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APPENDIX A

AVAILABLE GROUMD WATER QUALITY ANALYSES
FOR EL KASK EXTENSION #3 WELLS



DATES OF SAMPLES

Ground Water Constituents . 11715785 3/19/86  4/24/86  5/29/86 9/1/86 9/8/86 9/23/86
PH 7.6 7.8 7.8 8.6 /.6 7.4 7.2
Conductivity U - mhos/Cmo 10.900 13,000 15,000 920 630 20,000 20,000
Partial alkalinity ma/]l CaCo= 0 0 0 17.5 0 0 0
Total alkalinity ma/1 CaCoj 250 300 270 203 120 270 260
Total Hardness ma/1 CaCoj 1.620 1.3C0 2.000 g0 172 2,240 2.090
Calcium ma/l CaCosy 420 490 600 50 98 260 640
Manganese ma/l £aCos 1.200 1.410 1.400 30 47 1,620 1.450
Sodium e, L Lefon 4.120 5.229 5.087 213 as £.227 5,900
Potassium ma/1 CaCojy 115 155 152 11.5 6 175 173
Manganese ma/1 as Mn 0 .03 .01 .02 .01
Iron ma/1 _as Fe .024 0.1 .45 .013 .005 .01
Chlorides ma/1 as CaCoj 5,052 6.052 5,706 126 53 6.340 5,250
Sulphates mg/1 as CaCoj 877 948 1,317 67 42 1.636 1,661
Total Bissolved Solid (TDS) mg/1 6,540 6.380 10,093 737 359 13,397 12,840
Turbidity (NTU) 84 1.2 2.8 2.2

Suspended Solids mg/ 1 60 157 5 7 5




APPENDIX B
EASTERN MEDITERRANEAN WATER
QUALITY ANALYSIS



Ionic Composition in Seawater (iﬁ mg/1)

Normal Eastern

Constituent Seawater Mediterranean
Chloride (C1-1) 18,980 21,200
Sodium (Natl) 10,556 11,800
Sulfate (S0473) 2,649 2,950
Magnesium (Mg+2) 1,270 ‘ 1,403
Calcium (Ca*t?) 400 423
Potassium (K*1) 380 463
Bicarbonate (HCO3-1) 140 --
Strontium (Sr-2) 13 --
Bromide (Br-1) 65 155
Boric Acid (H3BO3) 26 72
Fluoride (F-1) ] ..
Silicon (Si-4) -- -
Todine (I-1) <1 2
Other 1 -
Total Dissolved Solids 34,483 38,600
0 Note: -- EfMeans much Tess than 1 mg/1 or not given.

0 Assume pH 7.9, 26.4%C.

Reference: The USAID Desalination Manual, August 1980, pg. 2-5. (PN-AAJ-122).
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APPENDIX C

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

Letter from USAID to the Project Manager Team, Subject: Review of AR/CD
Field Test #8, dated July 14, 1986

Memorandum frem DR. Tablawi/R. Botros concerning EEA/ER~DO Comments on
AR/CD for FT#8, dated Auqust 14, 1986

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

Letter from Meridian to Rohert Spongberg, LBYI/Cairo, Subject: Approval
of Conceptual Design for Field Test #7, #8, #9, and #10 Under Contract AID
263-0123C-00-4069-00 (Meridian Mroject No. 173), dated November 2, 1986
(MCC-429-86-TA)

Letter from Robert Spongberg 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



DATE:

ePLY TO
ATTNOF:

SUBJECT

YO

Ci/uu{

July 14, 1986

.
HRDC/S&T:Eric A. Peterson (4¥

i ield s

Review of AR/CD Fie Test §#8 7 14 0CT 1985
project Management Team ,

See Distribution 14UCT 1986

Comments:
Lokl

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

13

Graphical presentations are required to illustrate the
differences in output as a function of insolation and
salinity of feedwater. I suggest a separate graph of OR
and ED output versus isolations with a family of curves
for salinity.

what was the variation in isolation (2.6 Kwh/m2 to 7.6
kwh/m2) effect on chossing system size of 15 m3 of
water?

poes demand vary by season?

Equipment for assessing source water gquality needs to be
specified.

Exhibit 4-1, page 27, answer to "tolerance to change in

power supply" may be bLetter answered with "high" rather

than "yes". Does "yes" mean it continues to operate but
at reduced flow oOrC reduced quality?

Is EEA aware of other data sources? pid Meridian check
for other data during site visit? oOne data point cannot

be the basis for conceptual design unless a sensitivity
analysis is.given. GSee coanment Ho. (1).

Discussion and analysis of two types of disposal
(evaporation versus ocean disposal) are required.
Evaporation would require a lined pond. Disposal will
require long lines to berch or further.

Discussion and analysis of diesel generation set is
inadegquate. What is genset impact on output when running
in parallel with PV or a- other times? Why use batteries
when there is a genset?

what is the solar insolation data given on page 33?7 1Is
the December number a minimum while the June is a
maximum? Are these theoretical or actual data?

The justification for batteries is inadequate o©n page 34.

(;// &/L ° OFTIONAL FOMM NO. 10

(REV. 1-00)
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1l1) AR/CD lacks instrumentation.

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

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

14) AR/CD needs information on OYM requirements.

Distribution:

br. Emad ELl sSharhawil, Chair:xan, EEA

Dr. Moustafa Swedan, Deputy Chairman, EEA
Dr. Talaat ELl Tablawl, EEA

Eng. Reda Botrous, EEA/

Mr. Robert Spongber, LB II



N %’\-ch, H-C.

Augusrt 14, 1986

,F,)A)”)EREDO Comments

. N F?- g n bﬂi t% on °
77:8 | TomPo \Eesi‘% # AR/CD for FT /8 / % EA«J 6005 |
cc : Decepak Kenkeremath (;:74(,26 2 5C‘ﬁ9/‘~—

Pete Borgo DX -CL_, )(p]l0$6(’ ,

_ Jim Hoelscher — "7 -/ . Nd
Frem - D, Ta h Jec o) L Z«@ M@L"\\ U > QL
FROM: R. Botros ﬁ:i X \?D r,{;JCN}) ( /// l Ll// 27

o Site visit report should be included ir the AR document (including data of
visit, {nstitutional arrangements, required staffing for O&M, contact person,

site gata, site information, etc. and additional information needed that
help'design.+-Conclusionﬂ and final reconmmendations.)

o Develop a site check list.
o Define energy resources, and the nearest electric line.

o Define user requirements, that will help 1in hardware identification and
possible size of the PY/Des., unlt.

o Identify effect of seasonal salinity on the product water to meet user
requirements 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
reasons of selection.

o Evaluate desalination alternatives showing reason of selection.
o Are the given parameters reflect user requirement?

o P. 13, Ttem 5.4, Titled Batteries: 1t was stated that sealed batteries are
always preffered over vented ones in recmote applications and sandy areas.
This 1is 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 problen accordingly eviluating the two alter-
natives and select one. However, vented can be equipped by recombination
caps, thus reducing electrolyte loss.

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

0 Reccamendation is given to move the unit {nland 200 meters, reasons of moving
should be clarified showing its c!fect on the slzing of unit, pipirng
protection, treatment needed to overcome deposite and scaling problems.

> ézf\‘( Com wxew»%— < Naule We &ﬁt[ﬁ_ﬁv\ A;ﬂ-&-o (~C“v4»CChLLQ/C:Q§1



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

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

o The [iual declision of transporting brine water should be identified, feed
water connection to the des. unit should be clarified.

o No {nformation given regarding way of installing system in the selected site.

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

0 Modes of operation should be explained & addressed imn the AR report { wi th cuvwoﬂ
attording W ftem 5.1.3 peaje 33.
r
o Correct dec. insolation data, two different figures are given (p. 33, p. 43)
and recalulate design according to the correct insolation figure.

o 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 hre under constant pressure, this
required additional battery storage, consequently additional array sizing...
evaluation should be made).

o Insolation data given by M. Shuitout p. 33, {s a theoretical data, av. should

be the reasonable valne for the insolation.
vilhow ¥

o Options of RO/ED with,battery storage fcr 3/day taking into
consideration a 2/3 day storage tank.
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During her visit to the Meridian Corporation during August 1986, Engr. Reda
Botros discussed in detail the Applicztion 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 in 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 zpecified.

4. The projected mode of operation of the diesel (how many hours operation
per day, seasonal variation,) should be specified.

5. The justification for using cealed batteries should be re-examined. In
hot climates, the temperature of the ¢lectrolvyte in batteries may rise to
unacceptably high temperatures because there is no venting. Equipping a vented
battery with recombination caps mav be a better alternative.

6. The site selection of E] Kasr #3 should be justified on a technical basis.

7. There 1s a recommendation that the building site at El1 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 thc desalination plant. This pipeline will be
subject to scaling and corrosion. How to combat these problems should be
addressed in the AR/CD. Alsc 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 E1 Kasr #3 should be drawn to scaie with more detail.

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

similar style to that in Field Test #5 AR. "Single line diagram."



