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i i i  

FOREWORD 

This study was prepared by Larson & Associates, Limited, under 
contract  w i t h  the Nuclear Division of Union Carbide Corporation acting 
in behalf of the U.S. Department of Energy. 
was prepared by Mr. Gordon Leitner o f  Leitner and Associates, Inc. The 
Project Officer was Mr. Sherman Reed, whose guidance and s u p p o r t  i s  
g ra te fu l ly  acknowledged. 

desal t ing equipment manufacturers, and input was received from a number 
of consultants and A & E firms. The helpful ass is tance provided by a l l  
who contributed t o  t h i s  report  i s  gra te fu l ly  acknowledged. 

The section on D i s t i l l a t i on  

During the course of t h i s  study, v i s i t s  were made t o  a number of 

. 
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ABSTRACT 

This report updates and  expands on the scope of d a t a  
presented in ORNL/TM-5926, published in November 1977. 
Since the previous report ,  overall plant equipment costs 
have increased approximately 7%/yr and the costs of c iv i l  
works and switchgear have increased a t  an annual ra te  of 
7-8%. 
7%/yr .  

la t ion has increased 25-30%. On a comparable basis,  b o t h  
e lectrodialysis  and reverse osmosis costs have increased 
from 15-30% depending on plant s ize  and feedwater composition. 

Operation and maintenance costs have increased abou t  

On average, the cost of desalting seawater by d i s t i l -  

1 .  INTRODUCTION AND SUMMARY 

1 . 1  Introduction 

Approximately two years ago, and a lso four years ago, cost  data 
were obtained from U.S. manufacturers of desalting equipment. These 
d a t a  were used t o  estimate the cost  of conversion of seawater by com- 
mercial d i s t i l l a t i o n  and reverse osmosis systems, and brackish waters by 
reverse osmosis and e lectrodialysis  systems. 
published in January 1976 as an Oak Ridge National Laboratory report ,  
ORNL/TM-5070 (rev.  ) . 
f i r s t ,  was published in November 1977. 

based upon f i r s t  quarter 1978 ins ta l led  equipment costs ,  a level fixed 
charge r a t e ,  and energy and s i t e  development costs which a re  current.  
In  the e a r l i e r  reports ,  the costs fo r  the d i s t i l l a t i o n  processes included 
a l l  s i t e  development cos ts ,  intake,  and ou t f a l l s ,  e t c . ,  while the costs 
fo r  reverse osmosis and electrodialysis  d i d  not .  
report  has been expanded t o  include t h i s  information for a l l  three 
systems. 
given, so t h a t  the reader may make the appropriate adjustment t o  r e l a t e  
the costs presented t o  his par t icular  case. 

The f i r s t  study was 

The second report  , ORNL/TM-5926 , which updated the 

This report updates ORNL/TM-5926 by estimating product water costs 

The scope of t h i s  

Each cost  element i s  considered separately and the assumptions 
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1.2 Summary 

The c o s t  da ta  g i v e n  i n  t h e  o r i g i n a l  r e p o r t  r e f l e c t e d  t h e  r a p i d  

increases i n  t h e  c o s t  o f  f u e l  and t h e  marked e s c a l a t i o n  i n  equipment 

c o s t s  and i n t e r e s t  r a t e s  on borrowed c a p i t a l  d u r i n g  t h e  t h r e e  years  

p r i o r  t o  1976. The prev ious  update i n d i c a t e d  t h a t  t h e  c o s t  o f  f u e l s  and 

equipment cont inued t o  r i s e .  

two years  as r e f l e c t e d  i n  t h i s  c u r r e n t  r e p o r t .  

w h i l e  t h e  c o s t  o f  swi tchgear  and c i v i l  works has gone up a t  an annual 

r a t e  o f  about 7-8%. Operat ion and maintenance c o s t s  have increased 

approx imate ly  7Z/yr .  On t h e  average, t h e  c o s t  o f  d e s a l t i n g  seawater by 

d i s t i l l a t i o n  has inc reased 2 5 3 0 % .  

r e v e r s e  osmosis and e l e c t r o d i a l y s i s  shows t h a t  when a l l  c o s t  i n p u t s  a r e  
considered, t h e  water  cos ts  f o r  these two processes have increased f rom 

15-30% a l s o .  

That  t r e n d  has cont inued d u r i n g  t h e  p a s t  

O v e r a l l  p l a n t  equipment c o s t s  have increased about 7% p e r  year ,  

A more d e t a i l e d  a n a l y s i s  o f  bo th  



3 

2 .  BASIS FOR COST ESTIMATES 

2.1 Financial Parameters 

All cost  estimates a re  based upon f i r s t  quarter 1979 dol lars .  
U t i l i t y  financing, with a plant l i f e  expectancy of t h i r t y  years was 
used. A levelized fixed charge r a t e  of 16.5% was used i n  a l l  calcula- 
t ions.  A r a t e  of 9.5% was used fo r  i n t e re s t  during construction. 

2 . 2  Capital Costs 

Capital cost  estimates exclude cer ta in  s i t e  specif ic  costs ,  such a s  
those fo r  the purchase of land and fo r  the storage or dis t r ibut ion o f  

the f ina l  product water from the system. 
s i t e  development, the c iv i l  work associated with the establishment o f  

well f i e l d s  and brine disposal or the ins ta l la t ion  of intakes and o u t -  
f a l l s ,  a s  required, and the provision of the necessary e l ec t r i ca l  switch- 
gear. 
here fo r  completeness. 
t h a t  the system would be ins ta l led  in a continental U.S. location a t  a 
s i t e  which does n o t  have intakes,  ou t f a l l s ,  or brine disposal,  and which 
requires some, b u t  n o t  extensive, s i t e  development work. 

Costs have been included for  

These costs will vary with the s i t e  selected,  b u t  are  included 
The reference cases are based upon the assumption 

2 .3  Indirect  Capital Costs 

As noted above, an i n t e re s t  ra te  of 9.5% on capital  has been assumed 
during the construction period. 
the to ta l  d i r ec t  capi ta l  cost .  
of the d i r ec t  and  other ind i rec t  capital  costs has a lso been included. 
These ra tes  and fees are  r e a l i s t i c  and appropriate fo r  construction 
programs a t  t h i s  time. 

Working capital  was assumed t o  be 5% of 
A contingency and A & E fee equal t o  16% 

2 . 4  Plant Load Factor 

A plant load fac tor  of 85% has been assumed fo r  a l l  seawater 
systems, and 95% f o r  brackish water systems. 
representative of today's s t a t e  o f  the art .  

These plant factors  are 
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2.5 Chemical Costs 

Chemical t rea tment  c o s t s  were computed u s i n g  u n i t  p r i c e s  shown i n  

I t  i s  recognized t h a t  t rea tment  cos ts  w i l l  va ry  w i t h  feedwater  
Table A. 

c h a r a c t e r i s t i c s ,  t h e  process employed, and t h e  system recovery.  The 

t rea tment  cos ts  l i s t e d  h e r e i n  a r e  based upon t h e  feedwater compos i t ion  

analyses and ranges i n d i c a t e d ,  and a r e  considered t o  be t y p i c a l .  

2.6 Energy Costs 

As shown i n  F i g .  1, t h e  average c o s t  o f  f u e l  used f o r  e l e c t r i c a l  

genera t ion  has cont inued t o  increase,  w i t h  o i l  and gas p r i c e s  e s c a l a t i n g  

t h e  most sharp ly .  

( F i g .  2)  a c c o r d i n g l y  . 

be generated o n - s i t e  u s i n g  steam f rom b o i l e r s  f i r e d  w i t h  o i l ,  h i g h  

s u l f u r  c o a l ,  o r  n u c l e a r  steam from a dual-purpose e l e c t r i c  s t a t i o n .  

Steam and e l e c t r i c  c o s t s  were based upon t h e  va lues shown i n  Table B. 

For  t h e  membrane p l a n t s ,  i t  was assumed t h a t  o p e r a t i o n  would be 

based upon e l e c t r i c i t y  purchased f rom a u t i l i t y  a t  an u n i n t e r r u p t i b l e  

commercial r a t e  of 2.5$/kWhr. T h i s  i s  an average o f  t h e  c u r r e n t  com- 

m e r c i a l  r a t e s  i n  areas where membrane p l a n t s  m i g h t  f i n d  use i n  t h e  
Un i ted  States.  

As a r e s u l t  steam c o s t s  have cont inued t o  r i s e  

For  t h e  d i s t i l l a t i o n  systems, i t  was assumed t h a t  e l e c t r i c i t y  would 

2.7 Labor Costs 

The c o s t s  o f  o p e r a t i n g  and maintenance l a b o r  a r e  based upon i n p u t  

f rom equipment s u p p l i e r s  and end users.  

o f  t h e  c u r r e n t  p r a c t i c e  f o r  systems up t o  5 MGD i n  o p e r a t i o n  i n  t h e  

c o n t i n e n t a l  U n i t e d  Sta tes .  

These cos ts  a r e  r e p r e s e n t a t i v e  
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TABLE A 

CHEMICAL COSTS 

I 
Chemical 

A n t i  f oani 

S u l p h u r i c  a c i d  (180%) 

Polyphospha t e  

Sodi ur~i hexariietaphosphd t e  

Po t a s s i uiii pe riiia n y a na t e  

Caus t i c  (NaOH) 

Sodium s u l f i t e  

C h l o r i n e  

$/ k y  

2.14 

0.45 

3.40 

0 .64  

1.26 

0.40 

0.12 

0.25 

- 

0.97 

0.22 

1 . 5 5  

0.29 

0.58 

0.18 

0.05 

0.11 
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Fuel Cost  

011 - $2 .20 / lub  
($13.20/bhl ,  6 x 106 
B t u / b b l )  

Coal - $ l .05/106 Btu 
( h i g h  s u l f u r ,  11 ,9nd 
B t u / l b  @ $25.00/ ton)  

Coal - $1.47/106 U t u  
( low s u l f u r ,  8500 
B t u / l b  @ i 2 5 . 0 0 / t o n )  

Nuclear (1200 MW PWR) 
dual purp se** 
($0.40/10 g Btu )  

5 tedr i i  Cond i t i  ons and Cu\ t 

Priiiie, 5 3  " C  (1000°F) -  
$3.62/10 6 R t l J  

129°C (265°F) - $0.9!:/106 B tu  
93°C (200°F) - $0.62/106 Rtu 

Priiiie, 538°C - $3.53/106 Btu* 

129°C - $0.95/106 Btu 
93 'C - $0.61/106 Rtu 

Priiiie, 538°C - $3.28/106 Btu 

129°C - $0.89/10: Btu 
93°C - $0.56/10 B tu  

Prime, 27  " C  525°F) - 

129°C - $O.8 l / lO6 B tu  
93°C - $0.51/106 Btu 

$2.48/10 t (  Btu 

~ 

* Inc ludes s tack gas scrubbers.  

t l e c t r i L  Cost 
M i l l s / k w h r  

36.0 

34.4 

33.5 

25.8 

** C a p i t a l  and O&M cos ts  based on t echn ica l  assessment guide, E P R I  PS-866-SR, 
E l e c t r i c  Power Research I n s t i t u t e  (June 1978) esca la ted  by 8% t o  January 1, 
1979 d o l l a r s .  
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2.8 Membrane Replacement Costs 

Membrane replacement costs fo r  e lectrodialysis  systems are  based 
upon the assumption tha t  20% of the capital  cost  i s  membrane, and tha t  a 
membrane l i fe t ime o f  seven and one-half years i s  achieved. 

