000 - - - - - - - - - -
1729 388 1552 705 521445 236736 527 2109 957.5 708205 321525 - - - - - - - - - -
1718 51 5953 2703 429687 195078 98 11440 5194 825674 374856 1.350 157.62 71.56 11376 5165 0.001 0.116 0.053 8.81 4
3930 340 11341 5149 2970000 1349000 220 7339 3332 1922907 873000 0.021 0.7 0.318 182.82 83 - - - - -
3930 350 2918 1325 764860 347248 300 2501 1135.8 655599 297642 0.021 0.175 0.0795 46.25 21 - - - - -
*3930 14259 6474 3735000 1696000 9840 4467.8 2578506 1070642 0.875 0.3975 229.07 104 - - - -
1825 406 33182 15065 1320000 600000 180 14709 6678 592511 269000 - - - - - 0.080 6.54 2.97 262 119
1825 250 6671 3029 268881 122072 225 60044 2726 241993 109865 - - - - - 0.004 0.105 0.048 4.4 2
1825 200 2668 1211.5 107541 48824 314 4189 1902 168841 76654 - - - - - 0.007 0.092 0.042 4.4 2
1825 270 67.55 30.67 2722 1236 132 33.01 14.99 1330 604 - - - - - 0.005 0.001251 0.000568 0.005 0.023
*1825 42588 19336 1699000 772132 78975 11321 1004675 456123 - - - - 6.738 3.06 270.85 123.03
3920 - - - - - - - - - - - - - - - - - - - -
1816 - - - - - 200 1667 757 164097 74500 6 50 22.72 4912 2230 - - - - -
2608 o] o} o} 0 W] 28 350.22 159 44057 20002 - - - - - - - - - -
0111 283 17319 7863 953233 432768 93 5691.5 2584 313253 142217 - - - - - - - - - -
4704 -134.8 -4582 -2078 -464000 -210500 61.5 2090.6 949 211730 96125 - - - - - - - - - -
2119 272.3 24408 11081 775892 352255 - - - - - - - - - - - - - - b
2119 31.3 5671 2574 180278 81846 - - - - - - - - - - - = - - -
#2119 30079 13655 956170 434101 - - - - - - - - - - - - - - -
0107 - - - - - 129.9 840.07 38l.1 146328 66433 5.30 32.12 14.58 5597 2541 1] o] 1] 0
3514 - - - - - 446 10675 4846 943400 428300 - - - - - - - - - -
1716 83 346 157.1 31057 14100 230 959 435.4 86343 39200 -0.22 -0.916 -0.4160 -81.49 =37 - - - - -
1716 74 92.57 42.02 8346 3789 -49 -61.3 -27.83 -5526 -2509 0.1 0.125 0.0568 11 S - - - - -
*1716 438 199 39403 17889 897.3 407.6 80817 36691 -0.12 -0.791 -0.3592 -70.49 -28 - - - -~

#*total of more than one waste stream for plant
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3412
3416
3404
3402
3401
3405
1703
1720
1710
1722
1709
1711
1711
*1711
3936
3936
*3936
3927
2616
1808
1729
1718
3930
3930
*3930
1825
1825
1825
1828
1828
3920
1816
2608
o111
4704
2119
2119
%2119
0101
3514
1716
1716
*1716

*total of more than one waste stream for plant

TABLE A-V- ¢

CHEMICAL WASTE CHARACTERIZATION

ASH POND OVERFLOW ~ NET DISCHARGE - (continued)

CHANGE IN PARAMETER LEVEL FROM INTAKE TO DISCHARGE

e Sodium Alkalinity {(CaCOq) Ammonia (N) Nitratg (M)
mg/l - (lb/day) kg/day (lb/MWHr) kg/MWHr mg/1 {lb/day) kg/day (lb/MWHr) kg/MWHr mg/l (1b/day) kg/day {lb/MWHr) kg/MWHr mg/l (lb/day) kg/day (lb/Wix) kg/MWHr
x 106 x 106 x 106 x 106 x 106  x 106 x 105 x 108
0 1} 1} 1} 1} -19 -819.2 -371.6 ~62000 -28100 - - - - - - - - -
-4 ~115.4 -52.4 -11204 -5087 -6 ~173.1 -78.6 ~16808 -7631 -0.03 -0.859 -0.39 -83.39 -37.86 - - - - -

- - - - - 1] [’} 1} 1} 1} 1} 1} 1} [’} 1] o o 0 4] [}

- - - - . - 160 960 436 193508 87853 -2.4 -14.4 -6.54 -2903 -1318 0.24 1.44 .65 290 132

52 1046 56.07 1209000 548500 - - - - - - - - - - - - - - -
-1609 =-63.43 -28.8 -38940 -17679 - - - -~ - 0.66 0.026 0.012 16.21 7.36 -0.33 -0.01 ~0.005 -6 -3

- - - - - -110 -5504 ~2499 -875110 -397300 -3 -150 -68.1 -23852 -10829 -0.73 -36.52 ~16.58 <=5806 -2636

982 106467 48336 6.58x105 2.99x10% 10 1084 492.2 66960 30400 -5 -541 -246 -33480 -15200 0.12 13 5.9 804 365

- - - - - [’} [’} 1} o 0 0 0 1] 3} 0 0 3} 1] 0

26 5638 2560 361233 164000 2 433.7 196.9 27753 12600 0.1 21.67 9.84 13.92 6.32 1.3 282 128 18061 8200

- - - - - 7 58.37 26.5 6696 3040 -5 ~41.69 -18.93 -4790 -2175 0.04 0.33 0.15 37.45 .17

