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“This manual was prepared for the Agency for International
Development (AID), to guide its officers as well as to aid
foreign administrators and technicians involved in water
resources development in formulating and evaluating desalina-
tion programs and projects for which United States Governient
assistance may be furnished or sought. The information
contained herein is not sufficient for and is not intended

to be the sole basis for design or construction of a project
at any particular location, or as a substitute for profes-
sional judgment, advice and assistance as required for develop-
ment of technical and economic feasibility, plans and designs,
construction, and the initiation of operation of such a
project.

"The information contained in this report regarding commer-
cial products or firms is not to be used for advertising or
promotional purposces and is not to be construed as an endorse-
ment by the Agency for International Development of any
product or firm."
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VIII.

is

SOLUTION OF VATER SHORTAGE PROBLEMS

Typical Water Development Program

Volume II of this manual has provided guidelines for
the initiation of a program for defining and solving
the water shortage problems of a particular nation or
region. Figure VIII-1, (reproduced herein with revisions
shows that this AID Manual is useful throughout the
Preliminary Feasibility Studies "stage of the prog.am,
if reasonable engineering capability exists in the
country or general water development engineering con-
sultants are available. Volume II should be consulted
for information regarding study organizations, study
objectives, and plans of action for determining the
technical and economic feasibility of a water develop-
ment plan.

This Supplementary Manual updates tlie above information
and also provides guidelines in the following areas
of interest:

1. Environmental questions and considerations. (See
Section IX)

2. Advancements in desalting technology, principally
in reverse osmosis and in enhanced-surface heat-
transfer equipment. (See Section V, Typical Plants)

3. Specific budget costing procedures for various
desalting methods including multi-stage flash
evaporation. (See Section X and Appendix C)

4. The use of ENR building cost indices for keeping
the herein-presented cost information up to date.

(See Appendix C)

The Needs of Small Inland Rural Communities

In addition, increased emphasis has been placed on
brackish water sources and on units smaller than 1
million gpd, inasmuch as there is a real need for
consideration of agricultural and potable water needs

VIII-1



AID MANUAL APPLICABLE

WATER DEVELOPMENT PLAN

STUDY ORGAMIZATION

Organize Study Organiza-
tion to conduct surveys
and prepare preliminary
feasibility studies,

Conduct surveys of require-
ments and resources for water
and energy and survey of eco-
nomic conditions.

Define water shortage problems
and select possible alternative
solu.ons.

Formulate Water Development
Plan.

Water Development
Board Review and
Approval

PRELIMINARY
FEASIBILITY STUDIES

Prepare preliminary feasibility
studies on selected alternative
solutions from seawater, brack-
ish water and freshwater sources
and from water reuse.

Prepare prelimin--v feasibility
summary and recommerd future
course of action.




FIGURE VII-1

TYPICAL
WATER DEVELOPMENT PROGRAM

a—— EXPERT KNOWLEDGE REQUIRED —*

Water Development
Board select future
course of action.

ENGINEERING FEASIBILITY
AND ECONOMIC STUDY

Prepare engineering feasibility
and economic study on selected
solutions including schedule
and l‘inmcing plan.

Water Development
Board Review and
Approval

ECONOMIC AND TECHNICAL
O SOUNDNESS AMALYSIS

Prepare economic and technical
eoundness analysis information
in form required by AlID,
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SAWTOOTH-TYPE RECTANGULAR GLASS-COVERED SOLAR STILL

Figure VIII -2

Reference 54

Source



— 31 —— 7
Nl A8) & 1
=i ) SN — — e T a—
l'_-___' ;| D- I. L.“’._H
4 i !
it 1 tH!
jl I I il ¢ £ N £
| i)
i : L1 L ) L
ik i
1" f 1
1 4 Hi
8 g i i
— ] i
SEA I 1t 'y
WATER %; ,'; © -
f + ,
EED : lf : : o
— i hr
Y i |
1
+ \
gH i
N [
II 1
'I,' i \
@ i i
li( ! ot
r
4 Y Y
i b o
— — =
N

N -

SCALE HALF SIZE

[

——

ot

SECT.ON C-¢C

SCALE HMAF SIZE

SAWTOOTH-TYPE RECTANGULAR GLASS-COVERED SOLAR STILL (Schematic only)

SECTION D-D
STALE MALFS.ZE

_ . 54._'0_3_- :g._‘... 72 V4% £OR EACH ADDITIONAL WODULS

¢]

g &

M
1

GLesS sl

Figure VIII -3

SECTION 5
SECTION  5-G

SCalE Fu L5228

LIST OF MATERTAL 7
ITEM DESCAIPTION %£Q'0
T

i EW%EW S 1 t .1

2 joweusswewe T "] 1

3 fewormewe T T T

4 SamoRT PiEn 2v |
s | LOwER FramE T

WER FRAME ! 9_"

6 o s
T EXTROME SI0E GUASS SUPPORT )

1

f‘s LGLASS SUPPORT(SIDE) | 34

[ 2 oot Troue surpom ” " v

. 10 PRODUCT TROUGH
METAL GUASS SUPPORT !

OF N i

Ty TeussR casar 7

el oot w LR SO e
[T e T ¥or Tt £ asrc TLoow )

R S

-
—_——

R Y ong '
MY FeeoTuse T
S5 LTTLRTEED TUBE | ¢,
£ STRENGTR GUASS + 72 |

i»?;x- DL v IE,..," “4\ 3870
TYPEES GRIER W B w s> (G (BACK T | 1 7
¥ ELECRCIAN TAPE I mOLL |

THIS DRAWINT 'S MADE SOR A 9 MODUL'S

STHLL EACM MCBULE :S 72Me"L6 TO A0D

OR PELETE A MODULE O THE FOLLOW: WG .
IenTass w DELETE i a Te

Source: Reference 54

‘OuUl‘aocy] puer suung



Burns and Roe,Inc.-

of small rural communities which can be easily over-
looked in the yeneral effort to mcet the needs of
large urlran centers. Indeed, the need: for drinking
water of villages at latitudes of less than 350,

North and South, can sometimes be net by the use of
simple backyard or roof-type solar stills, ar shown
in Figures VIII-2 and 3. A resident can augment

his drinking water supply by about 1 gpd for ecvery
12 squarce fecet of solar-still area that he installs.
Solar evaporation lends itself most readily to hand
operation,

1. Sawtooth-type Glass-covered Still (Reference #54)

This still, ghown in Figures VIII-2 and VIII-3,
is designed for case of construction with readily

available, durable materials. The frame, six feet
wide with a multiple of siw-foot-long modules,
is made of cast concretc. The basin-liner is made

of Griffolyn fabric filwm. The product troughs

are formed of brass strips, 0.316 inch thick. The
troughs are supported on precast concrete blocks,
laid on top of the basin-liner. The cover 1is

made of window-glass sheets, 18 inches wide by 36
inches long by 1/8 inch thick (25 ounces per square
foot). The glass-to-glass joints are sealed with
black vinyl electrician's tape, and the glass-to-
concrete joints with a bead of calking compound
laid on the concrete surface.

Product water drains from the collection troughs
through 1/2-inch plastic pipe into a 5-gallon car-
boy. Saline water is added to basin as needed for
replenishment and flushing.

2. Package Vapor Compression Units

The above still is not competitive with vapor com-
pression in sizes over 5000 gpd, as its water costs
are too high, ranging from $3.20 to $12/Kgal (54).
In the range of sizes from 4800 to 60,000 gpd,
diesel-driven vapor compression units, either with
or without associate power generation, are avail-
able at costs of about $3 to $3.50 per daily gallon

VIII-2
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of capacity. These can produce water as cheaply
as $2/Kgal based on an 18:1 performance ratio.

c. Desalting Alternatives for Larger Communities

The abov:s altornntives have been presented herein
as a potential solution for the water shortage
problem of very cwall communitics. Larger communi-
ties, particulariy those in inland agricultural
areas, where brine disposal from deosalting plants
operating on local brackish water sources may
constitute a significant project cost item, must
consider the full Water Development Plan pre-
sented in the following Sections.

VIII-3
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IX.

THE WATER DEVELOPMENT PLAN

Introduction

The first step in the search for the: solution to

the water shortage problems of a country or region
is the assembly and evaluation of background ‘in-
formation on the water and energy resources of the
area. The Study Organization should carry out a
number of concurrent surveys to obtain this in-
formation as well as information on possible so-
lutions to the problems: it should then summarize
all the information in a document called the Water
Development Plan. The suggested sequence for the
surveys, definitions and evaluations which culminate
in the formulation of the Water Development Plan 1is
shown in Figure IX-1l. Since the Water Development
Plan is to be the basis for subsequent work it should
include all the descriptions, maps, tables, graphs,
evaluation materials and references necessary to
present a clear and detailed picture of the water
shortage problems and of their possible solutions.

Evaluations of energy requirements and resources should
be an integral part of the Water Development Plan since
the solution of water shortage problems is, in general,
related to the production or use of energy. The de-
velopment of rivers or the use of dual~purpose power-
desalination plants (refer to Section VI) can result

in the production of considerable quantities of elec-
trical power:; this can reduce substantially the cost

of water at the point of use. Moreover, most desalin-
ation processes require large amounts of mechanical or
electrical power for their operation (e.g., for pumping,
for feedwater or brine heating, for vapor compressors,
for freezing apparatus, etc.).

Surveys of Requirements and Resources

1. General

The definition and solution of water shortage
problems require a considerable amount of back-
ground information concerning present and future
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I FIGURE IX-1

FORMULATION OF
THE WATER DEVELOPMENT PLAN

FORMULATE
WATER DEVELOPMENT
PLAN

SURVEYS OF WATER SURVEYS OF WATER ENERGY SURVEY, ECONOMIC
REQUIREMENTS RESOURCES REQUIREMENTS CONDITIONS
AND SURVEY
* ENVIRONMENTAL .
RESUURCES
e POPULATION ¢ CLIMATOLOGICAL
e MUNICIPAL SYSTEMS ¢ SURFACE WATER
e AGRICULTURAL ¢« UNDERGROUND WATER
¢« INDUSTRIAL * SEAWATER SOURCES
EXCHANGE OF INFORMATION - COMPLETION OF SURVEYS
DEFINE
WATER SHORTAGE
PROBLEMS
SELECT
POSSIBLE ALTERNATIVE
SOLUTIONS
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water requirements and sources, as well as
comprehensive information concerning the methods
by which additional water supplies can be made
available.

Solutions of water shortage problems either by
desalination methods or by development and util-
izaticn of natural water resources usually in-
volve the use or production of energy; therefore,
the background information should also include
comprehensive data on present and expected power
requirements.

To provide the background infocrmation necessary
in determining the water and energy needs of an
area and in determining the resources that are
available to meet these needs, the following sur-
veys must be made:

@ A Population Survey to determine the locations,
timing and amounts of water required to support
the populaticn projections

@® A Municipal Water Systems Survey to determine
the present capabilities and projected require-
ments of the systems used to convey and dis-
tribute water for municipal needs

@® Agricultural Surveys to determine the influence
of food production on the entire economic and
population structure of the region or nation

@® An Industrial Survey to determine the water
needs resulting from industrial development

® A Climatological Conditions Survey of the
nation or region

@® A Surface Water Resources Survey, which should
include both the fresh and brackish water sur-
Py

face flows, and locations of potential non-
leaching sumps for brine disposal.

® An Underground Water Resources Survey (or a
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survey of aquifers) which also should include
fresh and brackish water aguifers and aquifers
suitable for brine disposal

® A Seawater Sources Survey and a study of the
problems associated with possible sites for
desalination plants

@® An Energy Survey of present and projected
energy needs and availability

@ An Economic Conditions Survey to investigate
the economic climate of the nation or region

@® An Environmental Survey which lists the expected
benefits and detriments of the proposed Water
Development Plan.

For optimum results, these surveys should be con-
current, and information collected by one survey
group should be made available to other groups as
guickly as possible in the form of preliminary
interim reports. Using these reports, the parallel
survey groups may revise their own projections.

The contents and factors that should be considered
in each of these surveys of water requirements,
water resources, energy requirements and resources
and economic conditions are given in Volume TI.
Contents and factors that should be considered in
the Environmental Survey are given below.

Environmental Survey

a. Under the United States Environmental Policy Act
of 1969, all agencies of the Federal Government,
under Title I, Sect. 102 C, D and E, shall:

"(C) include in every recommendation or report on
proposals for legislation and other major Federal
actions significantly affecting the gquality of the
human environment, a detailed statement by the re-
sponsible official on-~

IX-3
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(i) the environmental impact of the proposed
action,

(ii) any adverse environmental effects which
cannot be avoided should the proposal be
implemented,

{(iii) alternatives to the proposed action,

(iv) the relationship between local short-term
uses of man's environment and the mainten-
ance and erhancement of long-term pro-
ductivity, and

(v) any irreversible and irretrievable commit-
ments of resources which would be involved
in the proposed action should it be imple-
mented.

"Prior to making any detailed statement, the re-
sponsible Federal cofficial shall consult with and
obtain the ¢~ nents of any Federal agency which has
jurisdiction by law or special expertise with respect
to any environmental impact involved. Copies of such
statement and the comments and view of the appropriate
Federal, Stats, and local agencies, which are author-
ized to develop and enforce environmental standards,
shall be made available to the President. the Council
on Envircnmental Quality and the public as provided
by section 552 of title 5. United States Code, and
shall accompany the proposal through the existing
agency review processes;

(D) study, develop, and describe appropriate al-
ternatives to recommended courses of action in any
proposal which involves unresolved conflicts con-
cerning aiternative uses of available resources;

(E) recognize the worldwide and long-range char-
acter of environmental problems and where consistent
with the foreign policy of the United Statoes, lend
appropriate support to initiatives, resolutions,
and programs designed to maximize international
cooperation in anticipating and preventing a decline
in the quality of mankind's world environment;"

b.. While all of the above steps are not specifically
applicable to foreign situations, it is imperative
that an environmental impact statement be developed
and presented in conjunction with any project in which
AID may be required to participate. Typical questions
that can be expected to arise in selecting a site for
a single purpose water desalting plant or a dual
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purpose water and electric power plant have been
developed by AID and are presented herein.

C. Environmental Considerations for Construction Projects

l'

Introduction

The quest by the developing nations of the world
for higher standards of living often involves the
deliberate modification of the natural environ-
ment to achieve economic objectives. However,
construction of roads, dams, airports, irrigation
and sewage systems, water and power plants, and
industrial facilities sometimes results 1in con-
comitant lossecs of ecological or social/cultural
values. Such losses, which vary widely in magni-
tude, may be the result of failvre to adcquately
consider environmental consequences during project
planning and design; the lack of knowledge and in-
formation necessary to predict the eventual impact;
or the absence of cost-effective environmental
safeguards or cconomically-competitive project
alternatives even if undesirable effects are fore-
cast.

Regardless of why the losses are incurred, it is
essential that all who are involved in a proposed
project--planners, decision-makers, engineers,
lending institutions--have as clear an understanding
as possible of the potential environmental conse-
guences of a development activity at an early stage
of project planning. Based on such knowledge, it
may be possible to mitigate or prevent undesirable
effects by incorporating pollution control tech-
nologies, redesigning the project, or selecting
another site. 1In those instances where the mag-
nitude of the impact 1is judged to be extreme, the
environmental analysis may indicate that an alter-
native to the proposed development activity is
warranted.

It is within this context that the following En-~
vironmental Considerations have bcen prepared for
construction projects typically financed by inter-
national development institutions. They are de-
signed to serve as general points of departure
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for analyzing the potential environmental con-
quences of proposed projects. Used in conjunction
with the information sources cited, they are use-

ful indicators of the types of expertise and in-
formation required for the development of procedures
and guidelines for systematic review and considera-
tion of environmental factcrs. This, in turn, should
lead to more rational decision-making based on a
clearer understanding of total short and long-term
project costs in relation to anticipated benefits.