SYS 

and 

e s t  

Membrane replacement costs for  brackish water reverse osmosis 
ems are based upon current ( f i r s t  quarter 1979) quantity pricing, 
an assumed three year l ifetime. 

mated a t  three times the brackish water membrane replacement cost .  
Membrane replacement costs fo r  seawater reverse osmosis systems are 

2.9 System Costs/Operating Costs 

System costs and operating costs were obtained by d i r ec t  contact 
with original equipment manufacturers, membrane suppliers,  consultants, 
the U.S. Government, major A & E firms, e tc .  All recent references 
which deal w i t h  e i t he r  capital  o r  operating costs of any of the three 
processes were reviewed i n  detai l  t o  ensure proper cognizance could be 
taken of each cost-contributing factor .  
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3. DESALTING COSTS 

The f o l l o w i n g  s e c t i o n s  present  t h e  c o s t  o f  convers ion o f  water  by 

d i s t i l l a t i o n ,  reverse  osmosis, and e l e c t r o d i a l y s i s .  The body o f  t h e  

r e p o r t  c o n t a i n s  o n l y  a few f i g u r e s  showing t h e  r e s u l t s  o f  t h e  a n a l y s i s .  

The Appendix c o n t a i n s  a s e r i e s  o f  t a b l e s  which p r o v i d e  d e t a i l s  o f  each 

c o s t  c o n t r i b u t i n g  i tem.  

3.1 Seawater D e s a l t i n g  by D i s t i l l a t i o n  

The c o s t  of p roduc t  water  u s i n g  v e r t i c a l  tube evaporators  (VTEs) 

and m u l t i s t a g e  f l a s h  evaporators  (MSFS) u s i n g  a c i d  feed t rea tment  as a 

f u n c t i o n  o f  p l a n t  s i z e  and t y p e  o f  f u e l  i s  presented i n  F ig .  3. I t  

should be no ted  t h a t  t h e  c o s t  f o r  v e r t i c a l  tube evapora tors  i s  p robab ly  

comparable t o  t h e  c o s t s  f o r  h o r i z o n t a l  tube, spray f i l m ,  m u l t i p l e  e f f e c t .  

For smal l  p l a n t s ,  3785 m3/day ( 1  MGD), c o s t s  f rom a h i g h  o f  $1.69/m3 

($6.41/1000 g a l )  u s i n g  an MSF p l a n t  i n  combinat ion w i t h  an o i l - f i r e d  o r  

c o a l - f i r e d  b o i l e r ,  t o  a low o f  $1.45/m3 ($5.49/1000 g a l )  u s i n g  a VTE 

p l a n t  and n u c l e a r  power. A t  t h e  l a r g e s t  p l a n t  s i z e  considered, 378,500 

m3/day (100 MGD), p roduc t  water  c o s t s  range f rom $0.75/m3 ($2.85/1000 g a l )  

f o r  MSF p l a n t s  u s i n g  b o i l e r s  f i r e d  w i t h  o i l  as f u e l ,  down t o  a low o f  

$0.57/m3 ($2.15/1000 g a l )  f o r  VTE p l a n t s  w i t h  a steam genera tor  u s i n g  

n u c l e a r  f u e l  . 

MSF p l a n t s  o p e r a t i n g  a t  lower  temperature 88-91°C (190-195°F) , u s i n g  
93°C (200°F) steam t o  t h e  b r i n e  heater  and t h r e s h o l d  s c a l e  t rea tment ,  

fo l lowed a s i m i l a r  b u t  h i g h e r  t r e n d .  
$1.78/m3 ($6.73/1000 g a l )  from t h e  3785 m3/day ( 1  MGD) p l a n t  u s i n g  o i l  

o r  h i g h - s u l f u r  coa l  as b o i l e r  f u e l .  The l o w e s t  c o s t  water ,  $1.37/m3 

($5.20/1000 g a l )  was f rom t h e  f i v e  p l a n t s  u s i n g  n u c l e a r  power. For  a 

d i s t i l l a t i o n  p l a n t ,  t h e  tubes represent  about 15% o f  t h e  cos t .  Dur ing  
t h e  two-year p e r i o d  covered by t h i s  r e p o r t ,  t h e  c o s t  of copper n i c k e l  

tubes has inc reased 25%. T h i s  inc rease i s  r e f l e c t e d  i n  t h e  d i s t i l l a t i o n  

p l a n t  c o s t  shown i n  Tables A-1, A-2, and A-3. 

Water c o s t s  es t imated  f o r  smal l  3785 t o  18,925 m3/day ( 1  and 5 MGD) 

The maximum c o s t  o f  water  i s  
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Seawater d i s t i l l a t i o n  costs a r e  shown i n  the report f o r  u n i t  
capacit ies of from 3785 m3/day ( 1  M G D )  through 378,500 m3/day (100 M G D ) .  
I t  should be noted the capi ta l  cost  data,  which represents about 65% of 
the calculated cost  of water, i s  limited i n  accuracy by the s i t ua t ion  in 
the U.S. marketplace. For example: 

1.  The l a rges t  s ingle  d i s t i l l a t i o n  units, o f  a l l  types i n  operation 
today, have a capacity of only 35,955 m3/day (9.5 MGD) ( r e f .  1 ) ,  
as  compared with the estimates i n  this report  which cover u n i t  
capaci t ies  up  through 378,500 m3/day (100 H G D ) .  
Saudi Arabia have contracted t o  prepare a design concept f o r  a 
189,250 m3/day (50 M G D )  f lash d i s t i l l a t i o n  u n i t .  However, the 
r e su l t s  of t h i s  study will not be available unt i l  l a t e  1979 or  
1980. 
While the report  l imits  i t s  scope t o  cost  of d i s t i l l a t i o n  plants 
i n  the U.S.,  no d i s t i l l a t i o n  plants within the s i z e  range covered 
by the report  have been b u i l t  i n  the U.S. since the l a s t  update 
report .  
Power Authority f o r  three 4731 m3/day (1.25 M G D )  d i s t i l l a t i o n  units, 
b u t  as of the w r i t i n g  of this report ,  the award i s  s t i l l  awaiting 
f ina l  approval t o  proceed. 
There a r e  only two U.S. manufacturers of seawater d i s t i l l a t i o n  units 
w i t h  capabi l i ty  t o  build plants of 3785 m3/day (1 MGD) o r  above. 
T h e  other U.S. manufacturers have withdrawn from the market. 

The U.S. and 

2.  

Bids were taken i n  1978 by the V i r g i n  Islands Water and 

3.  

4. Whereas VTE plants (including horizontal tube mult ieffect)  r e f l e c t  
the lowest cos ts ,  no plants of this  type and i n  the s i z e  range 
covered by th i s  report  have been b u i l t  d u r i n g  the period covered 
by this report .  

In contrast  t o  previous ORNL reports,  th i s  report includes a cost  
estimate f o r  an additional plant capacity, 9462 m3/day (2.5 M G D ) .  
information was added t o  permit comparison w i t h  data presented i n  r e f .  2 ,  
which includes a ra ther  thorough cost  study f o r  this  u n i t  capacity. 
two cost  estimates a re  qui te  close i n  terms o f  t o t a l  estimated cost  and 
t o t a l  annual cost .  

This 

The 
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Another re fe rence1 a1 so o f f e r s  some i n t e r e s t i n g  comparisons. 
paper rev iews some wor ldwide d i s t i l l a t i o n  p l a n t  cos ts  based on b i d d i n g  

by i n t e r n a t i o n a l  companies f o r  d i s t i l l a t i o n  p l a n t  p r o j e c t s  i n  t h e  Midd le  

East  and Far  East  d u r i n g  t h e  p a s t  two years.  

c o s t s  a r e  q u i t e  c l o s e  i n  comparison t o  those c a l c u l a t e d  i n  t h i s  update 

r e p o r t .  

a water  d e s a l t i n g  demonstrat ion p l a n t .  

i s l a n d  and c o u l d  employ a d i s t i l l a t i o n  p l a n t  such as descr ibed i n  t h i s  

r e p o r t .  

T h i s  

Here aga in  t h e  c a p i t a l  

Reference 3 i d e n t i f i e s  t h i r t y - s e v e n  p o t e n t i a l  s i t e s  i n  t h e  U.S. f o r  

Fourteen a r e  on a seacoast o r  

3.2 Seawater D e s a l t i n g  by Reverse Osmosis 

S i g n i f i c a n t  progress i n  t h e  d e s a l t i n g  o f  seawater by reverse  

osmosis has been made s i n c e  t h e  l a s t  c o s t  update was completed. 

a r e  c u r r e n t l y  i n  excess of 38,750 m3/day (10 MGD) o f  c a p a c i t y  e i t h e r  

under c o n s t r u c t i o n  o r  i n  opera t ion .  

12,112 m3/day (3.2 MGD) s p i r a l  wound system i n  Jeddah, Saudi Arabia,  and 

a 3785 m3/day (1 MGD) h o l l o w  f i n e - f i b e r  system i n  Venezuela. 

sented i n  t h e  p a s t  two Oak Ridge r e p o r t s ,  b u t  t h e  b a s i s  used was d i f f e r e n t  

f rom t h a t  used f o r  t h e  d i s t i l l a t i o n  systems. The e a r l i e r  c o s t s  d i d  n o t  

t a k e  f u l l  cognizance o f  some of t h e  s i t e - r e l a t e d  costs ,  n o r  d i d  they  

i n c l u d e  t h e  i n d i r e c t  c a p i t a l  cos ts .  

t h i s  s e c t i o n  do i n c l u d e  those cos ts .  However, i n  o r d e r  t h a t  a d i r e c t  
comparison can be made between t h i s  r e p o r t  and t h e  l a s t ,  Table A-10 

which has t h e  same b a s i s  as t h e  e a r l i e r  r e p o r t s ,  i s  i n c l u d e d  i n  t h e  

Appendix. 

