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Outline

This feasibilify study is carried out to meet the request
of the Covernment of the Kingdom of Saudi Arabia'to evaluate
the method of disposal of brine'reject.from the reverse:
osmosis (RO) plant which was installed to treat ground water
punped up from deep well in Riyadh City.

In order to cope with demands for fresh water by increas-
ing population of Riyadh City, the'Government of the. Kingdom .
of Saudi Arabia have decided to supply potable water from

agquifer of 1,200 meters to 1,500 meters below the surface.

This ground water has high values of hardness, sulfuric acid

radical and total disolved solids (TDS),. and is supplied as
pbtable water_after the treatment by lime_Soda proceSs which
is mainly aimed to softehing water guality in tﬁe existing
Malez, Shemessy and Manfouha Water_Treaﬁment Plants.-

'BAs a result of sﬁudies by the Ministry of Agriculture and
Water, the Governﬁéﬁt of fhe Kingdom of Saudi'Arabia, a new
method including RO process.was adoptedfin oraer_tp
improve the quality of potablé water of which sources is
grouna water from deep well.

Tmprovement of quality of Suﬁply water would be attained’
by the_RO.plant. However, on the éonﬁrary, thére arise a new
problem of the treatment of conééhtrated brine that are
rejected from the RO élanf} |

It is said that Malez, ShemésSy and Manfouha Plants are

‘not able to start formal'operdtion of the RO plant because of

brine reject disposal problemn.



A solusion for this problem is to dispose the brine
reject to the existing municipal sewage pipeline. However,
the capacity of sewage treatméﬁt system and the influence to
the wafer re-use program which is curfently promoted at the
part of sewage treatment plants must be fully considered.

A counter measufe must also be decided if the disposal of
the RO brine reject into the municipal sewage system is not
alldwed.

In this report, feasibilities of the following cases are
studied: | _

Case 1l: Evaporation Pond in the Suburbs

Case 2: Deep Well Ihjection

Cése 3: Concentration:by Electrodialyéis Process

Case 3-1: Electrddialysis process followed by
evaporétion pond:in the suburbs

Case 3-2: .Electrodiaiysis'proceSs:followed by
evaporation pond at the RO plant site

Case 3-3: Electrodiélysié process followed by
evaporator/crystallizer

Case 3-4: Electrodialysis process followed'by=

| deep well injeétion

Case é: Concentration by Reverse OSmosis Process

.Case 5: Disposal into Municipal Sewagé Pipeiine.

Case 6: Recovery of Valuables

Details of_thé above  case studies Qill be described ih
Chapter 3.

.This tentative feport was prepared on the bais of limited
data which were offered by.the Ministry of Agriculture ahd

Water, the Government of the Kingdom of Saudi Arabia and those



publicly known. But, we.found discordaﬁce in these data.

Therefore, a series of discussions must be carried out in
order to make the contents of this feasibility study identical
to the actual condition.

Time schedule of this feaéibility‘study ié shown in
- Fig. 1.1.

We would like to clarify=uncertain data and:conditions
through the discussions and site investigations, and hope to -
submit you better study report. ‘We would sincerely appreciate

your rendering us assistance and cooperation.

Fig. 1.1: Time Schedule

Year & 1980 ' 1981
Month ) - - — -
Itens : Sept Oct Nov bDec Jan Feb Mar

1. Preparation
1) Planning —

1 2) Tentative Report vt

2. Site Meeting &

Investigation (26th}-13th)

1) Mtg. with MAW {28th)
2) Mtg. with wWsA {29th)
3) Mtg. on Interim
. Report :
.4} Visits to Plants |- B N

3. Assessment Studies

1) Sewage Pipeline- "

2} Sewage Treatment
Plant

3) Water Re-use -

4. Conceptual Design

5. Final Report

1) Drafting

2} Draft check by MAW/ _ (7-11)

' 3) Presentation to ) '
MAW

I

Note: MAW Ministry of Agriculture and Water
WSA = Water and Sewage Authority

-4 -



2.