It should be recognized that the Considerations
identified herein should be individually tailored
to respond to the unique physical, economic, and
social conditions encountered in a particular
project. For example, roads that are constructed
in arid regions of the world clearly affect that
environment differently than those through trcopical
rain forests. In some instances, individual En-
vironmental Considerations may not be relevant to
a specific project being planned or reviewed.

Desalting and Power Plants: Fossil Fuel, Hydro
and Nuclear

a. What site selection criteria will be used? Will
they include environmental considerations such as
effects on air and water quality, noise and the re-
sulting impact on residents of the area, fish, wild-
life and vegetation? Will alternative sites and
alternative orientations of the plant on the selected
site be considered?

b. What disposition will be made of solid and
liquid residues (ashes, chemical and nuclear
wastes)? Does the disposal method include ade-
quate cassetting or neutralization to minimize the
danger of soil or water pollution? What steps are
planned to contain and reclaim ash dumps, chemical
and oil spills to avoid pollution of surface and
ground water by acid-laden runoff? What provision
has been made for the disposal of waste concentrated
brines? 1If waste and concentrated brine disposal
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into water bodies is planned, what will be the
effects on aguatic life? To what degree will

tidal action and currents dilute plant effluents?
What disposition will be made of potentially harm-
ful corrosion products occurring in the plant
effluents? Can brines be evaporated to dryness?
Can they be in‘acted into underground aquifers?
What provision will be made for controlling the
release of radioactive waste material into water
bodies? If additional units are constructed, what
will the total load of radiocactive waste materials
be? 1Is the makeup of the plant's gaseous emissions
known in terms of chemistry and volume? What down-
wind environmental effects can be anticipated with
respect to humans, crops, forests, and wildlife?
How can such effects be minimized?

c. What impact will thermal effluents have on the
receiving waters? What temperature increase can

be anticipated and how will this affect indigenous
biota? Is there sufficient water motion in the re-
ceiving bodies to dissipate heat effectively? Has
the use of cooling towers been sufficiently explored?
What is the probability of producing undesirable

fog conditions through the dissipation of waste

heat?

d. What impact will the impoundment for a hydro-
electric plant have in terms of the destruction of
agricultural and forest lands and habitat for fish
and wildlife? What measures are planned to mitigate
the loss of natural habitats for fish and wildlife?
To what degree will archaeological and scenic values
be affected? How will the reservoir and downstream
flow affect water quality parameters, i.e., temper-
ature, dissolved oxygen, nutrients, nitrogen con-
centration, hydrogen sulfide, and color?

e. How vulnerable is the frzility to surface sub-
sidence, earthquakes, hurricanes, and other catas-
trophes? What is the extent and impact of the
environmental degradation which could be expected

in the event of such catastrophes? What preven.ative

IX-7
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and remedial safeguards for downstream inhabitants
will be incorporated in plant design and construction?
What provisions are made for training plant operators
in environmental protection?

£. Have the environmental consequences of pipeline
and power transmission been considered in site
selection? What steps are planned to avoid soil
erosion and the silting of streams as pipelines,
transmission facilities and access roads are ccn-
structed?

g. What provision has been made for industrial and
by-product development associated with the facility?
What impact will that activity have on the environ-
ment?
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SELECTION OF MOST PROMISING SOLUTION

Preliminary Feasibility Study

volume II, Section X, gave instructions for a prelim-
inary feasibility study of seawater conversion from
which the following Summary and Check List have been
prepared. The original document should be referred

to for all details. However, all nomograms and instruc-
tions necessary for the budget pricing of distilletion
plants, as given by Volume II, are reproduced for
convenience in Appendix C of this Supplementary Manual.

Summary of Volume II Information

Include and compare for all alternatives studied:

1. Unit Water Costs, $/Kgal

2. Time schedules for availability of incremental
water '

3, Uncertainties in technology requiring additional
information

4. Secondary benefits, possible by-products and
enhancement of region under development

5. Specific recommendation of preferred alternative,
plant capacity and performance

6. Time schedule for planning detailed design,
completion of construction and commercial operation

7. Scope of work for detailed feasibility study by
Architect-Engineer

8. All data necessary if A.I.D. review and approval
is desired. (These should include the results
of an environmental impact survey.)
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B. Checklist for Coastal Desalting Plants from Volume II

1. Capital Cost Factors
a. Local labor, equipment, materials and other
costs (in U.S. Dollars)
b. 1Imported labor, equipment, materials and
other costs (in U.S. Dollars)
c. Special local problems which increase capital
costs.

2. Annual Cost Factors
a. Interest and financing rates
b. Expected lifetime of facility
c. Assumed depreciation method and salvage value
d. Costs of fuel, electricity, steam, etc.
e. Operating and maintenance labor ard supplies
f. Assumed periodic replacement rates of com-
ponents.
g. Taxes and insurance.

3. Unit Cost of Water: Based on realistic average
load factors over the lifetime of the facility, and
suitable coupling parameters in the case of dual
purpose plants.

4. Practicability Consideration: Based on years of
proven commercial reliability of method or process.

5. Satisfactory Water Development Timetable:
Anticipated costs of over-and-under supply as a func-
tion of time.

C. Additional Items for Updating Volume II Check List

1. Costs of water source development and transmission.

2. Costs of brine concentration and disposal.

3. Costs of any necessary environmental enhancement
factors involving:

a. Heat release.

b. Noise reduction.

c. Air, source and receiving water quality.

d. Conservation of land and natural resources.
e. Nuclear and fossil fuel materials handling.
f. Liquid ard solid waste disposal.
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Inlané Desalting Plants and Brackish Water Conversion

Volume II, Section X-A2, contains a detailed outline,
togyether with estimating sheets, for a preliminary
feasibility study of desalination by multi-stage flash
evaporation at a coastal site. The desalting plant,
whether or not it is associated with a stcan-electric
generating station, will reoguire the circulation of
large volumes of cooling water, and does not have any
great problems associated with the disposal of con-
centrated brine resulting from seawater conversion.
Thus, the desalting plant costs, while they seem to
apply with sufficient accuracy for either the MSI' or
the VTE process and their hybrids at a coastal site

as given in Appendix C by I'igure C-1, Unit Desalination
Plant Capital Cost Nomograph, will not be applicable

at iniand desalting plants, where cooling water is at

a premium and brine disposal constitutes a serious
problem.

Figure C-1 can be used for pricing MSF/VTL combinations
at inland locations, provided that the above two
problems do not exist. However, to bring the 1967
costs, so obtained, to a March, 1972 basis, they must

be multiplied by the factor 1015/666 = 1.51 (Engineering
News Record Building Cost Indices for March, 1972 and
1967, respectively). In addition, for MSF plants using
upgraded construction (cupro-nickel lined shells in
place of a corrosion allowance on carbon stecl), which
the U.S5. Navy experience at Guantanamo, Cuba seems to
indicate is necessary to prevent corrosion, a further
20% increase in cost would be required. This is an
added reason why large size distillation plants do not
appear attractive at inland sites by comparison to the
membrane processes, which do not suffer from corrosion
problems.

For budget pricing of membrane systems, vapor compres-—
sion systems, and freezing systems, all of which seem
very attractive at inland sites because of their smaller
energy and cooling requirements, the reader is referred
to the detailed procedures and instructions in Desalt-
ing Cost Calculating Proccedures (OSW R&D Progress

Report No. 555), the Reverse Osmosis section of which
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is reprinted for quick reference in Appendix C of
this Manual. Reverse Osmosis has been selected
because in its new variety of configurations it 1is
the most readily adaptable process tor inland water
plants up to 10 mgd throughput capacity, and it 1is
the one with which any other proposed process must
compete in order to be viable.

In short, we have two pricing methods at our disposal:

1. The Figure C-1 method, reproduced hercin in Appendix
C, which is suit.hle for pricing large distilla-
tioen plants at coastal locations, and,

2. The Reverse Osmosis method, which has been
abstracted from OSW R&D Report No. 555, which yields
a base price for desalting plants, including feed
pretreatment and brine disposal at inland locations.
(See Appendix C).

For more accurate pricing, so as to allow a cost
comparison at either coastal or inland sites of the
competing desalting processes, one should procure OSW
R&D Report No. 555 from the Superintendent of Document
U.S. Government Printing Office, Washington, D.C. The
price is $1.25. From this report, Table X-1 lists the
capacities and salinity ranges for which the different
processes are best suited. Table X-2 lists the input
data required at either coastal or inland sites. (13)

To select the most promising solution for a given
gsite, one should proceed as follows:

1. Complete Table X-2 for local conditions.
2. From Table X-1 select the practicable processes,

3. Determine expected capital cost ranges for these
processes from Tables X-3, 4, and 5.

4. Follow instiuctions in Appendix C to obtain both

capital and cperating costs for the selected
alternatives.

X-4



TABLE X-1.

SUMMARY OF GUIDELINES FOR DESALTINC PROCESS SELECTION

Design capacity (mud) Feed water characteristics presently
Process vs time period favorahle to economic applications
1972 1980  2000-2020 TDS (ppm) Hardness  Temperature
Multistage Flash to 60 250 1/ 10,000-50,000 soft cold
Distillation (MSF)
Vertical Tube Evaporator- to 10 50 1,000 10,000-50,000 soft cold
Multistage Flash
Distillation (VIE-MSF)
Vapor Compression-Vertical to 1 10 250 10,000-50,000 soft warm
Tube Evaporator-Multistage
Flash Distillation
(VC~VTE-MSF)
Vacuum Freeze-Vapor to 1 5 2/ 5,000-50,000 hard cold
Compression (VF-V(C) or
soft
Reverse Osmosis (RC) to 3 50 2/ 1,000-10,000 soft warm
Electrodialysis (ED) to 10 50 3/ 1,000- 5,000 soft warm
Tor. Exchange (IX) to 10 2/ 2/ 0- 2,000 soft warm

/ VTE-MSF is expected to supersede MSF for large plants by this time period.
/ Technological developments will povern size in this time period.

/ A (Applicable).

/ NA (Not Applicable).

1
2
3
4
Source: USBR



Principal energy sources or prime
movers applicable to

Normal process
product Low- High- Diesel Startup rar
water pressure pressure engines
TDS m steam steam Electricity or gas Remarks
(under 50 psi-a) (over 100 psi-a) turbines
5«50 A 3/ NA &4/ NA NA Slow
5-50 A NA NA NA Slow
5-50 N& A A A Four alternatives for Modersate
the vapor compressor
driver
300-500 NA A A A Four alternatives for Moderate
refriceration and vapor
. compressor drivers
100-500 NA A A A Four alternatives for Fast
the pump driver
350-500 NA NA A NA Fast

0-500 NA NA A NA Fast
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Selection of Processes to Be Considered

(From OSW R & D Progress Report No. 555)

Plant capacity and feedwater salinity limits for each process contained in this manual are listed in Table I.
For valid results, the plant capacity and feedwater salinity must be within the prescribed ranges for the

Table X

VALIDITY LIMITS OF THIS MANUAL

process seiected. This is not to say
that desalting plants cannot be
smaller or larger, or cannot process
feedwaters outside of the salinity
ranges given. Rather, it means that

Size Range, | Salinity Range, cost data needed are not necessarily
Process MGD TDS included in this manual. Two addi-
jonal limitations exist for all pro-
Electrodialysis 0.144-10.0 | 1,000~ c,00p | lOna! imiahions €4 pre
Reverse Osmosis 0.1 -10.0 | 1,000-10,000 cesses: the feedwaters must contam
Multistaze Flash Distillation 1.0 -50.0 | 1,000-50,000 fess than 600 ppm calcium and less
Vapor Compression-Vertical Tube the < 0 hvdrosen sulfide :
Evaporator-Multistaze Flash 1.0 -20.0 | 1,000--50,000 1n 0.5 pom hydroge :
Vacuum-Freezing Vapor- .
Compression 0.1 - 5.0 | 1,000-50,000 Input Data Required

The input data required for the

various complexes are shown in
Table 1. For the convenience of the reader, this table has been designed to serve as an input data form. All
of the data shown are required (with the exceptions noted below Table 1I) for calculating the costs of any
desalting system discussed in this manual.

Assumptions and Rationale

Load factor. On the recommendation of the Office of Saline Water, a plant lvad factor of 90 percent has
been used. In othzr words, the plant is assumied to operate at full capacity 90 percent of the time. We have
used 330 duys per year as annual operating time in this manual.

Table X-2

INPUT DATA REQUIRED

Land costs—~S$/acre
Feedwater supply
Desalting plant
Brine disposal facilities
Right-of-way for pipelines

Plant size-MGD (Volume of desaited water
desired) L.

Interest rate for {inancing pcrccnt

Current building cost index

Current labor cost index

Electric power cost-¢/KWil

Fuel cost- cents per million Btu

Feedwater well pumping depth-ft

Brine disposal well depth-

i

Water transmission distance—miles
From fecdwater supply to desalting plant
Desalting plant to city
Desalting plant to brine dxspmal facﬂxtlcs

RERRRAR

l |

Water transmission elevations—{t
Feedwater supply
Desalting plant
Municipality
Brine disposal faulmes

Feedwater analvsis (minimum data required)
Total dissolved solids--ppm —
Sadium and potussium- ppm (1, 2 3 4) -
Chloride - ppmn (1, 2, 3, 4) .
Calcium-ppm (maximum al]owed 600

1]

ppin) . _—
Iron-ppm (2, 3 4)
Maneanese - ppm (2, 3,4) . . 1—Not required for RO
Hydrogen sulfxdt,— ppm (maxnmum —Not required for MSF

allowed, 0.5 ppm) . e e e 4 v e 1 3-Notrequired for VC-VTE-MSF
Temperature - °F (1, 2, 3) 4—Not required for VFVC
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TABLE X-3.

ESTIMATED INSTALLED COST OF MSF AND VTE
DISTILLATION PLANTS*
(Cost in $/gpd of Installed Capacity)**

Capacity

1.0
5.0
10.0
50.C
100.0

250.0

* Cost of brine disposal and taxes not included.

6.
1.80-2.00
1.40-1.60
lL.15-1.25
0.90-1.00
0.75-0.85
€.60-0.70

0.55-0.65

0.50-0.60

Performance Ratio (1b/1000 Btu)

10

2.40-2.60
1.90-2.10
1.50-1.60
1.10-1.20
0.90-1.00
0.75-0.85
0.70-0.80

0.65-0.75

14

2.75-3.00

2.,40-2.60

2.20-2.30

1.60-1.75

1.30-1.40

1.05~-1.15

0.95-1.00

0.85-0.95

*% March 1972 prices for VTE and March 1969 prices of MSF.

Source:

Reference #58


http:0.50-0.60
http:0.55-0.65
http:C.60-0.70
http:0.75-0.85
http:0.90-1.00
http:L.15-1.25
http:1.40-1.60
http:1.80-2.00
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TABLE X-4. ESTIMATED INSTALLED COST OF
MEMBRANE FPLANTS*
(Cost in S$/gnd of Installed Capacity)

Reverse*’

Capacity Electrodialysis Osmosis
(MGD) 1000 ppm Feed 2000 ppm Feed 3000 ppm Feed (3000 ppm!
0.5 0.,68-0.74 0.84-0.92 1.17-1.23 0.92-1.0¢
1.0 0.62-0.68 0.77-0.84 1.05-1.17 .80-0.9:
5.0 0.40-0.47 0.52-0.59 0.68-0.74 0.49-0.6:
10.0 0.31-0.37 0.40-0.47 0.49-0.62 0.43-0.4!
25.0 0.27-0.32 0.33-0.40 0.43-0.50 0.37-0.4:
50.0 0.23-0.28 0.27-0.33 0.37-0.43 0.35-0.4:

100.0 0.22-0.27 0.25-0.31 0.31-0.37 ————

TABLE X-5. ESTIMATED INSTALLED COST OF VAPOR COMPRESSION (VC)
AND FREEZING PLANTS (VFVC)**
{Cost in $/gpd of Installed Capacity)

Capacity
MGD
0.1 3.220-3.70
0.5 2,35-2.80
1.0 1.85~2.16
5.0 1.54-1.85

*Cost of brine disposal and taxes not included. March 1972 prices
**Based on 60 percent recovery ratio. March 1972 prices.