There 

The two l a r g e s t  systems i n c l u d e  a 

The c o s t s  o f  d e s a l t i n g  seawater by reverse  osmosis have been pre-  

The c o s t s  developed and r e p o r t e d  i n  

F igures  4, 5, and 6 have been prepared t o  show t h e  equipment c o s t  
a t i n g  ( e x c l u s i v e  of s i t e  c o s t s  o r  i n d i r e c t  c a p i t a l  c o s t s ) ,  t h e  system ope 

c o s t s  ( e x c l u s i v e  of t h e  c a p i t a l  charge), and f i n a l l y  t h e  water  c o s t  

which i n c l u d e s  a l l  o f  t h e  v a r i o u s  cos ts .  F i g u r e  6 (Seawater D e s a l t  

by Reverse Osmosis) then i s  d i r e c t l y  comparable t o  F ig .  1 (Seawater 

D e s a l t i n g  by D i s t i l l a t i o n ) .  
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F i g u r e  4 shows t h a t  t h e  c a p i t a l  cos ts  f o r  seawater reverse  osmosis 
systems ranges from approx imate ly  $1 ,453/m3/day ($5.50/gpd) t o  $798/m3/day 

($3.02/gpd) of i n s t a l  1 ed c a p a c i t y .  

p r i c e s  i n  t h e  U n i t e d  States,  and do i n c l u d e  i n s t a l l a t i o n  - b u t  do n o t  

i n c l u d e  any o t h e r  s i  t e - r e 1  a ted  c o s t s .  

systems vary  from approx imate ly  $0.62/m3 ($2.36/1000 g a l )  t o  $0.51/m3 

($1.95/1000 g a l )  across t h e  s i z e  range o f  380/m3/day (0.1 MGD) t o  18,925 

m3/day ( 5  MGD). I t  should be noted t h a t  these o p e r a t i n g  cos ts  a r e  based 

upon an e l e c t r i c a l  energy usage o f  10 kWhr/m3 (38 kWhr/1000 g a l ) .  

energy recovery  were i n c o r p o r a t e d  i n t o  t h e  system, t h e  e l e c t r i c a l  usage 
would drop t o  5.28 kWhr/m3 (20 kWhr/1000 g a l ) .  T h i s  would r e s u l t  i n  a 

savings i n  o p e r a t i n g  c o s t  of $0.12/m3 ($0.45/1000 g a l ) .  T h i s  savings i s  
a lmost  equal t o  t h e  membrane replacement c o s t .  An a d d i t i o n a l  l i n e  has 

been drawn on F i g .  4 t o  show t h e  impact o f  energy recovery  on systems o f  

3785 m3/day ( 1  MGD) o r  l a r g e r .  

F i g u r e  6 shows t h e  water  cos ts  f o r  seawater d e s a l t i n g  by reverse  

osmosis. 

charge based upon equipment c o s t s  and o t h e r  c o s t s  assoc ia ted  w i t h  t h e  

s i t e  and t h e  i n s t a l l a t i o n .  

osmosis a r e  seen t o  v a r y  from $1.73/m3 ($6.54/1000 g a l )  a t  t h e  smal l  
system end t o  $1.14/m3 ($4.31/1000 g a l )  f o r  l a r g e r  systems. As  w i t h  

F ig .  5, an a d d i t i o n a l  l i n e  has been drawn on t h e  f i g u r e  t o  show t h e  

s a l u t o r y  impact  of  energy recovery.  I n  c a l c u l a t i n g  these savings, i t  

was assumed t h a t  an energy recovery  dev ice  would inc rease t h e  equipment 

c o s t  by 10%. 

These values a r e  based upon equipment 

F i g u r e  5 shows t h a t  t h e  o p e r a t i n g  cos ts  f o r  seawater reverse  osmosis 

I f  

These i n c l u d e  n o t  o n l y  t h e  o p e r a t i n g  cos ts ,  b u t  a l s o  a c a p i t a l  

Water c o s t s  f o r  seawater d e s a l t i n g  by reverse  

3.3 Brack ish  Water D e s a l t i n g  by Reverse Osmosis 

As w i t h  t h e  d e s a l t i n g  o f  seawater, t h e  c o s t s  presented i n  e a r l i e r  

r e p o r t s  f o r  t h e  d e s a l t i n g  o f  b r a c k i s h  water  by reverse  osmosis d i d  n o t  

i n c l u d e  a l l  o f  t h e  cos ts .  Table A-11 i n  t h e  Appendix was developed on 

t h e  same b a s i s  as t h e  e a r l i e r  r e p o r t s ,  and i s  i n c l u d e d  t o  p r o v i d e  a 

d i r e c t  comparison. The data presented below takes f u l l  cognizance o f  

a l l  cos ts ,  and so i s  on t h e  same b a s i s  as t h e  preceding two sec t ions .  
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F igures  7, 8, and 9 have been prepared t o  show t h e  equipment c o s t  

( e x c l u s i v e  of  s i t e  c o s t s  o r  i n d i r e c t  c a p i t a l  c o s t s ) ,  t h e  system o p e r a t i n g  

c o s t s  ( e x c l u s i v e  o f  t h e  c a p i t a l  charges),  and t h e  water  cos t ,  i n c l u d i n g  

a l l  o f  t h e  c o s t  i n p u t s .  
feedwater  w i t h  a s a l i n i t y  i n  t h e  range o f  2000-5000 ppm t o t a l  d i s s o l v e d  

s o l i d s .  

osmosis systems v a r i e s  f rom $225/m3/day ($0.85/gpd) f o r  a 3785 m3/day 

( 1  MGD) system t o  $135/m3/day ($0.5 l /gpd)  f o r  a 94,625 m3/day (25 MGD) 

system. 
($0.67/1000 g a l )  t o  S0.15/m3 ($0.55/1000 g a l )  across t h e  same range o f  

s i z e s .  
F i g u r e  9 shows t h e  water  c o s t s  f o r  b r a c k i s h  water  d e s a l t i n g  by 

reverse  osmosis. 

F ig .  8, b u t  a l s o  a c a p i t a l  charge based upon b o t h  t h e  equipment c o s t  and 

t h e  o t h e r  s i t e  and i n s t a l l a t i o n  r e l a t e d  cos ts .  Water c o s t s  a r e  seen t o  

vary  f rom $0.36/ni3 ($1.37/1000 g a l )  t o  $0.25/m3 ($0.95/1000 g a l )  across 

t h e  3785-94,625 m3/day (1-25 MGD) s i z e  range. 

These da ta  have been developed based upon a 

F i g u r e  7 shows t h a t  t h e  c a p i t a l  c o s t  f o r  b r a c k i s h  water - reverse  

F i g u r e  8 shows t h a t  the  o p e r a t i n g  c o s t s  v a r y  f rom $0.18/m3 

These i n c l u d e  n o t  o n l y  t h e  pure  o p e r a t i o n  c o s t s  f rom 

3.4 Brack ish  Water D e s a l t i n g  by E l e c t r o d i a l y s i s  

As has been no ted  i n  t h e  prev ious  c o s t  s tud ies ,  t h e  c o s t  o f  con- 

v e r t i n g  b r a c k i s h  waters t o  p o t a b l e  q u a l i t y  by e l e c t r o d i a l y s i s  i s  h i g h l y  
s e n s i t i v e  t o  feedwater composi t ion.  The c o s t s  which a r e  presented here 
a r e  based upon t h e  f o u r  d i f f e r e n t  feedwater  composi t ions shown i n  Table C .  

The composi t ions g e n e r a l l y  r e p r e s e n t  t h e  range o f  waters found th roughout  

t h e  U n i t e d  Sta tes .  

A f o u r - s t a g e  e l e c t r o d i a l y s i s  system has been s e l e c t e d  t o  t r e a t  

water  number 1, a th ree-s tage system f o r  waters  number 2 and 4, and a 
two-stage system f o r  water  number 3. 

range f rom 78 t o  87%, and each i s  designed t o  produce a produc t  water  

w i t h  a s a l i n i t y  l e s s  than 500 ppm. I n  e a r l i e r  s t u d i e s ,  a th ree-s tage 
system was used on water  number 1; t h e  p r i m a r y  e l e c t r o d i a l y s i s  equipment 

s u p p l i e r ,  however, recommended t h a t  we use a four -s tage system f o r  t h i s  

r e p o r t .  

A l l  systems operate i n  t h e  recovery  

As w i t h  seawater and b r a c k i s h  water  d e s a l t i n g  by reverse  osmosis, 
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Chemical Colliposi t i o n  
( P Pill 1 

Sod i um ( Ita ) 
Calcium (Ca) 
Magnes i uin (19g ) 

S u l f a t e  (SO4) 
Bicarbonate (HC03) 

Manganese (Mn) 

I r o n  (Fe) 

Chlor ide (C1 ) 

Hardness as CaC03 

F luor ide  (F) 

Potassium ( K )  

i l i t r a t e  (N03) 
S i l i c a t e  (S i03 )  

Tota l  Dissolved Sol ids 

PH 
Temperature, " F  
Organics (Cherni cal Oxygen 

Demand ) 

No. 1 

886 
118 

72 
131 

1.943 
473 

590 
1 

2 
16 

6 . 3  

-__- 

3,648 

7 .6  
70' 

10 

Brack ish Waters 
I 

No. 2 

125 

316 
69 

67 
990 

357 
1,073 

I 

0.10 

1 . 0  
13 
19 

1,800 

7.9 
70 

7.9 

-. 

No .  3 

630 

116 

15 
1,054 

115 
78 

354 
N i  1 
2 
0 

0 

9 

17 

2,076 

8.1 

70" 

No. 4 

903 

250 

70 
1 ,450  

590 
210 

91 2 
0 . 1  

0 . 4  

5 
1 

3,475 

7 .3  
70" 

7 
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the e a r l i e r  two reports d i d  not include a l l  costs.  Tables A-10-A-15 
in the Appendix were prepared on the e a r l i e r  basis t o  provide a d i r ec t  
comparison. 

