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APPENDIX A
 

AVAILABLE GROUND WATER QUALITY ANALYSES
 

FOR EL KAS, EXTENSION #3 WELLS
 



DATES OF SAMPLES
 
Ground Water Constituents 11/15/85 3/196414/86 6/29/86 91]/86 8/86 9/23/86 
PH 7.6 7.8 7.8 8.6 7.6 7.4 7.2 
Conductivity U - mhos/Cm 2 10.900 13,000 15,000 920 630 20,000 20,000 
Partial alkalinity ma!] CaCo 3 0 0 0 17.5 0 0 0 
Total alkalinity mq/1I CaCo 3 250 300 270 203 180 270 260 
Totil Hardness mo/I CaCo 3 1,620 1,300 2.000 80 172 2.240 2.090 
Calcium mq/] CaCo 3 ', 20 490

9 600
60 50

50 go 
_ 0

26__0 6 4 0 
Manuanese m r,]aCo3 1,200 1,410 1,400 30 47 1 620 1450 
Sodium : . 4J30 520 5,,7 -7 5900 
Potassium mq/ CaCo 3 115 155 162 11.5 6 175 173 
Manganese m/I as Mn 0 .03 .01 .02 .01 
Iron mQ/I as Fe .024 0.1 .45 .013 .006 .01 
Chlorides m/1 as CaCo 3 5,052 6,052 5,706 126 53 6.340 6,250 
Sulphates m/I as CaCo 3 877 948 1,317 67 42 1.636 1,661 
Total Dissolved Solid (TDS) mg/I 6,540 6.380 10.093 737 359 13,397 12,840 
Turbidity (NTU) 

84 1.2 2.8 2.2 
Suspended Solids mql 60 157 5 7 5 



APPENDIX B
 

EASTERN MEDITERRANEAN WATER
 

QUALITY ANALYSIS
 



--

Ionic Composition in Seawater (irmg/1)
 

Normal 

Constituent 
 Seawater 


-
Chloride (CI
1 ) 18,980 


Sodium (Na+1) 
 20,556 


Sulfate (S0 ) 
 2,649 


Magnesium (Mg+2) 


Calcium (Ca+2) 
 400 


+
Potassium (KW) 
 380 


Bicarbonate (HC0 3-1 ) 
 140
 

Strontium (Sr-2) 13 


-
Bromide (Br ]) 
 65 


Boric Acid (H3B03) 
 26 


Fluoride (F-1) 
 1
 

Silicon (Si-4) __
 

-
Iodine (11) 
 <1 


Other 
 I
 

Total Dissolved Solids 
 34,483 


o Note: -- jyMeans much less than I mg/I 
or not given.
 

o Assume pH 7.9, 26.4-C.
 

Reference: 
 The USAID Desalination Manual, August 1980, pg. 


Eastern
 
Mediterranean
 

21,200
 

11,800
 

2,950
 

1,403
 

423
 

463
 

155
 

72
 

2 

38,600
 

2-5. (PN-AAJ-122).
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APPENDIX C
 

Comments and Direction Received by Meridian Resulting From
 
EEA/USAID Review of the DrafL-For-Comment AR/CD FT#8
 

0 
 Letter from USAID to the Project Manager Team, Subject: Review of AR/CD

Field Test #8, dated July 14, 1986
 

o Memorandum frcm DR. Tablawi/R. Botros concerning EEA/E,-DO Comments 
on
 
AR/CD for FT#8, dated August 14, 1986
 

o 
 Memorandum signed by R. Botro. and J. Hoelscher concerning Comments on
 
AR/CD for FT#8, dated August 25, 1986
 

0 Letter from Meridian to Robert Spongberg, LBTI/Cairo, Subject: Approval

of Conceptual Desi gn 
for Field lest #7, #8, #9, and #10 Under Contract AID
 
263-0123C-00-4069-00 (Meridian Froject No. 173), 
dated November 12, 1986
 
(NCC-429-86-TA) 

o Letter from Robert Spongherg to Meridian, Subject: Result of Discussions
 
Regarding AR/CD-7 and AR'CD-8 In Response to MC Letter #429-86-TA DAted 12 
November 1986, dated December 10, 1986
 



OATh, July 14, 1986 

A. PetersonL,,TTO:" HRDC/S&T:Eric 

/ 14 OCT 1986 
of AR/CD Field Test #8su,,c-r, Review 

i OCr'19s 
TO, project Management Team 

See Distribution
 

Comments:
 

are required to illustrate the
 
Graphical presentations
1) 	 a function of insolation and
 
differences in output as 


I suggest a separate graph of OR salinity of feedwater. 
 curves
family of 

and ED output versus isolal:ions with a 

for salinity. 
2 

in isolation (2.6 Kwh/m 
3 

to 7.6 
2) 	 What was the variation 15 m of 

Kwh/m 2 ) effect on chossing system size of 

water? 

Does 	demand vary by season?
3) 


source water quality needs to be 
for assessing4) Equipment 

specified. 

to change in 
page 	27, answer to "tolerance 


5) 	 Exhibit 4-1, "high" rather
better answered with
supply" may be
power 	 to operate but
it continues
"yes" mean
than 	"yes". Does 

reduced quality?
at reduced flow or 


Did Meridian checksources? 
6) 	 Is EEA aware of other data 

point cannotOne datasite 	visit?for other data during 
a sensitivitydesign unless 

be the basis for conceptual 
(1).See comlmenlt No.

analysis is~given. 

types of disposal
two 

7) 	 Discussion and analysis of required.
are
ocean disposal)
(evaporation versus 

a lined pond. Disposal will
 
Evaporation would require 
 or further.
require long lines to be.ch 

isdiesel generation set 
and anals'is of

8) 	 Discussion when running
WhaLt 	 i geriiset impact on output

inadequate. 	 use batteriesother times? Whyor aiin parallel with PV 

when there is a genset? 

9) 
Is 

What is the solar insolation data given on page 
33? 

the December number a minimum while the June is a 

maximum? Are these theoretical or actual data? 

10) The justification for batteries is inadequate on page 34. 

' 
Z" 0/ &1A P1OPTIONAL OflM NO I0 

(nmv. i-o 

G A ,rMR(41 CrrI I -I.I.G 
ii. 

0 - asi-s76 (729o)Xtinim orricz 1112
* U.S. 00VECJOXrt 



i) AR/CD lacks instrumentation.
 

12) 	 AR/CD lacks a summary of conclusion and recommendation of
 
desalinization type and PV type.
 

13) 	 AR/CD lacks information on institutional arrangements of 
what EEA should be negotiate] with Governorate. EEA needs 
to meet with AID staff about the private operation 
agreement being co,sidered by Matruh Government. 

14) 	 AR/CD needs information on ([M requirements. 

Distribution:
 

Dr. EMad El Sharka;.i, Chair;nan, EEA 
Dr. Moustafa Swedan, Deputy Chairman, EEA 
Dr. Talaat El 'ablawi, EEA 
Eng. Reda Botrous, EEA\/J 
Mr. Robert Sponyber, LB II 



' 4.
August 14, 1986 

'REDO CommentsSpe5)-Ab tc\ 	 on 

TrO " "- - for FT /8 	 1-0 W e 5 17AR/CD 

/Cc : Deeepak Kenkeremath 	 d L ec ] e. 
Pete Borgo 
Jim Hoelscher ) ,' 

-~~ Ic C) e V~V'D *c 
FROM: R. Botros 
 J 	 1) 6 

o 	 Site visit report should be included if the AR document (including data of
 
visit, institutional arrangements, requilred staffing for O&M, 
 contact person,

site data, site information, etc. and additional information needed that 
help design.- Conclusions and final recommendations.) 

o 	 Develop a site check list. 

o 	 Define energy resources, and the nearest electric line. 

o 	 Define user requirements, andthat will help in hardware identification 

possible size of the PV/Des. unit.
 

o 	 Identify effect of seasonal salinity on the product water to meet user
 
requirement.e and its effect on the design and size of the PV/Des. unit. 
Family of curves should be made showing performance specification correlation 
charts.
 

o 	 For each salinity level, the type of des. technology must be addressed
 
showing the reason of selection.
 

o 	 Diesel operation scheme should be addressed for winter and summer operation. 

o 	 AC vs. DC design should be given showing advantages and disadvantage and 
reason of selection.
 

o 	 Evaluate desalination alternatives sho;ing 
reason of selection.
 

o 	 Are the given parameters reflect user requirement? 

o 	 P. 13, Item 5.4, Titled Batteries: it was stated that 
sealed batteries are
 
always preffered over vented ones 
in remote applications and sandy areas.
 
This is not necessarily 
true in hot climates, i.e., electrolyte rise in
 
temp., probably gas formation and boiling may damage the plates. Vented
 
batteries would prevent this 
problem accordingly eviluaLting the two alter
natives and select one. However, vented caia be equipped by recombination
 
caps, thus reducing electrolyte loss. 

o 	 Final site selection should be identified reflecting technical consideration 
for selection. 

o 	 Rec. mmndatior, is given to move the unit inland 200 meters, reasons of moving
should be clarified showing its effect on the sizing of unit, piping

protection, treatment 
 needed to overcome deposite and scaling problems. 

i,* 	 E c c~Ln A 



o 	Lay out of the system should be part of the report showing place of all
 
components on site.
 

e 	Schematic diagram and block diagram for system components, showing their
 
connections should be given.
 

o 	The final decision of tra;sporting brine water should be identified, feed
 
water connection to the des. unit should be clarified.
 

o 	r o information given regarding way of installing system in the selected site.
 

o 	Instrumentation requirements are not included, what needs to be measured for
 
easy evaluation.
 

o 	Modes of operation should be explained & addressed in the AR report- ,- fk cvseyJ 

o 	 Correct dec. insolation data, two different figures are given (p. 33, p. 43) 
and recalulate design according to rhe correct insolation figure. 

" 	It is stated, page 33, no. 4, that the unit will be sized for 8 hr. operation,
 
at what extent this can affect R/O membranes life time, maintenance... etc. 
(for membranes safety it should operate 24 lirs under constant pressure, this 
required additional battery storag;e, consequently additional array sizing... 
evaluation should be made). 

o 	 Insolation data given by M. Shaltoout p. 33, is a theoretical data, av. should 
be the reasonable value for the insolation. 

o 	Options of RO/ED with battery storaire fer 3/day taking into
 
consideration a 2/3 day storage tank.
 

o 	CLo4 C4 d& q k u-CA (,j t°"4/l of ', /D F [c{3 ,,C.c t. 

o.. 	 $b3 ~.. ~C ",~'.I 

0-
 C)u W 
-1-~ ro'~(.k &c. 	 - ,.[,\~L.. 

a 	 Av r e 

J(x 



During her visit to the Meridian Corporation during August 1986, Engr. Reda 

Botros discussed in detail the Application Review/Conceptual Design for Field 

Test #8. Comments concerning this document are summarized in the following pages. 

These comments supplement those conta.ned in a letter from Eric Peterson to 

"Project Management Team" dated July !4, 1986, (Subject: Review of AR/CD Field
 

Test #8) which was given to us by Engr. Botros.
 



Comments on AR/CD for FT #8
 

1. Trip Reports for the Site Visit should be 
included as part of the AR/CD.
 
Specifically,
 

o 	 What skills and education should the person(s) who operate and maintain 
the desalination site have?
 

o 	Who are the people ini the Matr'h governorate who we should talk to to
 
get data, specific information about the site, etc.?
 

2. The distance to the nearest electric line should be specified for all
 

three candidate sites.
 

3. User requirements should be '3pecified.
 

4. The projected mode of operation the
of diesel (how many hours operation
 

per day, seasonal variation,) should he specified.
 

5. The justification for using sealed batteries should be 
re-examined. In
 

hot climates, the temperatur. of the electrolyte In batteries may rise to
 

unacceptably high temperatures because there is 
no venting. Equipping a vented
 

battery with recombination caps may be a better alternative.
 

6. The site selection of El Kasr 03 should be justified on a technical basis.
 

7. There is a recommendation that the building site at El Kasr #3 be moved
 

from the vincinity of 
the Roman wells to about 200 meters inland. One disadvantage 

of this is that there must be a feedwater pipeline installed to get the water 

from the source to the site of the desalination plant. This pipeline will 
be 

subject to scaling and corrosion. How to combat these problems should be 

addressed in the AR/CD. Also the effect of, corrosion and array sizing should be
 

addressed.
 

8. Exhibit 5-11 (a sketch of the field layout) for both El Kasr Central 

and El Kasr #3 should drawn scale with morebe to 	 detail. 

9. Exhibit 5-8 (Electrical Schenatic) should be expanded and drawn in a 

similar style to that in Field Test #6 AR. "Single line diagram." 



10. The disposil method thefor brine should be reconsidered ard a recom

mendation made based on 
cost 
for both El Kasr Central and El Kasr #3. 
If 

disposal to the sea is recommended, then the corrosion and scaling problem in 
a
 

pipel!ne needs 
to be addressed.
 

11. 
 The method of installing the system, such as 
access 
to the site with
 

delivery vehicls, fences, and types of building construction should be
 

addressed.
 

12. There is an inconsistency in the December insolation value 
on pages
 

33 and 43. 
 This should be corrected and any resulting conceptual design calcu

lations based on 
incorrect insolation should be changed.
 