Source: Reference #58


http:1.54-1.85
http:1.85-2.16
http:2.35--2.80
http:3.20-3.70
http:0.31-0.37
http:0.25-0.31
http:0.22-0.27
http:0.37-0.43
http:0.27-0.33
http:0.23-0.28
http:0.43-0.50
http:0.33-0.40
http:0.27-0.32
http:0.49-0.62
http:0.40-0.47
http:0.31-0.37
http:0.68-0.74
http:0.52-0.59
http:0.40-0.47
http:1.05-1.17
http:0.77-0.84
http:0.62-0.68
http:0.92-1.01
http:1.17-1.23
http:0.84-0.92
http:0.68-0.74
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Use. of Sisiuage 'ifflvant and Irrigation Return Flow

—

Where a si.eall# ir.ind community exists it is possi-
ble to use .na szcordary sewage effluent for irrigation,

provided =rv. s nre ro" raised which are eaten raw. An
example Of thi: ry.si:ce is Tucson, Arizona, where the
water is reuse:r '{'v). ¢«n domestic crops. When irrigation
is conducted in &rn «.id region, however, over-irrigation
must be provided s »3 to create a net runoff that

prevents salt buiidur.

Reverse osmosis, followed by a crystallizing VC unit
(as described in Sec, 1IV-D), or by an electrodialytic
concentrator, can drastically reduce the volume of
these irrigation runoffs. At the same time, it will
augment the water supply by providing potable water for
reuse. For disposal the brine can go to subsurface
injection or to evaporation ponds, the cost of which
can be estimated by the methods shown in Appendix C.
The irrigational use of municipal wastewater removes
the heavy impurities and organic loadings that make

AL difficult to handle by the conventional desalt-
ing methods. In this way, desalting serves to furnish
economical water for irrigation, though indirectly.

In 1967, a cooperative research study on the value of
desalted water for irrigation was undertaken by the
Bureau of Reclamation and the Office of Saline Water.
The report was completed in 1962 and concludes that
prospects for desalting saline irrigation water sup-
plies are most favorable in areas capable of producing
crops that yield high net farm incomes under almost
year-long growing seasons. The work, as originally
performed compared multi-stage flash evaporation and
electrodialysis in three irrigated areas, but it is
now being extended to compare the new VTE/MSF and re-
verse osmosis processes. (8)
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Detailed Feasibility Study of Selected Solution

General

A detailed engineering feasibility and economic study
having the following objectives and content should
be carried out on the alternative (or alternatives)
selected in the preliminary feasibility studies

as the most promising solution (or solutions) tc

the water shortage problems of a country or region.
The Study Organization shonuld assign the perform-
ance of this detailed study to an aichitect-engineer
firm, selected on the basis of its qualifications

to perform the type of study required and its
experience in the related technology.

Objectives

The objectives of this study would be:

l. To perform a detailed evaluation of the selected
alternative (or alternatives), so that a decision
on a specific proposed project can be made.

2. To develop all necessary technical, environmental
and economic data on the proposed project, so
that the financing agencies can evaluate ~equests
for funding.

Scope

The initial step in this study should be a compila-
tion of all necessary data. Much of these data
would already be included in the Water Development
Plan document; however, more specific information
may be required in certain areas. Included in the
Appendix is a Questionnaire which contains a com-
prehensive listing of the data required in perform-
ing a detailed engineering feasibility and economic
study on a seawater desalination plant.

The detailed feasibility study should include:

1. The conceptual design for the plant and the
selection of plant capacity, based on the water
and environmental requirements in the area and

the characteristics and limitations of the plant
and site.

X-10
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The solicitaticrn and evaluation of preliminary
proposals on equipment designed to meet the
requirements of the conceptual design.

The evaluation of available sites for the plant,
and the selection of preferred sites for prelim-
inary plant layouts.

The identification of the possible problems as-
sociated with the construction of a plant on
each of the preferred sites.

The analysis of the program schedule and the
preparation of a more detailed schedule for the
design and construction of the plant.

The preparation of the capital and annual cost
estimates, and completed conceptual designs and
plant layouts.

The selection of a probable pla.t operating fac-
tor, and the preparation of the unit water cost
estimate.

A preliminary analysis of the construction and
manufacturing problems which might be encountered
in the comstruction of the proposed plant in the
particular country or region.

A determination of the amount of local equipment,
labor and materials which might be utilized in
the construction and operation of the plant.

A report containing a summary of all the infor-
mation developed in the study and recommendations
for further action.

Subsequent. Action

If, after review of the results of the engineering
feasibility and economic study, the Agency using this
Mamal decides to proceed with the project and to
reguest assistance from AID, it should prepave the
material necessary to request this assistance; this
would include preparation of the Economic and Tech-
nical Soundness Analysis, an Environmental Impact
Analysis and the calculation of Benefit/Cost ratios

X-11
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in the form required by AID. This material would
be based primarily upon the information developed
in the engineering feasibility and economic study.
References may also be made to the surveys of back-
ground information included in the Water Develop-

ment Plan.
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EXPLAKATION OF CODES AND BYX BOLS

Key

CAPACITY
Total plait capacity in
1,000 U.5. gallons per day
UN
Unit-one complete unit and
no stack or module therenf
STATUS
C - Plant under Construction
O - Plant in Operation

TYPE OF PROCESS

Distillation

F - Single-stage Flash-
Distillation

MSF- Multi-stage Flash-
Distillation

VTE- Long Tube Verticel
ST - Submerged Tube
VC - Vapor Compression

Membrane

ED - Electrodialysis
RO - Reverme Oamosis

Freering
VF - Vacuum Freecing-
Compression

YEAR
Year of beginning operation
and/or year when construc-
tion was 1nitieted.

WATER FFED

SW - Sea Water
ISW - Inland or Brackish

Water
USE
MPA - Municipal
IND - Industrial
P - Power

TOUR - Tourism

DEMO - Demonstration

MIL. - Military

M&IN - Municipal and Indus-
trial

SD - SINGLE OR DUAL PURPOSE

w - Water plant only
wP - Water and Power

FUEL

GAS

OIL

COAL

URAN - Uranium

STM - Steam

ELEC - Rubbish

RUB - Ccoling water and

cw exhaust gases
from diesel-
engine

Manufecturers Code

Aerojet General (Envirogenics)
Alton Co . Ltd.. England
Alathom, France

Aluminum Co of American

American Machine & Foundry
Co., USA

Aqua-Chema Inc., USA

Aeahi Cherttcal Ind. Co., Ltd.,

Japar

Atlas-Mak Maschinenbesu GmbH,

West Germany
Babcock & Wilcox, Spain

Baldwin-Lima -Hamtlton Corp.,
USA

Bouby, Engiaud

British Aqus Chem, Ltd.,
England

Buckley & Taylor, Ltd.,
England

Chicago Bridge & Iron, USA
Coft Industries, USA

Compagnie Electro-
Mechanique-SCAM, France

Condensgeurs Delas. France
Continental Engineering
DEMAG. West Germany

De Pretto-Escher Wysds, ltaly

Desalination Engineering,
Ltd.. Israel

du Pont Company, USA
Foster -Wheeler Corp., USA

France Tosi, Italy

George Clark & Sona,
England

Gulf General atomic, USA
Tonics, Inc.. USA

Ishikawnjima -Harima Heavy
Industries Co., Ltd.
Japan

The Lummus Co., USA

Lurgi, West Germany

Mechanical Equipment Co.,
USA

Negev Inst., lsrsel

Sasakura Engineering Co..
Japan

Selas Corporation of
America, USA

Sidem. France
Stearns-Roger Corp., USA

Struthers SC. International
Co., USA

Union of Soviet Socialist
Republics (USSR)

Universal Desalting, USA
Welr Westgarth, England

Waerkapoor -Amaterdam V.,
Holland

Westinghouse, USA

02
03
08
05

07
11

18
20
22

37

a9
32
3

1
38
47
39
40

4“
45
46

48

51
LX]
59

59
63
67

n
73

3

75
78
7

19

81
82
87

91
95
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(OUNTRY/STATE

ALIBAMY
VRV
sLESHE
ALBSKA
ABTICNA
PELIGNA
ARIIGNA
CALIFORNIA
CALIFOENLA
CELIFUSHTA
CHLIFORNTA
CELIFOBNIA
CALIFUFNTY
(AMLIFOINTY
CBLIFORNG S
(BLIFOENTR
(PUIFOeR A
CALIFOENTA
CECIPORNTA
CALIPORNTA
CALIPORNILA
LALIF Qe IA
YR ATLRF
[CIS T TLRTY
CALIFOLNITA
CBLIFOVMIA
CRULFOmTA
CAUTHONTA
(815 0nNIA
CALIF(ENTE
(ALIFDRRDA
CattroRNTA
CALEFORNTA
CALIFOFNTA
CALIFOPMLA
CLLIFDRN LA
(GCLO® 800
(LU0 DG
(LLUNADD
CULMAGD
(oL{pa00
COLIRALY
[GIRCY R
CONNECTICUT
CUNNECTEC LT
CONME CTTCOT
CONM CTTCUT
COMMLCTICUT
COMECTI(LT
CONNECTET U?
CumNz iUt
CONNE(T (LT
CUNNEC 1T KY
IRERIRY
FLOMILA
FLOKICA
FLORICA
FIORITS
FLQ<1C2
FLU-ILe
FLO-ICA
FLORILA
FLORTLA
PLOSTLA
HeIa
GEOHG A
GEDRG LA
CEOKGTA
mawn il
rawett

Hawd ]}
wawel
{tLinots
TLLIADIS
TLLINDGIS

T INOTS
1eiINoiIs
ILLINDIS
TLLINDIS
1LLINOTS
ILLINDTS
tLLINDIS
TLLINCHS
ILLINGIS
TLLINGES
INCIANS
INDIANS
IhDTANE
INDIANA
INDIsNA
INC1aNA
INDIANA
INDLANY
INDIANA
INOTSNA
INDIANA
1ows

KANIAS
KANSAS
KEMTUCKRY
REMTCHY

Kt NTYCKY
KeMTUCRY
KENTYCRY

1020
1930
104C
1050
10¢0
1oec
1060
licc
1110
tia2¢c
113¢
113
1per
114c
1140
iec
s
127
121°
1220
1237
1247
12¢¢
[Fald
121¢
129¢
12¢r
1261
13¢0
131c
1320
1121
132¢
1160
1380
13e¢
1320
1350
14C0
1410
142C
1430
144C
1450
1460
1660
1660
15C0
141c
1520
1830
1440
1547
15¢C
15¢8
157C
158C
1560
1650
1e2C
1830
144C
1¢h¢
1660
1¢6l
161C
1680
1¢6C
1e6*
1696
1687
1558
171c
1720
1739
175¢C
1111
178¢C
179¢
18720
1810
1e2¢
1830
1850
1860
1870
185C
1s8ce
152C
1630
1640
155¢C
167¢C
1930
1590
2000
20CS
2010
201%
2729
2030
2050
2Ce0
2310

AEGION
NORTH ANERICA (UsSed
LOCATION

DB ILE

FOINT BARROw (AF)
FATRPANKS

"OTZERAUE

PUCKEYF

HELEAA

TUSCON

$10C % TON
PITT¢HURCH

EEFONCH

EL CENTRE

AN ONAFRE (NUCLEARD
HUMsROLDT By
E1TwWANDS
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MOCRD BAY f-hC, 1
MORRO PAY P-rC, D
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CANTES
MO < (ANCIRG
MOCT LANDI G
(NaL N A
[T INAIT
LDS BNGELES
FATADE NS
SAN DIEGOJLLALE ENGLE MEMS
SaN OIFGD LFFECT 14
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CAN UIEGD SCUTH PAY KC. 3
SAN DILGH TELY MIOULE
SAN DIFGO VIF-x
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CENVER €
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VALMONT
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YORTVILLE &

MORTVILLE €

DEVCN A

CAVCN B

DEVIN C

CEvCHW D

Niw HAVEN

S1AMEQHD

HARYFCHD

WATEKFLND

KFY W1

SIESTL KEY

TAMPA

JACK STAVILLE

ORL ANDC

FUDRIDA FOMER € LICKNT &
FLOR DA FOWEF L LIGHT B
AVON PARK

JLCS iR

FLLAVILLE

RIviera STATION

LORGPDAT KEY

YATES

CEOHGIA PORER

KRANNERT

KAHE NDo )

CAME hO.2

RKAHE KD, 2

KAHE NOo&

SPRINGFIELD

STICKKEY

BIxXON

HUTSONYILLE

CHICACO &

CHICACT @

CHICAGO €

CHICACO ©

(HICACC €

WERELNSIA

JOLUTEY

FECRIS 4

FECRIA 8

TANNERS CREEX

MICAWAKA &

MISHAWMKA B

SOUTH RENC &

SO0UNH BEND @

CAMPRELL S

LAWRENCERURG
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P L INGTON

HUTCHISOA ACe &
LARWGENCE MNCLY

B1C SAKCY AQ. 1
QwFA\TRORO KO, 2
LCUISVILLE &

LOUISVILLE B

LQUISVILLE €

A-hCot
LRI

{A-LCWHELDY

capacity

23C.0
30.0
100.0
3C.0
€50,0
35.0
45,0
6%.0
18C.0
1cc.o
40,0
17245
6042
165.)
1cc.”
72.0
2.0
1230
1239
LIS
18R
188,1
230
100,n
16,7
se,0
1.700.0
es.0
Eleh
STeb
2+6CC.0
10C.C
530
10445
104,5%
272
8740
60.0
70,2
14C,0
75,0
5C.0
29,0
15.0
“l.0
«0,.0
I5.9
2540
29.0
5Ce0
L2.0
43.0
116.C
2+62C.0
1,2€0,0
44,0
«5,0
5CeN
&Ca0
109
3N
5040
30.2
41.0
RGO
115.0
115.0
210,92
52.6
5246
48,40
408.0
3.6
12040
8Ce0
€240
2€0.0
14%.0
146,0
145.0
8C.0
L)
129
41,0
2940
145,0
54,0
2.0
15043
15u.0
5C.0
8C.0
50.0
5060
100.0
3%5.0
16640
ST
132.%
11645
574
9%.9
70.0
58,0
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1553
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1652
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1955
166 ¢
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1eet
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1§3%
1937
1961
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[
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Bureou of Reclamation

CONVERSION FACTORS—BRITISH TO METRIC UNITS OF MEASUREMENT

The following conversion factors adopted by the Bureau of Reclamation are those published by the American

Society for Testing and Materials {ASTM Metric Practice Guide, £ 380-68) except that additinnal factors {*)

commonly used in the Bureau have been added. Further discussion of definitions of quantities and units is given in
_ the ASTM Metric Practice Guide.

‘The metric units and conversion factors adopted by the ASTM are based on the “lrternational Syster ot Units”
{designated Si for Systeme (nternational d’Unites), fixed by the Interiutional Committee for Weights and
Measures; this system is also known as the Giorgi or MKSA {meter-kilogram {mass)-second-ampere) system. This
system has been adopted by the International Organization for Standardization in 1SO Recommendation R-31.

The metric technical unit of force is the kilogram-farce; this .s the force which, when applied to a bady having a
mass of 1 kg, gives it an acceleration ot 9.80665% m/sec/sec, the standird acceleration of free fall toward the earth’s
center for sea level at 45 deg latitude. The metric unit of force in Si units is the newton (N), which is defined as
that force which, when applied to a body having a mass of 1 kg, gives it an acceleration of 1 m/sec/sec. These units
must be distinguished from the (incorstant) local weight of a budy having a mass of 1 kg, that is, the weight of a
body is that force with which a body is attracted to the earth and is equal (2 the mass of a body multiplied by the
acceleration due to gravity. However, because it is general practice to use “pound” rather than the technically
correct term ,“pound force,” the term “kilogram’* (or derived mass unit) has been used in this guide instead of
“kilogram-force™ in expressing the conversion facters for forces. The ewton unit of force will find increqsing use,
and is essential in Sl units.