10. The disposil method for the brine should bhe reconsidered ard g recom-
mendation wade based on cost for both E1 Kasr Central and El1 Rasr #3. 1If
disposal to the gea is recommended, then the corrosion ard scaling problem in 4
pipeline needs to be addressed.

1l. The method of installing the system, such as access to the site with
delivery vehicles, fencee, and types of building construction should be
addressed.

12. There is en 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 13 to operate the units on a 8-hour basis.
There should be & discussion on the cffect of this. For instance, 1f the
membranes are not kept wet, what {5 the effect? Does this involve any more
maintenance? W{ll components wear out faster?

14, There should be options in the sensitivity analysis sectién showing the
effect of 1, 2, and 3 days of battery 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 asking for data regarding periocds of no water at El1 Kasr 3.

2. It Is the opinfon of Engr. Botros that if feedwater supply completely
dries up at El Kasr #3 during the dry season, then the field test should not be
located at E1 Kaer #3, but probably ut E1 Kasr Central. MC should study
alternatives and select the suitable site.

3. A sketch of the relative locations of E1 Kasr Extrension 3 and El1 Kasr
Central (and 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

R Rekies N &0

:g{zs(l{;?é %/zq/gL
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CJ\OS\ RENEWABLE ENERGY FIELD TESTING PROJECT
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T0: Deepak Kenkeremath, MC
From: Robert C. Spongberg, LBII ffk??
Through: Michael Ford, LBII
Date: 10 December 1986
Ref.: ARE 0652/86 C

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

e Sn T e S S m e R G e e e 4w e @9 NS WY mE T WD SR M B D D e R S R W W G Er S

GRS M e m e ER (3 W G G CE o tm R M n e G T e M R BN G R e A s e R e W R G e B e e

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 FI-7 and FT-8 are an outgrowth
of meetings held at AID with tre EEA Task Leader and the Project
Officer on 8 December 1986. J similar meeting will also be held
to discuss the questions raised regarding FT-9 and FT-10.

Field Test # 7 - PV Lighting and Water-Pumping

O 0 e e on ™ o o e e = e e e P e S e Ee U e S e e e e e e

In 1ight of the USAID letter dated 24 November 1986 attached
no further discussions were held regarding a centralized system
for the village of Ries. Dfscussions are wunderway between EEA
and AID on the possibilities of doing such a system under the MHew
Initiatives Task.

A PY/Lighting-water pumping system will be developed for and
installed in the village of L1 Ezz in the Baharyia Qasyvs ana will
consist of the following major tub-systems:

1. One water-pumping system with:
a. PY-pover source to provide sufficient water to flood-

irrigate a 60 feddan urea every other day plus a total
of 10 cubic weters 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 Yor irrigating eariy
in the day, prior to the PV-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 use 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-pomping system described
the project will provide for an option of two portable PY
water pumping units each capable of providing sufficient
water to flood-irrigete on2 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/diy. Each system will include:
2-20 watt and 2-40 wati florescent 1ights with fixtures;
4-220 vac electrical outlets; batteries; inverter; and
sufficient wiring and hardware to allow for a 1ight and
outlet in each of fouwr woows. 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 appliances such as a television,
refrigerator, small power tools, sewing machine and battery
charger.

4, Ten {ndividually ©V-powered street 11ghts to be located
where requfred in and near the village of E1 Ezz.

Field Test # 8 - PY-Powered Desalination Plant

. e s ey e e G G Be R R am SR S e e S e R GO S M e G AP R G G M s R N D AR R Ee e R e e

The PY-desalination system will be required to produce 25
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 1is levelized. The
system will also contain & storage tank capable of holding a
one-day (25m3) supply of desulinated water and wake provisions
for a water source 1in &addiviun to the Roman wells. The AR/CD
should discuss clearly the fol cuing:



Page 3

1. The advantages of R.0. vs E.D. technologies taking into
consideration the two different water sources (i.e. Roman
wells and Mediterranean Sea).

2. The quantities of feed water 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 E1 Tablawi, EEA
eda Botros, EEA

Rafik Georgy, EEA

Eric Peterson, USAID



E@‘ Meridian Corporation

in Reply Reler 1o
MCC-429-86-TA
November 12, 1986

Mr. Robert Spongberg

Louis Berger International, Inc.
100 Halsted Street

P.0. Box 270

East Orange, NJ 07019

Subject: Approval of Conceptual Designs for Field Tests #7,48,#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
Timitations 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 the 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 lovember, 1986.

o AR/CD FT#10 -- Wind-Powered 3ésa1ination Plant

Desalination plant - 80 m3/day 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 whoel energy recovery turbine is used to
extract 6.7 kW from the first pass reiect brine stream.

Wind energy system - Three 55 kW wind turbines with DC generators (or AC
rectified to DC). 50 kiWh of battery storage capacity. Excess power is fed to
the Hurghada grid through & 100 kW inverter and isolation transformer. Back-up
power is provided by the grid througn a rectifier. The back-up power usage
simulates a stand-alone diesel uparation.

5113 Leesburg Pike e Suite 700 s Falis Church, Virginia 22041 o (703) B98-0922 » Telex 469248



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

Load Demamd - 266 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 in an 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 that 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 thet 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 dies21 generator

- At least 5 kilowatt-hours of battery storage

- A control system that will limit the battery charging rate to
less than 0.75 kWh »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.

0 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 in the original SOW. Meridian has verbally
been told that there iz no probioi with feedwater supply at E1 Kasr Ext. #3.
Please confirm this; we will «u .o that this is correct unless the EEA tells
us otherwise.

Revision of the AR/CD for [T48 will follow the principles in the paper
agreed to and signed by Director Ceneral Botros and Jim Hoelscher on August 25,
1986. The options that will bie coisidered are as follows:



- Option 1. Use PV only (with unspecified number of days battery
x¥:orage) to produce the entire output of product water. A diese] generator
'will be on site to be used in case of an emergency or unexpected need for more
water.  There will be no water storage tank.

- Option 2. Use PV (with one day of battery storage) and diese] as 3
hybrid power source. Design for 8 ho.rs PV/battery operation with 16 hours of
diesel operation. Use no water storige tank.

- Option 3. VUse a PV/diese! aybrid power source without battery
storage (using storage tank for product water).

Each of the above options will bao analyzed using reverse osmosis and
electrodialysis desalination technologies.

o AR/CD FT#7 -- py Lighting and Water Pumping

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 E] Ezz.

Ries (which has about 35 homes) will have a centralized system which will
power a community center with enough pover to support a Tight inductry, such as
grain grinding, with a mayimum Toud demznd of between 3 and 5 kilowatt-hours
per day. In addition, the pv pover source will supply 35 homes and pumps for
irrigation.

E1 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 wil] be
portable and identical, Each PV-pawered pump will be independent and will
irrigate about 5 feddars. The number oy PV-powered pumps that are finally
procured will be detarmined by & trade-uff among the needs of the village, the
ability of the loca) farmers to till t o reclaimed feddans and the total budget
available,

The estimate of the various loads and the site specific details of the
field test will be as determined {n Ccuperation with Engrs. Irene Sakr and
Mohamed Adb E1 Aal during their vicit o Meridian in September 1986.

Meridian will forward a revised schedule for submission of these AR/CD
documents as soon as we onlain 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

Ny

Deepak Kenkeremath °
Project Manager

cc: Mike Ford - LBIJ

Pete Borgo - MC -



APPENDIX D
TRIP REPORTS



TRIP REPORT TO MERSA MATRUH AND EL KASR
TO INVESTIGATE PV DESALINATION PLANT
(FIELD TEST NO. 8) NOVEMBER 15-17, 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 Nevember 13, arrived Mersa Matruh about 11:45 PM
same date.

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

Personnel Contacted:
Gen. Mohammed Yousr el-Shami, Governor, Matruh
Eng. Sa'ad Kamel, Secretary General, Matruh Governorate
Mohammed Ibraham Faheed, the Engincer 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 Goveruorate 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 permifs were being processed we had an extended
discussion with the Secretary General. Among the points he made included the

following:



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

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

The governorate ne:ds more than tie 2600 cubic meters per day, so several
aew metheds of getting wvaters arve Hlannmed.

There are another 150,000 cubic meters per day capacity planned for three
different arcas. Thiv watcer 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 Matruh arca; a tourist village in the vicinity of
Mersa Matruh and in Mersa Matvruh {tself. The other 50,000 cubic meters
are to bhe furanished to Alesandria.

There are two electrodvalisis units being installed near Mersa Matruh,

each with a capacity of 200 cubic meters per day. There are 10 other
units (12 in all) to be installed in the Western desert.

There are three USAID=-sponsored (500 cubic meters per day) reverse osmosis
units in some stage of procurcment.  We pot no details.

The Secretary Geuneral was to leave the noxt morning for a desalination
conference in Bermuda.

The Seccretary General was extremcly knowledgeable about various types of
desalination. He is less familiac with details of alternative energy
sources but is nonetheless a booster. Ho spoke not ony of solar and wind
energy for use in desaiination but also as an aid for the people who live

in villages and have never had any electricity of any type.