13. Reverse osmosis 
desalination units work best when 
operating constantly.
 

The recommendation as 
it now stands is to operate the units 
on a 8 -hour basis.
 

There should be a discussion on 
the effect of this. 
 For instance, if the
 

membranes 
are not kept wet, what is 
the effect? Does this involvE any more
 

maintenance? 
Will components 
vear oit faster?
 

14. 
 There should be options in the sensitivity analysis section showing the
 
effect of 1, 2, and 3 days 
of batter9 storage. If there is 
excess energy produced,
 

this energy should be used for other purposes.
 

15. The economic effect of 
running the diesel for an additional 16 hours per
 

day should be calculated as an option.
 



OTHER ITEMS:
 

During our discussions with Engr. Botros, we discussed the need to get
 

more and better feedwater analysis. Engr. Botros helped us to draft a TELEX to 

Egypt askin F fo- data regarding pe:iod; of no water at El Kasr 3.
 

2. It is the opinion of Engr. Potros that if feedwater supply completely
 

dries up at El Kasr #3 during the dry season, then the field test should not be
 

located at El Knr #3, but probably at El Kasr Central. MC should study
 

alternatives and select the suitable site.
 

3. A sketch of the relative lo,,ations of El Kasr Extrension 3 and El Kasr 

Central kand surroundings) was furnished by Engr. Reda Botros. 

4. There is a report (in Arabic) on the PV-powered desalination plant at 

the EEA High Tension Laboratory. The data in this report should be used as a 

comparison to FT #8. Meridian has been unsuccessful in getting a copy of this
 

document. Engr. Botros will assist us in getting this document.
 

Eagr- Reda Botros 
 James F. Hoelscher
 

Q_ a 

e" -s 

(3-( 
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RENEWABLE ENERGY FIELD TESTING PROJECT
 
\- ----


(A.I.D. 263-0123.2)
 

TO: Deepak Kenkeremath, MC
 

From: Robert C. Spongberg, LBII/O
 

Through: Michael Ford, LBII CiA
 

Date: 10 December 1986
 

Ref.: ARE 0652/86 C
 

Subject: Result of Discussions Regarding AR/CD-7 and
 

AR/CD-8 In Response to MC Letter # 429-86-TA
 

Dated 12 November 1986
 

Reference Meridian's letter # MC-429-86-TA dated 12 November
 
1986 	requesting approval of Conceptual Designs for Field Tests.
 
The following directions for F[-7 and FT-8 are an outgrowth

of meetings held at AID with tcve EEA Task Leader and the Project
Officer on 8 December 1986. A siiilar meeting will also be held 
to discuss the questions raised regarding FT-9 and FT-ID.
 

Field Test # 7 - PV Lighting ax, d Water-Pumping 

In light of the USAID letter dated 24 November 1986 attached
 
no further discussions were held regarding a centralized system
for the village of Ries. Discussions are underway between EEA 
and AID on the possibilities of doing such a system under the New 
Initiatives Task. 

A PY/Lighting-w ter puiipi ;v,.systemwill be developed for and 
installed in the village of lF Ezz in the Siharyia Oasis ano will 
consist of the following wajor -ub-systems: 

I. 	 One water-pumping system with:
 

a. 	 PV-power source to provide sufficient water to flood
irrigate a 60 feddan ,rea every other day plus a total 
of 10 cubic ueters per day for domestic use.
 



Page 	2
 

b. 	 A water source with a minimum of two new wells located
 
at an elevation higher than and far enough from the
 
existing wells to minimize drawdown.
 

c. 	 Two inter-connected water storage components; one, to
 
provide two hours of water supply for irrigating early
 
in the day, prior to the PY-system becoming operational
 
with sufficient piping and valving to transport and
 
control flow of the water into the existing irrigation
 
system; and, two, to provide up to a one-day supply of 
water for domestic usi: with piping to allow a central 
location of a single, manually-operated valve for 
extracting the domestic water. 

2. 	 In addition to the primary'/ water-p-mping system described 
the project will provide for an option of two portable PY 
water pumping units each capable of providing sufficient 
water to flood-irrigate on" feddan per day from shallow 
wells, or irrigation ditch. 

3. 	 Twenty PY-power systems, each capable of providing an
 
individual household with, sufficient power to meet an energy 
demand of 1000 watt-hours/day. Each system will include: 
2-20 watt and 2-40 watt florescent lights with fixtures; 
4-220 vac electrical outlets; batteries; inverter; and 
sufficient wiring and hardware to allow for a light and 
outlet in each of fou- roo ;0. The Contractor will be 
required to install the systems, assure that each is 
operational, and demonstrate to the user that the systems 
can be used for applianrces such as a television, 
refrigerator, small power tools, sewing machine and battery 
charger. 

4. 	 Ten individually PY-powered street lights -to be located
 
where required in and near the village of El Ezz.
 

Field Test # 8 - PY-Powered Desalination Plant 

The P-desalination system will be required to produce ?5 
cubic meters of water per day ;,ith a maximum of 500 ppm of salt 
using the reversed osmosis technology and having sufficient 
battery storage to assure that the r.o. unit is levelized. The 
system will also contain a storage tank capable of holding a 
one-day (25m3) supply of d,,si,linated water and make provisions 
for a water source in addI ,L i:,ir to the Roman wells. The AR/CD 
should discuss clearly the fol cwlig: 



Page 	3
 

1. 	 The advantages of R.O. vs E.D. technologies taking into
 
consideration the two different water sources (i.e. Roman
 
wells and Mediterranean Sea).
 

2. 	 The quantities of feed wate- required, again considering the
 
different sources.
 

3. 	 The disposition of the salt residue depending on source.
 

cc.: 	Chrono
 
EO Office (for files) 
IPH Technical File
 
MC Corres. Files
 

Talaat El Tablawi, EEA 
Reda Botros, EEA
 
Rafik Georgy, EEA
 
Eric Peterson, USAID
 



ID 	 Meridian Corporation 

In Reply Refer io 
MCC-429-86-TA
 
November 12, 1986
 

Mr. Robert Spongberg
 

Louis Berger International, Inc.
 
100 Halsted Street
 
P.O. Box 270
 
East Orange, NJ 07019
 

Subject: 	 Approval of Conceptual Designs for Field Tests .#7,#8,#9, and #10
 
Under Contract AID 263-0123C-00-4069-00 (Meridian Project No. 173)
 

Dear Bob:
 

During the visit to the United States by Dr. Bassyouni and Director
 
General Botros this summer, discussions were held concerning the conceptual

designs for the subject field tests. Meridian engineers worked closely with
 
Dr. Bassyouni and DG botros to redefine the field test requirements and to
 
scope new conceptual designs in some cases. Agreement was reached on the

general conceptual design specifications for each field test and we proceeded

to begin detailed design activity until the stop work order was imposed on
 
October 10, 1986.
 

Meridian EREFT engineers will soon be available to resume work on 
the
 
AR/CD documents for the subject field tests. 
 In light of the budget

limitations that we are currently working under, Meridian believes that it is

prudent to minimize any rework of these documents by obtaining official EEA/AID

approval of the change in scope and redefinition of th2 conceptual designs

before proceeding any further. Therefore, we request that you obtain
 
concurrence from the proper authority on the conceptual designs described
 
below. We need your response by 30 6ovember, 1986.
 

o AR/CD FT#]0 -- Wind-Powered esalination Plant
 

Desalination plant 
- 80 m3/da3 fresh water output from a two-pass RO 
desalination plant. Sea water pumped from a 25m deep sea well. 
 Total power

requirement is 28 kW. A Pelton wheel 
energy recovery turbine is used to
 
extract 6.7 kW from the first pass reiect brine stream.
 

Wind energy system - Three 55 kWl wind turbines with DC generators (or AC

rectified to DC). 50 kWh of battery storage capacity. Excess power is fed to 
the Hurghada grid through a 100 kl irverter and isolation transformer. Back-ip 
power is provided by the grid tliroi.gli a rectifier. The back-up power usage
simulates a stand-alone diesel uperaLion. 

5113 Leesburg Pike @Suite 700 s Falls Church, VirCinia 22041 * (703) 998-0922 a Telex 469248 



o AR/CD FT#9 -- Small Village Wind Electric System 

Load Demamd  265 watts per residence for each of 17 residences for 19
 
hours per day. 
 2.25 kW of continuous power for a 7 m3/day RO desalination
 
plant. The desalination requirement is new and not identified in the original

statement-of-work. This results an
in average continuous power requirement of
 
5.8 kilowatts or 140 kilowatt-hours/day.
 

Central Power System:
 

- Two 10 to 12 kilowatt rated power wind turbines
 
- One 20 kilowatt diesel generator
 
- A minimum of 25 to 30 kilowatt-hours of battery storage capacity 
- A control system th.3t limits the battery charge rate to approximately 

4.5 kWh per hour.
 

Distributed Power System:
 

Cluster of Four Residences:
 

- Two 2.5 kW or one 5 kW rated power wind turbine
 
- One 5 kW diesel generator
 
- A minimum of 10 to ,.5 kWh of battery storage
 
- A control system thit limits the battery charging rate to
 

approximately 1.5 kih per hour.
 

Single Residence:
 

- A single one kilowatt rated power wind turbine 
- A 2.5 kilowatt diesl generator 
- At least 5 kilowatt-hours of battery storage 
- A control system that will limit the battery charging rate to 

less than 0.75 kh ?er hour. 

Stand-Alone Desalination Plant:
 

- Four 2.5 kilowatt or two 5 kilowatt turbines 
- One 2.5 kilowatt diesel generator 
- A minimum of 15 kWh of battery storage 
- A control system that limits the battery charging rate to about
 

2.25 kWh per hour. 

o AR/CD FT#8 -- PV-Powered Desalination Plant 

Product water output will be 25-30 cubic meters per day. This is a change
to the 10-20 cubic meters per day intthe original SOW. Meridian has verbally
been told that there is on ., feeiwater supply at El Kasr Ext. #3. 
Please corfir'n this; It- -. i ,", thit this is correct unless the EEA tells 
us otherwise. 

Revision of the AR/CD for 1-k 3 will follow the principles in the paper
agreed to and signed by Director CL neral Botros and Jim Hoelscher on Atugust 25,
1986. The options that will be icn sideed are as follows: 



-
*y:orage) to produce the entire output of product water.
Will A diesel generator
 

Option 1. Use PV only (with unspecified number of days battery

be on site to be used in ca:e of an 
emergency or unexpected need for more
water. There will 
be no water stora.]e tank.
 

- Option 2.

hybrid power source. 

Use PV (with one day of battery storage) and diesel
Design for 8 ho-irs PV/battery operation with 16 hours 
as 
of
a
 

diesel operation. 
 Use no water stor ,je tank.
 

- Option 3. Use a PV/diesel 'iybrid power source without battery
storage (using storage tank for produ,:t water).
 

Each of the above options will bo analyzed using reverse osmosis and
electrodialysis desalination technolo(jies.
 

o AR/CD FT#7 
-- PV Lightinq an__n
l1ater Pum 
in
 
The rated power for this 
field test will 
be approximately 50 kilowatts of
PV. 
 Two villages in the Bahariya Oasis will 
be served, Ries and El 
Ezz.
Ries 
(which has about 35 homes) will have
power a community center with enough po ,,er to 

a centralized system which will
support
grain grinding, with a maximum a light industry,such as
lo l diem::nd
per day. In addition, the PV powtj) 
of between 3 and 5 kilowatt-hours
 

source will 
supply 35 homes and pumps for
irrigation.
 

El Ezz will have a decentralized PV system, i.e. 
individual 
PV systems for
the community center, each residence and pumps for irrigation.
 
The irrigation pumps and the PV power source which powers them will
portable and identical. be
Each PV-pow;eredj pump will
irrigate about 5 feddans. be independent and will
 

procured will 
The ntu ber o; PV-powered pumps that 
are finally
be determined by a traje-off among the needs of the village, the
ability of the local 
farmers to 
till tie reclaimed feddans and the total 
budget
available.
 

The estimate of the various loads and the site specific details of the
field test will 
he as determined In cc')peration with Engrs.
Mohanied Adb El Irene Sakr and
Aal during their visit 
 o Meridian in September 1986.
 
Meridian will 
forward 


documents as 
a revised shedule for submission of these AR/CD
soon 
as we o!tain ELA/AID approval of these conceptual design
specifications and reinitiate work on 
*-he designs. We request that you give
this matter your prompt attention since any delay will 
affect the reinitiation
of these activities.
 

Sincerely,
 

MERIDIAN CORPORATION
 

Deepak Kenkeremath-

Project Manager
 

cc: Mike Ford 
- LBII
 
Pete Borgo - MC
 



APPENDIX D
 

TRIP REPORTS
 



TRIP REPORT TO MERSA MATRUH AND EL KASR 
TO INVESTIGATE 'V DESALINATION PLANT 

(FIELD TEST NO. 8) NOVEMBER i5-17, 1985 

Personnel Making Trip:
 

Mr. Rafik Georgy (EEA)
 

Mr. Mahmoud Taha (EEA) 

Mr. Bruce Watson (Consultant to Meridian Corp. for Desalination Matters) 

Mr. James F. Hoelscher, (Meridian Corporation) 

Itinerary:
 

Left Cairo about 4:30 AM November 13, arrived Mersa Matruh about 11:45 PM 
same date.
 