Where approximate or nominal English units are used to express a value or range of values, the converted metric
units in parentheses are also approximate or nominal, Where precise English units are usad, the converted metric
units are expressed as equally significant values.

Table |

QUANTITIES AND UNITS OF SPACE

Multiply By To obtain
LENGTH
Mit 254 {exactly} .. ... e Micron
Inches ..., ............ 254 (exactly) ... ., Millimeters
Inches . .............. 254 {exactly)® . ... L. L . Centimeters
Feet .. .............. 3048 (exact'ly) .. ... e Centimeters
Feet . ... ........... 0.304B{exactly}® .. .. ... .. . Meters
Feet .. .............. 0.0G03048 (exactly)® .. ............ Kilometers
Yards . ... ... .. .. 09144 (exactly) . .. ................. Meters
Miles (statute) . ......... 1,609.344 (exactly})® . ... ... ... . ... ... ... Meters
Miles . ............... 1.609344 {exactly}) . .............. Kilometers
AREA
Squareinches . . ......... 6.4516 (exactly) . ............ Square centimeters
Squarefeet ............ f929.03 ... Square centimeters
Squarefeet . ........... 0092903 ............ ... . ... Square meters
Squareyards .. ......... 0836127 .. ... .. . e Square meters
Acres . ... *040469 . ... ... Hectares
ACIES . . .. i C4,0469 . . ... Square meters
Acres .. ... e *0.0040469 . ............... Square kilometers
Squaremiles . .......... 258999 . ..., ... ... ..., Square kilometers
VOLUME
Cubicinches . .......... 163871 . ... Cubic centimeters
Cubicfeet ............. 00283168 .............0..... Cubic meters
Cubicyards . ........... 0764555 .................... Cubic meters
CAPACITY
Fluidounces (US.} ....... 295737 . . .. e Cubic centimeters
Fluid ounces (US.) ....... 205729 . ... e e Milliliters
Liquid pints (US.) . ....... 0473179 .. . ... ... .. Cubic decimeters
Liquid pints (US.) . ....... 0473166 .. ... .. i e Liters
Quarts (US) .. .... e *948358 . ... ... ... Cubic centimeters
Quars(US) . .......... "0.946331 .. ... e Liters
Gallons{US.) ........... *3785.43 . .. ... Cubic centimeters
Gallons {US.) .. ........ . 378543 .., ..... e e Cubic decimeters
Gallons{US) ....... PN 378533 ... .. ... . P W] {11
Gallons (US) .. ......... “0.00378543 . . .. ... ... Cubic meters
Gallons (UK.} . ......... 454609 . ... ..., ..., ... Cubic decimeters
Gallons (UK) . ......... 4564596 . ... ... ... ... e Liters
Cubicfeet . .......... N 283160 . . .. .. e e Liters
Cubicyards ....... e °76455 . ............ St e Liters
Acrefeet ............. *12335 . e .. . Cubic meters
Acrefeet . ............ ®1233500 . ... e e Liters
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QUANTITIES AND UNITS OF MECHANICS

SMultiply By To obtain

MASS _
Grains {1/7,0001b} .. ....... 64.79891 (exactly) .. .. ..... ........ ..... Mitligrams
Troy ounces {48C graina) . . . . .. 311035 . Grams
Ounces (avdp) 2R.3495 Grams
Pounds {avdp) 0.45359237 {exactly) ... Kilograms
Shorttons {2,0001b) . .. ... .. o Kilograms
Short tons (200046} . .. . .. . 0907185 . . ... ... Metric tons
Longtons (2,240t} ... ... . . 101605 . .. .. .. Kiograms

FORCE/AREA
Pounds per square inch . . . . . .. 00703C7 .. ... .. ... ... Kil>grams ,.2r square centimeter
Founds per square inch . . ... .. 0689476 . ... ... .. ........ Newtons per square centimeter
Pounds per square foot . . . .. .. 4BB243 . .. .. ... e Kilograms per square meter
Pounds per square foot . . .. ... 478803 ... ... Lo o Newtons per square meter
MASS/VOLUME {DENSITY)
Qunces per cubicinch . . . ... .. 172999 . . ... Grams per cubic centimeter
Pounds per cubicfoot . . . ... .. 16.0985 . .. ... ... .. . Kilograms per cubic meter
Pounds per cubicfoot . . . . ... 00160185 . ... ... ... Grams per cubic centimeter
Tons llong) per cubic yard . . . .. 132894 . .. .. Grams per cubic centimeter
Ounces per gatlon {US) ... ... Grams per liter
Ournces per gallon (UKD . ... .. Grams per lite:
Pounds per gatlon (US) . . .. .. Grams per liter
Pounds per galton (UK.} . ... .. 89778 .. e e e e e e e Grams per liter
BENDING MOMENT OR TORQUE
Inchpounds . .. .......... 0011521 . . e e e Meter-kilograms
Inchpounds .. ........... 112965 x 106 . . ... L Centimeter-dynes
Footpounds . ............ 0138255 . ... e Meter-kilograms
Footpounds . ............ 136582 x 107 . . . e Centimeter-dynes
Foot-pounds perinch . .. ... .. 54437 ... ... L. Centimeter-kilograms per centimeter
Ounce-inches . . . ... ....... 72008 .. ... .. Gram-centimeters
VELOCITY

Feetpersecond . .......... 3048 (exactlyl ... ... Centimeters per second
Feetpersecond .. ......... 0.3048 {exactly)® .. .. .. ... Meters per second

0965873 x 10-5 . .
1.609344 (exactly}

Centimeters per second
Kilometers per hour

Feet per year . . ..
Miles per hour

Miles per hour 044704 {exactly) .. .. ... .. ... .. .. Meters per second
ACCELERATION®
Feetpersecond . . .. ....... 03048 . L. e e Meters pet second?
FLOW

Cubic feet per second

(secondfeet) . . ... ... .... 0028317 .. e e e Cubic meters per second
Cubic feet per iminute . . . ... .. 0.4719 Liters per sezond
Gallons {US.} per minute . . .. .. 006309 Liters per second

FORCE®

Pounds .. .............. 0453592 ... L. e e Kilograms
Pounds . ........... e fQ48B2 L L. L. e e e Newtons
Pounds .. .............. 84882 10% L. .. Dynes

Muttiply By To obtain

WORK AND ENERGY"

British thermal units {Btu) . . . C0.252 . e e Kilogram c3tories
British thermal units {Bru) .. 105506 Joules
Btu per pound e 2326 (exactly) . ... Joules per gram
Footpounds . .. ... .. .. 135582 . L e e e e e ... Joules
POWER
Horscpower e TAST00 . ... e .. Wartts
B1tu per hour L. F 0.293071
Foot-pounds per second . . .. .. 1.35582

HEAT TRANSFER

Btu in.’hr 2 degree F (k,

thermal conductivity) . . . . . .. 1.842 L e e e Milliwatts'cm degree C
Bty in.ihr 12 Pagree F (K,

thermal con”uctivity} .. . ... 01240 L L. L.l Kg cal’'hr m degree C
Bty ft/hr 12 Jegree £, Kg cal mihr m? degree C

Btu‘hr k2 usgree F (C,
thermal conductance} . . .. . .. 0568 .. ... ... Millivatrs'cm
Bt hr 712 degrec F (C,
thermal conductancel . . . . ...
Oegree F hr #2/8ty (R,

2 degree C

Kg cal/ht m* gegres &

Degree C cm?/milliwatt

thermal resistance} . .. ... ..
Br/lb degree F {c, heatcapacity) . &1BBB . .. ...l J/g degree C
Btu/lb degree ¥ . .. ... Cat/gram oegree C

Ftl/hr (thermal dittusivity} . Cm</sec

£12/he {thermal ditfusivity) M2/hr
Grains/ir ft2 (water vapor) 2
transmission) .. ... ... ... 16.7 e e e e Grams/24 hr m
Perms (permeance! . ... ... .. 0659 . .. e et e e e e Metric perms
Perm-inches {permeability} . .. .. 167 e e e Metric perm-<entimeters
Table tl
OTHER QUANTITIES AND UNITS
Muitiply By To obiain
Cubic feet per square foot per day {seepage) .. .. 3048 _..... ... .. Liters per square meter per day
Pound-seconds per square foot (viscosity) . . . . . . *43824 . ... ... Kilogrem second per square meter
Square feet per second (viscosityd . . . ... . ... 0992903 . ... . ... Squdre meters per second
Fahrenheit degrees {change)® L oL L L 5/9 exactly . Celsius or Kehvin degrees {changt®
Veltspermil .. .. ... . L. 003937 ... .. L. Kiovolts per milbmet
Lumens per square foot (foot candles) . . . . . . .. 10.764 . RPN Lumens per snuare meter
Ohmcircular mits pec foot . .. .. . ... L. 0001662 . . . . . . Ohmsguare miimete s per meter
Millicusies per cubsc foot .. . ... L. *35.3147 . ... ... Milticur:es per cutine meter
Mitliamps per square foot . . . oL oL L. L. “10.7639 ... ... .. Miltiamps per square meter
Gallonspersquareyard . . ... ... L. *4527219 .. ... ... Liters per square micter
Poundsperinch . .. . . . ... ... ... *0.17858 ... ..... Kilograms per centimeter

GHO ETS- 1ER
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Table 1V

SOME FREQUENTLY USED CONVERSION FACTORS

Multiply By To obtain
FLOW

Million gallons 694 .444 Gallons per minute
per day (mgd) (gpm)

Thousand gallons .6944 Gallons per minute
per day (gpm)

Million gallons 1.5472 Cubic feet per
per day {(mgd) second

Million gallons 3.0689 Acre-feet per day
per day (mgd)

Million gallons 2,628.69 Liters per minute
per day (mgd)

Million gallons 3,785.41 Cubic meters per day
per day (mgd)

Million gallons 2.6287 Cubic meters per
per day (mgd) minute

Cubic feet per .6463 Million gallons per
second (sccond feet) day (mgd)

Gallons per minute 1.4400 Thousand gallons
(gpm) per day

COST

Cents per 3.2585 Dollars per acre-
1,000 gallons foot

Cents per .2642 Cents per cubic

1,000 gallons

meter

B-4
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ESTIMATING AIDS
SEAWATER CONVERSION PLANTS

Capital costs of possible natural freshwater facilities can be made by
engineers experienced 1n similar construction projects. Because of

the limited expericence 1n construction of desalination facilities, however,
it may be more difficult to sccure rough estimates for desalination. In
such cases the following procedure and accompanying notes and nomo-
graphs (found at the end of this appendix) may be utilized to determine
approximate capital costs and unit costs of water for seawater desalina-
tion facilities under conditions which will be used in the preliminary

feasibility studies.

Most of the scawatcer desalination plants built or proposed in the past
several ycars have utilized the multistage flash evaporation process

and were designed for a top brine temperature of 200F to 250F. Other
leading scawater desalination processes, however, have capital and
operating costs generally comparable to those of the multistage flash
plants. Thercefore, while the Unit Desalination Plant Capital Cost Nomo-
graph is based on multistage flash evaporator plants, it may be utilized
for other leading seawater desalination cost approximations.

Estimating aids for hrackish water desalination facilities have not been
included, as the variation in costs due to local water conditions requires
a more detailed approach; however, a listing of typical costs of electro-
dialysis plants ranging in nominal capacity frem 250, 000 to 2, 500, 000
gpd is shown in Table C-5. It shculd be noted that this table 1s based

on plants using Webster, South Dakota water which has a salinity of
approximately 1,400 ppm and a product water salinity of approximately
500 ppm. This 60% reduction in salinity required 3 stages. A more
saline brackish water supply or a less saline product water requirement
would require more stages and, therefore, a more costly installation.

Since seawater desalination processes may be utilized on brackish water

sources, the seawater desalination costs may be used as the upper limit
of the costs of brackish water desalination.

DESALINATION FACILI{TY CAPITAL COSTS

The first step in preparing the capital cost approximations is to estab-
lish the following preliminary design conditions (Notes 1 and 2 at the
end of this appendix may be useful 1n establishing these values):

(Source: Volume 1I, Appendix C, Estimating Aids.)
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1. Plant capacity in gallons per day (gpd) -- see Note 1, C-5.
2. Plant operating factor -- see Note 1.
3. Economy ratio -- see Note 2, C-5

Having selected the nominal plant capacity, the plant operating factor

and several cconomy ratios (in accordance with the preliminary feasi-
bility study requirements and the corresponding notes), one may begin
the determination of the estimated desalination facility capital cost. This
is accomplished in the foliowing manner:

1. Determine the unit desalination plant capital cost for each economy
ratio by utilizing the Unit Desalination Plant Capital Cost Nomograph,
Figure C-1.

2. Determine the desalination plant capital cost for each economy ratio
by multiplying the unit desalination plant capital cost determined
above by the nominal plant capacity. Tabulate the results in Tabie
C-1 below.

3. Determine and tabulate the heat source capital cost for each economy
ratio, as described in Note 3, page C-6.

4, Determine and tabulate the product water conveyance capital cost, as
described in Note 4, page C-6.

5. Determine and tabulate the land capital cost, as described in Ncte 5,
page C 6.

6. Determine and tabulate the other capital costs and contingency, as
described in Note 6, page C-7.

7. Complete Table C-1 and determine the unit facility capital cost by
dividing the total desalination facility capitar cost by the nominal
plant capacity.

For examples, see Table C-3, page C-8.

c-2
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TABLE C-1

DESALINATION FACILITY CAPITAL COST

Economy ratio

Desalination plant capital cost

Heat source capital cost

Product water conveyance
capital cost

Land capital cost

Subtotal

Other capital costs and
contingency

Total Desalination Facility
Capital Cost

Unit facility capital cost, $ per
daily gallon

UNIT COST OF WATER

Before utilizing the nomographs and notes (at the end of this appendix)
to estimate the unit cost of water, it is necessary to esiablish the
following preliminary feasibility study conditions:

1. Fixed charge rate -- see Note 7, C-7,

2. Unit cost of fuel -- see Note 8, C-9.

3. Hourly labor cost -- see Note 9, C-10.

4, Chemicals and other costs -- see Note 10, C-10.
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Having determined the fixed charge rate, the unit cos* of fuel and the
hourly labor cost, the estimating of the unit cost of water may be
accomplished in the following manner:

1. Determine, and tabulate below, the fixed cost component (for ecach
economy ratio) by utilizing the Fixed Cost Component Nomograph,
Figure C-2.

2. Determine, and tabulate below, the fuel cost component (for each
economy ratio) by utilizing the Fuel Cost Component Nomograph,
Figure C-3,

3. Determine, and tabulate below, the labor cost component by utihzing
the Labor Cost Component Nomograph, Figure C-4.

4. Determine, and tabulate below, the chemical and other unit costs,
as described in Note 10,

5. Total the above to determine the unit cost of water. The economy
ratio that results in the lowest unit cost of water will then be evident.

TABLE C-2

UNIT COST OF WATER

Economy ratio

Fixed cost component

Fuel cost component

Labor cost component

Chemical and other unit costs

Total Unit Cost of Water

Note: The above approximations used in determining the unit cost of water
treat the nondepreciable items of land and working capital as though
they ware depreciable items, whereas a lower fixed charge rate
(excluding depreciation and insurance) should be used on these
items. This error, however, is small in relation to the other
uncertainties of this estimate.
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NOTES AND NOMOGRAPHS

Note 1 - Nominal Plant Capacity and Plant Operating Factor

The nominal plant capacity is usually expressed in gallons per day--the
amount of product water that will be produced when the plant is running
at design conditions. Every desalination plant, however, maust be shuu
down occasionally for preventive maintenance and for repa’r of tube
leaks and other unscheduled outages. The water that a plant can be
expected to produce each year is not 365 times its design daily capacity,
but is some factor (less than 1) multiplied by 365 times its design da.ly
capacity. This factor is the plant operating factor, which 1s defined as
the ratio of actual annual water production to the quantity of water that
could be produced annually if the plant were operated continucusly at
full rated output. The plant operating factor usually is expressecd as a
percentage value. A plant operating factor of 90% has been assumed

to be achievable in some feasibility studies for single -purpouse plants.