-3 -215.63 -97.9 -9845 -4470 -67 ~4804 -2181 -218061 -99000 o0 [+ [’} [’} [’} 1.0 71.7 32.560 3260 1480
173 1008 458 46176 20964 64 373 169.6 17083 7756 -4.5 - - - - 0.16 1.51 0.689 70.48 32

793 361 36331 16494 -4431 -2010.4 -200978 -91244 - - - - - 73.21 33.249 3330 1512

30 250.22 113.60 13200 6000 13 108.37 49.20 5726 2600 0.83 6.91 3.14 365.68 166 0.8 6.87 3.12 361 164

32 1601 726.98 84656 38434 13 650.50 295.33 34392 15614 1.01 50.52 22.94 2671 1213 0.6 30.02 13.63 1588 721

1851.22 840.58 97856 44434 758.87 344.53 40118 18214 57.43 26.08 3036 1379 36.89 16.75 1949 885

73 852.4 387 39207 17800 69 805.5  365.7 37004 16800 0.51 5.94 2.7 273.12 124 0.33 3.85 1.75 176.2 80

14 489 222 34350 15595 -67 -2345 -1065 -162995 -74000 0 3} 1} 3} 3} 0 1] 0 0 0

- - - - - 28 934 424 77312 35100 0.38 12.68 5.75 1000 500 0.72 24 10.9 1982 900

- - - - - -94 -376.2 -170.8 -126330 -57354 0.12 0.48 0.218 160.8 73 1.19 4.75 2.16 1597 725

3 350.2 159 25275 11475 -15 -1751 -795 -126378 -57376 -~0.04 =~4.67 -2.12 -337 -153 0.09 10.5 4.77 757 344
92 3068 1393 803964 365000 120 4002 1817 1048458 476000 3.4 113.43 51.5 29713 13490 4.2 140 63.6 36696 16660
a8 733.83 333.16 192308 87308 95 792.2  359.67 207605 94253 1.2 10 4.54 2623 1191 0.97 8.08 3.67 2119 962

3801 1726.16 996272 442308 4792.2 2176 1256063 570253 123.43 56.04 32336 14681 148.08 67.27 38815 17622

27 2204 1001 88100 40000 75 6130 2783 24669 11200 0.55 44.9 20.4 1806 820 6.1 498 226.3 20044 9100
] 613.6 278.6 24737 11231 48 12810 58l.6 51625 23438 0.12 3.2 1.454 129.9 59 2.6 69.38 31.5 2797 1270
18 240.15 109.03 9678 4394 70 934 424 37638 17088 1.1 14.67 6.66 592.5 269 0.07 0.934 0.424 37.44 17
3? 9.25 4.2 372.2 169 65 16.25 7.38 656 298 0.5 0.1233 0.056 5.044 2.29 4.6 1.149 0.522 46.25 21
3067 1392.83 122887 55794 19890 3786 114588 52024 62.89 28.57 2533 1150.3 569.46 258.74 22924 10408

- - - - - -38 -2282 -1035 -296600 -134500 g.¢ 30.02 13.63 3900 1771 -0.8 =48.04 =21.79 6000 = 2700

- - - - - 216 1799 817 177482 80577 -0.13 -1.083 -0.492 -105.72 -48 -1.35 ~-11.25 =5.11 -1110 -504
23 287.7 130.5 37600 17100 -63 787174 -357.77 -99125 -45033 - - - - - -0.19 =-2.37 -1.08 -299.6 -136

- - - - - 226.4 13855 6235 755868 343164 - - - - - - - - - -

- - - - - -6.2 -210.7 -95.68 ~21346 ~9691 - - - - - - - - - -

- - - - - -93.6 -8390 -3809 -266709 =-121086 - - - - - - - - - -

- - - - - -13.7 -24A4 -1118 -77985 ~35405 - - - - - - - - - -

- - - - . -10854 -4927 -344694 -156491 - - - - - - - -

- - - - - -16 -96.07 -43.61 -16736 ~7598 - - - - - - - - - -

- - - - - 443.7 10620 4821 938600 426100 - - - - - - - - - -
-45 -187.66 =-85.2 -16916 -7680 -22 ~91.74 -41.65 -8260 -3750 0.4 1.670 0.76 149.78 68 0.09 0.374 0.17 33 15
=136 =170 -77.24 ~15339 -6964 15 18.76 8.51 1692 768 -5 -6.255 -2.84 -564 -256 0.23 0.287 0.13 26 12

=357.6 -162.4 -32255 -13644 -72.98 -33.14 -6568 -2782 -4.585 =2.08 415.78 -188 0.661 0.3 59 27



3412
34le
3404
3402
3401
3405
1703
1720
1710
1722
1709
1711
1711
*1711
3936
o 393
N %3936
3927
2616
1808
1729
1718
3930
3930
*3930
1825
1825
1825
1825
*1825
3920
1816
2608
0111
4704
2119
2119
*2119
0107
3514
1716
1716
*1716

*total of more than one waste stream for plant

CHANGE IN PARAMETER IEVEL FROM INTAKE TO DISCHARGE

TABLE A-v- 9

CHEMICAL WASTE CHARACTERIZATION

ASH POND QVERFLOWI - NET DISCHARGE (continuted)