Departed Mersa Marruh 7:30 AM November 15, arrived Cairo about 6:00 PM 
same date.
 

Personnel Contacted:
 

Gen. Mohammed Yousr el-Shami, Govrernor, Matruh
 

Eng. 
Sa'ad Kamel, Secretary General, Matruh Governorate
 

Mohammed Tbraham Faheed, 
the Engineer responsible for Water Resources in
 
Governorate of Matruh and 
site Engineer responsible for PV-Desalination
 
project (field Test No. 8). 

Mr. Mansour, Secretary General of Council of the City of Mersa Matruh
 

Eng. Sayed Mukhtar Ahmed (in charge of wind engineering) for EEA 

Discussions with Gover~orate Officials:
 

When we arrived in Mersa Matruh on 
the first afternoon we immediately went
 

to the Governorate building to get our permits to visit the site 
at El Kasr the
 

next day. While we were there we were escorted to the Secretary General's
 

office. During 
the time our pern ts were being processed we had an extended 

discussion with the Secretary General. theAmong the points he made included 

following:
 



The old pipeline from Alexandria 
co Mersa Matruh carries 2000 cubic meters
 
of water per day, but it 
is badly deteriorated.
 

There are reservoirs which hold 35,000 cubic meters in which to store up 
for the tourist deman in summer. 

The governorate newds more than t ic 2000 cubic meters per day, so several 
new methrd; of gettinr u re .l ani.
 

There are another 15],000 cubic meters per 
 day capacity planned for three 
different areas. Thir waLer originates from Nobariga (an area near 
Alexandria). Two of the three 50,000 cubic meter blocks will go via a 700 
mm pipeline to the Mersa Ma trih arca; a tourist village in the vicinity of
Mersa Matruh and in Mersa Mitruh iret.cif. The other 50,000 cubic meters 
are to be furn ished to Al:-andria. 

There are two electrodvaLisis units beirg installed near Mersa Matruh,
each with a capacity of 200 cubic meters ner day. There are 10 other 
units (12 in all) to bo intalled in the Western desert. 

There ace three SAID- pon;s red (500 cubic meters per day) reverse osmosis 
units in some stage of pror:ermnt. We got no details. 

The Secretary General was to lenve the next morning for a desalination 
conference in Bermuda. 

The Secretary General was extremely knowledgeable about various types of 
desalination. He is les.3 familiar with details of alternative energy 
sources but is nonetheless a hoosnter. lie spoke not ony of solar and wind 
energy for use in desalination but also as an aid for the people who live 
in villages and have never had ai; electricity of any type. 

There was a discussion on the cort of water---Fresh water prices now charged 
in the Governorate are: 

Commercial/industiral 3
- 1.00 (Egyptian Pounds)/m


private users 
 - .14/n3 

All of the units spoken about are conventionally powered (i.e. no wind, 

solar, etc.). The Secretary General did not 
speak of the multi-flash distalla

tion unit in Mersa Matruh.
 

In the evening we had an opportunity to meet the governor. Among other
 

points he made include:
 

There are many companies who come iato the area and do a research project
with solar energy and/or wi:id and I:ien go away and they never see ther
again. Some of the units appeay to be successful There should be some 
follow-up to make sure th:it: those projects which are promising are funded 
and taken beyond the research stage. 



SITE VISITS
 

Note---Accompanying this report is 
a series of photographs which are
 

submitted under separate cover.
 

FIRST SITE
 

On the morning of November 14, 
after meeting Mr. Mansour, Mohammed !braham
 

Faheed, and Eng. Sayed Mukhtar Ahmed, (who accompanied us throughout the day),
 

we proceeded directly to an area 
called Mowaah, a site about 10 kilometers west 

of Mersa Matruh, which is on an Army initallation.
 

It is a central pickup point for water. We observed a number of trucks 

being filled during our visit there. There is no operational desalination 

units there now but two electrodyalisis units which are powered by the grid 

with diesel generator backup, are installed and appear about ready to undergo
 

checkoLt. 

Some considerations for siting or 
not siting the PV-powered desalination
 

plant at Mowaah include the following:
 

Our hosts from Mersa Matruh recommended against using this because of 
the
 
way the water storage area is set up. 

The site, because it is on a military reservation, should be relatively 
safe from vandalism. 

It is only a kilometer or bo from the Mediterranean shore, thereby making It 
susceptible to corrosion from sea atmosphere.
 

It would provide a side-by side comparison to the grid-diesel powered
electrodyalisis units beind installed.
 

Because 
 there will be someone already designated to maintain the
electrodyalisis units, there ought to be a better chance to get som.oune t
do routine maintenance and check; at a PV-powered desalinuation plant. 

Concerning the necessit- of gettiag properly trained and motivated techniaalassistance to take data and d.o mgintenance, this site (of the three that 
we visited) is the cloIest to tMlurs M: trNiL. 
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~ Because fam ad nthle encl1osur e and there. are a number, .Of Ipeople- around,
Sthere4 is som dage6f vadls should the-PV array b~e sieda h'ere. 
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TRAVEL SCHEDULE 
 (also submitted 
as Exit Report)
 

Nov. 8 Ar-rived Cairo - to Project Office 

9 AN - liht to Hurghada - meetings with PeterEor qo 1ach Fusso, iohammed Metwally arid Issamhf cl W(,I- , David Renne and Bernard Ho1st 

1 . AM .- T ari Briolo ical Institute. suggestedareca fr' F2 1d Touit CI.u. Discussed siting-:-n :i cii I irti s, presenrt and f utu re - t. er and powerne-s; o r " cnda nd en vi ron s wi th: 

Dr. F.hr, EL-Gamal, Inst.itute Director 
Dr. b iah, A t. . Director

V:iewed fociilitv, su.bstation, fresh 
water storage
and pump ing ','tem, seawate.r supply system.
 

PM  met li tinor.i:oc.retar,i Red Sea Governorate; 
Ouit) ]. Pi roject . 

A.ssisted 
w*ind energy team with kite measurements. 

11 Wor-lkincq Eu-s-j.ions re windidesal siting, design and 
operat oncnsi derat.i ons.
 

12 Feturn 
 to Cairo- Project Office; planning andact ivitie- ry E I asr F'V/desal site vis:it. 
13 De:artre A' AM by car to Mer.sa Matrouh with JimHoc I.chir- i -fiq -Georgy and Mahmoud Taha. 

P' - icLirM g at Mersa Met.r-ouh Governorate with 
Secretar-.GoEt-al a.d Kemal and Enc. MohammedILahim nI ,c Governor-ate water SLpp.y;obt..i n I :inii 1 m:t on
a water
o 
 and power SLpply, 
pl nn -i for Ltrouh.
 

Eveninq socia,-l meeting
V uap with Governor, Gen... hnri and staff; Mohamedreviewed project plans;and siti-g ftactors, and obtained his views. 



14 With Eng. Fahed, Eng. Sayed Mokhtar Ahmed (Site 
Enginrer fr wind energy) arid Mr. Monsour (Sec. 

Gen. of m -L ] Cutn i for Mersa Matrouh) 

visited c onpf'pting FDR Faci.l. ity Q x 20 m3/d) and 

mrun . p l cl i: h a..ter pump stati on at El t.asr, 

the cpntr,- bac kih wa.ter col ].ection station and 

El Kasv Ete -i n NT w.el 1 field. 

FM - ,.l-tpd 
fac:i i i : ny 

old I N 500 m3/d 

rlsc-a.3 Mat ouh. 

distillation 

15 Ret.irn to 

Agricultur 
view epeiflta] 
proj ec L . 

Cai rD. Enl route visited American U. 

t F' -,s-arc:h station at Sadat City to 

PV arrays and drip irrigation 

16 Day off. 

17 Project 
Reda 

sites 

Off:ice - various discussions with Eng. 
E.utron-, Dr. Anhar Hegazi and staffs re desal 

and appl cations. 

18 Frc:ject Of:fic:e 
desal 4inna 
Exit Rep r- - . 

-- additional discussions; 
For Dr. Hegazi's staf-f; 

short 
started 

19 AM - to EEO 's HY Laboratory. Solar Energy lab 

vie w direc:t:--coupled FV/desa]. project. 
Discund operating factors with Eng. Hassan 
F:akha relati, ,s to power changes and well 

salini ti ms. 

to 

FM 
solar 

- RD soLUwaru 
staff. 

seminar for Egyptian wind and 

20 - Depart to US 

21 - Work or Summary Report 

22 - Work on Summary Report 

23 -- Work on Summary Report 



A. 	Desalination Considerations for Hurghada
 

Feedwater
 

A Ithtic- h dr i I lings locate a brac[ ish aqui ferLes;t rnight 	 nearb,y,
I. (u:rnc: t prac:tical soui-c- of feedwater for this 1ocation would be 
t!L.. F:-. : t t-I1 f , primarily because of i t si stab i I i tv of 
chcri i c I c:c c)5.iw t on. Tl i = f ra tur e i s of paramount import anc E -c. 

1-)mp1ovm, , of r evt-2 re c Tss is ( O ) t.echnl ocjy for Fi el d Test # I . 

c--<o! I F",r,, year s of ap.pI c, t i on epei-. ence, however, the 
t ,' ,l.t b t, dir i.aujn from <- dr i I I ed seawatter we I 1 ( "beach we 1 " ,

I- , , r tI II .A uf ace i rt.L;c.:e. This method is to insure cA ar-i t', 
and f r .e -j m (t orC)cfAn i c c(-n-t ami nation of the membranes by 

r F- Iac a ic si nccL, a subt err-anean seawater source 1 s 
LIrE. ]II, -iV(: ii of o:- '';na,,,rlob c;' .) Cert,3i n' organi sins such ,

-t - ma' These i onsi W ICm'-I 	 I a- Auct i qL ter a generat e sul : i des. 
- ,-vd t, , n ] 1de (H2S' aL low pH in t he desal tirg proc:es.', 

S1 ,i . r Ior t-t7r1 at m nr-t of t.he product Wat.er to remo',.'e
 
1 1 I ((L t 1I)  c aEs.- t. rottel-n en.c.g" odor.
L." 

Th' I roLt Itut e has rec:or'dl-; o.f the 1ocal seawater analvsis, but.
 
w9 Tl-JWIWIF l have without permi ssion
1 in qnot t Us copies the 	 ol: 

zAc---dam 7 of Sci entificF Research and Technology 
O1 ri- asr El-Ainy Street 

Cairo 

We askl thi-t EEA ohtai n copies of this data as soon as possible 
l-t is, hE'f--)re the concc-ptt..ial design stage. 

Foi- inforrmition, we attac h a copy.' o+ a sea water well. anlyis 
fom, the Ras El Eehar area. 

Si te 

Flesenld lcaton of wind tower adjacent to Marine Institute is 
apparently favored for- the wind turbine, and is a].so quite 
acceptable for the desal plant, provided that: 

o 	 reject brine is piped to sea clear of the Marine 
Institute's intake, and 

o 	 there is adequate ar-ca for plant enclosure and 
pi-oduict st.orage tanl::. 
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Production Capacity vs Local Needs
 

Th du ' o r irl-e of ,5' cu.m!da',, originally cited appears to be 
entLi v r I ]t n e a 1 oc end-user stardpoi nt.U i_' , pr from 

Hir#r1 -Ld A .- srved by an R" pilpe from Safaga delivering about
 
j-,) , t.m 1,ii l', 1(-j he awgmrfrltod by a 10" pipeline which will
 
-'IPnt" i!, ILri.-. tie sHtpoi Y to 4200[ cu.m/day by mid-1987.
 

. hiH iC rat.itute and housi ng compound (total about 25'i
 
' r 00h transf erred
pur -, r r'it I y r ece:i some 750(i cLI. mmonth, 

e-,nv other d' from Hlurghada by pipeline to a central storage
 
fac il t' 
 u * m, from whe.re it. is distributed to each
 
building.
 

Dr. S&-,I, aid that the compourd population is projected to
 
doih]E? in itbcnt 2 years, so that any additional product water
 
fron tc,L-Jnd,"dooa, uni t would be welcome indeed.
 

Currert w,.ater prici ngj is: 

Hotels arnd commercial EL 1.000/cu. ti 
Private consumers 0.550 

Stand-by Power for Desalination at FT #10
 

Wn hao.'c strongly re'commended that initial start-up, acceptance 
trio,]:1and inter-nal opt-i1mization runs by the desal system be made 
indeoiFndently o! the wind turbine to allow evaluation of 

t ab normal 

Ui aah cinit ant powe-ri sour'ce.
 

a,:(c([c i ty agninot: industry standards 04: performance 

Tl-, -.,ld r equire. site conrnection to the 85 kva 11. kv /380v 
t.r rn-formur at the Marine Institute. Power requirements for the 
5' cu.m,,/d s'eawaLer RC) plant, and well pump could be 20 - 301 kw 
at .full oupt.tput, dependinng upon recovery set by the water analysis 
(se attached SEAOdJ pri ntout usi ng as an ex:ample the Ras El Behar
 
se .._ter and 10% recovery).
 

Use pattern could vary between 8 to 24 hours per day, depending 
Lpuon per formarce test requi rements. 

Occ:asis onal power interruptions must be anticipated, however. We 
wer told that since part of the 11kv transmission line is 
ahve'-qraiind, on e:specially humid days (wind from the soutn) 
rn- atjron brr'3Ldnwns require isolation of the Marine institute 

feeder fur as much as 2 - 3 days at a time. There is no backup 
die l] a] ternator in the area. 