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

Commercial/industiral - 1.00 (Egyptian Pounds)/m3
private users - 14/2

All of the units spoken about arc 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 Jnclude:

There are many companies who come into the area and do a research project

with solar energy and/or wind and then go away and they never see thon

agaln. Some of the units appear to be successful. There should be some

follow-up to make sure that 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 Ibraham
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 installation.

It is a central pickup point for sater. We observed a Qumbcr 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
checkout.

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 areca is sot up.

The site, because 1t is on a military reservation, should be relatively
safe from vaundalism.

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

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

Because there will be somecone already designated to maintain the
electrodyalisis units, rhere ought to be a betrer chance to get sonwone to
do routine maintenance and checks at a PV-powered desalination plant.

Concerning the necessity of gettiag properly trained and morivated techriczl
assistance to take dara ana un miintenance, this slte (of the three that
we visited) {s the closest ro Mers. Matrui.









WATSON @ESA&HDJ}ATH((\?R] FOUNDED 1976

8710 BAINETT ST MANASSAS. VA 22110 (703) 361-7333 ® TELEX 904111 ® WADSAL MANA

SUMMARY REPORT

on

Task 1 — SITE VISITS AND AFPLICATIDN REVIEW

for

Field Test Site #8 - Photovoltaic Desalination System
Field Test Site #10 - Wind Energy Desalination System

Contract AID 263-0123C~00-4049-00
Meridian Project No. MC—-173

November 1985

CONCEPTUAL DESIGNS, FEASIBILITY STUDI=S AND COST ESTIMATES / SCALE AND CORROSION DIAGNOSIS & CONTROL
OPERATIONAL TROUBLESHONDTING AND COST REDUCTION / STAFF INSTRUCTION / MARKETING & TECHNOLOGY CONSULTATION



Nov.

TRAVEL. SCHEDULLE (also submitted as Exit Report)

a

G

10 4

11

1z

Arrived Cairo - +0 Fraoject Office
]

AM - Flight to Hurghada - meetings with Feter
Borgo. Boh Russo, Mohammed Matwal ly and lssam
Shafiq (FFEaA:, David Renne and Bernard Holeat
(Satelle)

AM - To Mar1ne Eiological Imsititute, suggested
arca tor Freld Test #10. Discuesed siting
conaiderat tone, present and futwre water and power
Needs ol Hourghada and environs with:

Deo Fakew El--Gamal, In%t1+u+e Director
Do Salah, Asct. Director

Viewad 42 cility, subistation, fresh water storage
and pumpzing eyetem, seawater supply system.

FMo— mat 1ot Undorgwcretary, Fed Sea Governorate;
outl imned Froject: .

Assisted wind energy team with kite neasurements,

Worling s=ec<ions e wind/desal siting, design and
operating considerations.

Feturn to Cairo Frroject Office; pPlanning and
activities re £1 Fasr FV/desal site visit.

Departore g papM by car to Mersa Matrouh with Jim
Hoelzcher, & af i Georgy and Mahmoud Taha.

FMo- mesting at Meraa Metrauh Governorate with
S@cr@tﬁr3~uwue"n1 Saad Hemal and Eng. Mohammed
Ibrahim Fahad, /¢ Governorate water sSupply;
obtaincd indormation an water and power- supply
Rlanming for Matrouh.

Evening sorial meating with Go“ernor. Gen. Mohamed
Yousrs D1 - am and staff; reviewsd project plang
and 5iting factors, and oqulnPd his views.
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17

18

19

With Eng. Fahed, Enqg. Sayed Mokhtar Ahmed (Site
Engineer for wind energy) and Mr. Monsour (Sec.
Gen. of Loscal Council for Mersa Matrouh)

visi ted completing EDR facility (2 x 200 mZ/d) and
municipal bracl el water pump station at El Fasr,
the central hrackiash water collection station and
El Kasr- Exdtension #D well field.

FM = wvizited old 4 30 SO0 mi/d distillation
facility 1n Merrsea Matrouh.

Fetwn to Cairo. Fn route visited American U.
Agricultw al Fasearch station at Sadat City to
view erparimenbtal FV arrays and drip irrigatian
projects.,

Day off.

Froject Office - various discussions with Eng.
Fieda Eutrows, Dr. Anliar Hegazi and staffe re desal
sites and applications.

Froject Office - additional discussions; short
desal seminar for Dr. Hegazi's staft; started
Evit Report.

AM — to EfsTs HY Laboratory, Solar Energy lab to
view direcct-coupled FVY/decal project.

Discussed operating factors with Eng. Hassan
Fakha relative to power changes and well

salinities.

FM - RO software seminar for Egyptian wind and
solar etaff.

Depart to LS
Worl: orn Summary Report
Work on Summary Report

Worlk on Summairy Report



A. Desalination Considerations for Hurghada

Feedwater

Althounh test drillings might locate a brackish aquifer nearby,

Lthe mozt practical sowrcs of feedwater for this location would be
thie Fed Soes 1teelf, primarily because of its stability of _
chemical composition. This featwe is of paramount importance o
eplovmesnt of reverze osmosis (RO) technolagy for Field Test #1090,

Lazed on wany years of applicetion experience, however, the
cuply mest be drawun from a drilled seawater well (“beach well"),

“Aatner then a surface intabte. This method is to insure clarity
d frecton frrom organic cantamination of the membranes by

i

L1}

woshewntor i scharges.

(=

One poscible drawback: since a subterranean seawater source 1s
weral by o devord of oxvgen (M"anaerobic'), certain arganisms such as
cultate-reducing bacteria may generate sulfides. These ions wil!
fora bevde agen sultrde (H28) at Jow pH in the desalting process,
ard thus renquare post-treatment of the product water to remove

thoe famliar bul unplessant "rotten egg" ador.

The Institute has records of the local seawater malysie, but
wers unwrlling to let us have copies without the permission of:
Acadeny of Scientific Research and Technol agy
101 El-Faaer El-Ainy Street
Calrao

We ash that EEA obtain copies of this data as soon as possible -
that 1s. before the conceplual design stage.

For information, we attach a copy of a sea water well analysis
trom the Ras 0l Behar area.

Site

Fresent location of wind tower adjacent to Marine Institute is
apparently favored for the wind turbine, and is also quite
acceptable for the decsal plant, proavided that:

0 reject brine is piped to sea clear of the Marine
Institute’s intake, and

o  there 1¢ adequate area for plant enclosure and
praduct storage tani:.
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Production Capacity vs Local Needs

Trhe desian fragwe of 90 cuom/day originally cited appears to be
entirely appropriaete from a local end-user standpoint.

Huraghada 1o gserved by an 8" pipe 4rom Safaga delivering about
Toro coem daarly, Lo be augmentod by a 10" pipeline which wild
eventust by ancreace the supply to 4200 cu,m/day by mid—-1287.

1)

The Maraine Institute and housing compound (total about 250

persans) cwrrently receives some 7890 cu.m/month, transferred

ey other dey from Hurghada By pipeline to a central storage
w DD cuwwmn, from where it is distributed tao each

tactlity o
burlding.
Do Gatat z2a0d that the compound population is projected to
donble 10 about I years, so that any additional product water
trom the wind/ desal unit would be welcome indeed.

Current water pricing is:

Hotels and commercial EL 1.0Q00/cu.imn
Frivate consumers 0.380

Stand-by Power for Desalination at FT #10

W have strongly recommended that initial start-up, acceptance
trials and internal optimization runs by the decsal sysitem be made
tndependently of the wind twrbine to allow evaluation of
acceptabrlity againsat normal industry standards of performance

with a consteant power souwrce.

This would require site connection ta the 89 kva 11.5kv/I80v
trancformer at the Marine Institute. Fower requirements for the
S cu.m/d seawater RO plant and well pump could be 20 — IO hw

at full ocutput, depending upon recovery set by the water analysic
(cee attached SEARD printout using as an example the Kas £l Behar
ceawater and O recovery?),

Use pattern could vary hetween 8 to 24 hours per day, depending
upoun performance test requiremerits.

Occasi1onel power interruptions must be anticipated, however. We
were told that since part of the 11kv transmission line is
above-ground, on especially humid days (wind from the soutr))
sl ation breabtdowns require isolation of the Marine lnstitute
fecder for as much as 2 - 3 days at a time. There is no backup
dig=ze]l alternator 1n the area.
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Conclusions and Recommendations re Field Test #10

the desalination syetem point of view, the loacatioaon

1. From
referred to has considerable merit, sicdce it is
0 eacily accessible,
0 lacated nea the Marine lnstitute, whose interest and
analvtical support 1f needed will be very helpful,
(] located near product water users who can consume up to

ful 't output, but who still have conventional supplies
to fall back on,

Q located near enough to the sea to minimize piping trom
beach well to, and brine discharge from the plant. and
0 tozated near to a tranefarmes station to tap for

constant T8Oy T-phase pawer when needed.

2. The technolog, eaploved should be single—stage sea water
reverde 0nmosiu, operated at recovery low enaugh to maks chemical
mert wneceozary. This combination will mavimi-e

tiv and sramplicity of operatian, though at some penalty
al and enerqgy cost per unit of autput.

[prelread
rellat
1n capt b

S Froguct water ctorage (minitmum 25 cu.m) should be pravidecd at

the zi1te, with trancfer pump and piping to point of ucse.