Three figures a re  presented here f o r  e lectrodialysis  - one showing 
capi ta l  equipment costs (exclusive of s i t e  related c o s t s ) ;  one showing 
operating costs (exclusive of capi ta l  charges); and one showing overall 
water costs (including a l l  i n p u t s ) .  Each one of the figures includes a 
curve f o r  systems operating on each of the four waters. 

Figure 10 shows t h a t  the capital  cost  f o r  e lectrodialysis  increases 
as  the number of stages increases. I t  a lso shows tha t  the costs vary 
from a maximum o f  $274/m3/day ($l.O4/gpd) f o r  a small four-stage system, 
t o  a m i n i m u m  of $148/m3/day ($0.56/gpd) f o r  a large two-stage system. 

four waters. 
ga l )  f o r  a small four-stage system on a d i f f i c u l t  water t o  $0.08/m3 
($0.30/1000 ga l )  f o r  a large two-stage system on a re la t ive ly  easy 
water. 

Figure 11 shows the operating cost  f o r  systems operating on these 
I t  i s  seen t h a t  the costs range from $0.16/m3 ($0.50/1000 

Finally,  Fig. 12 shows the water costs f o r  brackish water desalt ing 
These include not only the pure operating cos t s ,  by electrodialysis .  

b u t  a lso a capi ta l  charge based upon a l l  other i n p u t s .  Water costs  a r e  
seen t o  vary from a low of $0.19/m3 ($0.71/1000 ga l )  t o  a h i g h  of $0.35/m3 
($1.32/1000 g a l ) .  
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APPENDIX 

T h i s  Appendix cons s t s  o f  a s e r i e s  o f  t a b l e s  which 
down o f  a l l  d i r e c t  and i n d i r e c t  c a p i t a l  cos ts ,  o p e r a t i n g  

water  c o s t s  f o r  d e s a l t i n g  seawater and b r a c k i s h  water  by 

reverse  osmosis, and e l e c t r o d i a l y s i s ,  as a p p r o p r i a t e .  A 
based upon c u r r e n t  f i r s t  q u a r t e r  1979 i n p u t ,  and a l l  a r e  

d o l l a r s .  

how t h e  break- 

costs ,  and 
d i  s t i 1 l a t i o n ,  

1 c o s t s  a r e  

based upon 1979 

Tables A-1-A-9 show a l l  c o s t  c o n t r i b u t i n g  i tems.  As such, these 

t a b l e s  a r e  d i r e c t l y  comparable w i t h  one another.  

r e g a r d i n g  i n t e r e s t  r a t e s ,  work ing c a p i t a l ,  chemical costs ,  energy costs ,  

membrane replacement, e tc . ,  a r e  i n c l u d e d  i n  t h e  body o f  t h e  b a s i c  r e p o r t .  

I n  t h i s  way, t h e  c o s t  f i g u r e s  can be a d j u s t e d  t o  s u i t  a p a r t i c u l a r  case 

a t  t h e  o p t i o n  o f  t h e  user .  

Tables A-10-A-15 a r e  s t r u c t u r e d  i n  a manner i d e n t i c a l  w i t h  t h e  two 

p a s t  ORNL c o s t  r e p o r t s  [ORNL/TM-5926 and ORNL/TM-5070 ( r e v .  ) ] .  
t a b l e s  a r e  a l s o  based upon f i r s t  q u a r t e r  1979 c o s t s  and use 1979 d o l l a r s .  

They a r e  i n c l u d e d  i n  o r d e r  t o  p r o v i d e  a d i r e c t  comparison w i t h  t h e  

e a r l i e r  ORNL r e p o r t s .  

The assumptions 

These 
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TABLE A-1 COSTS OF ULSAI.TIHC FLPWATFR IN 
MULTISTAGE FIASH SFAWATER @ISTlI.LPT?PK PLANTS 

ACID-TMATELi FEED: PERFORMANCt RATIO 12: CC)PiCEfITRATION RATIO 2: 
85% PLANT FACTOR ALL COSTS IN THOUSAPIDS OF' DOLLARS 

(F'IRST QUARTER - 1979) 

----- PIANT CAPACITY (mgd) -________ 
10 25 50 100 

42 
2 3 3 4 11 13 23 

e7.000 170.500 130,500 174,000 478,500 565,500 1,000,000 

1 2.5 5 -  ---I- 
ITEM 

Construction Period, Months I F  20 20 24 36 36 - -- 
Land Req'd .-Acres 
Ft.2 
DIRCCT CAPITAL COST 
Site Development h Common Facilities, 
Grading, Roads, Fencing, Gate, 
Service Buildings, Etc. 250 480 710 1,133 1,992 3,244 4,955 

Intake 6 Outfall Systems 221 39P 575 920 1,613 2,639 4,038 
Electrical Utilities L Switchgear 125 285 44 4 880 2,076 4,279 8,433 

4 4 6 7 35 
596 1,165 1,733 2.937 5.693 10.164 17.461 

YCP ni-tillation Plant 4.676 9.000 16.138 28.013 54.809 97 A?* 164,429 

Cranes --- 0 2- 
__- SUBTOTAL 

* .  , --- --- . . .  . -_ --I - - - -- - -- .. - - - 
TOTAL DIRECT CAPITAL COSTS 5,272 10,165 17,871 30,950 60,502 107.607 

INDIRECT COSTS 
Interest During Construction 333 713 1,278 2,661 7,810 13,884 27,328 
Project Management, Overhead, and 1,977 3,812 6,701 11,803 24,370 43,525 74,602 

- _____ ~. Profit 
2,310 4,525 L 9 7 9  13.464 SUBTOTAL -_-_ 32.180 57.409 l(IL.930 

Working Capital 379 734 1,292 2,221 4,634 8.251 14,191 
Contingency 79-6 1,542 2,714 4,664 3,732 17,327 29,801 

8,757 16.966 29,8,6 51,299 lir7,048 190,594 327,812 
4.28 3.81 3.27 T(ypAL CAPITAL COST _- 

Capital Cost $/GPD 8.76 6.79 5.97 5 - 1 3  

ANNUAL OPERATION 6 MAINlENANCE COST 
Fixed Charges @ 16.5% 1,445 7,791) 4,326 8,464 17,663 31,448 54.089 

343 572 787 1,467 0 L M Labor 14 3 160 183 
General h Administration Charges 

supplies 6 Maintenance Materials 30 45 7 5  133 333 655 1,273 
240 481 1,204 2,409 4,818 48 140 __ 

ChPmicals ANNUAL COSTS 5 EXCLUSIVE OF ENERGY , 5,494 9,558 20,001 35,614 62,234 

Steam @ SO.98/MMBTU 211 527 1.C54 2,113 5,280 10,560 21,121 
266 518 1,334 2,667 5,337 

TOTAL ANNUAL 0 6 M COST 1,98t, 3,863 6,814 12,189 25,615 48,841 88.694 
Cost of Water $/KGAL. 6.41 4.98 4.44 3-93 3.43 3.15 2.86 

(40r of Labor) 57 62 73 137 229 315 587 

I. OIL FIRED BOILER 

Electricity @ 34.4 Mils/KW hr. 52 L30--- 

11. COAL FIRED BOILER 
A. High Sulfur Coal 
Steam @ 0.95/HMATU 204 510 1,022 2,047 5,117 10,237 20.473 

2 79 541 1,396 2,791 5,585 
T(ypAL ANNUAL 0 6 H COST 1,982 3,853 6,795 12,146 26,514 48,642 88,292 
Electricity @ 36 M i l s / K W  hr. 5 5-- 137 

Cost of Water $/KGAL. 6.39 4.97 4.38 3.92 3.42 3.14 2 .85 

B. LOW Sulfur coal 
Steam @ 0.89/HMBTU 152 480 956 1,918 4,794 9,589 19,180 
Electricity @ 33.5 Mils/KW hr. 51 127 259 -. 503 1,299 2,599 5,196 
TOTAL ANNUAL 0 L M COST 1,966 3,813 6,709 11,979 26,094 47,802 86,610 
cost of Water $/KGAL. 6.34 4.92 4.33 3.66 3.37 3.08 2.79 

steam @ 0.81/MMBTU 174 4 35 871 1.746 4,363 8,728 17,456 

cost of Water $/KGAL. 6.31 4.89 4.30 3.84 3.34 3.06 2.77 

111. DUAL-PURPOSE STATION, NUCLEAR 

Electricity @ 40 Mils/KW hr. 60 150 309 601 1,550 3,101 6,205 
ANNUAL 0 6 M COST 1,357 3.791 6,674 11,905 25,914 47,443 85.995 - 

- 
h e s  not include cost of land. 
Includes inspection, manufacturer's ovcrhead and profit on shop-fabricated equipment 
instalLed on site. 
1:lectric power grnerated on site. 
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TABLE A-2 COSTS OF DESALTING SEAWATER I N  
MULTISTAGE FLASH SEAWATER D I S T I L L A T I O N  PLANTS 

POLYPHOSPHATE FEED TRfATMENT: 
PERFORMANCE RATIO = 10: 90°C ( 1 9 4 ° F )  MAX. BRINE TEMPERATURE, 

A L L  COSTS I N  THOUSANDS OF DOLLARS 
( F I R S T  QUARTER - 1 9 7 9 )  

85% PLANT FACTOR, 

PLANT CAPACITY (ma) 
ITEM 1 5 

Construction Period, Months 
Land Req'd.-Acres 
Ft.2 

18 20 
2 3 

DIRECT CAPITAL COSTS 
Site Development L Common Facilities, 
Grading, Roads, Fencing, Gate, 
Service Buildings, Etc. 250 710 

Intake & Outfall Systems 221 575 
Electrical Utilities & Switchgear 125 444 
Cranes 0 4 

SUBTOTAL 596 1,733 
MSF Distillation Plant 5,053 21,172 

TOTAL DIRECT CAPITAL COSTS 5,649 22,905 

Interest During Construction 40 2 1,806 
Project Management, Overhead, and 

INDIRECT COSTS 

Profit 2,118 8,589 
SUBTOTAL 2,520 10,395 

Working Capital 110 320 
Contingency 847 3 , 436 

TOTAL CAPITAL COST 9,126 37,056 
Capital Cost $/GPD 9.13 7.41 

ANNUAL OPERATION L MAINTENANCE COST 
Fixed Charges @ 16.5% 1,506 6,114 
O L M L a b o r  14 3 18 3 
General L Administration Charges 

Supplies L Maintenance Materials 30 72 
Chemicals 56 286 
ANNUAL COSTS EXCLUSIVE OF ENERGY 1,792 6,728 