Chloride Copper Iron Manganese
mg/1 (1b/day) kg/day (lb/MWHr) kg/MwHr mg/1 {lb/day) kg/day (lb/MWHYr) kg/MWHr mg/1 (lb/day) kg/day (1b/MWHr) kg/MWHr mg/1 {lb/day) kg/day {1b/MWHr)
x 10% x 108 x 108 x 108 x 106 x 106 x 106
2415 104121 47271 7885000 3577000 -0.001 -0.043 -0.0196 -3 -1 -0.479 -20.65 -9.376 -1600 -~726 - = - -
-1 -28.85 -13.1 -3215 ~1460 0 0 0 0 . 1] 0.045 1.297 0.589 125.55 57 - - - -
1700 9570 4345 1765918 801727 - - - - - - - - - - - - - -
13.5 81.01 36.78 16319 7409 -0.006 -0.0359 -0.0163 -6.b6 -3 -4.6 -27.62 ~12.54 -5563 -2626 - - - -
-140 -2815 -1278 -3230000 -1470000 - - - - . - - - - - - - - - -
15 750.5 340.74 119350 54185 - - - - - - - - - - - - - -
75 8130 3691 503295 228496 - - - - - 0.6 65 29.53 4008 1820 - - - -
1 6 2.726 1898 862 - - - - - - - - - - - - - -
34 7372 3347 473678 215050 - - - - - 0.28 60.7 27.56 3898 1770 0.02 4.34 1.97 277.5
81 675.3 306.6 77588 35225 0.02 0.166 0.075 18.94 8.6 0.001 0.008326 0.00378 0.9559 0.434 0.0002 0.001652 0.0M:75 0.189
21 1506 683.7 68859 31262 - - - - - 0 4] 0 0 ] - - - -
-le -93.4 . -42.4 -4271 -1939 - - - - - -0.252 -1.4978 -0.68 -68.28 -31 - - - -
1412.6 641.3 64588 29323 - - - - -1.4978 -0.68 -68.28 -31 - - - -
35 291.85 132.5 15431 7006 - - - - - 0.034 0.2819 0.128 14.98 6.8 - - - -
51 2551 1158.5 134909 61249 - - - - - 0.040 2.0 0.908 105.72 48 - - - -
2842 1291 150340 68255 - - - - - 2.2819 1.208 120.70 54.8 - - - -
161 1879 853.3 86594 39314 0.005 0.0573 0.026 2.62 1.19 0.099 1.15 0.524 52.86 24 0.076 8.85 4.02 40.74
2 70.04 31.8 4907 2228 - - - - - 1.770 61.98 28.14 4341 1971 - - - -
1 33.35 15.144 2768 1257 - - - - - - - - - - - - - -
41 164.1 74.5 55101 25016 -0.037 -0.148 -0.0672 =50.66 -23 -0.593 -2.37 -1.077 =797 -362 - - - -
8 934 424 67400 30600 - - - - - ~0.387 -45.8 -20.8 ~3306 -1501 - - - -
120 4002 1817 1049000 476226 - - - - - - - - - - - - - -
120 1000 454.3 262240 119057 - - - - - - - - - - - - - -
5002 2271 1311000 595283 - - - - - - - - - - -
30 2451 1113 98804 44857 - - - - - 0.02 1.634 0.742 63.87 29 - - - -
29 773.78 351.3 31189 14160 - - - - - 0.09 2.4 1.09 96.9 44 - - - -
32 426.8 193.8 17207 7812 - - - - - 0.032 0.4270 0.194 17.6 8 - - - -
152 38.01 17.26 1533 696 - - - - - 0.098 0.0245 0.0111 0.984 0.447 - - - -
3689 1675 148733 67525 - - - 0.141 4.4855 2.037 179.35 81.447 - - -
41 341.4 155 33480 15200 - - - - - - - - - - - - - -
-2.5 -153 -69.46 -8421 -3823 hd - - - - 0.44 26.92 12.22 1482 673 -0.02 -1.224 -0.555 -68
-43.7 ~1485 -674 -150449 -68303 - - - - - 2.894 98.37 44.66 9963 4523 0.102 3.467 1.574 350
-13.4 -1201 -545.3 -38183 =-17335 - - - - - - -, - - - - - v -
-16.4 -2971 -1349 ~94458 -42884 - - - - - - - - - - - - - =
-4172 -1894 -132641 -60219 - - - - - - - - - - -
- - - - - 0.06 0.36 0.1635 62 28 0.15 0.9 0.409 32 71 - - - -
73 1747 793.2 - - - - - - - - - - - - - - - -
163 679.6 308.56 61273 27818 - - - - - - - - - - - = - =
26 32.52 14.76 2932 1331 - - - - - - - = - - - - - -
712.1 323.32 64105 29149 - - - - - - - - - - -

126
0.0861
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B

3412
3416
3404
3402
3401
3405
1703
1720
1710
1722
1709
1711
1711
*1711
3936
3936
%3936
3927
2616
1808
1729
1718
3930
3930
*3930
1825
1825
1825
1825
4825
3920
1816
2608
o111
4704
2119
2119
%2119
0107
3514
1716
1716
*1716

*Total of more than one waste stream for plant

Magnesium

mg/1

156

0.1

12
11
12

-3.8
-1.9

10

18

(lb/day)

6724

~54.03

1951

5420
-215.6
58.37
-157.23
125.11
700
825.11
244.5
3.50
-233.48

0
320.26
146.76

2.99
470

-232.55
-64.58

239.36
25.02
22.52
47.54

kg/day

3053

~24.53

886
2461

-97.9
26.5
-71.4
56.8
318
374.8

145.4
66.63
1.36

213.4

-105.58
-29.32

108.67
11.36
10.22
21.58

TABLE A-v- 9

CHEMICAIL WASTE CHARACTERIZATION

ASH POND OVERFIQW - NET DISCHARGE (continued)