Conclusions and Recommendations re Field Test #10
 

1. Frwim t I : d I- i natinn system point of view, the location
 
rtf rr-I-ed to h- c oni derab l e mer t, sinice it is
 

eai 7c5e ty, 1 bl e , 
0 	 ]ccICatJ nc-.J th lirarino Institute, whose interest arcd 

ana 1V. I: snUppor t: 1 4 needec' wi 1 1 be very helpful 
o 	 1(:c at ad neaIr proLc(-t water Ltsers who can consume Lip to 

fI]t oct!a)ut, tutt whl-o sti .l have conventional sLtpp l 1 C, 
to fal l ba c. on, 

o 	 1 loc ated -1e-r ernouci to the sea to minimize piping i roT 
bearh w.ll Lo, anJ brine disch,.rge from the plant, and 

(7 	 ioc-.ted ric,_- to z- tran lfr:crme.- station to tap for 
Son t _--nt " ,, -pIhase power when needed

2. h--~t nc~lno~," emp] o,c',td s;houIld be sing-[ C--st,.gE sea water
 
rer E, C) . p i iL
:u[pc-:- rcL 	 i I at (2d ove r y ow enCiLugh to ma.- c:hemic 
pr-& t r- Tn.I t: r- - .. t, 	 71-i E* Cu i i t ion] W-i I ma, mi3.:e 
r-El iza i Lt .' i-d --c :y ofpi{ operation, though at; some penalt y 

c aI-) andI -I L I 11d r (:-cSt per cni t of output. 

7. F'r D(IUAC 1, 1- T,t -a gR (III ni (nuit 25 cU. m ) should be providCd _AL 
[he ite, ai th tranrI.er pump and piping to point of Use. 

1. EF,7, a (jcih ,clar'ntedr t,- de'-rmirie what spare capacity is 
I i c r,,u)m tht-, Mari re Inn I tute t!-ansformer over and abo.'e 

pea a nq ,ad .for the perid Ltnti . di rect coupling to the wind 
t.t -b; cE 

5. EEZA -h ild be r e.uLCsted 
to obtain copies o-f the local seawater 
aria]n Gm 3mAde by the Marine IIn Sti tUte. 

http:tranrI.er
http:C--st,.gE
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. 

. 

'rota "' ,4zu/7 Sodium carbonate 
Other Tests 

ppmn 

Total Dissolvod Solids 
Hydrogen Sulphide H-S ,,-___"-

Total Alkalinity As Ca CaOj 

'Votal Hardness 
iTemporary a ,x1'

Permanent 

Specific Gravity at 20'C 

PH Value at 20' C ., 

Resistivity Ohm/n, at 20'C 
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GN PRO GRAM
SEA wT1rER R. 0. DESI 


Desalinaz:ion Information Systems and Controls Corp.
 

Manassas, Virginia
 

RAS EL BEHAR
FEED SOURCE: 


A. D E S I GN SUMMARY
 

MODEL NO: SW702OSS
MEMBRANE SYSTE: 	 U.O.P. 


I ELEMEMTS/VESSEL: 6
 . TRAINS:
CF 


'DLICT FLOk,: 9.100001 gpm 2 cu.m/h
 

,ECOYERY : 30 .
 

""-IEPEATUF'E: 68 F 20 C
 

56 kg/cm2
IN!TIAL PRESSURE: 798 	 psi 


psi 63 kg/cm2
A M.IMUM PRc7SSURE: 	 900 

. T RA I N C ON F I G URAT I ON
 

BRINE FLOW BRINE PRESSURE
AGE VESSELS FEED FLOW PRODUCT FLOW 


USgpm USgpm USgpm psi
 

15 30.4 9.1 21.3 860.7
1 


9.1 21.3 	 0.0
cYSTE3.1 15 30.4 


cu.m/h cu.m/h cu.m/h kg/cm2
 

i 15 6.9 2.1 4.8 60.5
 

SYSTEM 15 6.9 2:A 	 4.8
 

EENERGY REQUIREMENTS
 

(assuming 95% motor and 65% pump efficiencies) 

BRAKE HP/TRAIN: 24.5
 
KWH/1000 US gal: 35.4
 

KWH/cu.m: 9.3
 



P R ET R EATM ENT AND RECOVERY
 

ACID A')DITION WITH 30 X RECOVERY AT 20 C 

CAC03: 

TA ET OPERATING pH: 7.60
 
REQUIRED DOSAGE - lb 66 Be' H2SO4/kgal feed:
 
CASO4:
 

PRETREAT OR REDUCE RECOVERY? UNNECESSARY 
MA;XIMUM RECOVERY WITH INHIBITOR - PERCENT: 33 

10 ppm NaHMP, or (Consult
 
7 ppm Flocon 100, or membrane
 
7 ppm AF 100 supplier)
 

SILICA:
 

S02 SCALE POTENTIAL: NONE
 
MAXIMUM ALLOWABLE RECOVERY - PERCENT: 97
 

F I NA L WAT ER ANALYSES
 

FEED BRINE PRODUCT
 
RAW TREATED
 
mg/l mg/l mg/I mg/l
 

520.0 520.0 742.A 0.6
 
1544.0 1544.0 2205.0 1.8
 

13246.0 13261.3 18860.6 199.9
 
0.0 0.0 0.0 0.0
 

3 159.0 159.0 226.5 1.6
 
3276.0 3276.0 4679.8 0.4
 
23334.0 23334.0 33200.3 312.6
 

0.0 0.0 0.0 0.0
 
6.5 6.5 6.5 6.5
 

2 2.0 2.0 2.8 0.2
 
0.0 0 0 0.0 0.0
 
0.0 0.0 0.0 0.0
 
0.0 0.0 0.0 0.0
 
0.0 0.0 0.0 0.0
 

42096.3 42096.3 59923.8 517.0
 
7.6 7.6 7.5
 

Total acid demand 0.00 lb/1000 US gal. feed 
= 0.00 lb/1000 US gal. product 
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B. Desalination Considerations for El Kasr (FT #8)
 

Background Information
 

-h. cU-iEt, 1 regicn of Mlatrouih, including the port of Mersa 

Mat r(3 th i a c c r,p te of FReeds by local population. toLtr' sm citd 
the ai 1it -'. 'EPre':nt drinking water supply is by pipeline from 
ile:randris, c:apacity 200 cu.m/d but badly deteriorated by
 

c orrosion and illegas l t.apping along the line. A new 70 cm
 
pi peline p1arned for completion in about 7 years, will bring
 

* 	 c)cu.m/d of Nihl Delta water to the area. 

Ur t1 ncw , c:orven t i ona]. wat er sUpp 1 y from AlI1ex andri. a was 
cc,riserved during the winter b\/ Some 34,0 CLI.f o+ storage as a 
b:acl log for the sumtner months. This was augmented by production 
4:roCm 4 ;: 5k) ci.tn/d distill ion plants, now old, in poor 
c on di t i on an d v-r , i neff i : en t 

The Go,'ernar ate of: Matroi~uh has contracted with two entities to
 
obtl;in , Ehorwt-tc-r m solution:
 

cI 	 Ionics, Inc. (Massachusetts) for 12 x 200 CLI.m/d 
r-eversing polarity electrodialysis desalinati on (EDR) 
piants (2 for El Vasr) 

o 	 A.I.D., now receiving tenders for 3 x 500 Cu.m/d SW 
reverse osmosi s units for Mersa Matrouh itself. 

Current power supply for Mersa Matrouh is from 3 x 5 mw open
 
cycle gas turbine/alternator sets. A 2 '30 mw station i ric.w; i
pl anning.
 

Feedwater
 

r ackish water for the El t:asr area is obtained from three 
sources, two of which are described as "Roman wells" and named El 
Vasr E:tens ion #2 and #3. The third field is of the more 
conventi onal drilled well category. Each source is said to have a 
normal capacity of aboLIt 500 CL.m/dav. 

The Roman well fields each consist of four conduits approximately 
I m in di ameter a!-)d 665 in long, laid parallel to the beach about 
-:,0(m( from it at depths ranging from 3 to 8 m. The main feature 
of these condLits is that they lie on a sloping rock shelf, and 
thrnLcgh aper- tUCresi on the landwjard side collect rai nwater seepaqe 
frc1m that cl- ec:t n(:rnon an average of 0.25 CLI.m/d/m of length. 

The ,.,.'Ic.teCd water is transEferred from each conduit to a central 
tnml , thence bv. a 114 HF diesel-driven 3 - stage centrifugal pump 
some 12 V:rm to the El Kasr collecting tank farm. 
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Conceptual Desirn 

of
 

Brackish Systems
 

Introduction
 

The following study will establish the conceptual design
 

for the Desalination units required to treat brackish water.
 

The systems will employ the Reverse Osmosis and Electrodialysis
 

processes. The power source for the systems will be solar

photovoltaic units. 

The Desalting systems will be designed to have:
 

a) Optimum energy use 

b) Operating flexibility on brackish water with a TDS
 

range of 1000 mg/l to 12,000 mg/l.
 

Desi:,n 

A. Water Analysis.
 

The water analysis to be used is shown in Figure 1 under the 

Column titled "KASAR EXT." 

The cations and anions do not balance, as shown; we there

fore balanced the analysis by the addition of 145 mg/l of Sodium 

(see Figure 2). The analysis was converted from calcium carbo

nate to "as the ion values." 

The analysis dces not show Silica (Si02); we should there

fore confirm the Silica content, since Silica is a potential
 

scalant.
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The KASAR EXT. is an old Roman well and as such is more 

of an open channel than a conventional deep well. This con

'Lucti, , j:e'mits eortaixJL tWL by particulate matter and 

oxidation of metals (Iron) and Hydrogen Sulfide (h2S), if they 

!re 	present. It has been reported that a strong H2S odor 

was 	noticeable at these wells. The presence of particulate
 

matter and/or oxidation byproducts can be ascertained by the
 

Salt Density Index (SDI). It is urgent that the SDI be taken
 

in order to establish what, if any, pretreatment is required.
 

It is very important that the test for Si02, H2S and SDI
 

be performed before final equipment specifications are prepared. 

P. 	 Design Parameters 

The 	 following parameters were used in establishing the 

designs:
 

1. 	Capacity - 15 m3/day 

Designs were evaluated on the basis of both a 24-hour
 
and 8-hour day.
 

2. 	 Product Water Quality will be 500 mg/l or less 
Total Dissolved Solids (TDS). 

3. 	 The design will minimize energy consumption while 
maintaining simplicity of operation. 

4. 	 The system will be capable of treating water with 
1000 to 12,000 mg/1 TDS. 

C. 	Reverse Osmosis 

A wide range of operating recoveries and pressures were 

evaluae' a! thce P'S Ievels of 1000, 7195, and J1750 mg/l. 

The initial design was bai:ed upon a 24-hour day. 



At the 11750 TDS level, a 2-Stage system with a maximum 

recovery of 55% was selected. Hig'Yer recoveries resulted in 

CvNc .1,ora t. , 11(' 1 71 der to mi int n a pni; 

quality of less than 500 TDS, 

In addition, highei, recoveries resulted in brine flows 

that were significantly below recommended limits.
 

A 2-Stage system was selected to maintain adequate brine
 

flows and to provide a product TDS of less than 500 mg/l.
 

Figures 2 to 7 are computer printouts of the process
 

design for a system that will operate as indicated at the
 

1000, 7195 and 11750 TDS levels. The systems described are
 

based upon 24-hour operation. The figures show the pretreatment,
 

design summary, and a simplified process flow diagram for each
 

of the three cases.
 

The systems employ a thin film composite membrane having
 

a 21 inch diameter and a length of 40 inches. Four elements
 

are used in each pressure vessel and each system uses three
 

pressure vessels arranged in a 2 xl array. A FilmTec model 

BW30-2540 element was selected for this design. 

The systems have a 24-hour rated capacity of 2.75 gpm 

(15 m3 /day), but operate at different pressure levels depending 

upon the feedwater Total Dissolved Solids (TDS). 

An operating temperature of 25 0C was assumed.
 

Figures 8 and 9 describe a system that will produce the 

required 15 m3 /day in 8 hours. The system geometry is the 

same as in the 24-hour case; namely, 2 x 1 pressure vessel 

array with four (4) elements per vessel. However, the elements 
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are 	 larger (4 inches diameter and a length of 40 inches), and 

produce approximately three times as much water. The pressure
 

v%-sFsels have a larrer diame.ter tn accommodate the larger ele-

MUts. A FilmTec model BW3O-4040 was selected for this design; 

however, there are a number of companies that manufacture similar 

type elements. 

The major difference between the 8-hour and 24-hour systems
 

are the physical size, greater pumping rates, and higher instan

taneous power requirements. However, the specific power 

(K'V,,H/lOO0 gals) is the same. Figure 10 s:lows the product flows, 

operating oressures, and relative power consumption for all three 

TDS ranges. 

The advantages of the larger system are (1) the ability 

to produce the full water requirement during 8 hours of daylight; 

(2) the larger four-inch elements are more readily available and 

are 	an industrial standard.
 

The disadvantages are (1) higher capital cost; (2) higher
 

instantaneous power demand. 