(40% of Labor) 57 73 

I. OIL FIRED BOILER 
Steam @ $0.62/MMBTU 160 80 2 
Electricity @ 34.4 Mils/KW hr. 135 579 
TOTAL ANNUAL 0 L M COST 2,087 8,109 

Cost of Water $/KGAL. 6.73 5.23 

158 788 

11. COAL FIRED BOILER 
A. High Sulfur  Coal 
Steam @ 0.61/MMBTU 
Electricity @ 36 Mils/KW hr. 14 1 605 
TOTAL ANNUAL 0 L M COST 2,091 8,121 

Cost of Water $/KGAL. 6.73 5.23 

E. L o w  Sulfur Coal 
Steam @ 0.56/MMBTU 145 724 
Electricity @ 33.5 Mils/KW hr. 130 564 
TOTAL ANNUAL 0 L M COST 2,067 8,016 

Cost of Water $/KGAL. 6.66 5.16 

Steam @ 0.51/MMBTU 132 660 
Electricity @ 40 Mils/KW hr. 157 674 
TOTAL ANNUAL 0 & M COST 2,081 8,062 

Cost of Water $/KGAL. 6.71 5.20 

111. DUAL-PURPOSE STATION, NUCLEAR 

Does not include cost of land. 
Includes inspection, manufacturer's overhead and profit on 
shop-frabricated equipment installed on site. 
Electric power generated on site. 
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TABLE A-3 COSTS OF DESALTING SEAWATER IN 
VERTICAL TUBE SEAWATER DISTILLATION PLANTS 

ALL COSTS IN THOUSANDS OF WLLAPS 
ACID-TREATED FEED: PERFORMANCE RATIO E 12: CONCENTRATION RATIO = 2: 858 P L W T  FACTOR 

(FIRST QUARTER - 1979) 

PLANTxPACITY hqd) 
ITEM 1 5 10 25 50 100 

Construction Period, Months 
Land Req'd.-Acres 
Ft.2 

18 20 24 36 40 44 
2 3 4 7 10 18 

DIRECT CAPITAL COSTS 
Site Development 6 Common Facilities, 
Grading, Roads, Fencing, Gate, 
Service Buildings, Etc. 250 710 1,138 1,992 3,244 4,955 

Intake C Outfall Systems 221 575 920 1,619 2,639 4.038 
Electrical Utilities C Switchgear 123 408 754 1,824 3,650 7,049 
Cranes 0 4 4 6 7 35 

SUBTOTAL 594 1,697 2,816 5,441 9,540 16,077 
VTE Distillation Plant 4,140 14,737 25,577 50,242 77,778 121,799 

TOTAL DIRECT CAPITAL COSTS 4,734 16,434 28,393 55,683 87,318 137,876 
INDIRECT COSTS 
Interest During Construction 295 1,167 2,430 7,134 12,289 21,193 
Pro-fect Management, Overhead, and 
Profit 1,764 6,133 10,767 2 2 , 2 4 3 3 5 , 3 3 4  56,991 

2 059 7,300 13,197 29,377 47,623 78,184 
Working Capital 340 822 1,420 2,784 4,366 6,894 
Contingency 713- 2,456 4,301 8,784 13,931 22,295 

TOTAG CAPITAL COST 7,846 27,012 47,311 96,628 153.228 245,249 
Capital Cost $/GPD 7.85 5.40 4.73 3.86 3.06 2.45 

ANNUAL OPERATION C MAINTENANCE COST 
Fixed Charges @ 16.5% 1,295 4,457 7,806 15,944 25,283 40,466 
0 6 M L a b o r  143 183 343 572 787 1,467 
General 6 Administration Charges 
(408 of Labor) 57 73 137 2 29 315 587 

Sumlies C Maintenance Materials 30 72 133 333 655 1,273 
chebic a1 8 35 176 354 886 1,772 3,546 

M A L  COSTS EXCLUSIVE OF ENERGY 1,560 4,961 8,773 17,964 28,812 47,339 
I. OIL FIRED BOILER 

Steam @ $0.98/mTU 211 1,054 2,113 5,280 10,560 21,121 
Electricity @ 34.4 Mils/KW hr. 17 81 161 404 808 1,616 
TOTAL ANNUAL 0 C M COST 1,788 6,096 11,047 23,648 40,180 70,076 

Cost of Water $/KGAL. 5.77 3.93 3.56 3-05 2.59 2.26 

CI. COAL FIRED BOILER 
A. High Sulfur Coal 
Steam B 0.95/MMBTU 204 1.022 2,047 5,117 10,237 20,473 
Electricity @ 36 Mils/KW hr. 17 84 169 423 846 1,691 
TOTAL ANNUAL 0 6 M COST 1,781 6,067 10,989 23,504 39,895 69,503 

Cost of Water $/KGAL. 5.75 3.91 3.54 3.03 2.57 2.24 
B. Low Sulfur Coal 
Steam @ 0.89/HMBTU 192 956 1.918 4,794 9,589 19.180 
Electricity @ 33.5 Mils/KW hr. 16 78 157 392 787 1,574 
TOTAL ANNUAL 0 C M COST 1,768 5,995 10,848 23,150 39,188 68,093 

Cost of Water $/KGAL. 5.70 3.87 3.50 2.99 2.53 2.20 

111. DUAL-PURPOSE STATION, NUCLEAR 
Steam @ O.Bl/MMBTU 174 871 1,746 4,363 8,728 17,456 
Electricity @ 40 Mils/KW hr. 18 93 186 469 939 1,879 
TOTAL ANNUAL 0 6 M CWST 1,752 5,925 10,705 22,796 38,479 66,674 

Cost of Water $/KGAL. 5.65 3.82 3.45 2.94 2.48 2.15 

DOes not include cost of land. 
Includes inspection, manufacturer's overhead and profit on shop-fabricated equipment 
installed on site. 
Electric pwer generated on site. 
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TABLE A-4 SEAWATER DESALTING COSTS* - REVERS1 OSMOSIS 
FEEDWATER: SEAWATER (35,000 ppm Tds) , TEMPERATUkL 21 " C  (7OOF) 

30% RECOVERY, a51 PLANT FACTOR 

Cost I tems 

Construct ion Period (Months) 
D i r e c t  Capi ta l  Costs 

1. I n s t a l l e d  Equipment Cost 
2 .  S i t e  Gevelopment 
3 .  In take and O u t f a l l  System 
4. E l e c t r i c  U t i l i t i e s  & Switchgear 

Total  D i r e c t  Capi ta l  Cost 

I n t e r e s t  dur ing const ruct ion & s ta r tup  

Contingency - A & E Fee 

I n d i r e c t  C a p i t a l  Costs 
5 .  
6 .  Working Capi ta l  
7. 

TOTAL CAPITAL COST 
Op t ra t i ng  Costs (Annual) 

8 .  b e r a t i n g  & Maintenance Labor 
9 .  G A @ 40% 

10. Chemi c a l  s 
11. F i l t c l s  
12. Other i f later ia ls 
13. E l e c t r - i c i t y  @ 2.5c/kwhr 
14. Me1ibri:ne Replacement 

1 5 .  F ixed Charge @ 16.52 
TOTAL OPERATING COSTS 

TOTAL ANNUAL COST 

C o s t  of Water, S/kgal 

.01 

6 

55 
5 
5 

10 
75 
- 

1.3 
3.8 

13.2 
93.3 

4.5 
1.8 
1 .o 
3.2 
0.2 
2.9 
1.8 

12.4 
15.4 
27.8 

8.96 

.1 

6 

525 
20 
30 
55 

630 

12.5 
31.5 

111.2 
785.2 

9.0 
3.6 
9.7 
1.7 
2.4 

29.5 
17.3 
73.2 

P lan t  Capacity (MGD) 

1 3 

12 15 
( 8  I O 3 )  

3,190 9,240 
125 225 
221 425 
316 700 

3,852 10,590 

151.5 548.6 
192.6 529.2 
692.3 1,925.2 

4,886.4 13,593.0 
-- -- 

27.5 52.5 
11 .o 21 .o 
97.0 2'31 .l 
17.2 52 .O 
14.5 42 .O 

294.5 883.5 
161 .O 481 .O 

622.7 1,823.1 

5 

18 

15,125 
375 
575 
990 

17,065 

1,077.6 
853.2 

3,134.3 
22,130.1 

77.5 
31 .O 

485.2 
86.5 
68.8 

1,472.5 
891 .!I 

3,022.5 

129.6 806.6 2.242.8 3.651.5 
202.8 1,429.3 4,065.9 6,674.0 

6.54 4.61 4.37 4.31 

W 
W 

* ::11 costs i n  1979 f i r s t  qua r te r  d o l l a r s  



TABLE A-5 BRACKISH WATER DESALTING COSTS* - REVERSE OSMOSIS 
2000-5000 ppm T d i  , TEMPERATURE 21 "C (70°F) 
80% RECOVERY, 95% PLANT FACTOR 

FEEDWATER: 

Cost I terns 1 

C o n s t r u c t i o n  Per iod  (Months ) 9 
- X r e c t  C a p i t a l  Costs 

1. I n s t a l  l ed  Equipment Cost 751 .O 
2. S i t e  Drdvelopment 125 .O 
3. I n t a k e  and O u t f a l l  System 75 .O 
4. E l e c t r i c  U t i l i t i e s  8 Switchgear 125.0 

To ta l  D i r e c t  Cap i ta l  Costs 1,176.0 
I n d i  1 e c t  Cap1 t a l  Costs 

5 .  I n t e r e s t  d u r i n g  cons t ruc t i on  & s t a r t u p  30.3 
6. Working C a p i t a l  58.8 
7. Contingency - A & E Fee -. 202.4 

TOTAL CAPITAL COST 1,467.5 
_-_ Opera - t i  ng Costs (Annual ) 

8. Opera t ing  and Maintenance Labor 
9 .  G '& A 8 40:: 

10. Cheniicals 
11 . C a r t r i d g e  F i  1 t e r s  
12. Other  t i a t e r i a l s  
13. E l e c t r i c i t y  @ 2.5c/kwhr 
14. Membrane Replacement 

TOTAL OPERATING COSTS 

27.5 
11.0 
42 .O 

6.9 
4.0 

55.6 

233 * 5 

86.5 
~- 

15. F i xed  Charge @ 16.5% 242.1 

TOTAL ANNUAL COST 475.6 

Cost o f  Water, W k g a l  1.37 

3 

12 

2,020.0 
225 .O 
180.0 
316.0 

2,741 .O 

95.9 
137.0 
475.0 

3,448.9 

52.5 
21 .o 

126.1 
20.8 

9.6 
259.5 
150.0 

639.5 

569.1 

1,208.6 

1.16 

P l a n t  Capaci l i t  (14GD) 
5 10 

15 20 

( $  x 10 ) 

2,820.0 
375 .o 
250.0 
444.0 

3,889.9 

167.4 
194.4 

4,929.5 

77.5 
31 .O 

210.2 
34.6 
13.4 

432.5 
240.0 

1,039.2 

678.7 

813.4 

1,852.6 

1.07 

5,270.0 
450.0 
403.0 
755.0 

6,575.0 

417.2 
343.8 

1,218.2 

8,854.2 

140.0 
56.0 

423.4 
69.2 
25.1 

865.0 
459.9 

2,035.5 
1,463.9 

3,496.5 

1.01 

25 

24 

12,810 .O 
675.0 
800.0 

1,603.0 
15,885 .o 

1,217.0 
794.2 

20,751.6 

2,863.4 

140.0 
55.0 

1,053.9 
173.0 
61 .O 

2,162.5 
1.140.3 

4,783.4 

3,425.3 

8,208.7 

0.95 

c3 
P 

* A l l  c o s t s  i n  1979 f i r s t  q u a r t e r  d o l l a r s .  