Therefore, the nominal plant capacity should be selected tc secure the
required annual product water production with a reasonable plant opera-
ting factor (usually 90% for single-purpose plants or 80% to 85% for

dual -purpose electric-power water-desalination plants).

The Unit Desalinaticn Plant Capital Cost Nomograph 1s based on desa'ina-
tion plants consisting of only one moduie (module capacity and nominai
capacity are the same). When plants of several mcdules are being con-
sidered, the unit desalination plant capital cost and the desalination piant
capital cost should be determined for each modue (by using module
capacity for nominal capacity). The sum of the capital costs of the
modules should be used as the desalination plant capital cest in Table C-1.

Note 2 - Economy Ratio

Seawater distillation plants require saturated steam at apprcximately
25 psig. (lL.ow cost steam to as low a pressure as 10 psig may be uti-
lized with only a small increase in desal ~ation plant capital ccst.)

One measure of plant performance is the economy ratio--defined as the
pounds of product water produced per pound of steam supplied to thre
plant. The appropriate economy ratio to use in the piant design must
be determined by optimizing the design for lowest unit water cost. For
low unit cost of fuel and relatively high fixed charge rates, alow econ-
omy ratio (4 to 6) may be optimum. For high fuel costs and lcw fixed
charges, a higher economy ratio may be optimumn.
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The nomographs may be used as a means of approximating the optimum
economy ratio by selecting a value (usuallv about 8} and performing the
necessary calculations to determine the unit cost of water. Then, values
of economy ratio higher and lower than 8, say 6 and 10, should be
selected and the new unit cost of warer determined for each. These
calculations should be continued until ar economy ratio is found that
results in the lowest unit cost of water.

Note 3 - Heat Source Capital Cost

The approximate capital cost of an oil or gas fired boiler may be deter -
mined by the following empirical equation:

nomiaal plant capacity (gpd)
economy ratic

Heat source capital cost = 0.55% x

*An empirical value determined by boiler cost-capacity correlations.

Note 4 - Product Water Conveyance Capital Cost

To determine the approximate capital cost of the product water convey -
ance, determine tte miles of conveyance required and multiply by the
typical cost per mile, from the table below.

Nominal Plant Capacity, Pipe Diameter, Typical
gpd Inch Cost/Mile
100, 000 4 $ 6,500
200,000 6 18,000
300,000 8 22,000
500, 000 8 22,000
1,000,000 10 27,000
2,000,000 12 32,000
3,000, 000 16 43,000
4, 000, 000 20 57,000
5,000, 000 20 57,000
7,500, 000 24 71,000
10, 000, 000 24 71,000

Note 5 - Land Cost

The desalination plant capital cost estimates determined by use of the
nomograph include typical ccst of on-site improvements such as surveys,
roadways and paved areas but excludes land cost.

C-6
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The land required to accommodate a desalination facility of 1 million gpd
capacity is approximately 2 acres. For a desalination plant facility of
10 million gpd approximately 10 acres are required. In addition to the
cost of the land itself, the land coust should includs allowance for site
access and such costs as surveys, right of ways, access roadways, and
unusual site development work. Since these capital costs vary greatly
with location and site conditions, estimates should be prepared by those
familiar with the proposed site and with local site development costs.

Note 6 - Other Capital Costs and Contingencyv

Other cousts required to construct and operate < desalination facility are:
a. The cost of engineering, design, inspection and procurement

b. The owner's expenses prior to commercial operation of the
facility including start-up

c. Interest during construction

d. Working capital including allowances for inventcry costs of fuel,
chemicals, materials, and supplies; for insurance prepayment
for spare parts inventory and for accounts receivable,

While the nomograph used in estimating the desalination plant capital

cost is based on actual plants and estimates of proposed plants, which
may in some cases include contingency, itis appropriate to include a
contingency in this cost estimate as well.

To provide an allowance for other costs and contingency, a percentage
of the cost of the desalination facility may be used. A value of 20% of
the cost estimate of the desalination facility (sum of desalination plant
capital cost, heat source capital cost, product water conveyance capital
cost and land capital cost} is recommended as the ailowance for other
capital costs and contingency.

Note 7 - Fixed Charge Rate

Whenever possible, the fixed charge rate on capital investment should
be based on factual information for the specific project. For study
evaluations and projects on which the actual fixed charge rate is not
available, a fixed charge rate may be developed by the method out-
lined below.
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The fixed charge rate on depreciable capital comprises the following
elements:

a. Interest charges

b. Depreciation

c. Interim replacements

d. Property insurance

e. Federal income taxes (none in the case of a municipal utility)
f. State and local taxes

In the case of a utility operated by a government entity, the interest
charges would be representative of the interest rate at which bonds
could be sold by that government agency. Once the interest rate and
plant life is known, the depreciation can be determined. Tabie C-3
gives the sinking fund depreciation for different interest rates and
depreciation periods. For depreciable capital. the sum of the interest
rate plus depreciation is the amortization rate that will recover the
capital investment over the depreciation period. Note that in the case
of nondepreciable capital, such as land and working capital, no deprec a-
tion or interim replacement is applied and insurance s appited only teo
inventory items such as spare parts.

TABLE C-3

ANNUAL SINKING FUND DEPRECIATION
FOR DIFFERENT PERIODS (YEARS)

Interest
tate, %/Yr 10 Yr 15 Yr 20 Yr 25 Yr 30 Yr 35 Yr 40 Yr

2 9.13 5.78 4.12 3.12 2.46 2.00 1. 66
3 8.72 5. 37 3.72 2.74 2.10 1. 65 1.32
4 8.33 4.99 3.35 2.40 1.78 1.38 1.05
5 7.95 4. 63 3,02 2.10 1.51 1.11 0.83
6 7.59 4, 30 2.72 1.82 1.26 0.90 0. 65
7 7.24 3.98 2.44 1.58 1.06 0.72 0.5
8 6. 990 3.68 2.19 1.37 0.88 0.58 0. 39

C.-R
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For a detailed engineering study of a proposed desalination plant, the
allowance for interim replacements of tubes and other plant components
may be based on a detailed projection of tube failure rates (for a distilla-
tion plant) as a function of plant life. Lacking such a detailed analysis,

a value of 1% may bc cdded to the fixed charge rate to allow for interim
replacement. This value is approximately correct for a 15-year tube
life and a 30-year plant life. It should be noted that interim replace-
ments are sometimes included as an operating cost element, rather than
as a component of fixed charges for the approximate cost estimates
outlined herein.

Annual property insurance cost may be taken as 0.2% of the depreciable
capital cost--this is a typical average value for utilities such as fossil-
fueled power plants.

A municipally-owned utility does not pay federal income taxes but may
incur state and local taxes, or costs in lieu of local taxes.

Tabulated below is a typical breakdown of fixed charge rates for a
municipally ~owned utility, assuming 4% interest rate and a 30-year

plant life.
Depreciable Nondepreciabie
Capital, % Capital, %
Interest charges 4.0 4.0
Depreciation (30-year sinking fund 1.8 -
basis)
Interim replacements 1.0 -
Insurance, property 0.2 -
State and local taxes (or costs in lieu 1.4 1.4
of local taxes)
Total Fixed Charge Rate 8. 4% 5.4%

Note 8 - Unit Cost of Fuel

The unit cost of fuel (oil or gas) is the cost (in cents per million Btu--
higher heating value) at the plant site. The unit cost should include
transportation and unloading costs and demand charges.
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Note 9 - Hourly Labor Cost

The hourly labor cost is the wages paid each hour to the plant staff plus
allowance for overhead and for general and administrative expenses.
Because the day shift may include an operator and several maintenance
men, whereas the night shifts may have only operators, the wages
should be determined by dividing the weekly or monthly total wages
(including overhead and general and administrative expense) by the total
hours in the same period.

Note 10 ~ Chemicals and Other Unit Costs

The chemicals required for a seawater desalination facility include
H,50,, chlorine and caustic. The other unit costs include electric
power for pumps, instruments and lighting. An allowance of $0.08 per
1,000 gallons should be made for the chemical and other unit costs.

Note 11 - E. N. R. Building Cost Indices

To bring the 1967 costs used in the foregoing nomograms to
a March 1972 basis, they must be multiplied by the ratio of
1972 to 1967 prices as given by the Engineering News Record
Building Cost Indices, or 1015/666 = 1.51.

C-10
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% EXCLUDING HEAT SOURCE, PRODUCT WATER
CONVEYENCE, LAND, OTHER CAPITAL COSTS
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1. Connect the selected economy ratio on Scale A and nom:nal plant capacity on
Scale B by a straight line, and note where this line crosses Scale C.

2. To obtain the desalination plant capital cost, multiply the unit capital cost value noted on Scale C by
the nominal plant capacity {gpd), and record it in Table C-1, Desalination Facility Capital Cost.
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Draw a straight hine from the unit facility capital cost {as determined
in Table C-1) on Scale C to the fixed charge rate on Scale D and note
where the extension of thia {ine crcases the puvot line E.

Draw a straight line from the plant operating factor on Scale F
through the point on the pivot tine on Scile E and note whete Scale
G s crossed

Read tne value of the fixed (oot companent on Scale G and record it
i Tadle C-2. Unit Cont of Water
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FIGURE C - 3
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1. Draw a straight line from the unit cost of fuel on Scale H to the
economy ratio cn Scale J, and note the crossing of Scale K--fuel
cost component of unit cost of water.

2. Read the value on Scale K, and record it in Table C-2, Unit Cost
of Water.
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FIGURE C - 4

LABOR COST NOMOGRAPH
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1. Draw a straight line connecting the plant operating factor on Scale L
with the nominal plant capacity on Scal> M and note whe: - an extension
of this line crosses the pivot line, Scale N.

2. Draw a straight line connecting this point on the pivot line, Scale N,
with the hourly labor cost on Scale P, and note where Scale Q--labor
cost component--is crossed.

3. Read the labor cost component at this point and tabulate it in C-14
Table C-2, Unit Cost of Water.
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ESTIMATING AIDS
INLAND AND BRACKISH WATER DESALTING PLANTS

General

Volume II, Appendix C, presented a rapid means for calculatinc
costs of seawater conversion by multi-stage flash evaporation,
which in 1967 was the only commercially available process for
producing large volumes of water. This calculation method,
using Nomograph C-1, is still valid for coastal sites where
large volumes of cooling water are available and where brine
disposal is not a problem. The original Nomograph C-1 is

also adaptable to the new, enhanced-tube VTE process, simply
by escalating costs from their 1967 base of 666 to the March
1972 value of 1015 (ENR Building Cost Index). Thus for sea-
water conversion and for coastal locations, the original cost-
ing methods of the AID Manual suffice.

For inland locations, however, highly efficient saline conver-
sion methods, which do not require large volumes of cooling
water, and which can concentrate the brines almost to dryness
in order to minimize the disposal problem, must be employed.
Such processes are reverse osmosis, electrodialysis, vapor
compression, and vapor-compression vacuum-freezing. These

and their combinations, or hybrids, have all been considered
in OSW R&D Report No. 555, Desalting Cost Calculating Pro-
cedures, prepared by Southwest Research Institute and pub-
lished by OSW in February 1970. It is not the purpose of this
Appendix or of this manual to reproduce OSW No. 555. However,
to allow quick pricing of the reverse osmosis process, which
can serve as a standard with which all other potential inland
saline water conversion schemes can be compared, certain data,
formulae, curves and illustrations are reproduced herein, as
necessary to achieve this end.

The Cost Summary Worksheet for 1970 which has been reproduced
herein utilizes an ENR Building Cost Index of 825 and a Labor
Cost Index of 321, which are assumed base values for May 1970.
Following the 1970 Worksheet is a 1972 Reverse Osmosis Cost
Summary Worksheet, which has been obtained from the former

by multiplying all 1970 capital costs by 1015/825 = 1.23 and
all operating and maintenance labor costs by 360/321 = 1.12.
By following this procedure, the calculations are simplified,
since all items are first calculated upon 1970 base costs
exactly as given by Report No. 555, and then the assenbled
data are escalated all at once, rather than piecemeal.
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Desalting Processes and Costing Procedures for Inland
Desalting Plants

When background data have been collected for each study
community, and when projections of water demands have

been made, then desalt plant capacities can be designated
and calculations made for each process. It is the purpose
of this section of the report to desaribe the basic as-
sumptions used, the processes considered, how plant cap-
acities are determined, cost methodology, and the procedures
used for disposal of desalt plant brine effluents. Appendix
C includes descriptions, sample worksheets, graphs and re-
lated data.

Factors used in calculating 1972 desalt plant costs in-
clude:

Interest rates for finuncing public works is 4-7/8
percent, in keeping with municipal experience in
the particular locale.

Equipment life is 30 years for desalt plant and brine
disposal equipment and for water transmission plants.
Annual equipment capital costs a-e calculated using
appropriate amortization rates which are 0.0641 for
30 years.

Capital cost data provided by OSW 555 must be updated
by a factor of 1.23 which represents the ratio of
1015:825, the Building Cost Indices for March 1972

and January 1970 (OSW 555), respectively. These in-
dices are published by the Engineering News Record and
afford an opportunity to correct later calculations for
increased construction costs.

A labor rate of $3.60 per hour is used based on average
hourly earnings of nonsupervisory workers in water and
sewage treatment plants. This correlates well with
United States averages published by the Bureau of Labor
Statistics. The January 1970 labor rate given in OSW
555 was $3.21 per hour; therefore, operation and main-
tenance labor costs in OSW 555 are corrected by the
factor 3.60:3.21, or 1.12.

In keeping with OSW 555, cost of pretreatment chemicals
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for inhibition of scaling and/or pH control is
estimated at 3.0¢/kgal of product water.

Local costs for chemicals used in the United States

are:
Lime $24 per ton
Ammonia $60 per ton
Sulfuric Acid $4C per ton
Salt $20 per ton

Local land, fuel, and electricity costs are used
for each study community.

Right-of-way costs for pipelines are computed on the
basis of 1.5 acres per mile.

In keeping with OSW 555, an annual maximum load factor
of 90 percent is used.

All unit costs are calculated on a product water basis.
Annual costs for amortization of capital are divided
by total annual product water production in crder to
obtain unit costs.

Where blending of desalt plant product water with
feedwater or other water will yield a final product
within the required guality specifications, blending
has been assumed and unit costs reported are those of
the final blended water. The National Water Institute
has suggested that blending to achieve a minimum hard-
ness of 120 to 150 ppm as calcium carbonate will serve
to minimize distribution system corrosion.

Preheating of feedwater for membrane processes is
assumed where the net effect is the reduction of
unit costs. Preheater capital and operating cost
data can be developed from OSW 273 and updated.

Where possible, some of the brine is added to sewage
plant effluents to a limit somewhat less than the
current salt burden. The remaining brine volume is
directed to evaporation ponds, or to irrigation runoff
canals.
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A total dissolved solids buildup of 250 ppm is assumed

for sewage effluents as compared to community water

system quality.

Water Quality Standards.

The United States Public Health
Service has established standards for drinking water, and

these have served as a basis for this study in calculating

quality goals for desalting.

mum concentrations are summarized below.