Figure 11 shows the relationship between feed water TDS
 

and power requirements for a given size system (15 m3 /day, 8-hour
 

day). The power requirements for the 8-hour system are three
 

times those for 24-hour operation. At TDS levels of 1018 mg/l, 

7328 mg/l, and 11750 mg/l, the power requirements for 8-hour 

operation are 1.74 KW, 2.65 KW, and 3.42 KW, respectively. 

The specific energy is 3.38, 5.26, and 6.86 KWH/100 gals for 

TPS levels of 1018, 7328, and 11750 mg/l, respectively. 
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D. Eectrodialysi s 

Tab~ps T, TI and ITT define the water analysis used to 
design the ED Systenm. 

Fi, tures 
12 and 13 (sub. fig. 3) describe the ED system.

The yste consists of a low pressure feed pump, four membrane 
stacks, brin, recirculation pump, and required controls. Each
stack will consist of one electrical stage and 2 hydraulic stages. 

In the 1000 TDS case, the stacks will operate in parallel;

in the 7000 and 12000 TDS cases, 
the stacks will be 
piped in
 

series.
 

The system operating 
 characteristics and power requirements 

are shown in Table IV. 
The system was 
designed on 
the basis of a 
constant energy


requirement of 60 KWH per 8-hoiur day, or a total power of 7.5 KW.
The specific energy varies from 2.3 KWH/K gal. 1000 TDSat 

to 25.25 KVH/K gal. at 
12,000 TDS.
 
The product flow also varies with TDS, ranging from 100 m3 /day

at 1000 TDS to 9 m3 /day at 12000 TDS. The 100 M3 /day may bereduced by operating only one stack, thus reducing the capacity 
to 25 m3 /day. 
 (Nte: Data based 
on 8-hour day.)
 

In the 12000 TDS case, the unit would have forto operate 
13.3 hours to Froduce 15 m3/day.
 

Ti!,: electrodialysis 
process 
is well suited for solar appli
cations, 
because the system self-corrects for increases 
or de
creases in available energy.
 

As the 
 solar energy increases, the D C pumps will increase 
flow rate and the D C desalting power will increase, providing 

more product water. 
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E. 	Pretreatment 

The Reverse Osmosis system will require pretreatment to 

preve,L CaCO3 scal2ng. The design of the RO system was based 

upon the addition of acid to prevent the calcium carbonate scale. 

However, depending upon the information available on the feed 

,YaLer characteristics at the time of bidding, antiscalant chemi

cals may be proposed. The chemical feed pump should add a 

maximum of .025 KW to the overall system requirements. 

The ED system will not require chemical addition because 

the reverse polarity technique will minimize scaling potential. 

Data on the particulate contamination (SDI) is not avail

able. In addition, the nature of the wells could result in 

increased levels of particulate contamination. We therefore pro

pose that a media filter be placed ahead of the RO or ED units 

to minimize particulate fouling. This is shown in the ED System 

diagram, Figure 12. This should add a maximum of 15 psi to the 

well-pump pressure head feeding the RO or ED units. 



Conclusion 

The Reverse Osmosis and Electrodialysis systems will 

req uire dual media pressure filters as pretreatment for tLe 

feed water. 

'he RO system will require an acid feed system after the 

dual media filter. 

The RO system will be designed on the basis of an 8-hour 

operating day. The design will be as defined in Figure 8 and
 

Figure 9. It will consist of the following:
 

1. A 2-stage configuratic.i having a pressure vessel array
 

of 2 x 1 with each pressure vessel containing spiral wound ele

ments.
 

2. Spiral wound elements shall be 4 inches in diameter and 

40 inches long. The membranes shall be of the Thin Film Composite 

type. 

3. A positive displacement high pressure pump with a maximur 

motor rating of 5 HP. 

4. A ten (10) micron cartridge filter will be located ahead 

of the high pressure pump to protect the system from failure of 

the media filters. 

The Electrodialysis system will be designed on the basis
 

of an 8-hour day. The design will be as defined in Figure 12
 

and Figure 13. It will consist of the following:
 

1. Low Pressure Feed Pump
 

2. Four (4) Electrodialysis Reverse Polarity stacks 

3. Brine Recirculation Pump 

4. Micron Cartridge Filter between Media Filter and
 

ED stacks.
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A power comparison of ED and RO, based on the 7000 TDS
 

feed water and 8-hour operation, shows the following:
 

ED PowCer-KW 7.5 

Well Pump .4 
(600 ft. of i'" Pipe
 
+ Micron Filter)
 

ED Total KW 7.9
 

ED Specific Energy KWH/K gal 15.1
 

RO Power-KW 2.65
 

Well Pump .5
 
(600 ft. of li" Pipe
 

+ Media Filter + Micron Filter)
 

Chemical Feed Pump .025
 

RO Total KW 3.175
 

RO Specific Energy KWH/K gal 5.20
 

As is apparent, the Reverse Osmosis system uses consider

ably less power. However, it is less flexible than ED and
 

prefers operation at its design point. Reducing pressure will
 

reduce output but will also increase the salt content of the
 

treated effluent.
 

The ED system, while requiring more power, makes more
 

efficient use of the available PV power, since ED is a direct
 

current process. The ED is flexible in that it will change the
 

product water capacity to meet available energy conditions.
 



-9-


Unless there is an overriding, benefit to one process 

over the other in its adaptation to the solar power system, 

it i our recommendation that the RFP should ask for both 

ED and RO proposals. 



292079 LrI UR 

RCR DEC 19 1222 C, 
21918 SONRA UN 

DEi 19,15 
TO :THOMAS G.WEST , Lill
 
FROII=RCERT C.SPONGIERG , LPII
 
REF :ARE 00S5/85 C
 

RECEIVED THE FOLLOWiNG FROM TAI.LAWI QUOTE AS FOLLOWS -
RR.RE YOUR TLXS DATED DEC .3 AND 4, 1985 CONCERNING WATER .NALYSIS 
OF THE THREE SAMPLES TAKEN DURING HOELSCHER/ WATSON VISIT 
KINDLY BE INFORMED BY THE RESULTS AS FOLLOWS : 

KASAR EDR KASAR EXT.
 
6 IANKS I TANKS (3) (on 

PH 7.15 1.4 1.6 
CONDUCTIVITY M iHOS i18UUI 9201' 10900 
T.DI,S.(TOTAL DiSSOLVED SOLIDS) 7080 5520 6540 
PARTIAL ALKALINITY HGi/L AS CAC03 ZERO ZERO ZERO 
TOTAL ALKALINITY MG/L AS CAC03 195 200 250 3o " 
TOTAL HARDNESS NG/L AS ChiCO3 1650 1400 1620 
CALCIUNi HARDNESS MG/L AS CAC03 450 42U 42U /,
HAGNESIUM HhiINIESS 11G/L AS CAC03 1200 980 12010 7 9 
CHLORIDES HRNIDNESS MG/L AS CAC03 5591 4925 5052 3C"3 
SULPH,'TES HANDNESS MG/L AS CAC03 667F. 471 87? e _2 

•SOLDIUKi 	 HANDNESS MG/L AS CAC03 4347 3971 4130 -
POTTRSIUM HNIiNESS MG/L AS CACO 102 77 115 

EB.WE HRVE ARRANGED WITH MATRUH PERSONNEL CONCERNED SENDING
 
WATER SAMPLES FROM EL KASR (3) TANK ON BI-WEEKLY BASIS FOR ANA-
LYSIS IN CAIRO EER LAB .
 

CC.WE CHECKED WITH MRTRUH RESPONSIBLE PEUPL. Ift F'U,,IflLIIY
 
OF HAVING CONiUCTICiTY NEASUREMENT MADE ON SITE AND UNFLIRIUN-

ATELY THE ANSWER WAS THAT IT ISNOT POSSIBLE FOR THE TIMEBEING
 
HOWEVER , AFTER SENiING US THE NEEDED MEASURING EQUIPMENT DISCU-

SSED DURING HOELSCHER / WATSON VISIT ITWOULID BE POSSIBLE TO
 
ARRANGE AN ON -SITE CONDUCTIVITY MEASURENENT . ACCORDINGLY 
WE RFOUEST YOU SEND US AM MEASURING EQUIPMEN1 ASAP 
.E:T REG il". 
UN9uGTE 
KiNDLY PASS THE AiOVE MESSAGE IL PEIER -:UU , IR:iII ;IUI 

FR Oii iIAN AZJZ STOP REYOURS 065/S5 I, 16 iE'U . INVUILE 16 
HAND CARRIEIY SEYOUM STOP REGARISBY SOLOMON 



BRACKISH REVERSE OSMOSIS PROCESS AND SYSTEM DESIGN
 

PRETREATMENT
 

C1D REU'UIREMENTS
 

F'ERAI ING pHFA 6.30
 
1 De ACID - tt/ viAL. FEED 1.1 Iti/ GAL.F'RODUCT 2.02
 

0 CALCIUM SULLFAVE SCALE
 

&S04 MAX. ALLOWADLE RECOVERY WITH 10' MG/L NaHMP OR 7 MG/L OF ANTISCALANT .79 

O Si02 SCALE 
i02 MA-1X. ALLOWABLE RECOVERY.0C) 

0 STRONTIUM SULFATE SCALE
 

rS04 MAX. ALLOWAB'LE RECOVERY WITH 10 MG/L NaHMF' OR 7 MG/L OF ANTISCALANT.79 

o BEAFlIUM SULFATE SCALE 

aS04 MAX. ALLOWABLE RECOVERY WITH 1) MG/L NaHMP OR 7 MG/L OF ANTISCALANT .79 

WATER ANALYSIS
 

FEED BRINE
 

RAW ACIDIFIED
 

ION CaC03 ION CaCO3 ION CaCO3
 

a 168.0 42C)0. 0 168.0 A20.0 373.3 933.3 

2?91.0 1198.9 291.0 1198.9 646.7 2664.3 

190)3.0:) 4444. 7 2048. . 4444.7 4551.7 9877.2 

9C). 0 115.2 9C). C) 115.2 200. C) 256. 0 

ATIONS 6178.95 

C0 305.0 250.1 150.9 123.7 335.3 275.0 

04 843.0 876.7 964.5 1003. 1 2143.3 2229.1 

13583.0 5052.0 3583.0 5052.C0 7962.2 11226.7 

,03 C). C) ().0 '). C) 0.. 

NIONS 6178.85 

02 12.5 12 7 123.7 

i 02 0.0 C).C 0. C) 

e(').0 0.C) 0. 0
 

'). C ". C) C. C) 
C). ) ).C 0. 0 

r 0.0 C). 0. 0 

DS 7195.5 .,5 7295.664 16285.03 

H 7.6 6.3 6.6 

ECOVEF:Y 55 

DI )
 

SI -. 0 0 - 6
 

. 6,n A.8.)-,6 

http:16285.03
http:ANTISCALANT.79
http:RECOVERY.0C


DESIGN SUMMARY
 

R.DUINN 
 FOR RDA
 
E;! 1 -0, 1 1980)
'E(') -

ROP' v' 
:ir-v" 

FLOW 
( 

2.A( 0.6) GFM(CU.M./HR) 4062( 15) GPD(CU.M./D):I-


j 
 TEMPERATURE 25 CMEMbRANE SYSTEM FT MODEL BW2540 4
 
iAlX. 0FER.FRESSURE 
 341 ( 24) PSI (KGR. /So.CMi) NO. OF TRAINS 1
 

,NTT1(;L 
 FPESSURE 290 ( 20) PSI (VGR/SD.CM) 

TRAIN CONFIGURATION
 

.STAGE VESSELS FEED FLOW 
 PRODUCT FLOW BRINE FLOW BRINE FRESSURE 

GPM(C.M/HR) GPM(C.M/HR) GF'M(C.M/HR) PSI (qg/Sq. Cat) 
2.2. (2 0.5) 2.9( 0.7) 266.2( 18.7)

2 1 2.9( 0.7) 0.6( 0.1) 2.3( 0.5) 229.0( 16.1)
;YSTErl 3 5. 1.2) 2.8( 0.6) 2.3( 0.5) 

FINAL WATER ANALYSIS
 

FEED 
 BRINE PRODUCT
 
RAW AC 1DI F IED
 
MG/L MG/L 
 MG/L MG/L
 

Ca. 168.0 168.0 
 368.6 	 3.7
 
291.0 291.0 
 636.7 8.1
 
1903.C) 2048.3 4445.9 
 86.5
 

K 	 90.0 90.0 193.7 5.2
 
iC03 305 0 150. 9 ,32.,4.1 9.2
 
;04 843. 0 
 964.5 2115.6 	 22.7 
Cl 
 358.0 3583.0 77F3.6 
 146.1
 
10 0.)0 0 .0 O. 0 0. 0
 
J02 	 12. 123.7 123. 7 123.7
 
Si 02 	 "0.0 O. 0 0. 0 0. 0 

0m 0. C.C. 0 0 	 0. 
0.0 	 0.0 0.0 0.0 

Ba .0 0.0 C). C) C). C) 
r C).0 C. 0 C). C) 0. 0
 

'DS 7328.3 7295.7 
 15868.4 281. 6 

'PERATING pHFA 6.3 
b6 Be ACID - #/V GAL. FEED 1.114I/K GAL.PRODUCT 2.02 
"RAt:*E HORSEF'OWER = 1.134164 
tlH/]O(W GAL. PRODUCTOF 	 5. 451407 

http:VGR/SD.CM


Cp 28
rCP 2491 

Stage 1 

QP .Stage 2 

0 PFD 2 90 

02 5" P3 22 

QB1 QF2- 2-q CB 2 Z" 
CF 7: CBI CF2 QB2 2.3 

------- P2 246 4 

Vessel Array ax / 
Elements/Vessel 4. 