CHANGE IN PARAMETER LEVEL FROM INTAKE TO DISCHARGE

Mercury Nickel Zinc

(1b/MWHr ) kg/MWHr mg/1 {1b/day) kg/day (lb/MWHr) kg/MWHr mg/l (lb/day) kg/day (1b.MWHr) kg/MwHr mgq/1 (lb/day) kg/day (1b/MWHr) kg/MWHr

x 108 x 10° x 106 x 106 x 108 x 108 x 108 x 108

509200 231000 - - - - - -0.054 ~2.32 =1.057 -175 -80 -0.014 -0.603 -0.274 -45 =20

- ' - - - - - - - - - - - 0.162 4.67 2.12 453.7 © 206

- - - - - - - - - - - - 0.00013 0.00073 0.00032 0.134  0.061

-10885 -4942 - - - - - - - - - - - - - - -

- - - - - - - - - - - - 0.17 3.4 1.552 3951 1794

- - - - - - - - - - - - 0.117  0.00467 0.00212 2.86 1.301

- - - - - - - - - - - - 1] [+] 0 0 0

120704 54800 - - - - - - - - - - -0.073 =7.9 -3.59 -489 =222

348017 158000 0.0002 0.044 0.0197 2.77 1.26 0.01 2.167 0.984 139.2 63.2 0.03 6.5 2,953 416.23 189

- - - - - - - - - - - - 0.011 0.09 0.041 10.35 4.7
-9846 -4470 - - - - - - - - - - - - - - -
2669 1212 - - - - - - - - - - - - - - -
7177 -3258 - - - - - - - - - - - - -
6608 3000 - - - - - - - - - 0.009 0.0749 0.034 3.94 1.79
37037 16815 - - - - - - - - - - 0.009 0.45 0.2044 24.23 11
43645 19815 - - - - - - - - 0.5249 0.2384 28.17 12.79 -
11233 5100 - - - - - 0.011 0.1277 0.058 5.88 2.67 0.003 0.035 0.0159 1.6 0.73
3898 1770 - - - - - - - - - - - - - - -

- - - - - - - - - - - - -0.01 -0.332 -0.151 -2.75 ~1.25

- - -0.002 -0.00793 -0.0036 -0.44 -0.2 - - - - - - - - - -

-16850 ~7650 - - - - - - - - - - 0.03 3.5 1.59 253.3 115

- - - - - - - 0.015 0.5 0.227 130.83 59.4 0.003 0.099 0.0450 24.229 11

- - - - - - - 0.008 0.066 0.0302 17.62 8 0.013 0.108 0.0492 28.63 13

- - - - - 0.566 0.257 148.45 67.4 0.207 0.0942 52.959 24

0 0 - - - - - - - - - - 0.07 5.7 2.59 231.27 105
12907 5860 - - - - - - - - - - -0.007 -0.185 -0.084 -6.6 -3
5914 2685 - - - - - - - - - - -0.006 -0.079 -0.036 -2.2 -1
121.1 55 - - - - - - - - - - 0.001 0.000251 0.000114 0.011 0.005
13942 8600 - - - - - - - - 5.436 2.47 222.48 101

-12800 ~-5811 - - - - - - - - - - - - - - - -

-6542 -2970 - - - - - - - - - - - - - - -

- - o] o] 0o 0 0 - - - - - 0.05 0.30 0.14 50 24

21100 9600 - - - - - - - - - - - - - -

2247 1020 - - - - - - - - - - 0.12 0.5 0.227 44 20

2031 922 - - - - - - - - - - -0.02 -0.025 -0.0113 =-2.2 -1

4278 1942 - - - - - - - - 0.475 0.216 4l1.8 19
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TABLE A-V- 9
CHEMICAL WASTE CHARACTERIZATION

ASH POND OVERFLOW. - NET DISCHARGE ({continued)

CHANGE IN PARAMETER LEVEL FROM INTAKE TO DISCHARGE

Sulfite, Lead, 0Oil and Grease,

é’(];ggt Phosphorus (P) Turbidity Phenols, Surfactants, Algicides
mg/1 (1b/day) kg/day (1b/MWHr) kg/MWHr JTU
x 108 x 108
3412 - - - - - -5
3416 - - - - - 13
3404 5} 0 0 0 0 -
3402 0 0 0 5} 0 -29
3401 - - - - - 183 NO DATA
3405 -0.5 -0.02 -0.01 -10 -5 8
1703 -0.33 16.5 -7.49 -2623 -1191 0
1720 -0.7 -75.88 -34.45 -33480 -15200 -
1710 - - - - - -
1722 -0.09 -19.51 -8.86 ~1253 -569 10
1709 -1.19 -9.91 -4.5 -1136 -516 27
1711 -g.4 -50.22 -22.8 -2290 -1040 -14
1711 - - - - - 1
1711 -50.22 -22.8 -2290 ~-1040
3936 0.1 0.815 0.37 41.8 19 -
3936 0.2 10 4:54 528 240 -
*393¢ 10.815 4.91 569.8 259 -
3927 0.14 1.63 0.74 74.89 34 -
2616 0 4} 0 0 5} -
1808 0.26 8.65 3.93 718 326 -
1729 0.08 0.319 0.145 107.93 49 -
1718  -0.05 -5.83 -2.65 -420 -191 -
3930 - - - - - -2
3930 - - - - - -22
*3930 - - - - -
1825 - - - - - -
1825 - - - - - -
1825 - - - - - -
1825 - - - - - -
*1825 - - - - -
3920 -0.09 -5.4 -2.45 -702.6 -319 -
1816 0.41 3.41 1.55 337 153 -
2608 -0.06 -0.749 -0.34 -94.7 -43 -
0111 - - - - - -
4704 - - - - - -
2119 - - - - - -2.2
2119 - - - - - 16.3
*2119 - - - - -
0107 - - - - - -
3514 - - - - - -
1716 -0.23 -0.958 -0.435 -85.9 -39 -13
1716  =-0.23 -0.280 -0.13 26 12 -13
*1716 -1.238 ~0.565 -59.9 -27 -

*total of more than one waste stream for plant



In that table, plant capacities range from 31 Mw to 2,533 Mw
and the ash pond overflow varies between 1,817 cu ms/day
(480,000 gpd) and 122,946 cu m/day (32,473,000 gpd).