The following pages, including Section X, Brine Disposal,
are reproduced directly from OSW R&D Report 555,

The recommended USPHS maxi-

Maximum
Constituent Concentration, ppm

Chloride 2590
Fluoride 1.0
Iron 0.3
Magnesium Salts 125
Manganese 0.05
Nitrate 45
Sulfate 250
CaCO3 Hardness 100
TDS 500
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REVERSE OSMOSIS PROCESS
SUMMARY WORKSHEET

Cost Elements

Capital Costs $10° Annual Cost $
1. Plant and Equipment 2,250 144,225
2. Feedwater Pretreatment - _ -
3. Feedwater Supply 280
4. Water Transmission 259 16,615
5. Brine Disposal 580 37,178
Total Capital Costs 3,369 215,966

Operation and Maintenance Costs
6.  Operating and Maintenance Labor
a.  Piant and Equipment

o a6 o

Feedwater Pretreatment
Feedwater Supply
Water Transmission
Brine Disposal

Total Operating and Maintenance Labor

7.  Other Operation and Maintenance Costs

©® om0 a0 o

Payroll Extras (15% of 6a)

General and Administrative Overhead (30% of 6a + 7a)
Supplies and Maintenance Materials

Membrane Assembly or Replacement Tubing
Chemicals

Fuel or Steaim

Electric Power

Plant and Equipment
Feedwater Supply
Water Transmission
Total Other Operation and Maintenance Costs

Total Operation and Maintenance Costs

Total Water Cost (Total Capital Plus O. & M. Costs)

n.r. - none required

17,948

Water Costs
¢/kgal

0.6
1.4
1.4
10.0
3.0
n.r.

11.0

2.1
0.1
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1972 PRICES
REVERSE OSMOSIS PROCESS
SUMMARY WORKSHEET

(1970 Capital Costs Multiplied by 1.23)

(1970 O&M Labor Costs " "1.12)
Water Costs
Cost Elements ¢/kgal
Capital Costs $103 Annual Cost $

1. Plant and Equipment 2770 177,500 10.75

2,  Feedwater Pretreatment = - -
3. Feedwater Supply 345 22,100 1.34
4,  Water Transmission 318 20,400 1.24

5.  Brine Disposal 714 45,700 2.8
Total Capital Costs 4147 265,700 16,13

Operation and Maintenance Costs
6. Operating and Maintenance Labor

a. Plant and Equipment 4.72
b. Feedwater Pretreatment -
c¢. Feedwater Supply 1.8
d. Water Transmission 1.12
e.  Brine Disposal 6.85
Total Operating and Maintenance Labor 14.49
7. Other Operation and Maintenance Costs
a. Payroll Extras (15% of 6a) 0.7
b. General and Administrative Overhead (30% of 6a + 7a) I.6
c. Supplies and Maintenance Materials lg.) ‘(1)
d. Memb Assemb! Repl t Tubi .
.rane ssemb!ly or Replacement Tubing :
e. Chemicals
f.  Fuel or Steam __nr._
g. Electric Power
Plant and Equipment 11.0
Feedwater Supply 2.1
Water Transmission 0.1
Total Other Operation and Maintenance Costs 29.9
Total Operation and Maintenance Costs 44.4
Total Water Cost (Total Capital Plus O. & M. Costs) 60.5

n.r. - none required
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REVERSE OSMOSIS PROCESS

Reverse osmosis, a relatively new process for the conversion of saline water to potable water, appears to
have considerable potential for economic application for desalting slightly to moderately brackish water,
The theoretical energy requirements for RO are considerably less than those for distihation or fieezing,
both of which require a phase change.

Reverse osmosis drinking water purifiers have been in operation since 1967. The largest RO system instafled
to date is'a 100.000-GPD plant at Phiins, Texus. Plains is using this plant to improve the quality of the
present city water supply.

Since June 4, 1965, the city of Coalinga, California has been operating a 5,000-GPD reverse osmosis pilot
plant designed by the University of California at Los Angeles. The Water Desalination Research Group at
UCLA conducted field tests on this unit until December 31, 19€¢8.

Reverse Osmosis Plant Capital Cost Determination

A precise composite economic analysis of reverse osmosis desalting plants is difficult to muke because of
several factors. There are four busic configurations of RO membranes: plate and frame, tubular, spiral
wound, and hollew fiber. The membrane surface area for a given volume throughput and the module size
vary considerably for each of these configurations. Different membrane materials, feedwater salinities, and
system pressures cause variations in recovery factors (percent of feedwater recovered as product water) and
rejection factors (percent of feedwater salinity, ppm rejected).

Thus, for a given feedwater and desired product water, the correct membrane and operating conditions
must be selected to obtain the lowest product water cost. Recovery tactors range from 50 to 80 percent; in
this manual, a recovery factor of 75 percent is assumed. System operating pressure is assumed to be 80

psig.
Plant and equipment capital costs are obtained from Figure 13. This is a composite curve of RO plant and
equipment, land, and indirect capital costs versus plani capacity, based on costs prepared by leading RO

developers.

Land coes are included at $2,000 per acre. If land costs vary substantially from this amount, the difference
can be raultiplied by the land requirements obtained from Figure 14 to arrive at a capital cost correction.

Indirect capital costs of 70 percent have been included to cover interest during construction (5%), engineer-
ing and design (5%), and contingency costs (10%). Contingency costs include such items as construction

supervision, administration, and miscellaneous expenses.

Amortization of the debt. The capital cost should be amortized and converted to ¢/kgal. Use the procedures
set forth in Section I, “How to Use Manual.” ’

Reverse Osmosis Plant Operation and Maintenance Costs Determination
Operation and maintenance costs for 4 RO plant include the following seven elements:
(1) Operating and maintenance labor,

(2) Payroll extras (fringe benefits),

(3) General and administrative overhead,

(4) Supplies and maintenance materials,
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(5) Membrane assembly replacement,

(6) Chemicals, and

(7) Electric pumping power.

Each of these items must be expressed as cents per thousand gallons (¢/kgal).

(1) Operating and maintenance labor costs for RO plants are shown in Figure 15. These costs
include the labor and supervision of membrane replacement. Costs have been adjusted using a

projected labor cost index of 3.21
for December 1969 as shown on

g % T T Figure A-2, Appendix A. Futue
S estimates should be updated in
3w - accordance with the most recent
- 5 . . . Y
o < . labor cost index information avaii-
5 ® v able from the U.S. Department of
I o pd ] Labor.
-
k1) Vi .
// (2) Payroll extras include the allowance
3 ® =4 for vacation, sick leave, and com-
E vd pany contributions to insurance
B 1 ) )
10 and retirement funds. Payroll extras
° sk | _ ] are calculated at 15 percent of the
7 1 . . .
0.t 02 03 04 08 0610 20 30 40 60 30100 comblncd opcratmg and main-

Piant Canacity, MGD

Source: Southwest Research Institute

tenance Jabor costs.

(3) General and administrative over-
head costs are calculated at 30 per-

cent of the total of (a) operating

REVERSE OSMOSIS OPERATING AND MAINTENANCE and maintenance labor, and (b)
LABOR COSTS

Figure 15

payroll extras.

(4) Supplies and maintenance materials include all expendable materials other than fuel, chemicals,
and membranes. The annual cost is calculated as 1 percent of plant and equipment capital costs,
based on information furnished by the Office of Saline Water.

The above four cost elements have been derived on an annual cost basis and must be reduced to unit
cost by dividing the annual cost by the annual water production. As derived in Section II, “How to
Use Manual,” this is done by using equation (2): '

¢xaal annual cost in dollars 0
l( a = 3
& MGD X 3300 ‘

(5) Membrane assembly replacement cost is estimated at 10 cents per thousand gallons of product
water. This estimate is based on Reference 1 which assumed an annual market demand of 50
MGD for reverse osmosis plants. The vendors of these assemblies should be contacted for more
accurate estimates.

(6) Chemical costs, on the basis of information furnished by the Office of Saline Water, are
estimated at 3 cents per thousand gallons of product water, This includes the cost of pre- and
post-treatment chemicals.
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(7) Electric pumping power is estimated at 11 kilowatt hours (KWH) per thousand gallons (kgal) of
product water. This estimate includes cell pumping power (10 KWH/kgal) and power for
pumping product water against a 250-ft head to elevated storage tanks (1 KWH/kgal). The gross
input to the RO system is 13 KWH/kgal, but 2 KWH/kgal are recovered from the brine stream
by the power recovery turbine. These power estimates are based on pump and power turbine
efficiencies of 85 percent and motor efficiencies of 93 percent. Power costs in ¢/kgal can be
obtained by multiplying power requirement by cost of electric power in ¢/KWH.

Summary of operation and maintenance cost elements. The total of the above seven individual cost
elements constitutes the total operation and maintenance cost for a reverse osmosis desalting plant.

The costs of the following ancillary facilities must be added to p.ant costs to obtain the cost for a reverse
osmosis complex. The sections which describe the method for calculating these segments of the total
complex cost are listed below:

Facility Section
Feedwater pretreatment This sectiosi
Feedwater supply Vil
Water transmission IX
Brine disposal X

A sample calculation of the total capital and operating costs for a complete reverse osmosis complex with
ancillary facilities will be found in Appendix C of this manual. Before the costs of a reverse osmosis
complex can be calculated, the plant intake and brine discharge requirements must be known.

Plant Intake and Brine Discharge Requirements
The equation for the material balance of water in a RO plant is as follows:

Ci=Cp+Cp (13)
where

C; = feedwater intake rate, MGD
Cp = product water rate, MGD (design capacity)
Cy, = brine effluent rate, MGD

The following equation can be used to calcuiate plant intake requirements:
Cp

=2 1
-y )]

where
R = Recovery factor, the percent of intake water recovered as product water.

Suvstituting a water recovery factor of 75 percent for R
Cp

Ci =
0.75
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For example, the intake requirements for a 5.0-MGD plant would be

5.0 MGD
G = =6.7 MGD
0.75
Rearrangement of equation (13) to solve for Cy, yields:
Ch = Ci - Cp

Brine discharge requirements for this example would be:

Cp = 6.7 MGD — 5.0 MGD = 1.7 MGD.

Feedwater Pretreatment

Manufacturers of reverse osmosis equipment should be consulted when brackish feedwaters containing high
concentrations of some constituents are encountered. For example, Capitan Reef water in West Texas
conrains high concentrations of calcium and hydrogen sulfide. Manufacturers of RO equipment to be used
in this area sheuld recommend the pretreatment miethods applicable to the problem.

The presence of iron and manganese in the feedwater can lead to a serious reduction in efficiency and a
subsequent rise in desalting water cost. These two metallic jons must be retnoved if their total concentra-
tion is greater than 0.3 ppm.

700
600

N

L/
5
S
§100
gao’- ’/ i
0 % ]
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/

10 ] [ 1 1 1 A
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Plant Intake, MGD

Source: Southwest Research Institute
Figure 16
IRON AND MANGANESE REMOVAL EQUIPMENT CAPITAL COSTS
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Feedwater pretreatment costs. Pretreatment costs to remiove the iron and manganese ions ir~lude capital
cost and operation and maintenance costs.

Capital cost of iron and manganese removal equipment can be obtained from Figure 16. The relationship
can be expressed mathematically as:

capital cust = $100,000 X (plant intake, MGD) ©-%¢ (14)
The capital cost must be amortized and converted to ¢/kgal.

Operation and maintenance costs include operating and maintenance laber and chemicals. Operating and
maintenance labor costs are estimated at 10 percent per year of capital costs. Thise costs include payroll
extras and general and administrative overhead costs.

Chemical costs for potassium permanganate, the compound necessary for iron and manganese removal, are
relatively small and arc included in the chemical costs shown on page Z8.

Summary of Reverse Osmosis Desaiting Complex Costs

The total reverse osmosis desalting unit cost in cents per thousand gallons (¢/kgal) is the sum of the
individual cost elements of plant and equipment, and any ancillary facilities required.
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REVERSE OSMOSIS PROCESS
SUMMARY WORKSHEET
Cost Elements
Capital Costs $103 Annual Cost $

1. Plant and Equipment

Do W

Feedwater Pretreatment
Feedwater Supply
Water Transmission
Brine Disposal _

Total Capital Costs

Operation and Maintenance Costs
6. Operating and Maintenance Labor

a.

cao o

Plant and Equipment
Feedwater Preireatment
Feedwater Supply
Water Transmission
Brine Disposal

Total Operating and Maintenance Labor

7. Other Operation and Maintenance Costs

®me a0 o

Payroll Extras (15% of 6a)
General and Administrative Overhead (30% of 6a + 7a)
Supplies and Maintenance Materials
Membrane Assembly or Replacement Tubing
Chemicals
Fuel or Steam
Electric Power
Plant and Equipment
Feedwater Supply
Water Transmission

Total Other Operation and Maintenance Costs
Total Operation and Maintenance Costs

Total Water Cost (Total Capital Plus O. & M. Costs)

n.r. - none required

Water Costs
¢/kgal

n.r.
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Feedwater:

Facilities required: 1.

SAMPLE HAND CALCULATION:
REVERSE OSMOSIS DESALT COMPLEX

Rio Grande Ground Water Reservoir

Reverse osmosis plant and equipment
2. Fecdwater supply (weli field)

3. Transmission (feedwater)

4. Brine disposal (subsurface injection)

Input information:

Plant capacity .
Cuyrent Building Cost lndex
Current Labor Cost Index
Interest rate
Cost of electric power
Length of feedwater pipeline
Elevation of desalt plant
Elevation of well field
Well pumping depth--feedwater supply
Well depth -brine disposal .
Land cost Coe
Right-of-way charge
Water analysis
Total dissolved solids
Iron
Manganese

..............

.................

.................

..............

..................

................

..............

..............

..............

.....................

.................

.......

.................

..............

......................

.4-7/8%
. 1.0¢dKWH
. .2 miles
3750 ft
3650 ft
. 300 ft
3000 ft

. $2,000/acre
. $2,000/acre

3610 ppm
. O ppm
. O ppm

The costs calculated in this section are recorded on the Reverse Osmosis summary worksheet on p. 111.

ESTIMATION OF REVERSE OSMOSIS PLANT AND EQUIPMENT CAPITAL COST AND OPERA-

TION AND MAINTENANCE COSTS

A. Calculation of RO Plant and Equipment Capital Cost

1.  From Figure 13, at 5.0 MGD, the plant and equipment capital cost is $2,250,000.

2. Calculate building cost correction factor (BCCF).

BCCE = current or projected ENR building cost index

825 I

825
BCCF=——=1.0
825

S et et s
T[T

3.  Calculate current capital cost.

current capital cost = capital cost X BCCF
current capital cost = $2,250,000 X 1.0
current capital cost = $2,250,000
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4. If land costs vary considerably from $2,000 per
acre, obtain land requirements from Figure 14 and
calculate the land cost correction (LCC).

LCC = no. of acres X (actual land cost, $/acre -
$2,000/acre)
LCC = 2.3 acres ($2,000/acre - $2,000/acre) = 0.0

5. Apply land cost correction to current capital cost
obtained in 1.A.3. to arrive at a final capital cost.

final capital cost = current capital cost + LCC
final capital cost = $2,250,000 + 0.0
final capital cost = $2,250,000

6. Amortization of the debt is

amortization factor X final capital cost = annual cost

$0.0641/yr/$ X $2,250,000 = $144,225

Converting the annual cost to ¢/kgal,

$144,225
5.0 MGD X 3300

Calculation of RO Plant and Equipment Operation and Maintenance Costs in ¢/kgal

] ]

e

! >

o s

Figure 14

8.7¢/kgal

All costs calculated on an annual basis must be reduced to ¢/kgal for comparison purposes. As
derived in Seciion 11, “How to Use Manual,” this is done by using equation (2):

annual cost in dollars

kgal =
kg MGD X 3300

Using the product water volume for this example of 5.0
MGD, a conversion factor may be derived which can be
expressed as follows:

annual cost in dollars  annual cost in dollars

kgal =
#lkg 5.0 X 3300 16,500

_ annual cost in dollars X 6.06
100,000

= annual cost in dollars X 6.06 X 10~ 5

@

%

ey oot St Lt o Pt
AN
Ay

e
P e b
s s b s

Figure 15

T

. Operating and maintenance labor costs for a 5.0-MGD plant are $70,000/yr from Figure

15. Labor costs in ¢/kgal are
$70,000/yr X 6.06 X 10~ %

Nc labor cost correction required.

4.2¢/kgal
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Iv.

2. Payroll extras are

15% X 1.B.1. =

0.15 X 4.2¢/kgal = 0.6¢/kgal
3.  General and administrative overhead is

30%(1.B.1.+LB2)=

0.30 (4.2¢/kgal + 0.6¢/kgal) = 1.44/kgal
4.  Supplies and maintenance materials costs are

1%/yr X final capital cost (1.A.5.)