QP = Product Flow 

QF = Feed Flow 

QB Brine Flow 

C = Salt Concentration 

P Pressure 



BRACKISH REVERSE OSMOSIS PROCESS AND SYSTEM DESIGN
 

PRETREATMENT
 

NU1.iCHLLiUM LCkbUrrOATE SCALE
 

"0 CALCIUM SULFATE SCALE
 
:aSO4 MAX. ALLOWABLE RECOVERY WITH 
10 MG/L NaHMF OR 7 MG/L OF ANTISCALANI .97 
NO 0i02 SLALE 

Di02 MAX. ALLOWABLE RECOVERY.00 

10 STRONTIUIM SULF-TE SCALE 
SrSO4 MAX. ALLOWABLE RECOVERY WITH 10 
MG/L NaHMP OR 7 MG/L OF ANTISCALANT.97 
10 BARIUM SULFATE SCALE 
laSO4 MAX. ALLOWABLE RECOVERY WITH 10 MG/L NaHMP OR 7 MG/L OF ANTISCALANT .97
 

WATER ANALYSIS
 

FEED BRINE
 
RAW ACIDIFIED
 

ION CaC03 ION ION
CaCO3 	 CaC03
 

a 	 22.9 57.3 22.9 57.3 50.9 127.2
 
g 9.7 163.6 39.7 163.6 88.2 363.5
 

Na 270.0 622.2 286.7 622.2 637.1 1382.6 
12.3 15.7 12.3 	 27.315.7 35.0
 

LATIONS 858.712
 
RCO3 41.6 34.1 41.6 
 34.1 92.4 75.8
 

04 115.0 119.6 115.0 255.6
119.6 265.8 
Cl 500.0 705.0 500.0 705.0 1111. 1 1566.7 
;1307 0. 0 0.0 Q.0 
NIONS 858.712
 

C02 1.7 
 1.7 1.7
 
"i02 0.0 0.0 0.0
 
e 0.0 0.0 0.0 

F 0. 0 0.0 0.0 
a 0. 0 0. 0. 0
 
r 0. 0 0.0 0.0
 

TDS 	 1003.21 1016.207 2262.682
 
H 7.6 7.6 
 7.9
 
ECOVERY 55
 

T 	 25
 
DI 0
 

S . 5 403052
 
is 4.57A541E-0:2
 

http:ANTISCALANT.97
http:RECOVERY.00


DESIGN SUMMARY
 

3Y R. QUINN FOR ROA
 

lE 01-01- 198()
 
hr]DUCT FLOW 2.8( 0.6s GF'M(CU. I./HR) 4038( 15) GPD(CU.M./D)
 

LECOVERY 5 TEMPERATURE 25 C
 

MODEL BW2540 4
1EmE;FANE SYSIEM Fl 
iAx,,"~r:. FRESSUJRE 212( 15) FSI (0GR. /SOCM) NO. OF TRAINS I
 

p;J-' 1PO( F'S[S 1.)(F.R/S0. CM)
 

TRAIN CONFIGURATION
 

TAGE VESSELS FELD FLOW PRODUCT FLOW BRINE FLOW BRINE PRESSURE 

GFM(C.M/HR) GFM(C.M/HR) GFM(C.M/HR) PSI (Kg/Sq. Cr) 

S2 5.1 ( 1.2) 2.0):( 0.5) 3.1( 0.7) 155.8( 11.0) 
3.1( .1).7). 0.2)2.3( 0.5) 117.2( 8.2) 

SYSTEM 3 5. 1 ( 1.2) 2.8( 0.6) 2.3( 0.5) 

FINAL WATER ANALYSIS
 

FEED BRINE PRODUCT
 

RAW ACIDIFIED
 

MG/L MG/L MG/L MG/L
 

Ca 22.9 22.9 50.3 0. 5 

'Ig 39.7 39.7 86.8 1.1 

27. 0 286.7 621.9 	 12.5 

C 12.3 12.3 26.4 0.7 

-C03 41.6 41.6 89.3 2.6 

304 115.0 115.0 252.2 2.7 

CI 5)')0. 	 1.) 20. 6500. 	 1085.9 

4IO3 0.0 C).0 0.0 0. 0 

L02 1.7 1.7 1.7 1.7 

Si 02 0. ((.) 0. 0 
() 0. () 0.0 

,0.C) . 0 0.0 0. 0 

B.0 	 0.0) 0. 0C. 0.0 

r 0.C) 0 O. 0 C). 

rDS 10118. 2 1 C)12212.8 40.8 

]FERATING pHFA 7.6
 

Die A-CID - 4/K GAL. FEED C).())44/K': GAL.F'RODUCT 0.00 

• RAKE 	 HORSEPOWER = .6998616 

..WH/100O GAL. OF PRODUCT = 3.._-'8:632 
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Stage 1 

QPl 2.0 Q __P2 

Stage 2 

PFD ___ 

Q . P3 117. Z_ 

CF /0/ QBl : QF2: .CB1CB =2CF2 B 27-Z 
CBl: CF2 _________QB2 -

LP2 /5. 

Vessel Array Z*KI 

Elements/Vessel 4-

QP = Product Flow -6p " 

QF = Feed Flow - U 

QB - Brine Flow -

C Salt Concentration -PC10 

P Pressure-pst. 

,,€C...



BRACKISH REVERSE OSMOSIS PROCESS AND SYSTEM DESIGN
 

PRETREATMENT
 

CIE) f-RElUIREMLNTS
 
IFE'EP, rr'G nHFg 6. C':
 

,6 [. ,. tt/f GAL. FEEL' 2.5441/V GAL.FRODUCT 4.61 
1[] CAL.C Il:' .I. CT1 SCALE 

:aSO4 M(X. ALLUWABLE RECOVERY WITH 10 MG/L NaHMF OR 7 MG/L OF AWiISCALANT .64 
O SiO2 SCALE 
i02 MAX. ALLONABLE RECOVERY.00
 

10 STRONTIUM SULFATE SCALE
 
rS04 MAX. ALLOWADLE RECOVERY WITH 10 MG/L NaHMF OR 7 MG/L OF ANTISCALANT.64 

0 BARIUM SULFATE SCALE 

aS04 MAX. ALLOWABLE RECOVERY WITH iO MG/L NaHMP OR 7 MG/L OF ANTISCALANT .64 

WATER ANALYSIS
 

FEED BRINE
 

RAW ACIDIFIED 

ION CaCO, I ON CaCO3 ION CaC03 

a 285.0 712.5 285.0 712.5 633.3 1583.3
 
g 496.(-) 2043.5 496. 2043.5 1102.2 4541.2 

-3245.0 7041.5 3245.0 7041.6 7211.1 15648.1
 
153.0 195.8 153.0 195.8 340.0 435.2
 

ATIONS 9993.51 

C03 5 . 168.2 137.9 373.8 306.5 
04 1437.0 1494.5 1714.4 1782.9 3809.7 3962.1 
I I5930 80C)72.6 5725.3 8072.6 12722.8 17939.2 

030.0 0. 0. ). 0 ).0 0. 0 
NIONS 9993.51 
02I 21.4 275.2 275.2 
i02 0.0 0.0 0.0 

C.() 0.0 0. 0 
.0 0. 0 0.0 

0. C). 0 C). 0 
o. 0 C.0 0.0 

D1 175It'). 37 11786.85 26358.38 
-I 7.6 6. 0 6.3 
--COVEF:Y 55= 

-. 04672
 

IS .6275711
 

http:26358.38
http:11786.85
http:ANTISCALANT.64
http:RECOVERY.00
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DESIGN SUMMARY
 

[Y R. DUINN FER RQA
 

DATE -u 980
 

FRODUCI FLOW 2.7( . GPM (CU. M. /HR) 3921( 15) GPD(CU.M./D)
 

i,{ , 55TEMPERATURE c
 

i'iEH-F-tiHE SYSTEM FT MODEL DW2540 A
 

' .DF0ER.FPESSJF-:E 3 FSI ( /50.CM)SOR. NO. OF TRAINS I
429( F) 

UP,11TIIT PE..LW'E .. 26) F'S 1 0 rF,:,'SD. CM)
 

TRAIN CONFIGURATION
 

STAGE VESSELS FEED FLOW FRODUCT FLOW BRINE FLOW BRINE FRESSURE 

GF-M(C.M/HR) GF'M(C.M/HR) GF'M(C.M/HR) PSI (t:g/Sq.ga, 

5..( 1.1) 22 ,.8( 0.6) 343. "1 24.1)2.2( 0.5) 
2 1.8( -).6) 0.5 0. 1) 2.2( 0.5) 308.5( 21.7) 

S'STEH . 5.0( 1.1) 2. 7( 0. 6) 2 ,2( 0.5) 

FINAL WATER ANALYSIS
 

FEED BRINE PRODUCT
 

RAJ ACIDIFIED
 

MG/L MG/L MG/L MG/L
 

C8. 285. :) 625.6 6.4
 

Mg 496.0 496.:) 1 )85.0 14.1
 

.245.0 224.): 704C). 8 139.3
 

F. 153.0 153.0 329.0 9.0 
HC0O-r 52 0. ()) 168.2 361.0 1').5 

s04 1437.0 1714.4 3759.4 41.2 
Cl 559.: 5725.3 12431.2 238.6 

NO3 0. 0 0.0 0. 0 0. C) 

CO2 21.4 275.2 275.2 275.2 

Si 02 .. C) 0. C) C). 0 0. C) 

Fe C) )0 o.. 0. 0 

F 0.C) C). 0 0. 0. C) 
Ba () 0 0.0 0.0.. 

Sr c).0 0. C) 0.0 0. 0 

TDS 1i1861.3 11786.9 25632. 1 459.0 

OFERATING pHFA 6.0 

66 Be ACID - #/K GAL. FEED 2.54#/1 GAL.PRODUCT 4.61 

EBRAKFE HORSEFOWER = 1.377862 
lIWH/1(C)C) GAL. OF FF:ODLJCT = 6.861253 

http:t:g/Sq.ga
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DESIGN SUMMARY
 

BY R.OU INN FOR RDA
 

DATE. 05- 16- 1986
 
FRODUCC FLOW 0..( 1.9) GF'M(CU.M./HR) 11880( 45) GF'D(CU.M./D)
 

k) TEMPERATURE 25 CV"TYEF'Y 

i SYSTEM MODEL BW4040 4
njL,..;r FT 

.r'C:,f:EFI:. :29( PSI /S0.CM) OF 1FRESSUFRE 27) LKGR. NO. TRAINS 

r 'T ' FRESSLIF:E 280 ( 20) PSI (GR/So.CM)
 

TRAIN CONFIGURATION
 

S TGE VESSELS FEED FLOW PRODUCT FLOW BRINE FLOW BRINE PRESSURE 
GF'MC. M/HR GF'M(C.M/HR) GFM(C.M/HR) PSI (4g/Sq. Cn 

1 : 15.0( .. 4) 6.3( 1.4) 8.7( 2.0) 264.2( 1B.6) 
2 1 8.7( 2.0) 2.0( 0.4) 6.8( 1.5) 239.3( 16.8) 

SYSTEM 3. 15.0( .4) 8.3( 1.9) 6.8( 1.5) 

FINAL WATER ANALYSIS
 

FEED BRINE PRODUCT 

RAW ACIDIFIED 

MG/L MG/L MG/L MG/L 

168.0 168.0 368.7 3.8 
291. C) 291.0 636.4 8.4
 

N 1913. ) 2048.3 4442.4 89.4
 

9.90.0) 9(0). C) 193.4 5.4
 
HCO30.0.' 150.9 323.7
 
504 843.0 964.5 2114.7 23.4
 
CC 3593.0 3583.0 7777.6 151.1
 

..cN3 0 0.0 0. 0
 
-
C02 ..5 12 7. 7 1-23.7 123.7
 

Si 02 ( c. f.,-) 0.0 C). 0 
Fe 0. C). C) C. 0 C. 0 
F 0. . 0. 0 0. 0 
Ba . ). () 0. ) 0. C) 
Sr 0.(:) C). 0 0. 0 0.0 
TDS 7328.3 7295.7 15856.9 291. 0 

OFERATING pHFA 6. 
66 Be ACID - i/K GAL. FEED 1.11#/K GAL. PRODUCT 2.02 
Br:AI IE HORSEFOWER = 3. 20263 4 
t W4 :"I:- GAL. OF r'F.JDUCT 5.23A26 

http:GR/So.CM


S291 

Stage 1 

Stage 2 

FFD 2 80 

F 16- P3 239 

CF 73 QB : QF2 6!. 7 CB2 /5---7 

H. HP2 CB1 CF2 z 2 6 € 
QB2 4-S 

Vessel Array 2 / 

Elements/Vessel 

QP = Product Flow - pm . 

QF Feed Flow - I, 

QB " Brine Flow -

C = Salt Concentration - /Z/f 

P = Pressure - p s 



Reverse Osmosis Powe- Consumptioi 

_____ TD-5 QPp _~~Rf[9.pPr~3s 1BH to/k/j 
-- .--. "r - - - 1 

._i /o'>' /'O. _2 0 .2...7 __b7 ? _ -.. .',... _ .74- . . 