Because of the large variaticn in quality of coal used in
powerplants, the data also show a wide variation in
concentration of trace metals in the effluent. Some of the
metals discharged may be harmful to aquatic life.

0il

The ash content of fuel oils is low (about 1% of the amount
commonly found in coal). 278 It is generally 0.10 to 0.15%
by weight, although it may be as high as 0.2%.

The quantity of ash produced in an oil-fired plant is very
small, but the settling characteristics of oil ash are not
as favorable as those of coal ash, It has been found that
in some cases recycling oil fly into the furnance increases
efficiency and eliminates the fly ash disposal problem. De-
pending on the vanadium content of the o0il, the dry bottom
ash can actually ke a saleable by-product.

Most o0il ash deposits are partially soluble and can be re-
moved by water washing. Generally the washing is done while
the unit is out of service. In-service water washing at re-
duced 1loads has been practiced to some extent, using the
hot, high-pH boiler water in carefully regulated amounts.

Limited data are available on the characteristics of oil ash
handling waste water. Table A-V-9 lists 6 plants which use
both coal and oil, but only one plant is listed using oil
alone. No data are reported for vanadium in waste streams.
In certain cases, however, when other means of collecting
the vanadium are not available, the content of vanadium in
waste water should be evaluated, because of its possibly
toxic effect on aquatic life.

Coal Pile Runoff \

For coal-fired generating plants, outside storage of coal at
or near the site is necessary to assure continuous plant
operation. Normally, a supply of 90 days is maintained.
These storage piles are typically 8 to 12 meters (25-40 f¢t)
high spread over an area of several square meters (or
acres). Typically from 600 to 1,800 cubic meters (780 to
2340 cu yd) are required for coal storage for every Mw of
rated capacity. As such a 1000 Mw plant would require from
600,000 to 1,800,000 cubic meters (78,000 to 2,340,000 cu
yd) of storage. Depending on coal pile height, this

160



represents between 60,000 <to 300,000 square meters (15-75
acres) of coal storage area.

Coal is stored either in active piles or storage piles. Ac-
tive piles are open and contact of active coal with air and
moisture results in oxidation of metal sulfides, present in
the coal, to sulfuric acid. The precipitation trickles or
seeps into coal piles. When rain falls on these piles, the
acid is washed out and eventually winds up in coal pile
runoff. Storage piles are sometimes sprayed with a tar to
seal their outer surface. In such cases, the precipitation
runs down the side of the pile. .

Based on typical rainfall rates, pile runoff may range from
64,000 to over 32,0000 cubic meters (17 to 85 million gal-
lons) per year with average figures around 75,000 to 100,000
cubic meters (20 to 26 million gallons) per year. Table A-
V-10 presents the amount of coal consumed per day, area and
height of coal pile, average rainfall and runoff from
various coal-fired generating plants across the country.

Liquid drainage from coal storage piles presents a potential
danger of stream contamination, if it is allowed to drain
into waterways or to seep into useful aquifers. Ground
seepage can be minimized by storing <the coal on an
imprevious base. Vinyl liners of various thicknesses have
been used for that purpose. TO prevent the sharp edges of
coal particles from puncturing the liner, a 15 cm(6") bed of
sand or earth is placed on top of a liner before forming the
coal pile.

Water pollution associated with coal pile runoff is due to
the chemical pollutants and suspended solids usually trans-
ported in cocal pile drainage. Drainage quality and quantity
is variable, depending on the meteorological condition, area
of pile and type of coal used. Areas of high average rain-
fall have much higher drainage than those of 1low average
rainfall. Contact of coal with air and moisture results in
oxidation of metal sulfides to sulfuric acid and precipita-
tion of ferric compounds. High humidity areas have higher
precipitation and produce larger runoffs.

Coal pile runoff is commonly characterized as having a 1low
pH (high acidity) and a high concentration of total dis-
solved solids including iron, magnesium and sulfate. Unde-
sirable concentrations of aluminum, sodium, manganese and
other metals may also be present. Contact of coal with air
and moisture results in oxidation of the metal sulfides
present in the coal to sulfuric acid. Pyrites are also oxi-
dized by ferric ion to produce ferrous sulfate. When rain

161
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TABLE A-V-10

COAL PILE DRAINAGE

PLANT COAL CONSUMED/DAY AREA OF PILE HEIGHT OF PILE AVERAGE ANNUAL RUN-OFF PER YEAR
ID RAINFALL
lbs K Acres M< Ft. Meters Inches Meters Million M3
x106 xlgg %103 Gallons x103
—f4701 15 6.81 25 101.85 40 12.19 44 1.117 20 75.7
4706 31 14.07 58 236.29 25 7.62 - - - -
4702 15 6.81 75 305.55 17 5.18 54.7 1.389 25 94.62
4705 27.6 12.53 28 114.07 25 7.62 - - - -
4703 20.6 9.35 18 73.33 40 12.19 45.84 1.164 25 94.62
2120 25.4 11.53 61 248.5 22 6.7 - - - -
4704 14.34 6.51 21 85.55 25 7.62 43.1 1.094 17 64.34
2119 47.6 21.6 25 101.85 - - 44.4 1.1277 22 83.27
0112 35.8 16.25 25 101.85 40 12.19 o= - 26.5 100.3
5305 - - 120 - 488.8 - - 60 1.524 - -




falls on these piles, the acid is washed out and eventually
winds up in the coal pile drainage. At the low pR produced,
other metals such as aluminum, copper, manganese, zinc, etc.
are dissolved to further degrade the water.