¢/kgal =0.01/yr X $2,250,000 X 6.06 X 10~5 = 1.4¢/kgal
5. Membrane replacement costs (estimated as 10¢/kgal) = 10.0¢/kgal
6.  Chemical costs (estimated as 3¢/kgal) = 3.0¢/kgal

7. Electric pumping power requirement is 11 KWH/kgal. Power cost it d/kgal would be
power requirement X power cost =
11 KWH/kgal X 1.0¢/KWH = 11.0¢/kgal
CALCULATION OF RO PLANT INTAKE AND BRINE DISCHARGE REQUIREMENTS

A. Intake Requirements

. C, _50MGD
075 0.75

C; = 6.7 MGD

B.  Brine Discharge Requirements

(‘h = Ci - Cp
Cy, = 6.7MGD - 5.0 MGD = 1.7 MGD

CALCULATION OF RO FEEDWATER PRETREATMENT CAPITAL COST AND OPERATION
AND MAINTENANCE COSTS

No pretreatment is required since total iron and manganese content in the feedwater is less than 0.3
ppm.

CALCULATION OF RO FEEDWATER SUPPLY CAPITAL COST AND OPERATION AND MAIN-
TENANCE COSTS

From previous calculation, total plant intake is 6.7 MGD.
A.  Well Field Capital Cost
1.  From Figure 41, at 6.7 MGD, well field capital cost is $280,000.
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1

1.

"1.20¢/kgal X

V.

Calculate the current capital cost using the building
cost correction factor (BCCF) calculated in 1.A.2.

current capital cost = capital cost X BCCF
current capital cost = $280,000 X 1.0
current capital cost = $280,000
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Amortization of the debt is =t

—
amortization factor X current capital cost = annual cost
$0.0641/yr/$ X $280,000 = $17,948

pL
e

A isEit

Figure 41

Converting the annual cost to ¢/kgal,

$17,948 X 6.06 X 1073 1.1¢/kgal

Operation and Maintenance Costs

O, zrating and maintenance labor costs, from Figure 42, at 6.7 MGD, are 1.20¢/kgal.

Cu:ts based on product water capacity are:

plant intake rate

product water rate

6.7 MGD

PTY v

1.20¢/kgal X = 1.6¢/kgal
Odfkeal X 5 o MoD kg
Electric power is N 1) e L}; N
\ —*_«,',._.'_»,!-f toges o d +I !_E‘ !
KWH/kgal NH A - doiy A
TDH X 0.004 —————— X power cost P ~
foot TDH T —~-—j-t-<» .

plant intake rate

product water rate

where TDH (total dynamic head) is

well pumping depth + 100 ft Figure 42

300 ft + 100 ft =400 ft

Therefoie, electric power is
KWH/kgal 6.7 MGD

400 ft X 0.004 ————X 1.0 1X = 2.1 1
ot ToH - OkE X SoNMGD then

CALCULATION OF RO WATER TRANSMISSION CAPITAL COST AND OPERATION AND

MAINTENANCE COSTS

A.

1.

Feedwater Transmission

Capital cost
Cc-31
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From Figure 43, at 6.7 MGD, feedwater
pipeline and pumping station capital costs
are $120,000 per mile.

T SRR
bt b RS Y 4
capital cost = €120,000/mile X 2 miles o f' T i'f} 1
capital cost = $240,000 Ef AN :
AU e A
Calculate average total dynamic head (TDH) L_I e - 41 f«’pr ) t:
per mile. N =em il } Th}[," Sl
TDH 43
average TDH per mile * ——————— Figure 45
length of pipeline
where

TDH = difference in elevation — available head + friction losses
TDH = 3750 — 3650 - 100 + (8 X 2)
TDH = 16 ft

Therefore

t
— = 8.0 ft/mile

average TDH per mile =
2 miles

K

}
Obtain capital cost correction factor from [ 1 L .,[
Figure 44. At 6.7 MGD, with an average — e T

TDH of 8 ft per mile, the correction factor is
1.08. Figure 44

Compute corrected capital cost.

corrected capital cost = capital cost X correction factor
corrected capital cost = $240,000 X 1.08
corrected capital cost = $259,200

Calculate current capital cost using the building cost correction factor (BCCF)
calculated in 1.A.2.

current capital cost = corrected capital cost X BCCF
current capital cost = $259,200 X 1.0
current capital cost = $259,200

If right-of-way land costs vary considerably from $2,000 per acre, calculate a right-
of-way cost correction (RCC). '

RCC = 1.5 acres/mile X length of pipeline in miles X (actual land cost, $/acre —
$2,000/acre)

RCC = 1.5 acres/mile X 2 miles X ($2,000/acre — $2,000/acre)

RCC=0.0

Apply the right-of-way land correction to current capital cost to arrive at a final
capital cost.
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final capital cost = current capital cost + RCC
final capital cost = $259,200 + 0.0
final capital cost = $259,200

h. Amortization of the debt is

amortization factor X final capital cost = annual cost
$0.0641/yr/$ X $250,200 = $16,615

Converting the annual cost to ¢/kgal,
$16,615 X 6.06 X 1075 = 1.0d/kgal
2. Operation and maintenance costs

a.  Operating and maintenance labor costs from Figure 45, at 6.7 MGD, are 0.78¢/kgal
per pumping station.

total dynamic head (TDH)
230 ft

number of pumping stations =

7

ber of pumping stations =
numoer o umping stations =
pumping 230 ft

Rounding to the next higiicst whole number,
one pumping station is required and opera-
ting and maintenance labor are 0.78¢/kgal. {7 : ,\

e
LT

Costs based on product water capacity are:

. plant intake rate
0.78¢/kgal X =
product water rate Figure 45

0.78¢/kgal X 6.7MGD 1.0¢/kgal
X = R a
87 S.0MGD 8

b.  Electric power is

KWH/kgal plant intake rate
TDH X 0.004 ———— X power cost X
foot TDH product water rate

WH/kgal 6.7 MGD

K
16 ft X 0.004— X 1.04/KWH X .
foorTDH © 0¥ 5.0 MGD 0.1¢/kgal

Product Water Transmission — none required for sample problem.
Brine Discharge Transmission — none required for sample problem.

If product water transmission or brine discharge transmission are required, the costs of these
elements should be added to the costs of feedwater transmission. The total costs should be
recorded on the summary worksheet under Water Transmission.
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VI. CALCULATION OF BRINE DISPOSAL CAPITAL COST AND OPERATION AND MAINTENANCE

COSTS

From previous calculation, brine volume is 1.7 MGD.

A. Subsurface Injection Capital Cost

1.

From Figure 46 at 1.7 MGD, capital cost is
$580,000.

Obtain well depth correction factor (WDC) from
Figure 47 at 3,000 ft and compute corrected
capital cost.

corrected capital cost = capital cost X WDC
corrected capital cost = $3580,000 X 1.0
corrected capital cost = $580,000

Calculate the current capital cost using the build-
ing cost correction factor (BCCF) calculated in
1.A2.

current capital cost = cupital cost X BCCF
current capital cost = $580,000 X 1.0
current capital cost = $580,000

Amortization of the debt is

amortization factor X current capital cost = atinual cost
80.0641/yr/$ X $580,000 = $37,178

Converting the annual cost to ¢/kgal,

$37,178 X 6.06 X 105

B.  Operation and Maintenance Costs

1.

Operation and maintenance costs from Figure 48,
at 1.7 MGD, are 18.0¢/kgal based on brine volume.

Conveit to ¢/kgal product water

brine discharge rate

kgal = ¢/kgal X ————
¢/kg (product) ¢/kg (brine) product water rate

1.7MGD
5.0MGD

¢lkgal proqucty = 18.0¢/kgal X

¢/kgal(product)

Yo e o S e

v 3 sfrercd

Figure 46

T
|

sdll

Cmman 8 Sttt G ot
* " e v

s
t————-
t

|
|

Figure 47

= 2.3¢/kgal

3
i
T

St NG Ll
31 Ry RN

Figure 48
= 6.1¢/kgal
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X. BRINE DISPOSAL

Introduction

Subsurface injection and evaporation ponds are the two brine disposal methods considered in this study.
Simplified procedures for estimating brine disposal costs for these methods are presented in this section.
Detailed procedures for estimating the cost of brine disposal are included in Office of Saline Water Rescarch
and Development Report No. 257—Part Il (by Texas Water Development Board).

Application of the procedures is dependent upon the input of technical data related to meteorologic or
subsurface geologic conditions in the particular area of investigation. If complete data are availuble, the
reader may wish to use the detailed procedures contained in OSW Report No. 257.

Another method of brine disposal is direct discharge to surface water. Detailed procedures for estimating
the costs of this type of disposal have not been investigated; however, once the brine discharge has been
conveyed to the suiface body of water, the costs associated with this type of disposal are assumed to be
negligible (less than 1.0¢/kgal).

Based on the data as presented, subsurface injection is less expensive than evaporation ponds. However,
many factors can reverse this situation, such as: (1) physical location of the brine facility relative to the
plant; (2) land costs; (3) evaporation pond liner costs; (4) state and local laws: (S) climatic conditions; and
{0) geologic subsuiface characterisiics. For example, land costs at $2,000/acre are 20 to 25 percent of total
evaporation pond costs.

If brine volume excceds the limits of this manual, additional injection well fields or evaporation ponds will
be required. Maximum brine volume of 8.5 MGD for subsuiface injection is based on a well field with a
maximum of 25 wells. Maximum brine volume of 5.0 MGD for ponds is based on a net evaporation rate of
60 in. per year and a maximum pond size of 1,000 acres.

Brine volume must be determined before brine disposal costs can be calculated. The brine discharge
calculation procedure for each desaiting process is shown on the following pages.

Process * Page
ED 18
RO 29
MSF 44
VC-VTE-MSF 53
VFVC 63

Subsurface Injection

It is generally assumed that the most economical way to dispose of brine from a desalting plent is by
subsurface injection, providing zones or formations exist with suitable geologic characteristics for receiving
the injected waste.

Subsurface injection is not actually a disposal process, but rather a storage process. If an injection program
is properly planned and impleinented, the injected brine should remain in the receiving formation
indefiniteiy, with little danger of pollution or destruction of other natural resources. In order to implement
a successful injection program, however, the planning, construction, and operation of the injection system
requires the technical services of qualified geologists and engineers.
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Very stringent criteria for disposal wells are needed to prevent pollution where subsurface injection is
selected as a means of disposal. State regulations usually require that the injection well must be drilled and
constructed in such a manner as to prevent brine from escaping from the disposal zone, or well, and
polluting usable ground or surface waters. In part, this requires that surface casings be set through forma-
tions containing fresh ground water and fized permanently by circulation of cement from the bottom of
the casing to the ground surface. The injection zone selected should not be one containing water of usable
quality. It should have ample holding capacity for the injected waste. Casings should be set and cemented in
such a manner as to insure that the disposed brine will be confined in the injuction zone. Where applicable,
existing oil and gas reservoirs must be adequately protected.

The geological characteristics of a zone or formation described as suitable are:

(1) The zone must be deep enough to prevent communication of fluids between the injection zone
and aquifers containing usable ground water,

(2) The fluid in the reservoir and the fluid to be injected must be compatible,

(3) The reservoir must be capable of receiving and containing the brine from the desalting plant
over the life of the plant, and

{4) The zone must have sufficient porosity, permeability, thickness, areal extent, and low reservoir
pressure in order to act as a storage reserveir at safe injection pressure.

As porosity, permeubility, and formation thickness increase, annual disposal cost will decrease. However, as
reservoir pressure and depth of the well increase, the injection cost will increase. Convercely, the opposite
trend will occur in each case for decreases in these formational characteristics.

The subsurface injection cost procedures outlined in this section are a simplification and condensation of
the method outlined in OSW Report No. 257, Part Il

Detailed information on the formation characteristics is not necessary for preparation of preliminary cost
estimates for injecticn. However, the reader is cautioned that these characteristics may have a profound
effect on the final cost. For known characteristics outside the ranges listed below, the reader is referred to
procedures outlined in OSW Report No. 257.

Detailed investigation reveals that a reservoir pressure of less than 500 1b per sq in., a zone thickness greater
than 150 ft, a permeability above 135 millidarcies, and a porosity above 5 percent will not appreciably
affect the final cost of brine disposal. If the characteristics of this injection zone lie outside these limits, it
should be assumed that the cost of brine disposal will increase by at least 10 percent. The procedures
outlined i~ OSW Report No. 257 should be applied to achieve more precise estimates.

Total brine volume and well depth are the required input variables utilized in the following procedure.
Subsurface Injection Capital Costs

Subsurface injection capital costs can be obtained from Figure 46. This curve is based on a 3,000-ft well
depth. For well depths other than 3,000 ft, obtain a cerrection factor from Figure 47. Cagital costs should
be multiplied by the correction factor obtained.

Capital costs include wells, well field distribution system, pumping station, storage, and treatment.

Costs also include allowances for engineering and design, interest during construction, and contingency
costs.,
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Amortization of the dabt. The capital costs
should be amortized and converted to ¢/kgal.
Use the procedures set forth in Section 1I,
“How to Use Manual.”

Subsurface In;ection Operation and Main-
tenance Costs

Operation and maintenancs costs based on brine
volume can be determined from Figure 48. This
curve is also based on a 3,000-ft well depth. The
correction factor for well depth from Figure 47
must be applied to these costs for well depths
other than 3,000 ft.

These costs include pumping power, supplies,
and operating and maintenance labor for each
capital cost element. They also include payroll
extras and general and administrative overhead.

For comparative purposes, these
costs should be reduced to unit

Totzt Capitel Cost, thousand dotlars
~
2

888

g

g

{tor 3000-ft well
depth)

&

e

/'

|
- | L
05 1 2 3 4 5 @

Bring Volume, MGD

Source: Texas Water Development Bos.d and Southwest Resesrch Institute

Figire 46
SUBSURFACE INJECTION CAPITAL COSTS

7

8 ¢

166 r : ' - ‘
costs for product water by multiply-
ing costs in ¢/kgal by the raiio of 160 /
brine-to-product water,
Thus
160 A
¢/kga](product) = ¢/kgal(bﬁne discharge) | |
brine discharge rate (C
ge rate (Cy) (20) 140 f—
product water rate (C;)
Summary of Subsurface Injec- ﬁ /
tion Costs EW
The sum of the above individual ] -
costs elemeuts constitutes the total 120
costs for subsurface injection. A /
saraple calculation for subsurface B i
injection capital and operating costs /
can be found it Appendix C. 110
Evaporation Pond - / .
wh ]
Evaporation ponds may afford an S
effective method of brine disposal - , . . . |
if the following conditions exist: 1000 2000 4000 8000 ' 8000 10,000 12,000
Weil Depth, ft

(1) the net evaporation rate (gross
annual evaporation minus annual
rainfall) exceeds approximately 40
in. per year; (2) the net evaporation

Source: Texas Water Development Board and Southwest Ressarch Irstiwts

Figure 47
COST CORRECTION FACTOR FOR WELL DEPTH
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1

occurs at a uniform rate throughout the year; and (3)

» Y T T T T T T T
] the impounded water is kept at shallow depths. These
H 4 conditions are determined for fresh water. Since the
n effect of salinity increase in brine disposal ponds will
1 -1 reduce the rate of evaporation, disposal ponds must
n be designed (o account for the difference in evapora-
'E i 1 tion rate between fresh and saline water.
:;-‘ 28
S _( 1 A dike height of 8 ft was selected for this study and is
§ B \ | based on the following design criteria:
§ 24
§ r—\ {for 300041 wall depth) - Assumed depth of effluent 4.0 ft
% # \ Denth to accommodate precipitate 0.5 ft
a 4
% 0 Freeboard for rainfall 0.5 ft
% 1 \\ Freeboard for wind 20ft
5 B ] Soil cover over liner 1.0 ft
- \\_\ = Total dike height 8.0 ft
14 o~
\, X
13 1 1 1 1 1 [l
1 2 3 4 S 6 7 8 85

Total Bring Votume. MGD The procedure covers pond sizes up to one thousand
Sourca: Texas Water Davelopment Board snd Southwast Resaarch Instite— acres, In all cases, the pond is ussuined to be square,
Figure 48 as this configuration yields minimum costs.