732P 290 2.8 i. 84 2C - .. 
... .. .. 8o - - -2. _ . 3 z. "- .s s z . - _ _ _ _ _2 .. /_ 

! 2 " 2 

....' . Notes : 
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,- -
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..... 9 having a pump efficiency of 90%and a motor
 
....... efficiency of 92%.
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vs.
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Figure 111"
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Figure 12 
EDV-5UF7D 

75% 9COVER MTEMS 

Sketched in Figure 1 you will find block diagrams of a typical 50% and 
Increased recovery EDR system. The example used for the enhanced recovery
 
case is the 75% recovery, 6957 ppm feed case.
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Feed 

Nla 1,900 
Ca 168 
Mg 288 
K 90 

C1 3,364 
SO4 842 
HC0 3 305 

TDS 6,957 
PH 7.6 

Feed 


Na 274 
Ca 24 
Mg 42 
K 12 

Cl 484 

S04 121 

HCO3 43 


TDS 1,000 

pH 7.6 


Concentrations are ppm as 


TABLE i
 
WATERANAYSES
 

Product Brine (50%) Brine (751b)
 

154 3,659 7,198
 
4 330 654
 
9 562 1,110
 
6 175 345
 

219 6,509 12,829
 
27 1,639 3,239
 
66 567 1,097
 

485 13,441 26,472
 
7.3 7.9 7.9
 

TABLE II
 
WATER ANALYSES 
1000 PP1 FEED 

Product Brine (50%) Brine (85qv) 

154 407 1,049 
4 40 8 
9 65 15 
6 20 5 

219 743 211
 
27 190 523
 
66 51 49
 

485 1,516 3,978
 
7.5 7.7 7.7
 

the ion.
 



TABLE I I I
 
WATFR-ANALYE S 
12,000 P-PF-FM 

Feed Product Brine (50%)
 

Na 3,278 154 6,398 
Ca 289 4 571 
Mg 496 9 976 
K 155 6 305 

Cl 5,803 219 11,362 
S04 1,453 27 2,855 
HCO 3 526 66 1,003 

TDS 12,000 485 23,470
 
pH 6
 

Concentrations are ppm as the ion.
 



TABLE IV 
WF ANTD 

S P EUTfTTfr RGY 
SUMMARY 

Case I II III IV V 

Feed TDS 1,000 1,000 6,975 6,975 12,000 
(PPM) 

Recovery (M) 50 85 50 75 50 

Flow (M3 per 
8 hour day) 100 100 15 15 9 

Energy (KWh! per 
8 hour day) 60 60 60 60 60 

Power (KW) 
Pumping 2.8 2.8 .42 .42 .25 
Control .25 .25 .25 .25 .25 
Desalting 4.45 4.45 6.83 6.83 7.00 

Total Power(KW) 7.5 7.5 7.5 7.5 7.5 

Specific Energy 
(KWH per Kgal of 2.3 2.3 15.1 15.1 25.25 
Product Water) 

(KWH per M3 of 
Product Water) 61 61 4.0 4.0 6.7 

Assumptions: 
Pump Efficiency = 50% 
Motor Efficiency = 85% 
SP.GR = 1.00 
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65 Grove Street, Watertown, Massachusetts 021 72 u S t 
IONICSs INCORPORATED Teleplione (617) 926-2500 Telex 922473 

May 19, 1986 

R.Q. Associates
 
P.O. Box 1205
 
Teaneck, N.J. 07666
 

File: M3-21054-Solar
 

Dear Bob,
 

The following is in response to your request that Ionics calculate nominal
 
power and specific energy values for desalting Kasar Ext. 3 water in Egypt
 
via Electrodialysis Reversal (EDR), and has been written with the guidance
 
of Jerry Lundstrom. The basis for all calculations was a desired product
 
water concentration of less than 500 ppm TDS. The feed water analysis
 

with which we started follows. This is the analysis received from you
 
during our telephone conversation on Tuesday, 29 April, 1986.
 

ph 7.6 Conductivity 10,900 micro Scm-1
 

TDS 6,540
 

Alkalinity 250 ppm as CaCO
 
TH 1,620
 
Ca 420 "
 

Mg 1,200 " " "
 
Cl 5,052 " "
 

877 "S04 

Na 4,130 " " 
K 115 

As we discussed, there are certain properties of this water which have not
 

been defined, and which will certainly become important considerations for
 

both EDR and reverse osmosis (RO) designs such as:
 

- Dissolved and Colloidal Silica Content
 
- BOD, COD, and TOC
 
- Turbidity
 
- Silt Density Index
 
- Zeta Potential 
- Color
 
- Temperature
 
- Heavy Metals
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The base case used for the design performance projections was the 
feedwater as previously shown. The ionic make up of this water did not 
chemically balance (heavy in anions) and was adjusted by derating the 
chloride level to 4,738 ppm as CaCO 3 . This yielded the feed water 
analysis (6,957 ppm) as shown in Table I. Included in Table I are the 
expected product water (485 ppm), and brine waste analyses at both 50% and 
75% recovery. Please note that no acid addition is required for EDR due 
to its ability to operate at elevated Langelier Saturation Indexes (LSI) 
up to positive 2.25. This obviates the need for acid injection, and 
eliminates the costs associated with dosing equipment. Product and waste 
pH's are very close to feed water pH, assuring that all streams will be 
non-corrosive to existing pipes and conduits, and eliminating the need for 
waste neutralization. Please note also that no sequesterant addition 
allowances need be made for EDR due to its proven ability to operate at 
CaSO4 (gypsum) supersaturation values up to 175% without sequesterant 
addition. For you information, values up to 430% CaSO4 supersaturation 
have been achieved with sequesterant addition in EDR.
 

As you indicated in our discussions, the feed water was reported to
 
seasonally vary in composition from 1,000 ppm to 12,000 ppm. The feed
 
water analysis found in Table I was thus linearly factored down to 1,000
 
ppm (Table II)and linearly factored up to 12,000 ppm (Table III). It was
 
assumed throughout these calculations that the desalting component of the
 
EDR system, the membrane "stacks", will be invariant for all design cases,
 
allowing the user the capability of running any feed water concentration
 
without having to change any of the systemTs components. Plese note also
 
that EDR operating pressure will be low (less than 350 KPa) because water
 
flows over, rather than through the EDR membranes. This makes pump
 
pressure, and resultant pumping specific energy minimal and independent of
 
feed water salinity. In fact, EDR is particularly well suited for solar
 
applications because the system self-corrects for sun intensity. As sun
 
intensity increases, the DC pump motors increase the flow rate, and the DC 
stack desalting available power increases, giving more product water at a
 
constant product water salinity of 485 ppm. Because centrifugal pumps will 
be used, this ability to move along the pump curve will be possible. 
Since pressure need not increase, the relationship between stack power and 
flow rate remains linear, and the system adjusts itself. The recovery of 
the system may be adjusted from 50% to 85% merely by turning a valve.
 

In Table II, the 1,000 ppm feed water case is reviewed. In this case, the
 
recovery was based at 50% and 85%. Again, 485 ppm product water is easily
 
obtained.
 

Finally, in Table 111, the 12,000 ppm feed water case is shown. Enhanced
 
recovery is not considered in this case primarily because we feel that the
 
extrapolation to 12,000 ppm is, at best, questionable, and a more valid
 
feed water analysis is requested in order to calculate higher recovery
 
designs on this case.
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The multimedia filter will be the only pretreatment required for EDR. In 
general, the quality of water delivered to the EDR membrane stack for 
desalination needs little pretreatment, and may be summarized as;
 

Silt Density Index - 15 minutes Up to 6 
Turbidity Up to 2 NTU
 
Silica No Upper Limit
 
Mn .1 ppm
 
Fe .3 ppm
 

Please note that in addition to the ability of EDR to run at elevated
 
supersaturation values of CaCO 3 (Langelier Index) and CaSO 4
 
concentrations, dissolved silica is not concentrated in EDR. Thus,
 
recovery is independent of feed water silica content, and the danger of 
silica scaling of EDR membranes does not exist.
 

Also in each case, please note that the electrode stream rinse water has
 
been recirculated to the feed tank to reduce waste volume. This water
 
undergoes no TDS change and is equivalent to feed water in concentration 
and pH. 

In the case of the enhanced recovery system, a pump has been used to 
return a portion of the brine waste to the EDR membrane stack array for 
further concentration. Total specific pumping energy actually decreases
 
slightly since the recirculation water need not be refiltered, and thus
 
need only be pumped to about 240 KPa. The system configuration will most
 
likely consist of a built in brine pump which will be by-passed for 50%
 
recovery operation, and which may be used should higher recoveries be
 
desi red.
 

In Table IVyou will find power and specific energy figures for the feed
 
water cases given. Specific energy is defined to be Kilowatt hours of
 
energy per volume (either Kgal or M3) of desalted water produced. Pump
 
and motor efficiencies were considered worst case at 50% and 85%
 
respectively. Control power (.25 KW) is also conservative and will most
 
probably be held to about .12 KW. In evaluating these numbers, please
 
keep in mind the ability of EDR to move along the power curve to most
 
effectively deliver a given quality desalted product water regardless of
 
sun intensity. Also, as you are most probably aware, a good deal of
 
modeling has been done using a diesel/PV (phovoltaic) hybrid system which
 
has several benefits over both conventional diesel, and PV systems when
 
incorporated with EDR. Hyorid systems offer the ability to run up to 24
 
hours a day. Thus, equipment for desalting, and the PV array may be sized
 
smaller, with associated equipment cost savings.
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As you will rote in Table IV the basis for all calculations is a constant
 
system power draw for all cases. This is acheieved by taking advantage of
 
the flexibility inherent to ED/EDR systems in choosing between parallel
 
and serial staging. In figure 3 you will find a simple schematic
 
representation of the two flow schemes. Each membrane stack contains one
 
electrical stage and two hydraulic stages. The parallel staging scheme
 
will be used for the 1,000 ppm feed case, since only about a 50% reduction 
is required. This method will produce 100 M3 of product water per 8 hour
 
day. If less product water is required, one or more stacks may be turned
 
off. 

A serial arrangement of membrane stacks will be used for the 6,975 ppm and
 
12,000 ppm feed cases (93% and 96% reduction respectively). 15 M3/D will
 
be produced from the 6,975 ppm case and 9 M3/D will be produced from the
 
12,000 ppm case. In all cases, it is assumed that by day, we mean an 8
 
hour day, since we wish to design a realistic solar nowered system. The
 
energy requirement for all cases is 60 KWH per 8 hour day, or an average
 
power of 7.5 KW for total power. 

Finally, in Figure 2 you will find a simplified graph representing total
 
specific energy (KWH per M3 of product water) as a function of feed water 
TDS (ppm). It may be seen from this graph the relationship between the
 
three power components of an Electrodialysis desalination system; control 
power, pumping power and desalting power. The specific energy values
 
corresponding to these power requirements have been represented in this 
figure. 

The control energy line is not perfectly flat since control power is 
constant at .25 KW, while flow decreases as feed TDS increases. The 
pumping energy line is parallel to the control energy line. Desalting
 
power increases with feed TDS, and is fairly linear with respect to feed 
concentration. 

It is evident that some questions remain, specifically the nature and
 
quantity of the balance of feed water constituents which are unknown, and
 
actual analyses at both the high and low salinity extremes. If I may be 
of further assistance, please do not hestitate to contact me directly. 
Also, I suggest that you speak with Jerry Lundstrom directly regarding 
some of the finer points in combining renewable energy sources with EDR 
desalination. 

Sincerely,
 

Bruce M. Dawson 
lonics, Incorporated 

BMD/kmd
 
cc: AWP, JEL, FHM, JRE 



TABLE I
 
WATERANLY'SES
 
6957 PPM FEED 

Feed Product Brine (50%) Brine (75%)
 

Na 1,900 154 3,659 7,198
 
Ca 168 4 330 654
 
Mg 288 9 562 1,110 
K 90 6 175 345
 

Cl 3,364 219 6,509 12,829 
S04 842 27 1,639 3,239
 
HCO 3 305 66 567 1,097
 

TDS 6,957 485 13,441 26,472
 
pH 7.6 7.3 7.9 7.9
 

TABLE II
 
WATER ANALYSE S 
1000 PPM FEED 

Feed Product Brine (50%) Brine (85%)
 

Na 274 154 407 1,049 
Ca 24 4 40 8 
Mg 42 9 65 15 
K 12 6 20 5 

Cl 484 219 743 211 
S04 121 27 190 523 
HCO 3 43 66 51 49 

TDS 1,000 485 1,516 3,978 
pH 7.6 7.5 7.7 7.7 

Concentrations are ppm as the ion.
 



TABLE III
 
WATETWANAMES
 
12,000 PPM FEED
 

Feed Product Brine (50%)
 

Na 3,278 154 6,398
 
Ca 289 4 571
 
Mg 496 9 976
 
K 155 6 305
 

Cl 5,803 219 11,362 
SO4 1,453 27 2,855 
HCO 3 526 66 1,003 

TDS 12,000 485 23,470
 
pH 7.6
 

Concentrations are ppm as the ion.
 