. EED shiculd be requested to de*ermine what sSpare capacity 1¢
avarlatle from the Marine lnetitute transformer over and above
peat loading, for the period until direct coupling to the wind
Lo brme.

. EEA cshould be requested to aobtain copies of the local seawater
analyeers made by the Marine Institute.
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WATER ANALYSIS
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Fild No. 1212/12

REPORT NoO. _ _

—424/85
Wall No, { —Res-21-Behwar-frog——— Date Sawpled : : >
Tested Interval ; Date Analysed d 1571178S
Zaona :
Reference - P —-bnmer-t AT Py ] S Ty Tt TA T LTI/ T170S
Radicals pprs Hypothetical Combinations ppm
Fotassium K - calcium carbonate —t3r-
Sodium Ne’ 13246 Mangnesium carbonate - 0 ——
Calcium Cu” 220 calcium Sulphate —1589— ——
! Mugnesium Mg ——ings Magnesjurn Sulphate 7!}
Chloride Cl 23334 Calcium chloride Cmet g ——
) Sulphate  Sog 3276 Magnesium chloride 3910 ——
Carbonate Coy's U , Sodium Sulphate R
Bicarbonate Hcoyr 159 ‘1 Potassium cl'loride T
Sodium chiloride —33665 — ——
Total 84Uy Sodium carbonate e
Other Tests ‘ ppm
J Total Dissolved Solids
by - %5630
Hydrogen Sulphide HaS - —
Total Alkalinity As Ca CaQ» I3 - — e =
‘Total Hardness . v 7557
Temporary » » ' - ™m
Permanent ’ ’ ’ TST6
Specific Gravity at 20'C —_— —1.029
‘ rH Velue at 20'C 7%
¢ Resistivity Olm/m  at 20'C 072X
' .
. Ca/Mg 0.7
’ .
y =
Ramarks -
G T
.———‘_‘—_\

RESERVOIR ANALYSIS DEPT.MANAGER
(FATHALLA M.ABDEEN)



SEa WAaAaTER K. O . DESIGN PROGRAM

Desalinacion Information Systems and Controls Corp.
Manassas, Virginia

FEED SOURCE: RAS EL BEHAR

A. D E ST 6N SUMMARY

MEMBRANE SYSTEM: Uu.o.P. MODEL NO: SW7020SS
* ', OF TRAINS: 1 ELEMENTS/VESSEL: 8
SEQDUCT FLOW: $.100001 gpm 2 cu.m/h
re COVERY 30 # |

MPERATUFRE : 68 F 20 C
IMITIAL PRESSURE: 798 psi 54 Kkg/cm2

+IMUM PRZSSURE: 200 psi 63 Kkgscm2

. T RAIN CONFIGURATTION

AGE VESSELS FEED FLOW PRODUCT FLOW BRINE FLOW BRINE PRESSURE

USgpm USgpm USgpm psi
! 1S 30.4 9.1 21.3 880.7
CYSTEM 15 | 30.49 ?.1 21.3 0.0
cu.m/h cu.m/h cu.m/h Kg/cm2
1 1S é.9 2.1 4.8 60.5
SYSTEM 15 6.9 2.1 4.8

r ENERGY REQUIREMENTS

(assuming ?5% motaor and &Sy pump efficiencies)

BRAKE HP/TRAINM: 24,8
KWH-/100C US gal: 35.4

KWH/cu.m: 2.3



[\)

PRETREATMENT AND RECOVERY

ACID ADDITION WITH 30 % RECOVERY AT 20 C

CACO3:
TARGET OFERATING pH: 7.40
REQUIRED DOSAGE - 1b &4 Be’ H2S04/kgal feed:
CAS04:
PPETEEAT OR REDUCE RECOVERY? , UNNECESSARY
MAXIMUM RECOVERY WITH INHIBITOR — PERCENT: 33
10 ppm NaHMP, or (Consult
7 ppm Flocon 100, cr membrane
7 ppm AF 100 supplier)
SILICA:
$.,02 SCALE POTENTIAL: NONE
M IMUM ALLOWABLE RECOVERY - PERCENT: 97

FINAL WATEHRK ANALYSES

FSED BRINE PRODLCT
RAW TREATED
mg/ | mg/ | mg/ 1 mg/1
520.0 520.0 742, 4 0.6
1544.0 1544.0 - 2205.0 1.8
13244.0 13241.3 18840 .46 199.9
0.0 0.0 0.0 0.0
159.0 159.0 226.5 1.6
3276.0 3276.0 4479.8 0.4
23534.0 23334.0 33200.3 312.6
0.0 0.0 0.0 0.0
6.5 6.5 6.5 4.5
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
42094.3 42095.3 59923.8 517.0
7.6 7.6 © 7.5

0.00 1b/1000G JS gal. feed
. 0.00 1b71000 US gal. product

Total acid demand
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B. Decsalination Considerations for El Kasr (FT #8)

Background Information

The coastal reagion of Matrouh, including the port of Mersa

Matrouh 19 a cemposite of needs by local population, tourism and
the military. Fresent drinking water supply is by pipeline from

Alerandria, capacity 2000 cu.m/d but badly deteriorated by
caorrosion and 1llegal tapping along the line. A new 70 cm
prpeline, planned ftor completion in about 7 years, will bring
0,000 cu.m/d of Nile Delta water to the area.

Unt1! now, converntional water supply from Alexandria was
caonsarved during the winter by some 34,000 cu.m of storage as a
bacl log for the summer monthe., This was augmented by production
trrom 4 a0 D00 cu.m/d distillation plants, now old, in poor
condirtron  and very inefficient. '

The Governorate of Matrouh has contracted with two entities to
obtesin a short-term solution:

I lonics, Inc. (Massachusetts) for 12 x 200 cu.m/d
reversing polarity electrodialysis desalination (EDR)
prants (2 {for El1 FKasr)

O A.1.D., now recelving tenders for I x SO0 cu.m/d SW
reverse asmosis units for Mersa Matrouh itselof.

Current power supply for Mersa Matrouh is fraom T % S mw open
cycle gas turbine/alternator ssts. A 2 1 30 mw station i« now in
planning.

Feedwater

Brackish water for the El FKasr area is obtained from three
sources, two of which are described as "Roman wells" and named £l
Fasr Extension #2 and #7. The third field is of the mare
conventional drilled well category. Each source is said to have a
normal capacity ot about SO0 cu.m/dav.

The Roman well fields each consist of four conduits approximately
I m in diameter and 445 m long, laid parallel to the beach abaut
00 o m fram 1t at depths ranging from I to B m. The main feature
of these conduits is that they lie on a sloping rock shelf, and
through apertures on the landward side collect rainwater seepage
from that direction on an average of 0.25 cu.m/d/m of length.

The collecled water is transferred from each conduit to a central
tank, thence by a 114 HF diesel-driven 3 - stage centrifugal pump
some 12 km to the El kasr collecting tank farm.
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Conceptual Design

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 scurce for the systems will be solar-
phctovoltaic units.

The Desalting systems will be designed to have:

&) Optimum energy use

b) Operating flexibility on brackish water with a TDS

range of 1000 mg/l to 12,000 mg/1.
Design

A. VWater 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 icn values."

The analysis dces not show Silica (Si02); we should there-
fore confirm the Silica content, since Silica is & potential

scalent.



The KASAR EXT. is an old Roman well and as such is more
of an open channel then a conventional deep well. This corn-
seruction permits contawination by particulate matter and
oxidation of metals (Iron) and Hydrogen Sulfide (HZS), if they
are present. It has been reported that a strong H2S odor
wes noticeable at these wells., The presence of particulate
ratter 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 Si0O2, H2S and SDI
be performed before final equipment specifications are prepared.

E., Desien Parameters

The following parameters were used in establishing the

designs:
1. Capacity - 15 ms/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.

L. 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
evaluated st the THS levels of 1000, 7195, and 11750 mg/1.

The initial design wag based upon a 24-hour day,



At the 11750 TDS level, a 2-Stage system with a maximum
recovery of 55% was selected. Hipler recoveries resulted in
2xestaive cperating precoures in order to maintain a preodned
quality of less than 500 TDS.

In addition, higher 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 nmg/1l.

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 upcn Z2/-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 heving
a 24 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 x1 array, A& FilmTec model
BW30-2540 element was selected for this design.

The systems have a 24-lour rated capacity of 2.75 gpnm
(15 m3/day), but operate at different pressure levels depending
upon the feedwater Total Dissolved Solids (TDS).

An operating temperature of 25° 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
vessels heve a larger diameler tn accommodate the larger ele-
ments. A FilmTec model BW30-4040 was selected for this design;
however, there are a number of companies that manufacture sgimilar
lype elements.

The major difference between the 8-hour and 24-hour systems
are the physical size, greater pumping rates, and higher instan-
tereous power requirements. However, +the specific power
(KWH/1C00 zals) is the same. Figure 10 shows the product flows,
operating prescures, 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 showes 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/1,
7328 mg/1l, 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/1000 gals for

TDS levels of 1018, 7328, and 11750 mg/l, respectively.