. 



I tern 

TABLE A-6 BRACKILII WATER DESALTING COSTS" - 1 MGD ELECTRODIALYSIS 
FEEDWATER TEMPERATURE 21 O C  ( 7 O O F )  

95% PLANT FACTOR 

Construct ion Period (Months) 
Direct C a p i t a l  Cost 

1 .  In s t a l l ed  Equipment Cost 
2. S i t e  Development 
3 .  Intakes and Out fa l l s  
4. E l e c t r i c  U t i l i t i e s  and Switchgear 

Total Direct  Capital Cost 

I n t e r e s t  during construct ion & s t a r t u p  

Contingency - A 8 E Fee 

Ind i r ec t  Capital Cost 
5 .  
6 .  Working Capital 
7. 

TOTAL CAPITAL COS7 
Operating Costs (Annual) 

8. 
9. G & A (h 40% 

Opera t i  ng and Ma i ntenance Labor 

10. Chemicals 
11 .  F i l t e r s  
12 .  Other Mater ia ls  
13. E l e c t r i c i t y  @ 2.5Q/kwhr 
14. i4embrane Replacement 

15. Fixed Charge @ 16.5% 
TOTAL OPERATING COSTS 

TOTAL ANNUAL COST 
Water Cost, $/kgal 

Feedwa ter Type 

1 2 3 

1,040 920 
125 125 
75 75 

80 125 
1,365 1,200 

-.- 

24.7 21.8 
68.2 61.1 .O 

233.3 20* . I  - 
1,691.2 1,4Eo .9 

27.5 27.5 
11 .o 11.3 
3.5 3.5 

10.4 111.4 
5.2 4 .6  

95.2 5:.6 

180.6 135.2 
2.1.6 --- 2 7 . 8  

279.0 245.3 
459.6 380.5 

1.32 1.10 

740 
125 
75 
80 

1,020 

17.6 
51 .O 

174.2 
1,262.8 

27.5 
11.0 

3.5 
10.4 
3.7 

64.9 
1 9 . 8  

140.8 
208.4 
349.2 

-- .- 

1 .oo 

4 

6 

920 
125 
75 

125 
1,245 

21 * 9  
62.2 
212.6 

1.541.6 

27.5 
11 .o 
3.5 

10.4 
4 . 6  

1 1 9 . 4  
21 .6  

201.0 

254.4 
455.9 
- - - - 

1.31 

m 

* All costs i n  1979 f i r s t  qua r t e r  do l l a r s .  
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TABLE A-7 BRACKISH WATER DESALTING COSTS* - 5 MGD CLLCTRODIALYSIS 
FEEDWATER TEMPERATURE 21 "C (70°F) 

95% PLANT FACTOR 

Feedwa t e r  Type 

1 2 3 4 

15 15 15 15 
(6 x 103) 

Cons t ruc t i on  Per iod  (Months) 

-. G i r e c t  C a p i t a l  Cost 

1. I n s t a l l e d  Equipment Cost 
2. S i t e  Development 
3. I n t skes  and O u t f a l l s  
4. E l e c t r i c  U t i l i t i e s  and Switchgear 

T o t a l  D i r e c t  Cap i ta l  Cost 

- I n d i r e c t  - C a p i t a l  Cost 

5. 
6.  idorking Cap i ta l  
7. 

I n t e r e s t  du r ing  cons t ruc t i on  & s t a r t u p  

Contingency - A & E Fee 
TOTAL CAPITAL COST 

Csera t i nq  Costs (Annual) 

8.  Opera t ing  and Maintenance Labor 
9.  G S A 0 40% 

10. Cheini c a l  s 
11. F i l t e r s  
12. Other M a t e r i a l s  
13. E l e c t r i c i t y  @ 2.50/kwhr 
14. i-lernbrane Replacement 

15. F i xed  Charge @ 16.5% 
TOTAL OPERATING COSTS 

TOTAL Ar4NUAL COST 

Water Cost, $/kgal  

4,770 
375 
2 50 
444 

5,839 

282.9 
291.9 

1,026.2 

7,440.0 

77.5 
31 .O 
17.5 
52.0 
23.8 

475.8 
127.4 

si's ,il 
1,227.6 

2,032.6 

--- 

1.17 

4,140 
3 75 
250 
285 

5,350 

245.5 
252.5 
887.7 

6,435.7 

77.5 
31 .O 
17.5 
52.0 
20.7 

268.2 
110.5 
577.4 

1,961.9 

1,639.3 
0.94 

3,330 4,140 
375 375 
250 250 
285 444 

4,249 5,239 
~- 

197.5 245.5 
212.0 260.4 
743.9 914.4 

5,393.4 

77.5 
31 .O 
17.5 
52.0 
16.7 

324.4 
39.0 

608.1 

833.9 

1 ,49a.o 
0.86 

6,629.3 

77.5 
31 .O 
17.5 
52.0 
29.7 

595. a 
113.5 

905.3 

i ,033.8 
1,938.8 

1.15 

* A l l  c o s t s  i n  1979 f i r s t  q u a r t e r  d o l l a r s .  

c 
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TABLE A-8 BRACKISH WATER DESALTING COSTS* - 10 MGD ELECTRODIALYSIS 
FEEDWATER TEMPERATURE 21 " C  (7OOF) 

95% PLANT FACTOR 

I tern 

Const ruc t ion  Per iod (Months) 

D i r e c t  C a T i t a l  Cost 

1. I n s t a l l e d  Equipment Cost 
2 .  S i t e  Development 
3. In takes  and O u t f a l l s  
4. E l e c t r i c  U t i  1 i t i e s  and S w i  tchgear 

To ta l  D i r e c t  Cap i ta l  Cost 

I n t e r e s t  du r ing  c o n s t r u c t i o n  & s t a r t u p  

Contingency - A & E Fee 

-~ I n d i r e c t  Cap i ta l  Cost 

5. 
6. Working Cap i ta l  
7 .  

TOTAL CAPITAL COST 

Opei-ating Costs (Annual) 
8. Operat ing and Maintenance Labor 
9. G & A @ 40% 

10. Cheini ca l  s 
11. F i l t e r s  
12. Other M a t e r i a l s  
13. E l e c t r i c i t y  3 2.5&/kwhr 
14. Meiiibrane Rep1 acement 

TOTAL OPERATING COSTS 
15. F ixed Charge @ 16.5% 

TOTAL ANWAL COST 

Water C o s t ,  Blkga l  

1 

20 

9,079 
450 
400 
755 

10,675 

718.3 

1,905.3 
13,835.4 

533.8 

140.0 
56.0 
35 .O 

105.0 
45.4 

951.5 
242.2 

1,575.1 

A- 2 282.8 

3,857.9 

1 .ll 

Feedwater Type 

2 3 

7,820 
450 
400 
485 

9,155 

619.3 
457.8 

1,637.1 

11,869.2 

140.0 
56.0 
35 .O 

105.0 
39.1 

536.3 
298. a 

1,120.2 

1.958.4 
3,078.6 

0.89 

6,290 
450 
400 
485 

7,625 

498.1 
381.2 

1,360.7 

9 , m  .o 

140.0 
56.0 
35.0 

105.0 
31.4 

648.8 
167.9 

1,184.1 

1,627.7 

2 ,a i i  .8  
0.81 

4 

23 

7,820 
450 
400 
755 

9,425 

619.3 
471.2 

1,682.5 

12,198.8 

140.0 
56.0 
35 .O 

105.0 
39.1 

1,193.7 
208.8 

1,777.6 

2,012.7 
3,790.3 

1.09 

* A l l  cos ts  i n  1979 f i r s t  quar te r  d o l l a r s .  



TABLE A-9 BRACKISH WATER DESALTING COSTS* - 25 MGD ELECTRODIALYSIS 
FEEDWATER TEMPERATURE 21 "C (70°F) 

95% PLANT FACTOR 

I tern 

Const ruc t ion  Per iod (Months) 
D i r e c t  Cap i ta l  Cost 

1. I n s t a l l e d  Equipment Cost 
2. Site Development 
3. I t l takes and O u t f a l l s  
4.  E l e c t r i c  U t i l i t i e s  and Switchgear 

To ta l  D i r e c t  Cap i ta l  Cost 

Interest dur ing  cons t ruc t i on  & s t a r t u p  

Contingency - A & E Fee 
TOTAL CAPITAL COST 

I n d i r e c t  C a p i t a l  Cost 

5. 
6. Working Cap i ta l  
7. 

Opera t i  ng Costs (Annual ) 
8. Operat ing and Haintenance Labor 
9. G & A @ 40b 

10. Chemicals 
11. F i l t e r s  
12 .  Other Ma te r ia l s  
13. E l e c t r i c i t y  (3 2.58/kwhr 
14. Membrane Replacement 

15. F ixed Charge Q 16.5% 

TOTAL OPERATING COSTS 

TOTAL ANNUAL COST 

Uater Cost ,  S/kgal 

1 

24 

20,600 
675 
803 

1,603 

23,675 

1,957.0 
1,183.8 
4 , 290.5 

31,106.3 

140.0 
56.0 
87.5 

262.5 
103.0 

2,378.8 
550.0 

3,577.8 
5,132.5 
8,710.3 

1 .oo 

Feedwa t e r  'Type 

2 3 

24 24 

( $  x 103) 

17,480 
675 
800 

1,025 
19,980 

1,660.6 
990.0 

3,622.3 
26,261.9 

140.0 
56.0 
87.5 

262.5 
87.4 

1,340.8 
466.7 

2,440.9 
4,333.2 
6,774.1 

0.78 

14.160 
* 75 
I r17 

16,5trJ 
1,L ;- 

1,335.7 

2,954 5 

21,71'1 ? 