Coal pile runoff, like coal mine drainage, can be classified
into three distinct types according to chemical
characteristics. The first <type of drainage will usually
have a pH of 6.5 to 7.5 or greater, very little or no acid-
ity, and contain iron, usually in the ferrous state. Alka-
line drainage may occur where no acid-producing material is
associated with the mineral seam or where the acid is
neutralized by alkaline material present in the coal. Some
alkaline waters have high concentration of ferrous ion, and,
upon oxidation and hydrolysis, precipitate large amounts of
iron. .

A second type of drainage is highly acidic. This water con-
tains large amount of iron, mostly in ferrous state, and
aluminum.

Although the exact reaction process is still not fully
understood, the formation of acid coal pile drainage can be
illustrated by the following equations. Initial reaction
that occurs when iron sulfate and sulfuric acid

2 FesS2+7 02 +2 H20 = 2 FeSO4+2 H2S04

Subsequent oxidation of ferrous sulfate produces ferric sul-
fate:

4 FeSO4+2 H2SO4+02 = 2Fe2 (SO4)3+2 H20

Depending on physical and chemical conditions, the reaction
may then proceed to form ferric hydroxide or basic ferric
sulfate:

 Fe2(SO4) 3+6H20 = 2Fe (OH) 3+3H2504

Fe2 (SO4) 3+2H20

2Fe (OH) (SO4) +H2S04

Pyrites can also be oxidized to ferric ions as shown below:
FeS2+14 Fe+3+48H20 = 15 Fet2+42S0U4—2+16H*

Regardless of the reaction mechanism, the oxidation of one

mole of pyrite ultimately leads to the release of two moles
of sulfuric acid (acidity).
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Other constitutents found in coal pile drainage are produced
by secondary reactions of sulfuric acid with minerals and
organic compounds present in the coal. Such secondary reac-
tions are dependent upon type of coal and physico-chemical
conditions of the pile.

The pollution of streams by c¢oal-pile runoff may be at-
tributed to higher concentration of dissolved solids,
mineral acid, iron, and sulfate present in the runoff. In
addition, aluminum, copper, 2zinc and manganese may be
present. The degree of harm caused by these elements is
compounded by synergisr amcng several of them; for example
zinc with copper. The harmful effects of iron, copper and
zinc solutions can be greater in the acid water polluted by
coal pile drainage than in neutral or alkaline water. Data
reported from various plants are shown in Table A-V-1ll. An
inspection of these data reveals an extremely large
variation in the pollutant parameters listed. The
concentration of runoff is dependent on <the +type of coal
used, history of the pile and rate of flow. Plant nos.
1729, 3626, and 0107 using high sulfur c¢oal are highly
acidic (low pH), and have high sulfate and metallic
concentrations.

The acidity, sulfate and metal concentrations of plant no.
3505 which wuses very low sulfur coal are very small. The
concentration of pollutants during heavy rainfall will be
very small after an initial removal of precipitated material
from coal, while during low flow conditions the retention
time may be high enough to complete oxidation, resulting in
higher runoff concentrations.

Floor and Yard Drains

A steam electric powerplant contains a number of potential
sources of wastewater in the nature of piping and equipment
drainage and leakage. The 1list in Table A-V-12 is a
representative compilation of sources, showing major
contaminants, the 1likely frequency, potential severity of
discharges, and control technologies that might be
considered.

The floor drains within a powerplant which collect equipment
drainage and 1leakage generally include dust, fly ash, coal
dust (coal-fired plants) and floor scrubbing detergent.
This waste stream also contains lubricating o0il or other
0ils which are washed away during equipment cleaning, oil
from leakage of pump .seals, etc., and 0il collected from
spillage around storage tamnk area.
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TABLE A-V-11