D. Electrodialysis

Tables T, TT and ITT define the water analysis used to

design the ED Systen.

Figures 12 and 13 (sub. fig. 3) describe the ED system.
The system consists of a low pressure feed pump, four membrane
stacks, brin. recirculation pump, and required controls. Each
stack will consist of one electricel stage and 2 hydrauliec Sstages

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

in the 7000 ang 12000 TDS cases, the stacks will be

piped in
series.

The system Operating cheracteristics ang bower requirements

&re shown in Table IV,

The systen was designed on the basis of a constant energy

requirement of 60 KWH per 8-honr day, or a total power of 7.5 KW,

The specific énergy varies from 2.3 KWH/X gal

. at 1000 TDs
to 25.25 KWwH/K gel. at 12,000 TDS.

The product filow also varies with TDS, ranging from 100 m3/day

at 1000 TDS to 9 m3/day at 12000 TDS. The 100 ma/day may be

reduced by °cperating only one stack

» thus reducing the capacity
to 25 mB/day. (N te:

Data based on 8-hour day.)

In the 12000 TpS case, the unit woulgd have to operate for

13.3 hours to rroduce 15 mB/day.

Tho electrodialysis Erocess
cations, 5 US

creases in available energy .

hAs the solar énergy increases, the D C pumps will increese
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
prevest CaCl03 sceling. 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
sater characteristics at the time of bidding, antiscalant cheni-
cals may be proposed. The chemical feed pump should add a

maxinum of .025 KW to the overall system requirementis.

Trhe 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 neture of the wells could result in
increased levels of particulate contamination. We therefore pro-
pose thet a media filter be placed ahead of the RO or ED units
to minimize particulate fouling. This is shown in the ED System
diegram, Figure 12. This should add a maximum of 15 psi to the

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



Conclusion

The Reverse Osmosis and Electrodialysis systems will
require dual media pressure filters as pretreatment for the
feed water.

The 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 arnd
Figure 9. It will consist of the following:

1. A 2-stage configuratic. having a pressure vessel array
of 2 x 1 with each pressure vessel containing spiral wound ele-
ments,

<. 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. Ii 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 Power-KW 7.5

Well Pump » od
(600 ft. of 13" Pipe
+ Micron Filter)

D Total KW 7.9
ED ESpecific Energy KWH/K gal 15.1
RO Power-KW 2.65
Well Pump o5

(600 ft. of 14" 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 erfluent .

The ED system, while requiring wmore 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.
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Unless there is an overridin,; benefit to one process
over the other in its adaptation to the solar power system,
it is our recommendation that the RFP should ask for both

ED and RO proposals.
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BRACKISH REVERSE 0OSMOSIS PROCESS AND SYSTEM DESIGN

PRETREATMENT

C1D RECUIREMENTS
FERAT ING pHFA 6.30

6 Fe ACID - #/t. GAL. FEED 1.11#/F GAL.FRODUCT 2,02
0 CALCIUM SULFATE SCALE

2504 MAX. ALLOWAELLE RECOVERY WITH 10 MG/L MaHMF OR
0 S102 SCALE

102 MAY. ALLOWAELE RECOVERY.OO

0 STROMTIUM SULFATE SCALE

rS04 MAX. ALLOWAELE RECOVERY WITH 10 MG/L NaHMF OR
0 E&FIUM SULFATE SCALE

aS04 MAX. ALLOWARLE RECOVERY WITH 10 MG/L NaHMF OR
WATER ANALYSIS
FEED
RAY ACIDIFIED
I0ON CaCO= I0N CaCO3
a 168.0 420,0 168.0 420.0
g 291. 1198.9 291.0 1198.9
a 1907, 0 4444 .7 2048. 3 44344.7
QOO 115.2 Q0. 115.2
AT IONS . - 6£178.85
Co3 Z05.0 250.1 150.9 123.7
04 84Z.0Q B876.7 P64, 100301
1 I5B83. 0 S052.0 Z587.0 5052.0
0= 0.0 Q.0 0.0 0.0
NIONS 6178.85
02 2.5 127.7
i02 0.0 0.0
e 0.0 0.0
e Q.0
i 0.0 Q.0
r Q0.0 Q.0
DS 7195.57S 7295.664
H 7.6 6.3
ECOVERY S5
25
D1 )
81 —. 00034
15 . IE0T66S

<

7 MG/L OF ANTISCALANT

.79

7 MG/L OF ANTISCALANT.?79

7 MB/L OF ANTISCALANT

ERINE

10N
I73.3
&46.7
4551.7
200.0

—_——
~—'\_\.J-

2143,
7962,
Q.

i

[ u

-~

123,
0.C
Q.0
0.0
0.0
Q.0

16285.03
6.6

Brgt Xyvailoble Docuraent

CaCO=

QI3.3
2664.3
@d77.2

256.

275.0
2229.1
11226.7
Q.0

.79
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DESIGN SUMMARY

&y R. QUTNN FOR ROA

EalE 01-01-1980

ROPUICT FLOW 2.80 0.4) GFM(CU.M. /HFR) 4062 ( 15) GFD(CU.M, /D)
B A FL ST o5 TEMFERATURE 25 C
MEMERANE SYSTEM FT MODEL BW2S540 4
1Gx . OFER.FRESSURE 341 ( 24) FPSI(KBR. /80.CM) NO. OF TRAINS 1

JNTTIAL FRESSURE 290 20) FSI(EBGR/SE.CM)

TRAIN CONFIGURATION

STAGE VESGELS FEED FLOW FRODUCT FLOW ERINE FLOW BRINE FRESSURE

GFM(C.M/HFR) GFM(C.M/HR) GFM(C.M/HR) FSI(kg/5q.Cm)

1 2 10 1. 2.20 0.5 2.9 0.7) 266.2(C 18.7)

2 1 2.9 Q.7 .6 0.1) 2.3 0.9 229.0¢C 16.1)
YSTEM 3 .14 - 2) 2.8 0.4) 2.3 0.9)

FINAL. WATER ANALYSIS

FEED ERINE FRODICT
AL ACIDIFIED
MG/L MG/L MG/L . MG/L
Ca 168.0 1468.0 268.8 3.7
e 261.0 291.0 £36.7 8.1
la 1R03. 0 2048.3 4445, 9 B&6.5
5 0.0 Q0.0 193.7 5.2
iCOZ 305, 0 150.9 %24.1 ?.2
04 B43.0 964.5 2115.6 22.7
C1 ZS8T.0 I58%.0 7783.6 146.1
10= 0.0 L0 0.0 0.0
-0z 12.5 123.7 27. 123.7
Si02 c QL0 0.0 ¢.0 0.0
‘e Q.0 0.0 0.0 Q.0
. 0.0 0.0 0.0 0.0
Ea Q.0 Q.0 Q.0 Q.0
g 0.0 0.0 Q.0 0.0
D5 7328.3 7295.7 15868. 4 281.6

IFERATING pHFA 6.3
ob Ee ACID - #/¢ GAL. FEED 1.11#/K GAL.FRODUCT 2.02
RREAHE HORSEFDWER = 1.174164

UH/Z1000 GAL. OF FRODUCT = S.451407

S Hw,

St Bvenlable Decorass
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Stage 1

F_S/
CF 7328

QP

QP1

Vessel Array

2.2

Steg
PFD 2 9r IR |
QBl= gF2-: 2.9
CB1 = CF2 -
| —1 P2 = 2¢¢€

Elements/Vessel

Product Flow

QF = Feed Flow

0B

C
P

Brine Flow
Salt Concentration

Pressure

Frg. 3

28/
—
QP2 _-¢
-
P3 229

'ng/fééﬁ

GB2 2-3

X
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BRACKISH REVERSE 0OSMOSIS PROCESS AND SYSTEM DESIGN

L CALL UM CiaRBUMATE SCALE
N0 CALCTIUM SULFATE SCALE

'as04q4 MAX.

ALLOWAELE RCCOVERY WITH 10 MG/L NaHMF OR 7 MG/L OF ANTISCALANT

NO 510> SCALE

5102 MAX.

ALLOWARLE RECOVERY. QO

I0 STRONTIUM SULFATE SCALE
ALLOWARLE RECOVERY WITH 10 MG/L NaHMF OR 7 MG/L OF ANTISCALANT.S7

Srs04 MAaxX.
0 BARTUM
1asg4q4 MAX.

a
l'g
Na

LATIONS
HCO3Z
D4
Cl
M03
NIONS
coz
102

ECOVERY
T

DI
.S1

18

SULFATE SCALE

ALLOWABLE RECOVERY WITH 10 MG/L NaHMF OR 7 MG/L OF ANTISCALANT

FEED
RAW ACIDIFIED
10N CzCO3 ION CaCO3
22, 97.32 22.9 S7
29.7 16%.6 39.7 163
270.0 22.2 286.7 622
2.2 15.7 12,3 15
8B8.712
41.6 I4.1 41.6
115,60 119.6 115.0Q
SO0, 0 705.0 S00.0
0.0 0.0 Q.0 0.0
8568.712
1.7 1.7
Q.0 0.0
0.0 Q.0
0.0 0.0
0.0 Q.0
Q.0 0.0
1007, 21 1018.207
7.6 7.6
i)
25

0
-. Q3052

4.574541E-02

PRETREATMENT

WATER ANALYSIS

NN

34.1
119.6
705.0

ERINE

I0ON

-~
'
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o
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- W
- N 9 RN oo
. '\I\IED-
L2 B 5 ¢

. b
[

- R
O = 0 b

C
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1.7
0.0
0.0
Q.0
Q.0
0.0
<262, 682
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AY R.QUINN
TE 01-01-198
~IDUCT FLOW 2.