2.1

Tentative Conclusion and Proposal

Tentative Conclusion

1)

2)

3}

4)

On an assumption that capacity of sewage treatment

- system in Riyadh City is increased to 80,000 m3/day in

1981 and that disposal of brine reject would not offer
any problem to operation'and maintenance of municipal
sewage system, a total of 1,232 m3/day brine reject

from the RO plant can be disposed into municipal sewage

- pipeline.

We cannot recommend the disposal of total brine
reject, thaL is dis cnarqed from RO plants installed in

the water treatment plants in Rlyadh Clty, to the exist-

'1ng mun1c1pal sewage system because the capacity of

sewage treatmenL system is not sufficient at present time.

We hdve tentatlvely concluded that concentration by
the electrodlaly51s (ED) process followed by evaporatlon
pond is most suitable in both technological and opera-
tional pOiﬁts of View.

We antiéipate.that'a'total of 5,323 m3/day of fresh
water is.produced by the ED process additionally and
that there will be no effect to the municipal sewage
system.

We do not think that recovery of chemicals from the
concentrated brine is économically feasible, because the

plant capacity is too small.

Tantative Proposal

1)

2)

We strongly recommend to complete the exparnsion
program of sewage treatment plant as soon as possible.

On completion of the above-mentioned expansion



3)

4)

program, the brine reject from Malez RO Plant can be

disposed into the_municipal sewage pipeline.

As for the brine reiject from Shemessy and Manfouha,

we recommend to treat by the ED process followed by.

evaporation pond to be constructed in each plant, if

necessary space would be available.

Schedules of the above recommended methods are as

shown in the table below, in case brine reject of Malez

RO Plant is disposed into the municipal seéwage pipeline:

- Year ' 19

Method _ l980 1981. 1982 1983 1984 1985
Expansion of -
Sewage Treat- S — — 4 3
ment Plant 80,000|m3/d 200,000 m>/a
Brine Disposal - _ _
1from Malez RO P U
Plant 1,232 m3/d Full
ED Plant I P J
in Shemessy (P) () P (0)
ED Plant
in Manfouha (™ T° (c) o7
‘Note: (P) = Preparation

{(C) = Construction

(0) = Operation




Detail Deécription
The applicable methods for disposing brine reject are
briefly éummarizéd in previous section.- In. this section,
those methods are described in some detail.
The methods to be discussed are as follows:
Case 1 'Evaporation Pond in the Suburbs -
Case 2 Deep Well Injection
Case 3 Concentraticon by EleCtrodialysis Process
~Case 3-1 Electrodialysis process followed by
evapor&tion pond in the suburbs
Case 3-2 Electrodialysis process followed by
evaporation-pohd at the RO plant site
Case 3-3 Eleétrodialysis process followed by
“evéporator/crystallizer
Case 3-4 Electrodialysis process followed by
déep well injection
Case 4 Concéntratioﬁ bf Reverse Osmosis Process
Case 5 Disposal into Municipal Sewage Pipeline
Case ' 6 Recévery of Valuables
The plant Constructioﬁ costs for each methdd are.eStiméted
here. However, these costs only show the extent of the magnif
tude for evaluating the methods, because of lack Qf iﬁformation
~to make an exact estimation. Operation costs are not shown in
this tentative report because prices of utilities and cheﬁicals
are.ndt known at this time. Consumption of utilities and
chémicals are shown in each section, and'operation cost will
easily be calculated when the prices:bedome clear.
The general cOhditions which are applied for this feasibiliﬁy

study are shown below, and specific conditions for each method



‘are described in eaéh section of said method.

General Conditions

1) Quantitf of Brine Réject: 6,800 m3/d

The feasibility study is made only for the Manfouha

plant. The'feasibility for other two plants will easily

be supposed from the results of the study for the
Manfouha plant.