820. o 
- -  

149.b 
56.9 
87.5 

262.5 
70.3 

1,621.8 
375.4 

2,613.5 
3,582.2 
6,195.7 

0.71 

4 

24 

17,480 
675 
800 

1,600 

20 , 555 

1,660.6 
1,027.8 
3,718.9 

26,962.3 

140.0 
56.0 
87.5 

262.5 
97.4 

2,984.2 
466.7 

C, ,384.3 
4,448.8 
8 , 5 3 3 . 1  

0.9h 

* A l l  costs i n  1979 f i r s t  q u a r t e r  dollars. 
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TABLE A-10 REVERSE OSMOSIS ANNUAL OPERATION AND MAINTENANCE COST 
FEEDUATER: SEAWATER (-35,000 ppiv Tds) , TEMPERATURE 21 " C  (70°F) 

30% RECOVERY, 85'4. PLANT FACTOR 
ALL COSTS I N  DOLLARS (FIRST-QUARTER 1979) 

( O l d  ,, is) 

Cos t  I teins 

I n s t a l l e d  C a p i t a l  Cost* x 1,000 

Equipment 

I n t a k e  & O u t f a l l s  

TOTAL 

ki;WAL 0 & M COSTS, x $1,000 

F i x e d  Charge @ 16.5% 

Opera t i  ng & Maintenance Labor 

G & A on Labor  (40%) 

Chemicals 

C a r t r i d g e  F i  1 t e r s  

Other  M a t e r i a l s  & Supp l i es  

E l e c t r i c i t y  @ 2.5cVkwhr 

Hembrane rep1 acement 

TOTAL 0 & M COST 

Cos t  o f  Water, $ / k g a l  

.o;  

55 
5 

60 
- 

9.9 

4.5 

1.8 

1 .o  
0.2 
0.2 

2.9 

1.8 

22.3 

7.20 

P l a n t  C a p a c i t y  (MGD) 
.1 1 3 

( $  x I O 3 )  

525 3,190 9,420 

30 221 425 

555 3,411 9,665 

91.2 

9.9 
3.6 
9.7 

1.7 

2.4 

29.5 

17.3 

562.8 1,594.7 

27.5 52.5 

11 .o 21 .o 
97.0 291.1 

17.2 52 .O 
14.5 42 .O 

294.5 883.5 

161 .O 451 .o 
164.4 1,185.5 3,417.8 

5.30 3.83 3.68 

5 

15,125 

575 

15,700 

w ul 
2,590.5 

77.5 

31 .O 
435.2 

86.5 
68.8 

1,472.5 

8a1 .O 

5,613.0 

3.61 

* I n s t a l l e d  c o s t  ( i n  1979 f i r s t - q u a r t e r  d o l l a r s )  i n c l u d e s  overhead, p r o f i t ,  i n t e r e s t  d u r i n g  
c o n s t r u c t i o n  (9 .5%) ,  and a l l  s t a r t u p  expenses and o p e r a t o r  t r a i n i n g .  
c o s t  o f  feedwater o r  b r i n e - d i s p o s a l  w e l l s ,  l a n d  o r  s i t e  p r e p a r a t i o n .  

Does n o t  i n c l u d e  



TA2LE A-11 REVERSE OSMOSIS PLANTS ANNUAL OPERATION AND MAINTENANCE COST 
FEEDYATER: 2000-5000 ppm Tds , TEMPEGATURE 21 O C  (70°F) 

80% RECOVERY, 95% PLANT FACTOR 

( O l d  B a s i s )  

ALL COSTS IN DOLLARS (FIRST-QUARTER 1979) 

Cost  I terns 

I n s  t a l  l e d  C a p i t a l  Cos t * x  $1,000 

AN:;UAL 0 & ;il COSTS, x $1,000 

iixed Chdrge 16.5% 

O p e r a t i n g  & ma in tenance l a b o r  

b & A on Labor  (40%) 
Cnemi c a l  s 

C a r t r i d g e  f i l t e r s  

0 t h e r  ma t e r i  a1 s and suppl i e s  

E l e c t r i c i t y  Ca 2 . 5 t / k w h r  

i:smbrane Replacement 

T o t a l  Annual  0 & M Cost  

C o s t  o f  Water,  $ /Kga l  

1 

851 .O 

140.4 

27.5 

11 .o 
42.0 

6.9 

4.0 

86.5 

55.6 

373.9 

1.33 

3 

2,020.0 

333.3 

52.5 

21 .o 
126.1 

20.8 

9.6 

259.5 

150.0 

972.8 

0.94 

P l a n t  Capac i t y  (l lc;D) 

5 10 
i 4  103) 

2 ,  Y?O . 0 ,270.0 

465.3 

77.5 
31 .O 

210.2 

34.6 

13 .4  

432.5 

240.0 

869.6 

140.0 

56.0 

420.4 

69.2 

25.1 

865.0 

459.9 

1,504.5 2,905.2 

0.87 0.84 

25 

12,810.0 

2,113.6 

140.0 

56 .O 

1,050.9 

173.0 

61 .O 
2,162.5 

1,149.0 

6,897.0 

0.89 

* I n s t a l l e d  c o s t  ( i n  1979 f i r s t  q u a r t e r  d o l l a r s )  i n c l u d e s  overhead, p r o f i t ,  i n t e r e s t  d u r i n g  
c o n s t r u c t i o n  (9 .5%),  and a l l  s t a r t u p  expenses and o p e r a t o r  t r a i n i n g .  
c o s t  o f  f e e d w a t e r  o r  b r i n e - d i s p o s a l  w e l l s ,  l a n d  o r  s i t e  p r e p a r a t i o n .  

Does n o t  i n c l u d e  
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TABLE A-1 2 ELECTRODIALYSIS ANWAL OPERATION AND MAINTENANCt EXPENSE* 
F i  i:U!dATER TEMPERATURE 2loC (70aF),  95% PLANT FACTOR 

(Old  Basis)  

P l a n t  S ize - 1 MGD 

I terns 

Water Recovery ( Z )  
Product  p u r i t y  (ppm Tds) 

Stages  

P l a n t  c a p i t a l  cos t  (1) .  $ x l o6  
ANNCAL COST, $ x 103 

F i x e d  charges @ 16.5% 

Opera ti ng P, mai ntenance 1 abor 

G ii A on Labor (40%) 

C a r t r i d g e  f i  1 t e r s  

Other m a t e r i a l s  & supp l ies  

E l e c t r i c i t y  @ 2.5C/kwhr 

Membrane ileplacement 

CherTli c a l  s ( 2 )  

To ta l  Annual Cost 

Water Cost, S/kgal 

Feedwa t e r  Type 
1 2 3 

87.0 77.5 79.0 

4 213 420 420 

4 3 2 

1.04 .92 .74 

171.6 
27.5 

11 .o 
3.5 

10.4 
5.2 

95.2 
27.8 

352.2 

151.8 
27.5 
11 .o 

3.5 
10.4 
4.6 

53.6 

24.6 

287 .o 

122.1 

27.5 
11 .o 
3.5 

10.4 
3.7 

64.9 

19 .8  

262.9 

1.02 0.83 0 .76  

A 1 1  Costs  i n  1979 f i r s t  q u a r t e r  d o l l a r s .  

( 1 )  I n s t a l l e d  c o s t  ( i n  1979 f i r s t  q u a r t e r  d o l l a r s )  inc ludes  overhead, p r o f i t ,  i n t e r e s t  d u r i n g  
c o n s t r u c t i o n  (9.5%). and a l l  s t a r t u p  expenses and operator  t r a i n i n g .  
c o s t  o f  feedwater o r  b r i n e - d i s p o s a l  w e l l s ,  l a n d  o r  s i t e  p repara t ion .  

Does n o t  i n c l u d e  

4 

87.0 

420 

3 

.92 

151.8 

27.5 
11 .o 
3.5 

10.4 
4.6 

119.4 

24.6 

352.8 

1.02 

( 2 )  Chenical  c o s t s  a re  f o r  clea1,ing. 



TABLE A-13 ELECTRODIALYSlS ANNUAL OPERATION AND MAINTENANCE EXPENSE* 
FEEDG!I\,'! i R TEMPERATURE 21 "C (70"F), 95% PLANT FACTOR 

(Old Bas is )  

p1 a n t  '-) i z e  - 5 14GD 

Feedk#jter. Type 
I terns 

Water Recovery (X) 
Product p u r i t y  (ppm Tds) 

Stages 

P l a n t  c a p i t a l  c o s t  ( 1 1 ,  $ x lo6  
ANNUAL COST, x 103 

F i x e d  charges @ 16.5% 

Opera t ing  91 maintenance l a b o r  
G ii A on Labor (40%) 

C a r t r i d g e  f i  1 t e r s  

Other m a t e r i a l s  8 supp l i es  

E l e c t r i c i t y  Ca 2.5Q/kwhr 

Membrane Replacement 

Cheini ca 1 s ( 2 )  

To ta l  Annual Cost 

Water Cost, $/kgal  

A l l  c o s t s  i n  1979 f i r s t  qua r te r  d o l l a r s  

1 

87.0 

420 
4 

4.77 

786.2 
77.5 

31 .O 
17.5 

52.0 

23.8  
475.8 

127.4 

1,591.2 

0.92 

2 

77.5 
420 

3 

4.14 

683.1 
77.5 
31 .O 
17.5 

52.0 

20.7 

268.2 

110.5 

1,260.5 

0.73 

3 

79.0 

420 
2 
3.33 

549.4 
77.5 
31 .O 

17.5 

52.0 

16.7 

324.4 

89.0 

1,157.5 

0.67 

4 

87.0 

423 

3 

4.14 

683.1 
77.5 

31 .O 
17.5 
52.3 

20.7 

596.8 
110.5 

1,589.1 

0.92 

P 
N 

(1) I n s t a l l e d  c o s t  ( i n  1979 f i r s t  q u a r t e r  d o l l a r s )  inc ludes  overhead, p r o f i t ,  i n t e r e s t  du r ing  
c o n s t r u c t i o n  (9.5%), and a l l  s t a r t u p  expenses and opera tor  t r a i n i n g .  
c o s t  o f  feedwater o r  b r i ne -d i sposa l  we l l s ,  land  o r  s i t e  p repara t i on .  