ECOVERY

MEMERANE SYSTEM

4y MR FRESSURE
v Chh RS SURE

STAGE VESSELS
1 2
2 1

SYSTEM 3

RAU
MG/L

Ca 22.9

“g 9.7

da 270.0

K 2.3

4C07% 41.6

504 115.0

£l SHOH0.0

0= 0.0

=02 1.7

gsio2

e (WY,

" .0

Ea Q.0

S Q.0

D5 1018.2

WWERATING pHFA 7

fie ACID - #/K G

SRAME HORSEFOWER =

MHZ1000 GAL. OF F

/‘hy:%r<. <+ Co

DESIGN SUMMARY
FOR RO
0
8¢ Q.&
55
FT
21720

180 ¢(

(CU.M. /HR)

FSI (EBR./7S0.0M)
FST(kLGR/S0.CM)

13

1729

TRAIN CONFIGURATION

FRODUCT FLOW
GFM(C.M/HR)

FELD FLOUW
GFM(C.M/HR)

9.1 1.2 2,00 0.9)
J.10 0O.7) 0.8 0,2)
S.1¢( . 2) 2.BC 0.8)
FINAL WATER ANALYSIS
FEED ERINE
ACIDIFIED
MG/L MG/L
22.9 S0.3
39.7 86.8
286.7 621.9
12.3 26.4
41.6 89.%
115.0 252.2
SO0.0 10BS.9
0.0 0.0
1.7 1.7
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0,0 0.0
10152 2212.8
.6
AL. FEED 0.0QO#/k GAL.FRODUCT
. 6998616
RODUCT = J.38%632

n?e

A

4038¢(
TEMFERATURE
MODEL EWZS40
NO. OF TRAINS

ERINE FLOW

GFM(C.M/HR)
2.1 0.7)
2.3 0.35)

3 0.3

e
o

(@]
.

PN C K -

3
NoorNO®NU~W

oo

[
L]

0.0
Q.0
Q.0
€. 0
.0
4.8

Q.QQ

15) GPD(CU.M./D)

25 c
4

1

ERINE FRESSURE
FSI(Kg/Sq.Cm)
155.8¢ 11.9)
117.2¢ B.D)



re 40.8
Stage 1 }
i 5 |
17 e 2.0 op2 _- 8
Stage 2
FFp /80 I |
o s, P3 7/77. 2.
CF /078 QBl= gr2: 3./ lcaz 2272
CB1 = CF2-= QB2 2-3
| i P2 = /5S5.8
Vessel Array 2%
Elements/Vessel 4

QP = Product Flow -gp™
QF = Feed Flow = Y]

QB = Brine Flow - »

C = Salt Concentration —Mjg 2
P = Pressure-PS‘:

Fg. &
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as04d4 Max.

b1 02 MAX.
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BRACKISH REVERSE OSMOSIS PROCESS AND SYSTEM DESIGN

NCID FRECUIREMENTS
IFEFATING oHFS 4000
GAL.

W/

FEED Z.54#/k

SEATE SCALE

ALLUWARLE RECOVERY WITH
SCALE
ALLOWAEBLE RECOVERY. QO
10 STROMTIUM SULFATE SCALE
ALLOWABLE RECOVERY WITH 10 MGB/L

10 BARIUM SULFATE SCALE
ALLOWABLE RECOVERY WITH 10 MG/L NaHMF OR 7 MG/L OF ANTISCALANT

10N

Z83.0
496.0
3245.0

SZ.0

520.0
1477.0
S50, Q

O.0

21.4
0,0
0.0
Q.0
Q.0
G. 0

FAW

11750.37

7.6
55
25

(4]
- 04672

-6275711

0
o]
0
]
{

712,
2047,
7041,

195.
9Q9%.

{47,
1424,
807Z2.6

0.0
QIRZ. S

aw

>t oo

—

PRETREATMENT

GAL.FRODUCT 4.61

10 MG/L NaHMF OR 7 MG/L OF AN ISCALANT

.64

NaHMF OR 7 MG/L OF ANTISCALANT. 64

WATER ANALYSIS

-~
~—

b

o

1

ACIDIFIED

10N CaCO3
285.0 712.5
4G5, 2043, 5
245, 0 7041.6
157.0 %5.8
148.2 177.9
714.4 1782.9
5725.3 BO72.6

0.0 0.0
275.2

0.0

0,0

0.0

Q.0

Q.0
1786.85

6.0

10N

b63T. %
1102.2
7211.1
J40.0

373.8
X809.7

U.O

279.2
0.0
0.0
0.0
0.0
0.0

26358.38

6.3

ERINE

O
o)
0
o
Ul

@
-0
A

»
o
M- N

e

D e

o~ h
H

H
-
wm

J06.5
3I962.1
17939.2
0.0

.64
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DESIGN SUMMARY

Ly R.OUINN FCR  RRA

DATE 01-01-1980

FRODUCT FL.0W 2.7 0.¢&  GFM(CU.M./HR) 3921 ( 15) GFD(CU.M. /D)
PTG ER 55 TEMFERATURE 25 C
MEMEBRANE SYSTEM FT MODEL EBW2540 4
M. CFERVFRESSURE S 429 20) FSI (EGR. /750, CMD NO. DOF TRAINS 1

THITIAL FRESSURNE THES 0 28) FST 0 GR/SDLCMD

TRAIN CONFIGURATION

STaAGE VESSELS FEED FI-0OW FRODUCT FLOW BERINE FLOW BRINE FRESSURE

GFM(C.M/HR) GFM(C.M/HR) GFM(C.M/HR) FS1 (Kg/5q.Cm)

1 < S.0¢( 1.1) 2.2 Q.5) 2.8 0.8) J4T.20 24.1)

z 1 2.8¢( 0.4&) 0.5 0.1) 2.2 0.5 J08.50C 21.7)
SYLTEM 3 5.0( 1.1 2.70 Q.6) 2.2( 0.5

FINAL WATER ANALYSIS

FEED ERINE FRODUCT
FAL ACIDIFIED
. MG/L MG/L MG/L MG/L

Ca 285.0 285.0 &625. 6 6.4
Mg 496.0 4946. 0 1085.0 14.1
Na 3245.0 T245.0 7040.8 1Z2%.2
3 5%.0 152.0 JI22.0 Q.0
HCOZ S20.0 168.2 3I61.0 10.5
sS04 1477.0 1714.4 2759.4 41.2
Cl S5E9Z.0 5725.7 12471.2 23B. &
TNOT 0.0 0.0 0.0 0.0
coz2 21.4 275.2 275.2 275.2
Si02 0.0 0.0 Q.0 0.0
Fe .0 0.0 0.0 0.0
F 0.0 Q.0 Q.0 Q.0
Ea Q.0 Q.0 0.0 a.0
Sr 0.0 Q.0 0.0 Q0.0
TDS 11861.3 11786.9 25632.1 459.0

OFERATING pHFA &0

66 Ee ACID - #/K GAL. FEED 2.54#/bk GAL.FRODUCT 4.61
ERAFE HORSEFQOUER = 1,.3277862

FWH/Z1000 GAL. OF FRODUCT = 6.861253
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. *59
Stage 1
T 0T +
p— . — & QP1 z2-2 ‘Q_P.? s
Stage 2
<IT3 L
PFD - - L
o) —_— ‘—;——&—ﬁj |
5o p3 36
QF .
. - QBl1: qr2: 2.8 Tcro 25¢32
CF /2r&cy
CB1 = CF2- QB2 2:2
= i P2 343

Vessel Array 2 x|
Elements/Vessel ¢

QP = Product Flow —9pom
QF = Feed Flow — »
QB = Brine Flow - »