SUBSURFACE INJECTION OPERATION AND

MAINTENANCE COSTS Only lined ponds are considered for brine effluent

disposal. Generally, unlined ponds permit wastes to
either seep downward, contaminating usable-quality ground water, or move laterally through the pond dike
and subsequently into surface water courses.

Evaporation Pond Capital Costs

In order to determine capital costs, the number of acres required must be obtained from Figure 49.
Evaporation pond capital costs can be determined from Figure 50.

Capital costs include land at $2,000 per acre, and 20-mil polyvinyl chloride (PVC) liner at 11 cents per sq ft
(this amouitts to approximately $4,800 per acre). Also included are land stripping, liner fill, and dike costs
which are consistent with OSW Report No. 257. These costs include allowances for engineering and design,
interest dur.ng construction, and contingency costs.

Amortization of the debt. The capital costs should be amortized and converted to ¢/kgal. Use the pro-
cedures set forth in Section 1, “How to Use Manual.”

Evaporation Pond Operation and Maintenance Costs

Operation and maintenance costs are calculated at 0.75 percent of capital costs. These costs include payroll
extras and general and administrative overhead.

Operation and maintenance costs have been derived on an annual basis and must be reduced to unit cost by
dividing the annual cost by the annual water production. As derived in Section II, “How to Use Manual,”
this is done by using equation 2:

annual cost in dollars

kgal = 2
ke MGD,X 3300 )
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Acres Required

20 1 f ek, I )
0.1 02 0.3 X ] 06 08 10 20 3.0 4.0 8.0

8tine Volume, MGD
Sourcs: Texm Water Development Borrd and Southwest Rimesrch institute

Figure 49

NUMBER OF ACRES REQUIRED IFOR EVAPORATION PONDS

s T 1
8,000 + t
6,000 | | ] )/ %/

/

4,000

2,000 A

1,000 /]

00 /|

Capital Cost, thousand of dollars

1 2 4 6 810 20 40 60 B0 100 200 400 600 800 1000
Number of Acres

Sourcs: Texas Water Devslopment Board ano Southwest Research Ingtingte

Figure 50

EVAPORATION POND CAPITAL COSTS
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i

Convert this to unit cost of product water by multiplying by the ratio of brine discharge rate to product
water rate

brine discharge rate (Cy) (20)

kgal nroduct) = ¢/kgal i X
¢/kga (product) ¢/ke (brne discharge) product water rate (Cp)

Summary of Evaporation Pond Costs

The sum of the above individual cost elements constitute the total costs for evaporation ponds. A sample
calculation for evaporation pond capital and operating costs can be found in Appendix B.

NOTES ADDED IN PROOF

New information shows that three of the above costing pro-
cedures may be too conservative. For more accurate costs,
one may elect to use the following procedures:

REVERSE OSMOSIS OPERATING AND MAINTENANCE LABOR COSTS.
(Figure 15)

For mgd plant capacities of greater than unity and where
the annual labor cost in dollars is $I, use the equation:

0.46
SL = $18,000 (mgd)

IRON AND MANGANESE REMOVAL EQUIPMENT CAPITAL COSTS.
(Figure 16)

For all mgd's of plant intake capacity and where the capi-
tal cost in dollars is $C, use the equation:

sc = $12,800 (mgd) -8t

EVAPORATION POND CAPITAL COSTS VERSUS ACREAGE REQUIRED.
(Figure 50)

Divide the capital costs given by Figure 50 by the factor
1.65 to get the revised evaporation pond capital costs.
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Table A-1

TABLE OF AMORTIZATION FACTORS
(30-year, 40-ycar and 50-year periods

3- to 6-percent interest rates)

Interest Amortization Factor*

Rate, % 30 years 40 years 50 years
3 0.051 019 0,052 202 0.038 465
3-1/8 N.051 847 hosd 141 0.039 793
3-1/4 0.052 682 0.045 028 (1040 730
3-3/8 0.053 523 0.045 923 0.041 677
3-1/2 0.054 371 0.046 827 0.042 634
3-5/8 0.055 226 | 0.047 739 | 0.043 599
3-3/4 0.056 088 0.048 659 0.044 574
3-7/8 0.056 956 0.049 588 0.045 558
4 0.057 830 0.050 523 (1L046 550
4-1/8 0.058 711 0.051 467 0.047 551
4-1/4 0.059 598 | 0.052 418 | 0.048 560
4-3/8 0.060 492 | 0.053 377 { 0.049 577
4-1/2 0.061 392 0.054 343 0.050 602
4-5/8 0.062 297 | 0.055 316 | 0.051 635
4-3/4 0.063 209 ( 0.056 297 | 0.052 675
4-7/8 0.064 127 0.087 284 0.053 722
) 0.065 05] 0.088 278 0.054 777
5-1/8 0.065 981 | 0.059 279 | 0.055 838
5-1/4 0.066 917 0.060 286 0.056 906
5-3/8 0.067 858 0.001 300 0.057 981
5-1/2 0.068 805 | 0.062 320 | 0.059 061
5-5/8 0.069 758 | 0.003 347 | 0.060 148
5-3/4 0.070 716 | 0.064 379 | 0.061 241
5-7/8 0.071 680 0.065 417 0.062 340
6 0.072 649 | 0.066 462 | 0.063 444

*Annual payment necessary per $1.00 of debt for

number of ycars shown to repay the debt.

Source: Financial Compound Interest and Annuity
Tables, Third Edition, Boston: Financial Pub-
lishing Company, 1964.
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Table A-11

ENGINEERING NEWS-RE CORD BUILDING COST INDEX
1950 through 1969
(Base: Year 1913 = 100)

Year | Jan | Feb | Mar | 2pr | May | June | July | Aug Sept | Oct | Nov | Dec ::‘;}::
1950 | 356 | 356 | 360 | 363 364 373 378 | 383 393 397 1 390 | 391 s
1951 392 398§ 399 | 400 401 401 400 | 400 | 400 403 | 404 | 406 401
1952 | 406 | 406 | 407 U8 410 412 414 | 422 424 425 ¢ 426 | 425 416
1953 1 425 | 425 | 425 | 426 420 426 435 | 437 436 436 | 456 | 4538 431
1954 | 436 | 437 | 437 | 437 438 440 444 | 456 454 455 | 450 | 457 446
1955 458 459 | 460 | 461 a62 A64 468 1 478 479 480 [ 879 479 469
1956 430 483 | 483 | 4xn 487 459 449 491 500 500 | 5060 549 491
1957 502 ¢ Sur ] sul 501 503 Su4 507 | 517 516 517 517 516 509
1958 | 517 | 516 | S16 ¢ 517 519 52 524 | 526 535 5871 835 535 525
1959 | $30 | 537 | S40 | 543 544 548 552 1 554 556 558 ) 554 553 548
1960 | 554 555 | 555 1 S5 S60 561 563 562 563 561 S61 562 559
1961 563 | 563 | 563 | 545 564 570 572 371 &1 573 571 570 568
1962 5§71 5731 575 ] 5Te 579 580 S83 1 SHo 586 S¥5 1S4 584 580
1963 584 S85 1 AHG { She REES 590 596 | 602 602 604 | 602 | o) 594
1964 | 604 | 604 | 606 | 607 609 612 615 | 610 617 617 | 616 | 617 612
1965 | 616 | 621 | 622 | 621 621 626 628 | 630 | 633 634 | 633 | 634 €27
1966 | 635 | 641 | 643 | 649 652 656 653 1 655 (M4 055 | 658 655 650
1967 | 656 | 657 | 659 | 660 666 671 673 | 678 (11} 684 | 6BS 687 672
1968 | 692 | 695 | 698 | 701 710 718 721 729 741 T47 | 747 755 721
1969 | 764 | 770 | 780 | na.® | na. n.a. na. n.a. na §ona | e 825¢ n.a.
*Not available.

{Projected.

Source: Engineering News-Record, March 20, 1969,

Index

E 8 8 &8 &

g

E &

+
/ fam Yo 1013100

|
I

1060 1855 1960 w55 1w

Year
HNotw: Monthly vahees have bawn Dlotied. the year orid lines ae for Januwry of the yoar ndicated.
Source: Englosering Newn-Record snd Southwest Rasesrch Instiiule

Figure A-1

ENGINEERING NEWS-RECORD BUILDING COST
INDEX-TREND OF MONTHLY VALUES
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Table A-111

LABOR COST INDEX
U.S. Employment and Earnings Statistics,
Water, Steam, and Sanitury Svstems Nonsupervisory Workers
1958 to 1969

. Annua!
Yeu- Averare Tumings by Month n Dolluss per Hour o Averape
Jan Feb Mur ﬁ\pr o ; Aur T7Sent 700 Nov Dec $/h
] |
r B e i i
1958 1 196 1 200 | 1or T dwg b ogun | oonc b orno b o2me | o200 2o | 208 | oves | son
1959 1 2.07 | 2.06 208 2 fom ; T | Jon o 20w 204 2to 21 2w 197
2 20002012 0 s SR ) AN T RS A 20 rn PR
foor | 335 | 30 | 3 IE D e
19821 228 | 240 | 23y . 2o oy f R R O A I IS T BRET B O P
( i
1963 | 2.37 234 2.37 ] 237 235 i AR ;r 2.8 ’ 2 239 240 242 MR RY}
1964 | 2.42 2.44 2,43 244 2.4 MER BN EEPIER] NER} Zac 245 244 147 AR
1965 | 2.49 25; 250 ! MY AT Y Lo : R 35(: 258 2.5 N NRT)
1966 | 2.62 268 243 ! 07 20 J 16s 2 a7 270 22 24 114 2ok
1967 | 274 2.7 277 2ot e ! >Nt AR 2K 2460 2 Kb 2 8y 2 K5 2R
1968 1 2.4y 2.9 291 U T Yo L o0 408 1o7e. 310 joe J.ane
1969 | 3.13*| 3.12¢ ) 3 )4¢ . nat N ! nasol s Jl na | B na 321y n
S . ! SRS ERRPI, SR S SRS W N
*Estimateql.
+Not available.
1 Projected.
Source: U.S. Departinent of Labor, Buresy of 1 abor Statistics, Employment end Farnings Stauistics for the United States,
1909-67 (Bulletin No. 11250, 1967 thisueh 1969 duta are based on Emoloyment and Earnings and Monthly
Report un the Lebor Force, Vol 14 and Vol 15,

$340

N

8
8
_--_,;___
e
f
S
|
f

Average Hourty Easnings, dollara/te
8
3

— e e

8 !
2

t

i
Il

|

l !
w61 1982 1983 1964 1965 1965 1947 1968 1969

Year

i
oL

Source US Department of Labor, Hureau of Lot Statsticy Empicyment nrJ
Earingt Sutistict for the United States, 1509.67 (Bulleun No 13129)
1867 through 1959 data e based on Emplayment and £ snings and Monthly
Report on the Labos Forcs, Vol 18 and Vol 15 aid Southwest Resrarch
Instituty

Figure A.2

LABOR COST INDEX
Average Hourly Earnings of Nonsupervisory
Workers in Water, Steam, and Sanitary
Systems, 1961 to 1969
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APPENDIX D, in VOLUME II of this manual included a comprehensive
questionairre for seawater desalting plants at coastal locations.
A short-form questionairre of the same type is presented in this
Supplememtary Manual. It has been reproduced from the OSW 2.5
MGD Universal Desalting Plant Manual, and because it was not in-
tended for inland sites, it does not include any environmental
considerations or questions concerning brine disposal. Such

questions, therefore, are now asked in the following paragraphs:

Remembering that for salt, the ultimate natural sump for dis-
posal is the ocean, one should ask the following preliminary

questions regarding brine disposal:

1. What is the minimum pretreatment required in order to
render the brine compatible with the intended receiving waters,

geological formations, etc.? Are there any toxic residues?

2. 1Is direct discharge into surface waters, or oceans, permissible?
1. Can deep well injection into underground reservoirs be done?

4. 1Is disposal by evaporation ponds possible?

5. 1Is forced evaporation to crystalline salt possible?

6. Which of the above four methods of disposal is most econom-

ically, technically and legally attractive?

7. Ace there any irretrievable commitments of natural resources,
or permanent damage to them, associated with the contemplated

operations?

For additional environmental questions, please see Section IX-C-2.

D-1



QUESTIONNAIRE

QUESTIONNAIRE ON SALINE WATER CONDITIONS FOR THE DESIGN OF A
UNIVERSAL DESALTING PLANT

A. Water Tecmperature

The design of a desalting plant is dependent on the temperature
of the saline water fed to the plant., While the wmaximum and
minimum temperatures are useful, daily and seasonal temperature
profiles are desirable., Please furnish as much information
relative to seawater temperature variation as is available.

WINTER SUMMER

1. Maximum seawater temperature °F °F
°cC °C

2, Minimum seawater temperature °F _°F
° ¢ ° ¢

3. Furnish temperature profile for one year, if data is available.
(Use attached profile charts to plot data.)

Please specify location where temperatures are recorded.

City Body of water (source)

Exact location: (Street or other descriptive data)

B. Scawater Analysis

The design of the desalting plant will be affected by the analysis
of the saline feed. While a simple statement of the salinity in
terms of ppm of Total Dissolved Solids (TDS) can be used for the
preliminary design, the actual water conditions, particularly if
they vary from clean seawater, should be known in detail so that
the plant design may be able to efficiently handle all impurities
in the seawater.
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1, Saline water salinity ppm (TDS) (Winter)
ppm (TDS) (Spring)
ppm (TDS) (Summer)

ppm (TDS) (Fall)

2. Saline water analysis

If more detailed information is available, it is suggested

that the analysis be presented in the form shown on the
attached sheet, The most economic materials and water treat-
ment equipment can be selected if this information is available.

€ CostOf Fuel

The cost of the various fuels should be quoted as-delivered at the
plant site.

1., Coal

2, Heavy fuel oil (Bunker "C")

3. Diesel oil

4. Other fuel

Cost should be reported on a unit weight basis, as for example,
U. S. Dollars ($) per ton (2000 lbs.). If national currency is
used, give exchange rate,

D. CostOf Electric Power
The cost of electric power for use at the desalting plant should be
quoted as-delivered to the plant transformers.

1. Electric Energy Charge Schedule U.S. $/kw~hr,

a. U.S. $/kw-hr for kw-hr,
U.S. $/kw-hr for - kw=hr,
U.S. $/kw-hr for ' kw=hr,
U.S. $/kw-hr for kw~hr,

2, Electric Demand Charge Schedule:

Please list in terms of U.S. Dollars per kw for industrial
plant consumption.

E. Prevailing Cost Of Money

Please list here the expected or usual annual charges made on plant
capital investment, such as:

% Interest and Amortization on plant investment

% Insurance
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TEMPERATURE - °F

TEMPERATURE - °C
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Name of Analyzing Agency

WATER ANALYSIS

Date

Analysis No,

Water Source Country
City
Location
Constituent PPM as A Remarks
Calcium (Ca++) CaCO3
© | Magnesium (Mg++) CaCO3
E Sodium aat ) CaCo,4
S Caco,
CaCO3
TOTAL CATIONS CaCO3
Bicarbonate (Hcog) CaCo,
Carbenate (COS—) CaCO3
" Hydroxide (OH ) CaC03
E Chloride (c1” ) CaCo,
E Sulfate (50 ) CaCo,
TOTAL ANIONS CaCO3
Total Dissolved Solids (TDS)
P - Alkalinity CaCO3
Methyl Orange Alkalinity CaCO,
Iron Total Fe
Carbon Dioxide, free €9,
Silica SiO2
Turbidity
Color
pH
TOTAL HARDNESS gr./gal as CaCO3
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