Does n o t  i nc lude  

( 2 )  Che>nical cos ts  a r e  f o r  c lean ing .  



TABLE A-1 4 ELECTRODIALYSIS AFiNUAL OPERATION AND MAINTENANCE EXPENSE* 
FEEDWATER TEMPERATIJIIE 21 "C (70°F) , 95% PLANT FACTOR 

(Old Basis)  

I terns 1 

Water Recovery ( 7 ; )  
Product  p u r i t y  (ppm Tds) 
Sta9cs 

ANNUAL COST, s x 103 
P l a n t  c a p i t a l  cos t  (11 ,  $ x l o 6  

Fixed charges @ 16.5% 
Opera t i  ng 1; maintenance l a b o r  

G ii A on Labor (402) 

Chemi c a l  s 
C a r t r i d g e  f i l t e r s  

b t n e r  m a t e r i a l s  & supp l ies  

E l e c t r i c i t y  Q 2.5Q/kwhr 

Membra ne Rep 1 a ceme n t 

( 2) 

To ta l  Annual Cost 

87.0 

420 

4 

9.07 

1,496.6 
140.0 

56 .O 
35 .O 

105.0 

45.4 
951.5 

242.2  
3.071.7 

Water Cost, S/kgal 3.89 

P l a n t  S ize --- 10 MGD 
Feedwa t e  r, Type 
2 3 

77.5 79.0 

420 420 
3 2 

7.82 6.29 

1,290.3 
140.0 

56.0 
35 .o 

105 .O 
39.1 

536.3 
208. a 

2,410.5 

1,037.8 
140.0 

56.0 
35.0 

105.0 
31.4 

648.8 

167.9 

2,221.9 

0.70 3.64 

* A l l  cos ts  i n  1979 f i r s t  q u a r t e r  d o l l a r s . .  

c o n s t r u c t i o n  ( 9 . 5 i ) ,  and a l l  s t a r t u p  expenses and opera tor  t r a i n i n g .  Does no t  i nc lude  
c o s t  of  feedwater o r  b r i n e - d i s p o s a l  w e l l s ,  land o r  s i t e  p repara t ion .  

( 1 )  I n s t a l l e d  c o s t  ( i n  1979 f i r s t  q u a r t e r  d o l l a r s )  inc ludes overhead, p r o f i t ,  i n t e r e s t  d u r i n g  

( 2 ;  i ne in ica l  costs  are f o r  c lean ing .  

4 

87.0 

420 

3 
7.32 

1,290.3 
140.0 
56.0 
35.0 

105.9 

39.1 

1,193.7 

208.8 

3,067.9 

0.89 

P 
w 



TABLE A-1 5 ELECTRODIALYSIS ANNUAL idi.I.I:ATION AND MAINTENANCE EXPENSE* 
FEEDWATER TEMPERATURE 21 " C  ( i i l  ' F )  , 95% PLANT FACTOR 

(Old Bas i f . )  
P l a n t  Size - 25 PlGD 

Feedwa t e r  Type 

1 2 3 I terns 

Water Recovery (%)  
Product p u r i t y  (ppm Tds) 
Stages 

P l a n t  c a p i t a l  cos t (1 ) .  6 x 106 
A I W A L  COST, $ x l o 3  

F i xed  charges (3 16.5% 

Opera t ing  li maintenance l a b o r  

G it A on Labor (40%) 

C a r t r i d g e  f i l t e r s  

Other m a t e r i a l s  & supp l i es  

E l e c t r i c i t y  ld 2.5C/kwhr 

Membrane Replacement 

Chenii ca 1 s (2 )  

To ta l  Annual Cost 

Water Cost, $/kgal  

87.0 77.5 79 .O 
420 420 420 

4 3 2 

20.60 17.48 14.06 

3,393.8 

140.0 
56 .O 
87.5 

262.5 

103.9 
2,378.3 

550.0 - 
6,977.6 

2,884.2 

140.0 
56 .O 
87.5 

262.5 

87.4 

1,340.8 

466.7 

5,325.1 

2,319.9 
140.0 

56 .O 
87.5 

262.5 

70.3 

1,621 .8 
375.4 

4,933.4 

0.3CI 0.62 0.57 

4 

87 .O 
420 

3 
17.48 

* A l l  cos ts  i n  1979 f i r s t  q u a r t e r  d o l l a r s .  

( 1 )  I n s t a l l e d  c o s t  ( i n  1979 f i r s t  q u a r t e r  d o l l a r s )  i nc ludes  overhead, p r o f i t ,  i n t e r e s t  du r ing  
c o n s t r u c t i o n  (9.5:), and a l l  s t a r t u p  expenses and opera tor  t r a i n i n g .  
c o s t  o f  feedwater o r  b r ine-d isposa l  we l l s ,  l and  o r  s i t e  p repara t ion .  

Does n o t  i nc lude  

121 Cnei i ic ; l l  c o s t s  a re  f o r  c lean ing .  

2,884.2 
140.0 
56.0 

87.5 

262.5 
87.4 

2,934.2 

466.7 
6,963.5 

0.80 

P 
P 



45 

ORNL/TM-6912 

INTERNAL DISTRIBUTION 

1 .  
2 .  
3. 
4. 
5. 
6.  
7 .  
8. 
9. 

10. 
11 .  
12. 

1 3-349. 

363. 
364. 

365-464. 

465. 

466. 

467. 

468-469. 

470. 

471. 

472. 

473. 

474. 

475. 

476. 

477-486. 
487. 

T. D.  Anderson 
S. Baron 
D .  F. Cope 
W .  B.  Co t t r e l l  
J .  F .  Harvey 
R .  F .  Hibbs 
R .  E .  MacPherson 
J .  W. Michel 
J .  S. Johnson 
J .  E .  Jones 
M .  Levenson 
H .  Postma 
S. A .  Reed 

350. 
351. 
352. 
353. 
354. 
355. 
356. 

357-358. 
359. 

360-361. 

362. 

EXTERNAL DISTRIBUTION 

J .  L .  Rich 
M.  W .  Rosenthal 
M .  J .  Skinner 
I .  Spiewak 
H .  E .  Trammel1 
D. B .  Trauger 
J .  V.  Wilson 
Central Research Library 
Document Reference Section 
Laboratory Records 
Department 
Laboratory Records, RC 

D.  Linz, DOE,  OR0 
R .  Ba i l i e ,  38 Pelican I s l e ,  Fort  Lauderdale, FL 33301 
Walter Barnes, Office of Water Research and Technology, 
Washington, DC 20240 
S. V .  Cabibbo, Burns and Roe, Indus t r ia l  Services Corp., 
P.O.  Box 663, Paramus, NJ 07652 
Harold E .  Davis, Water Pur i f ica t ion  Program, Avco Corp./Avco 
System D i v . ,  201 Lowell S t . ,  Wilmington, MA 01887 
R .  W .  Durante, Westinghouse E lec t r i c  Corporation, 1801 K .  S t . ,  
N . W . ,  Washington, DC 20008 
R .  H .  Evans, Burns and Roe, 1250 Connecticut Ave., N . W . ,  
Washington, DC 20036 
W .  H .  Glaze, Director ,  I n s t i t u t e  o f  A p p l i e d  Sciences, North 
Texas S t a t e  University,  Denton, TX 76203 
Robert Glover, Permaseps Div . ,  E.I. duPont de Nemours and 
Company, 1007 Market S t . ,  Wilmington, DE 19898 
H. Gold, Water Pur i f ica t ion  Associates,  238 Main S t . ,  Cambridge, 
MA 02142 
D.  Hornburg, DSS Engineers, 7483 Northwest, 4th S t . ,  Fort  
Lauderdale, FL 33317 
Jack Hunter, United Oil Products, 10 UOP PLaza, Des Pla ins ,  
IL 60016 
Thomas E .  Kinlin,  Product Sales  Manager, Heat Transfer Division, 
Westinghouse E lec t r i c  Corp., Lester Branch, A705, P.O.  Box 9175, 
Philadelphia,  PA 19113 
Neil Kline, Orange County Water District, 10500 El l is  Ave., 
P.O. Box 8300, Fountain Valley, CA 92708 
T. J .  Larson, 7080 Miramar Road, Su i t e  C ,  San Diego, CA 92121 
Manuel Lopez, J r . ,  8940 Pembrook Drive, Boise, ID 83704 



46 

488-490. 

491. 

492. 

493. 

494. 

495. 

496. 

497. 

498. 

499. 

500. 

501. 
502-528. 

Sherman C .  May, S c i e n t i f i c  Development, Bechtel Corporation, 
50 Beale S t . ,  San Francisco, CA 94105 
D.  L .  Moen, Heat Transfer Division, Westinghouse E lec t r i c  Corp., 
Lester Branch, P.O.  Box 9175, Philadelphia,  PA 19113 
L .  Manning Muntzing, LaBoeuf, Lamb, Lieby & MacRae, 1750 N .  S t . ,  
N . W . ,  Washington, DC 20036 
J .  W .  O'Meara, Water Resources Association, 955 L'Enfant Plaza, 
North, Sui te  1202, Washington, DC 20024 
Wil F .  Pergande, President ,  Mechanical Equipment Company, Inc. ,  
861 Carondelet S t r e e t ,  New Orleans, LA 70130 
Martin Prochnik, U.S. Department of S t a t e ,  OES/NET/IM, 
Washington, DC 20520 
R .  H .  Rhinesmith, Water Technologies Division, Aqua-Chem, Inc. ,  
P . O .  Box 421 , Milwaukee, WI 53201 
Paul J .  Shoreder, Fluor Engineers & Constructors,  Inc. ,  3333 
Michelson Dr. , I rv ine ,  CA 92730 
W .  W .  Stickney, Resources Conservation Co., P . O .  Box 936, 
Renton, WA 98055 
Ken Tropmeter, Bureau of Reclamation, Department of the 
I n t e r i o r ,  P.O.  Box 427,  Bounder Ci ty ,  N V  89005 
Frank J .  Zarambo, Riley-Beaird, Inc. ,  P.O.  Box 1115, Shreveport, 
LA 
Asst. Manager, Energy Research and Development, DOE-OR0 
Technical Information Center, Oak Ridge 

W . S .  GOVERNMENT PRINTING OFFICE: 1979-640-079-162 