C = Salt Concentration - M3 /g
. P = Pressure — ps¢

~o

fea- 7
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DESIGN SUMMARY

RY F.QUINN FOR RRA
DATE. 03-16-1986
rRODUC Y FLOW 8.2t 1.9) GFM(CU. M. /HR) 11880¢ 45) GFD(CU.M./D)
R COVERY o5 TEMFERATURE 25 C
dmbelatlt SYSTEM FT MODEL EW4040 4
Mo L OFERLCFRESSURE S 290 27) FE1 (FGR./S50D.CM) NO. OF TRAINS 1
o TIAL FRESSURE 2BOC 20) FSIAKEGR/SD.CM)
TRAIN CONFIGURATION
STAGE VESSELS FEED FLOW FRODUCT FLOW ERINE FLOW BRINE FRESSURE
GFM(C. M/HR® GFM(C.M/HR) GFM(C.M/HR) FSI(kqg/Sq.Cm
1 - 15.0¢C Z.4) &.23( 1.49) 8.7¢ 2.0) 264.2( 18.4&)
2 1 B.7C 2.0 2.0 0.48) 6.8¢ 1.5) 229.3¢C 146.8)
SYSTEM 3 15.0( S.4) 8.3¢( 1.9) 6.8¢ 1.5)
FINAL WATER ANALYSIS
FEED ERINE FRODUCT
RAW ACIDIFIED
MG/L MG/ L MG/L MG/L
Ca 168.0 168.0 t468.7 .8
Mg 291.0 291.0 b636.4 8.4
Nea 1903.0 2048.3 4442.4 89.4
b Q0,0 Q0.0 193.4 .4
HCOZ Z0S.0 150.9 I27. 2.5
sS4 845.0 ?264.5 2114.7 23.4
Cl1 JS5BI.0 Jo983.0 7777.6 151.1
_NDZ 0,0 0.0 0.0 0.0
coz 12.5 1272.7 122.7 122.7
Sip2 0.0 0.0 Q.0 0.0
Fe 0.0 0.0 Q.0 O, 0
F Q.0 0.0 0.0 0.0
Ea 0,0 0.0 Q.0 Q.0
Sr 0.0 0.0 Q.0 0.0
TD5 7328.32 7295.7 15856.9 291.0

OFERATING pHFA 6.3
&6 Ee ACID - #/k GAL. FEED 1.11#/F GAL.FRODUCT 2.07
BRALE HORSEFOWER = T.202634

Pl /1000 GAL., OF FRJODUCT = 5.283426
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o "_2 ‘A4
Stape 1 }
~~ | ‘j — R
QP1 é-3 Qp2 2-©
Stage 2
’FD 280 ; ‘}_
— ; - = - L
oF /5 P3 23¢9
CF 7328 QBl=QF2: __&.7 lcp2/5957
CB1 = CF2- QB2 ¢.8
- — L P2 = 2¢ &
. | =
Vessel Array 2 x/

Elements/Vessel -

QP = Product Flow —gpm -
QF = Feed Flow — )
QB = Brine Flow . »
= Salt Concentration — Mg /-e

C
P = Pressure — pse

/;/3. 4
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Reverse 0Osmosis Powe- Consumption

249 I-Ir. Dﬁ_y

8 Hr. DQ:,

(BHP [ HP

|gprm

"B HP

° +P

.7 |778_ | .58 | f.4

8 | s34 r.2¢ | g5 |
e || &

2:33 | L3+ |
s |zes | T

2.7 (138 |s.53 |t | 30 | 4gs | 459 |34z | | ge (e
Notes:
1. A positive displacement Dump will be used,
having & pump efficiency of 90f and a motor
efficiency of 92%.
2. Qp = Product Flow
T Figure 10 1
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Figure 12
EOR 50% AND

75% RECOVERY SYSTEMS

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

13

C1
4
HCO3

TRS
pH

Na
Ca
Mg
K

C1
S04
HCO2

TDS
pH

feed

1,900
168
288

90

3,364
842
305

6,957

Feed

274
24
42
12

484
121
43

1,000
7.6

TABLE |

Concentrations are ppm as the ion.

WATER ANALYSES
Product Brine (50%)
154 3,659
4 330
9 562
6 175
219 6,509
27 1,639
66 567
485 13,441
7.3 7.9
TABLE 11
WATER ANALYSES
Product Brine (50%)
154 407
4 40
9 65
6 20
219 743
27 190
66 5
485 1,516
7.5 7.7

Brine (75%)

7,198
654
1,110
345

12,829
3,239
1,097

26,472
7.9

Brine (85%)

1,049
8

15

5

211
523
49

3,978
7.7



TABLE T11I

WATER ANALYSES
12,000 PPN FEFD
Feed Product Brine (50%)

Na 3,278 154 6,398
Ca 289 4 51
Mg 495 9 : 976
K 155 6 305
C) 5,803 219 11,362
S04 1,453 27 2,855
HCO3 526 66 1,003
TDS 12,000 485 23,470
pH "6

Concentrations are ppm as the ion.



Case I
Feed TDS 1,000
(PPM)
Recovery (%) 50
Flow (M3 per
8 hour day) 100
Energy (KW' per
8 hour day) 60
Power (KW)
Pumping 2.
Control
Desalting 4,

Total Power(KW)

Specific Energy

{RWH per Kgal of 2.

Product Water)

(KWH per M3 of
Product Water)

Assumptions:
Pump Efficiency =
Motor Efficiency =
SP.GR = 1.00

~J

TABLE 1V

50%
85%

POWER ARD
SPECTFIT ENERGY
SUMARY
1 ur
1,000 6,975
85 50
100 15
60 60
8 2.8 .42
.25 .25 .25
45 4.45 6.83
5 7.5 7.5
3 2.3 15.1
61 61 4.0

6,975
75
15

60

.42
.25
6.83

7.5

15.1

4.0

| =

12,000

50

60

.25
.25
7.00

7.5

25.25

6.7
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May 19, 1586

R.Q. Associates
P.0. Box 1205
Teaneck, N.J. 07666

File: M3-21054-Solar

Dear Bob,

The following is in response to your request that lonics 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-!
TDS 6,540

Alkalinity 250 ppm as CaCOg

TH 1,620 " "

Ca 420 " 113 |1}

Mg ] .200 ] " 1]

C1 5,052 " " "

504 877 n " H

Na 4,130 " " "

K *' ] S " n M

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, COb, and TOC

- Turbidity

- Silt Density Index

- Zeta Potential

- Color

- Temperature

- Heavy Metals



Pg. 2

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 CaC03. This yielded the feed water
analysis (6,957 ppm} as shown in Table 1. 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 £DR 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
wiste neutralization. Please note also that no sequesterant addition
allowances need be made for EDR due to its proven ability to operate at
CaS04 (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 system's 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. 1In this case, the
recovery was based at 50% and 85%. Again, 485 ppm product water is easily
obtained.

Finally, in Table 1II, the 12,000 ppm feed water case is shown. Enhanced
recovery is not concidered in this case primarily because we feel that the
extrapolation to 12,000 ppm is, at best, questionable, and a more walid
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 CaC03 (Langelier Index) and CaS0O4
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 ha¢ 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

desired.

In Table IV you 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. Hybrid 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 rnte 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 2 you will find a s:mple schematic
representation of the two flow schemes. Each membrane stack contains one
electrical stage and two hydraulic stages. The paraltlel 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 rowered 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 baltance 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 pcints in combining renewable energy sources with EDR
desalination.

Sincerely,

R

Bruce M. Dawson
Ionics, Incorporated

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



Na
Ca

Mg

C1
S04
HCO3

TDS
pH

Na
Ca
Mg
K

Ci
SOq
HCO3

TDS
pH

Feed

1,900
168
288

90

3,364
842
305

6,957
7.6

Feed

274
24
42
12

484
121
43

1,000
7.6

TABLE |

Concentrations are ppm as the ion.

WATER ANALYSES
Product Brine (50%)
154 3,659
4 330
9 562
6 175
219 6,509
27 1,639
66 567
485 13,441
7.3 7.9
TABLE 11
WATER ANALYSES
Product Brine (50%)
154 407
4 40
9 65
6 20
21¢ 743
27 190
66 5
485 1,516
7.5 7.7

Brine (75%)

7,198
654
1,110
345

12,829
3,239
1,097

26,472
7.9

8rine (85%)

1,049
8

15

5

211
523
49

3,978
7.7



TABLE TII

WATER ANALYSES
12,000 PPM FEED
Feed Product Brine (50%)

Na 3,278 154 6,398
Ca 289 4 57
Mg 496 9 976
K 155 6 305
C1 5,803 219 11,362
504 1,453 27 2,855
HCO3 526 66 1,003
TDS 12,000 485 23,470

pH 7.6

Concentrations are ppm as the ion.



TABLE IV

POWER AND
SPECTFIT ENERGY
SUMMARY

Case 1 1 1 bl 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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FIGURE 1
EDR 50% AND

75% RECOVERY SYSTEMS

Sketched in Figure 1 you *i11 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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RQ Associates Consultants

7 P.O.Box 1205 Teaneck, N.J. 07666 201-692-1640

February 27, 1987

M . James Hoelscher

Meridian Corp. Field Test #B at El Faszr
11T Leesceshura albe Feverse Osmosics Redesign
Sueite 700

Falle Church., VYA 22041

Dear Jim:

The raddesiaon of the Field lTe=t #8 Reverse Osmosis system will be
bazed on 1noreasing the capacity to 25 Cu.M. per dav. In addi-~
troi. o Ses Waters evestem will be decsigrnied as an alternate source
o1 trestedd vater o ag a supplement to Lhe Brachish eystem. Tie
decign will be baced on 24-hr operation, but a sample design
demncnetrating the effects of 8-hr operation will be prepared.

Option #1

The base line Brachkiceh syestem will produce Z5 Cu.M. per day when
trealing water with & TDS range cof approximately 1000 mg/l tco
12000 mg/l. The system will operate with a uniform recovery of
g5, and the feed precsure will be varied to accommodate the var -
ying TDh3 level.