CHEMICAL WASTE CHARACTERIZATION

COAL PILE DRAINAGE

B c D E F ¢ H Diicharge Cogcenttatiogi L M N o P Q
Line 8B3T%  Aixalinity BOD cop TS DS TSS Ammonia  _Nitrate Phosphorus Turbidity _Acidity Hagdasss _Sulfate Chloride Aluminum Chromiwm
mg/1 mg/1 mg/1 ng/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/l -+ mg/l mg/1 mng/1 mg/1 mg/1
1) 3402 6 o] 1080 1330 720 610 o] 0.3 - 505 - 130 525 3.6 - 0
2) 3401 [+] 1] 1080 1330 720 610 [+] 0.3 - 505 - 130 525 3.6 - o]
3) 3936 1] 10 806 9999 7743 22 1.77 1.9 1.2 - - 1109 5231 481 - 0.37
4) 1825 - - 85 6000 5800 200 1.35 1.8 - - - 1850 861 - - 0.05
5) 1726 82 3 1099 3549 247 3302 0.35 2.25 0.23 - - - 133 23 - -
6) 1729 - - - - - - - - - - - - 6837 - - -
7) 3626 - - - - 28970 100 - - - - 21700 - 19000 - 1200 15.7
8) 0107 0 - - 45000 44050 950 - - - - 27810 - 21920 - 825 0.3
9) 5305 21.36 - - - - - - - - 8.37 8.68 - - - - -
10) 530S 14.32 - - - - - - - - 2.77 10.25 - - - - -
11) s3o0s 36.41 - - - - - - - - 6.13 8.84 - - - - -
Discharge Concentrations
A B [ D E P G
Line Eé&é‘t Copper Iron Magnesium zinc Sodium pH
mg/L mg/1 mg/1 mg/1 mg/1 pH
1) 3402 1.6 0.168 - 1.6 1260 2.8
2) 3401 1.6 0.168 - 1.6 1260 2.8
3) 3936 - - 89 2.43 160 3
4) 1825 - 0.06 174 0.006 - 4.4
S) 1726 - - - 0.08 - 7.8
6) 1729 - 0.368 - - - 2.7
7) 3626 1.8 4700 - 12.5 - 2.1
8) 0107 3.4 93000 - 23 - 2.8
9} 5305 - 1.0 - - - 6.7
10) 5305 - 1.0s - - - 6.6
11) 5305 - 0.9 - - - 6.6



991

Table A~V-12

Equipment Drainage, Leakage 444

Source Major Contaminants Frequency Potential Severity Potential Control Techaigues
Oil-water Heat Remote :
Exchangers 0il Possibility Severe 1. Continuous Gravity Separation
2. Detection and Batc¢h Gravity
Separation
3. Detection & Mechanical Sepa:ation
4. Maintain pressure of water
greater than odl |}
0il Tank, Lines & Remote
Transformer Rupture 0il Possibility Severe 1. Isolation from Dra%ns
2. Containment of Drainage
Floor spills Suspended Solids )
or Oil Daily Slight 1. Plug Floor Drain
) 2. Route Floor Drainage Throuy ..
Clarifier & gravity or mec! aniczal
separation
0il Drips and
Tank Leakage 0il Daily Slight 1. Isolate from Floor Drains
2. Route to Gravity or Mechani:al
Separation
Sump Discharges from’| 041 and Often Slight 1. Isolate and route through clarifier
Service Bldg. & Yard { Suspended Solids and gravity or mechanical
separation
Chemical Tank
Rupture Regenerant and Remote
cleaning chemicals Possibility Seyere 1. Containment of Drainage
2, Isolation from Drains
3. Route Drains to Ash Pond or Hold-
ing Pond for neutralizatior
Chemical Tank Regenerant and Occasional siight 1, 1Isolate from Floor Drains
Leakage cleaning chemicals 2, Route Drains to Ash Pond or
Holding Pond
NOTE:

0il Spill Contingency Plans would apply to significant

o0ll releases.



No data regarding the flow and composition of this waste
stream have been reported, however, 0il, suspended solids,
and phosphate from floor scrubbing detergent may be present
in the floor drains. The discharge stream will be acidic if
any wash water from air preheater or fireside of the boiler
winds up in floor drains.

Air Pollution Control Devices

A number of processes have been proposed for removing
particulate and SO02 emissions from stack gases. Some of
these processes have been suggested for potential
application in fossil-fuel powerplants. In general the S02
removal processes can be categorized, according to Reference
123, as follows:

(1) Alkali scrubbing using calcium carbonate or lime
with no recovery of SO2.

(2) Alkali scrubbing with recovery of SOZ to produce
elemental sulfur or sulfuric acid.

(3) cCatalytic oxidation of SO2 in hot flue gases to
sulfur trioxide for sulfuric acid formation.

(4) Dry-bed absorption of SO2 from hot flue gases
with regeneration and recovery of elemental sul-
fur.

(5) Dry injection of limestone into the boiler furnace
for removal of SO2 by gas-solid reaction.

The removal of particulates from stack gases can also be
carried out separately - using an electrostatic precipitator
or a dry mechanical collector, wet scrubbing for S02 removal
can be applied subsequently.

The waste water problems are mainly concerned with wet
processes (first three types mentioned above). Wastewater
problems associated with particulate (fly-ash) removal de-
vices are described in an earlier portion of this section of
the report.

At present three wet processes are under development or in
use: alkali scrubbing with and without SO2 recovery, and
oxidation of sO2 for sulfuric acid production. Of the three
processes, data is available mainly for the alkali scrubbing
process without S02 recovery, .and consequently only this
process is described briefly in the following paragraph.

Flue gas fram electrostatic precipitators (optional equip-
ment) is cooled and saturated by water spray. It then
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passes through a contacting (scrubbing) device where SO2 is
removed by an aqueous stream of lime absorbent. The clean
gas 1is then reheated (optional step) and vented to the at-
mosphere through an induced draft fan if necessary. The
lime absorbent necessary for scrubbing is produced by
slaking and diluting quicklime in commercial equipment and
passing it to the delay tank for recycle as a slurry through
the absorber column(s). Use of the delay tank provides
sufficient residence time for the reaction of dissolved $s02
and alkali to produce calcium sulfite and sulfate. The
waste sulfite/sul fate is them pumped as a slurry to a 1lined
settling pond or mechanical system where sulfite is oxidized
to sulfate. The clear supernatent liquid is returned to the
process for reuse. The waste sludge containing fly ash (if
electrostatic precipitator is not employed) and calcium
sulfate is sent for disposal (as a landfill).