TABLE IV 
FORER-T 

SP ECIFICENERGY 
SU4MA RY 

Case I II III IV V 

Feed TDS 1,000 1,000 6,975 6,975 12,000 
(PPM) 

Recovery (%) 50 85 50 75 50 

Flow (M3 per 
8 hour day) 100 100 15 15 9 

Energy (KWH per 
8 hour day) 60 60 60 60 60 

Power (KW) 
Pumping 2.8 2.8 .42 .42 .25 
Control .25 .25 .25 .25 .25 
Desalting 4.45 4.45 6.83 6.83 7.00 

Total Power(KW) 7.5 7.5 7.5 7.5 7.5 

Specific Energy 
KWH per Kgal of 2.3 2.3 15.1 15.1 25.25 

Product Water) 

(KWH per M3 of 
Product Water) .61 .61 4.0 4.0 6.7 

Assumptions: 
Pump Efficiency = 50% 
Motor Efficiency = 85% 
SP.GR = 1.00 
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A y'TAr.3/l. 
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FIGURE 1
 

75% 19ECOVE1?F3MSTEMS
 

Sketched in Figure 1 you .'ill find block diagrams of a typical 50% and
 
increased recovery EDR system. The example used for the enhanced recovery
 
case is the 75% recovery, 6957 ppm feed case.
 



APPENDIX F
 

RQ CORRESPONDENCE ON
 

FIELD TEST #8
 



RAssociates Consultants 
P.O. Box 1205 Teaneck. N.J. 07666 201.692.1640 

Februayr, 2, 1987 

NI . Focrrr'i.i aher
 
Meridian Corp. Field Test #8 at El [-:-asr
 
511 Lp-e.bura F 3 le Reverse Osmosis Redes:i Cj 

Si 1 te 70> 
Fa] 1, Church,. VA 22041 

Dear Jim: 

The roiFiar of the Field 1est. 08 Reverse Osmosis system will be 
based on increasing the capacity to 25 Cu.M. per day. In addi
t .,. n Sop Water Eystem wil be designed as an alternate source 
. hrn::,ted "a.ter or as a supplement to 1he BrackIish system. The,
 

dtec gn ') 11 be based on 24-hr operation, but a sample design
 
demanrCtroti q the efi ects of 8-hr operation will be prepared.
 

Option #1
 

The base line Brac:i sh system will produce 25 Cu.M. per day when 
treating water with a TDS range of approximately 1i000 mg/i to 
12,,,J mg/il. The system will operate with a uniform recovery of 
55%, and th- feed pressure wi ll be vat i ed to accommodate the var
y Dr level.rFDS 

1. Figure I -hows that pretreatment of a 1018 mg/I feed 
W& ti to prevent scalLng is not r uquired. 

2. Figure 2 describes a system to treat feed water con
taining 1018 mg.l. The system consists of a single pressure ves
sel l:a.oin1 six FilmTec (FT) BW4040 elements and cperating with an 
initial feed pressure of 185 PSI (13 KGR/SQ.CM). 

1. Figure 3 shows the necessary pretreatment of a 7328 
mg/I feed water to prevent scaling. 

4. Fiqure 4 describes a system to treat feed water con
taining 7728 mg/i TDS. The system configuration is the same as 
Figure 2 but has an initial +eed pressure of 303 PSI (21 
FGR/50.Cl) . The treated effluent has a TDS of approximately 301: 
mg/il. 

t
5. Fanure 5 describes a system to treat a feed wa er con
talning 11861 mg/l TDS. The system configuration is the same &s 
Figure 2, but requires an initial feed pressure of 384 PSI (27 
KGF/SO'.MC) and has a treated effluent TDS of 475 mg/l. The bHF* 
IE 2.5' . 

6.. Figure b shows the necessary pretreatment of an 118bi 
mg/il feed water to prevent scaling. 

http:KGF/SO'.MC
http:FGR/50.Cl
http:KGR/SQ.CM
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The follo in svtem would integrate the Brackish and Sea Water 

mw1. Figure 11 describes a svsten operating at a mami 
low pre~sure of (60 K(GR. /S0.CM), and prr cl:.!re.-:cov r.v :fd50%. a 

qua]it, of approximately j
- CL.,,H. per day with ar ef f1uen't 
mn"! TUIS. Thu 'vLeiu-m c:onsi tE of " pretsa- vessels. eac h I--

The trea,.edta rn o Fil,-lec: SWI4' L . eE nts (See SLet ch *1,) 

eff'lue'nt in _sent to the I-rac:i.: sh system F] gure 12 (Same as Opt ion 

1, FilureE. 1 to 6). The total power consumption of this conffou

ratio:n (F-icure 11 fol l,.owed by Figure 5) is 9.21 BHP. 

Option 04
 

* ~ eeo t. e.~t fi~c~ en- inLe:qitatc. evetem is the -Ecu ] c,.i: 

1. 	 Ficure 13 describes a Brackish system that wili be 

when treating the 2000 mg/l effluenlt roinmore energy elficient 

Fi clur-. I I1. The s.ystem consi ts of 2 pressure vessels in seri-s,
 

ea h cOr,taini1u 6 FilmTec BW.40 elements. The system operateE

00% and a maximum pressure of 13 IGR./SQ.CM. at a reco.'ery of 
and the totalThe pot-.er consumption of Figure 13 alone is .72 BHP 

pow-jer of the: int.egrated systei (Figure 11 plus Figure 13) is 7.7,6 

Fjqr'e 1-s (Sk:etch 41) consists of adding a second pump (F'-2) to 

S1E i ll (Figure I to 6, and 12), which will have a rated flow 

c- 1.7 I. per hr and a disciharge pressure of at least 11 

ER1.,SI.M) . In acdition, a second pressure vessel (V-2) is 
additional pumpadded in series with the first vessel (Y-1). The 

a..d " .. are valved to permit their operation when treating the 

2,00.mu /l effluent from Figure I (Sketch #4). When the system is 

uEing the Roman Wells., onl .' Pump F-I and Vessel V-I will Le oper

ati oral. 

Solar-Brackish/Seawater System Costs 

Figure 5 Figure 9 Figure 11 Figure 13 

Vessels 	 800 1600 3200 160) 

El ement s 480) 9600 19200) 9600 

F'.mp . 2800 3000 3000 4300 

Mi cr on Fi ter s 1000 10() 1 ('0: 1000 

A. sem;L1 y3,:)0() 3000 3:000 3000 

Med. a Fi lter 1000 1 )00 1000 1000 

Total Costs 1:40:) 1-76):-:) 30400 2i0:500 

00
Frice 1 	 -680 1) -35200' 60):1 
50% F'ro i t 

http:IGR./SQ.CM
http:trea,.ed


AI 

Sv'stem Compari son 

Capital
 
&HP--I') Cost
 

oJpt or tl iqF .) 2. .7 2 :6800 
6. 352:0'4!:, ,F i .:;) 

tI' M.92 62000 
L 
' l tint] or', 

.t'tr i 9.2.1[ 876'0-] 

.If-, c., I,' ,,rK Q. Ii -- F i . 1 ) "7.3, 

Summary
 

the brack:i c:.ter tab] c producing 

I :.of potahl e water. over a TDE ranne of. 1000U mco./ tc:. 
Option 41 i= s c e i 2t! 

-

,. L.Pi: c .-r Dt 'i On 1 E F:': : Weli S . rs, ernc. ... 

,,.:: h c eeL pom-p and capital reqcu rements (See Fi . 1 to & o..! 
i t.I 

Option 42 :, the S:ea WatEr s"'st.EI capable of producinrgd 25 
Cu.[.M av cf potable water when opeirating on the Eastern Mediter

r (I '-,'1 rn TDF)r a , ,C-, l /I . 

14+ ,ou i-. ch tc; operate independentiy on the Roman Wel1s or East

ern Mec!iter-ranean ea Water, you u~tst install both Options #1 and 

U42. The mc um:hpowerrr requir ement of 6.92 BHF will be for the 

Se& WaLe sEtem (O:ptior N12). The capital cost as indicated will 
be. $b2OOO:":.
 

Option li3 i.s an integrated system with the Sea Water unit produLc-

irn .1 Cu.l'l./dav of appror: imat-]/ 2000 mg/I product water which i

further treated in the Option #1 Braclkish system. This svsten: 

has th& highest powpr requirement (9.21 BHP) and the second h Lh-

e-t c:api Lx] co :t. 

Option 44 is a more energy efficient system, in which the 200,0
 

TDS Sea Water system effluent is treated in a Brackish system
 

The Brackish system permits operation
operatinr-i at 80% recovery. 

on the :Roman We.lls at a recovery of 55%, and on the Sea Water 

effluentL at the 80% recoverv. The power requirement on the Romr 

W:-IIs la the same as for Option #1 and when treating the Sea 

sv,tem effluent, the power is .715 BHF'. As indicateo the
W.ater 
total Sea Water treatment power requirements are 7.36 BHP. The 

capital coat for" this system is the higclhest ($C1,11,800). 

-I-" hi oh -. ec t ion of the Sea water membrane-s permits operati cr 

at a ri atLvel,; high recovery -hile still making potable ater-. 

Thin n: r-t-cn some o the bene~its of the integrated systerns arc' 

t,eecre Option 043. with its hich power and relatively high 

capi:iL,] c:ost, is a questionable choice. Option #4 provides an 

irte-r ated eystem with a lcoer power requi rement but hi gh capi t a 1 

C c: c t. 

http:s"'st.EI


d ,peid LLp II the" i p cHrta evEof an i"t ecratc.':tIe ii tal1 choice 

.Isv i anird the iTipa ct. of the- power ,1aationS on the desii srn:.
+

C . O{ t 1 t-,(A &kl 'I.ill t 

3 : : 'r :_u '. , *,'ci't 

F:obert IM.onni 

RD'/ Iii, 



SKETCH 441 
Option 01 - Brackish 

(Figures I to 6 an , 12) 

Pf=1-2 Kgr/So.Cm Recovery=55% BHF=2.58
LF=1.9 Cu.M./hr. 

C'pwI. ' LU. lM/-r (W5 Cu.M/dav) 

c- /0/8-/'c / 

SKETCH 02 

Option #2 - Sea Water 
(Figure 9) 

Df=2.6 Cu.M./hr F'=62 Kgr/SQ.C, Recovery=40% BHF=6.92 

Qp=1.04 Cu.M./hr (25 Cu.M./day) 

Qp 

Cp: 4074 9/ 

0- . 
Q 3 oc/ 

http:BHF=2.58
http:Kgr/So.Cm


Of =2. Cu. M. /hr 

6 

SIKETCH 4$: 

Option fl, - S-a tjtter 

Ff=:6,.) I .cr. /SC. Cn Recovery=50% 

0p=I . C M./h r- " IC .t/d av 
BI'IF=6. 6A 

1 _P cp /55 7,7,P 

Cf 3 91o [ 

Of=.. Cu.M. /hr 

p-

SKETCH #4 

Option #4 - Brackish 

(Figure 13) 

Ff= I::g. /SO.Cm Recovery=80% 

;p=1.0)4 CL.M./hr (25 Cu.M./day) 

V- iCp: 

BAHF=.719 

z 4 7/, 

PP I 

-t - '_i.- - ' v-2I 
6?4 

--f 19 6 



BRAK4SHREERS O~O -SPROCESSAD SEMDSG
 

PR~ETREATMENT 

C CU .CAF-[17 CLE 

'HCITCALC UMSUL~FATE SC LE
 
L'c: MGLN t16/
LL 0 WL B~ E RE C0ERY~ WI.TH H MF OR MG OF ONTI ISC )L, Hr.c 

311 IIU SCLEULFATEAT 


f AL LOW 3L.E RE CLYE Y WI T 10' MG L NAHFI OR 7. MIG L lOF NTIScAr 

'WATER~ANALYSIS.
 

-~~ FEED' BRIN E 
"RAW: ~ AC I D IF IED 

.IO< aC3 01 CaCOS I ON C0 

ON.EA 7L14. 6C7 C5 

1'16 v6 7c?37. 
163.6 ~~9.7 5773~~~A-- A2 7 6 2 2 27 67 622. 

CAT I DH~ 65EJ.712 
~~I1~63.' 4~6-. 51 '6~.B8. 

1 7. 
t,0. 

6 0.0 

RE C0 VE R 50 

Ts ...... 

1D' (C.)7E 1 

IS~~~4.1178E
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APPENDIX G 

Derivation of Array Power Formula
 

An Energy Balance on a PV system can be done starting with the general 

formul a: 

Energy Produced x Effiriency Factors = Energy Consumed by Load + Losses. 

The left side of the equation can be expressed as:
 

Array Power x Time x y? operating x YI.P.C.
 

Where:
 

Array power = Rated Power at Standard Conditions
 
at a given angle
 

Tinme 	 = No. of full sun hours equivalent (Hours) 

Operating = Efficiency factor that takes into account a derating
 
because of temperature effects and wiring losses in the
 
array field (dimensionless)
 

P.C. 	 = Efficiency that takes into account the losses associated 
with channeling power through the power conditioning 
equipment (dimensionless) 

Energy
 

Consumed = Load times duration (kw-Hr)
 

Losses = Miscellaneous Losses (Kw-Hr)
 

Rearranging terms, the general formula can be expressed as follows:
 

PV 	Array Size = Load + Losses 
(Time) (PV Oper. Eff.) (Power Cond. [f 
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