1. Figure ! showese that pretreatment of a 1018 mg/l1 feed
we e to prevent ecaling 1s not required.

Z. Figure 2 describes a system to treat feed water con-
taining 1013 mg.1. The system consists of a single pressure ves-—
cez]l hawving siy FilmTec (FT) EW4040 elements and cperating with an
initial feed prescsure of 1835 FST (13 KGR/SQ.CM).

2. Figure = shows the necessary pretreatment of a 7328

mg/]l feed water to prevent scaling.

4. Figuwe 4 describes a system to treat feed water con-
taining 7228 mg/1 TDS. The svestem contiguration is the same as
Figure Z but hss an initial teed pressure of 303 FSI (21
FER/SE.CMY . The treated effluent has & TD5 of approdimately 00
mcy/ 1.

S. Fraure $ describes a system to treat a feed water con-
teining 11861 mg/1 TDS. The system configuration is the same &<
Figure Z, but requires an initial feed pressure of 384 FSI (7
FGR/7S0.EM and has a treated effluent TDS of 475 mg/l. The FEHF
12 2.57.

6. Fiaure & showe the necessary pretreatment aof an 11861
mg/1 feed water to prevent scaling.


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

reqguilremental

I. Figure 11 describes a svstem operating at a maximur
recovery of S0%. & low prescure of (60 KGR, /SE.CM), and prv o Car o

T5oCeWM. per day with oan effluent quality of approximatelw RIK
mer L TDE, The svetem coneicte of 4 precsswe vessels, each 1

tasrmamg o FilwTeo SWADAD elements (See Sketch #I). The trea.ed
effluent ie sent to the Brackish svetem Figure 12 (Same &s Optaron
1., Figures 1 to &Y. The total power consumption of this confiou-
fation (Fioure 11 {ollowed by Figure ) ie 9.1 BHF.

Option #4

s o enoray effrcrent antear ated syveltem ie the follomzirng:

1. Figure 17 describes & Brackish syvstem that will be
more onerqy efficient when treating the 2000 mg/l effluent +rom
Figure 11. ThHe system conciste of 2 prescsure veceele in serisz,
each containing 6 FilmTec EBWA:L 40 elemaents. The eystem aperates
at & recoserv of BOYZ and & maximum pressure of 13 EGR./S6.CM.

The power consumption of Figure 13 alone ie .72 BHF and the total
power ‘of the integrated system (Figure 11 plus Figure 13) is 7.738

EHF .

Figure 12 (Shetch #4) comcists of adding & eecond pump (F-2) to
Sieick #i (Figures 1 to &, and 132)., which will have & rated flow
ot 1.7 CuM. per br and & discharge pressure of at least 11
FGR./20.MO) . In addition, a second pressure vessel (V-2) is
zdded im ceries with the firset vessel (V-1). The additional pump
ard vecssl are valved to permit their operation when treating the
Zo0d. ma/l effluent from Figure 11 (Sketch #4). When the system ig
wuging the Foman Well=s, only Fump F-1 and Vessel V-1 will Le oper-—
attianal.

Sl ar—EBrackicsih/Seawater System Costs

Figure & Figure 9 Figure 11 Figure 1=
Veosel = 800 14600 200 14600
Elensntes A4g00 Q600 19200 PEO
Fumnpe. 2800 3000 OO0 4500
Micron Filters 1000 1000 1000 1000
Fecembnly Z000 2000 ZO00 Z000
Medra Filter 1000 1000 1000 1000
Total Co=te 173400 17&00 0400 20500
Frice & 26600 JIE200 L0800 41000

o7 FProfit


http:IGR./SQ.CM
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Svetem Comparison

frover Capital

CHEFD) Cost
Upticr #1 (Firo.5) , 2057 600
TR B IR R O e IR SN IS5200
(oatyee Hil o+ Untron WY T E21000
Cootron W wFractd v bras@o 9.2l BT &0
Gptione #4 Fiagoly + FradolZ) T3 101800

Summary

Optiocn #1 1¢ the braciazsh eysten capable of producing oo

i b coia. o poteble water. over & TD% range of . 1000 mo/l to
o s b owhien oper atrog o the Foomoer delle. M e pEc e,
e Uhe lowest pouws and capital reguirements (See Fig.l to & @00

Option #2 :&8 the Sca Water evstem capable of producing 25

Cu.b, gay of potable water when operating onm the Eastern PMediter-
Fanan (AN me/s TRD) .

14 wou wreh te opsrate independently on the Roman Wells or Easl-
grrm Mediterrangan Sea Water., wvou must incstall both Options #1 and
#H2. The manimum power requirement of 6.92 BHF will be for the
Ses Weler swetem (Option #2). The capital cost as indicated will
e $&T00,

Option #3 i= an intearated svstem with the Sea Water unit produc-
vr.a 1 Culb. /day of approtimatly ZO00 mg/l product water which 1@
further trealed in the Option #1 Braclish system. This systen
hae Lhe highest power requirement (9.21 BHF) and the second hoaih-
gest capital cost.

Option #4 i= & more energvy eificient system, in which the 2000
TDS Sex Water svetem effluent is treated in & Brackish system
operating at 807 recovery. The Brackish system permite operation
o the Foman Welle at a recovery of Z5%, and on the Sesa Water
effluent at the 80% recovery. The power reguirement on the Roman
Welle 12 the came as for Option #1 and when treating the Sea
Water svstem effluent. the power is 719 BHF. A= indicatec the

total Sea Water trestment puwer requirements are 7.36 EHF.  The
capital cosgt for thie evetem isg the highest ($101,800) .,

The haah vesyection of the Sea water membranes permits opera 100
2t a relatively hiagh recovery while sti11]l making potable water.
Thie rec:tes come of the benefits of the integrated systems Al
tharefore Option #3. with ite high power and relatively hials
capital cost, 1= & guestionable choice. Option #4 provides an
intearsted evetem with & lower power requirement but hiah caprtel
coet,
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e finel cholce depends, upon the 1aportance of e 1 ntegrated
costlem and the impact of the power variations on the decsian &an
cost of the colar uanite.
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SHETCOCH #1
Optionn #1 - Rrackish
(Figures | to & & 12)

Of=1.9 Cu.M. /. Fe=12~22 kar/50.Cm Recuvery=S57 EHF=2.54
Op=1.04 Cu M/he (250 Cu.M/day)

Cpz /08— 118¢/ mg /L

@+
(F—H— <y

Fe , Cp= 49 -47% myle

SEETCH 42
Option #2Z — Sea Water
{Figure %)

f=2.6 Cu.M./hr F{=62 tgr/S0.Cm Recavery=40% BHF=6.92
Op=1.04 Cu.M./hr (25 Cu.M./day)

Gp

! Cp= 407790



http:BHF=2.58
http:Kgr/So.Cm
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SIETCH #7

Option #7 - Sea Water
(Figure 11)
Of=206 Culbll /Zhr Ff=&40 bar./S0.C0m Recovery=307% BlF=4&. 64
' Dp=1.3‘Cu.N/hr (71 Cu.M/dav)
l o
[ &Fp
sz /957’n?/2
C - 38400
f mi/é
SHETCH #4
Option #4 — HRrachkish
(Figure 13)
Of=1.2 Cu.M./hr Ff=11! kKqg./S2.Cm Recovery=80% EHF=.719
Bp=1.04 Cu.M./hr (25 Cu.M./day)
p-1 V-1 (:P:244m7/,
a =
O Xy el
ot |
|
P-2 V-2 |
Vo { —’
A N | = - -
\ /
- Qf
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DESIGN SUMMARY
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ab85 1

TEMFERATURE
MODEL RW4040

Fol (kGR. 7200 0D
Fol (b Gk 500 M

170
11

TRAIN CONFIGURATION

FRODUCT FLOW
GEMIC.M/HR)
L0l 007
&0 004
& 1.1

FL G

M)
1.75%)
(RIS 1.
1.0 4.

FINAL WATER ANALYSIS

M. OF

Be ACID -
BEAHE HORSEFOWER
FWH 1000 Gl

7.4
GAL.

FHE
/b

It

OF

FEED
ACIDIFIED

FEED Q.0O7#/E
719
FRODUCT

309

EBRIME

ME /L
53.98
182.6
2964.1
160.2
48.5

RIS
S047,7
D, 0
4.7
0.9
Q.0
Q.0
Cea )
0,0

B&1O. 4

GAL.FRODUCT ©.

2.148658

TRATNS

EFRINE FLOW

GFM (G MZHRD
2.8( 0.8)

S0 0.3

Y

1.2¢

FRODLUCT

14

Frg /=

25 GFDICU.M. /Do

25 C
1=
1

BRIMNE FREZSURE
Fol (o Sy, Cad

146,20 Lo, T

141,10 7.5
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APPENDIX G
DERIVATION OF ARRAY
POWER FORMULA



APPENDIX G
Derivation of Array Power Formula

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

formula;

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 { P.C.

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

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

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

h\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 i
(Time) (PV Oper. Eff.) (Power Cond. [ff




APPENDIX H
DATA OUTPUT SAMPLE
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