The process described above has the potential for scaling
problems. The calcium salts tend to form a deposit, which
may cause equipment shutdown and maintenance.

The process is a closed loop type and consequently there is
no net liquid discharge from the process. The disposal of
sludge has been covered in the literature. . However,
depending upon the solids separation efficiency in a pond or
mechanical equipment, there may be excess free water as-
sociated with the sludge. To dewater this sludge,
mechanical filtration equipment may be necessary.

To date eleven or more utilities have committed themselves
to full-scale installation of the alkaliscrubbing process
without SO2 recovery. During the course of the present
study, visits were made to two plants for observing the
scrubbing devices. However, in plant no. 1720, the scrubber
was not running because of operational problems. The pro-
cess for the other plant (no. 4216) is described below.

Plant no. 4216 of 79 Mw capacity burns 0.7% sulfur coal.
The boiler gases are split into two streams - approximately
75% going to a scrubber and the remaining 25% going to an
electrostatic precipitator. The exhaust gases from the two
are then recombined and vented to atmosphere at 210°F. This
splitting of the boiler gases is done to reheat the scrubber
exhaust gases which are at 124°F (saturated). This stack gas
reheating is achieved to minimize scaling problems from
moist gases. The scrubber is not specifically used for S02
removal. Rather, the primary function is to remove
particulates. On the other hand, scme SO2 pick-up may be
achieved based@ on Figure A-V)J0 where the net output from the
process (thickener underflow) is richer in sulfate than the
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process input (river water). However, some of the increase
in sulfate may be due to chemicals added to enhance
particulate removal. The flow diagram and the different
stream compositions are shown in Figure No. A-V-10.

For a more complete review of the status of air pollution
control technology for steam electric powerplants, see
References 470-473.

Sanitary Wastes

The amount of sanitary waste depends upon the number of
employees. This in turn is dependent upon the type of
plant--coal, o0il, or gas, its size and its age. A power-
plant employs administrative personnel and plant personnel
(plant crews and maintenance personnel). Coal-fired plants
require more operational personnel then others. For a coal-
fired +plant, the breakdown in types of employees is
typically as follows:

operational personnel: 1 per 20-40 Mw
maintenance personnel: 1 per. 10-15 Mw
administrative personnel: 1 per 15-25 Mw

A typical three boiler 1,000 Mw coal-fired plant may employ
150-300 people. Whereas, in a o0il plant of similar size,
the total number of employees may be in the range of 80-150.

The typical parameters which define <the pollutional
characteristics of sanitary wastes are BOD-5 and suspended
solids. The following table lists per capita design esti-
mates for the waste stream:

FLOW BOD=S ISS
office-Admin. 0.095cu m/day 30 g 70 g

(25 gpd) (0.07 1b) (0.15 1b)
Plant 0.133 cu msday 40 g 85 g

(35 gpd) (0.09 1b) (0.19 1b)

Knowing the number of personnel in the office-administrative
and plant categories, the characteristics of the raw sewage
waste stream can be estimated. Typically, for an oil-fired
plant generating 1,000 Mw the personnel required might be 20
office and administrative, and 85 rlant personnel. The raw
sewage characteristics for this plant can be estimated on
the basis presented above as follows:
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FLOW BOD=5 ISS

Office-Admin. 1.890 cu mvday 635 g 1360 g
(500 gpd) (1.40 1b) (3.00 1b)

Plant 1.125 cu m/day 3480 g 7330 g
(2975 gpd) {(7.65 1b) (16,15 1b)

Total 3.015 cu mw/day 4115 g 8690 g
(3475 gpd) (9.05 1b) (19.15 1b)

The sanitary waste from steam electric powerplants is
generally similar to municipal sanitary wastes with the
exception that powerplant wastes do not normally contain
laundry or kitchen wastes. Moreover, the per capita
hydraulic loading for powerplant personnel is relatively
small (25 to 35 gallons) in comparision to domestic usage
(100 to 150 gallons). Normally the 1local health agencies
dictate requirements for treating sanitary wastes. In
metropolitan areas, the raw sewage may be discharged to a
municipal treatment plant. In rural areas, packaged
treatment plants for sanitary wastes may be employed.

Plant Laboratory and Sampling Streams

Laboratory facilities are maintained in many steam electric

powerplants to carry out chemical analysis for checking dif-
ferent operations such as ion exchange, water treatment,
boiler tube cleaning requirements, etc. The size of the
laboratory depends upon the size, type, and age of the
plant. Modern high pressure steam plants require closer
control on the operations and consequently increased
laboratory activity. In nuclear plants the use of a
laboratory is extensive.

The waste from laboratories vary in quantity and
constituents, depending upon the use of the facilities and
the type of powerplant.

Laboratory facilities for steam electric powerplants also
vary considerably depending on the age of the plant and the
extent to which different companies rely on plant labs for
their chemical analysis needs. For some plants,
particularly small and older plants, no laboratory work is
done on site and samples are shipped to central laboratories
for analysis. In others, and especially modern, high-
pressure steam plants and nuclear facilities, much more
laboratory support is required.
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Laboratory wastewater can contain a wide array of chemicals,
although they are usually present in extremely small
amounts. Chrarcteristics are also highly variable and could
entail a wide range of pH. It has been common practice to
combine laboratory drains with other plant plumbing and
consequently data on representative analysis, flows or
special treatment procedures are not available. In general,
it would appear that a toxic materials inventory approach to
account for chemicals that might be discharged to laboratory
drains would be more practical than conducting an analysis
on the wastewater.

If a problem is shown to exist because of contamination
through a laboratory drain, aggroaches