2) Quality of Brine Reject

Sodium 3,520 mg/ 1
Calcium 160 mg/ 1
Magnesium 470 mg/ 1
Chloride 3,120 mg/1
Fluoride : 0 mg/l.
Bicarbonate 0 mg/1l
Sulfate-. 5,350 ng/ 1
Silica 85 mg/ 1
Phosphate 20'mg/1
TDS 12,725 mg/ 1
pH _ 56
Teﬁperature 306C

3) Climatélogical Data

Temperature and Humidity:

Relative Humidity

Minimam -4°C (winter) ----  100% & 16%

Maximum 52°C'(summer) -—— 51% n

Highest Total Daily Rainfall: Maximum 57 mm/d

Annual Rainfall (Erratic) : Minimum 15 mm

Maximum 230 mm

Wind Velocity: Maximum 128 kﬁ/h

(carrying sand & dust)



Foprest

Wettest Months:

Driest Months:

March - April

June - October



3.1 Case 1 -- Evaporation Pond in the Suburbs
1) General
The evaporation pond is a conventional method of
waste water treatment in dry tropical areas. However,
it is sald that the evaporation pond system is not
applicable, because the RO plants are located inside
Riyadﬁ City, and it is difficult to find a space for
evépdratiqn ponds around the RO plants as well as to
construct pipelines through the town to evaporation
ponds in the suburbs.
The evaporation pond method is studied here as a
base case in comparison with other methods.
'2) Design Basis
a) Capacity: 6,806_m3/day
b) Source of brine reject: RO Plant

¢} Climate conditions

Temperature (averége): 24.7°C

Humidity {average) : 43%

Rainféll (avérage): 81 mm/year
Sand storms (average): 75 times/?ear

Evaporation rate: 3,000 nm/year

d)  Site condition of the evaporation pond
Location: 20 km from.the RO plant
Terrain: " Flat deseft.fieia'(ﬁo need
of surface preparation}
3) Process Description
The method consists of.a pump.station at the RO plant
site, a pipeliﬁe and a evaporation pond in the suburbs.

The brine reject from the RO plant is pressurized by

- 10 -
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4)

5)

- pumps and sent through a pipeline to the evaporation

pond in the suburbs.

. In the evaporation pond, water is evaporated into
the atomosphere and the. salt is deposited on the bottom
of the evaporatibn pond.

The salt deposited is to be removed from the pond
once every four years after the first operation of
several years.

The evaporation rate is an importaﬁf factor for

designing an evaporation pond. The evaporation rate of

3,000 mm/vear is assumed from the figures in Mexican and

.Australian salt field and may be too conservative for

the Riyadh area.- The evaporation pond is constructed in
a desert field outside of ﬁhe city. It is a type of
earth diked pond having an area of 850,000 m2.
The bottom of the pond is lined with plastic film
to prevent infiltration ofbfine réjectinto the earth.
_Thé:pipeliﬁe having a nominal diameter of 350 mm is
laved underground along roads.
| The inner surface iS'lined with ceﬁént fof Corxro-
sion protection.
Utilifies and Chemical Conéumption
The evaporation pond méthod consumes approximate

0.6 x 10°

KWH/year of electric power for normal operation.
No other utility or chemicals are necessary except |

for handling the salt deposited.

Constructiqn'Cost

The construction cost of this methed is approximate

19 million dollars.

- 11 -



7)

The cohstruction cost will'varf greatly with the
evaporation'rate, topological conditiohs of the evapora-
tion pond site, difficulties in the construction of the
pipeline and the length of said pipeline.

Required Area

This method requires a space of about 200 m2 for a
pump station near the RO plant and a space of about
850,000 m’ for.the:evaporation pond in the suburbs.
Discussion

The: evaporatibn pond méthod-wiil provide the easiest
operation and lowest operation costs where land space
for the‘evaporation pond and pipeline is available.

However, the salt deposited must be periodically

‘removed from the pond and transferred to another place

for permanent storage. It will be a troublesome work
because of the large amount of the salt deposited: more
than 30,0003ton/year.

If there are some suitable places to build a kind

of dam utili?ing natural valley, the'evaporation pond

" can be constructed with less expense, and after the

evaporation pond becomes full of the salt deposited,ua
new one can be built in a place near the old one. in
which the salt deposited remains for permanent storage.
It seems to be a gdéd solution to the problem of handling
the salt deposited. | |
fThe following information is required for further
studies on the eﬁaporation pond'meﬁhod.
a) Climate in Riyadh

(1} Evaporation data

- 12 -
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b}

c)

Q)

(i) Evaporation rate in each month
(ii) Method of measurement
(2) Sand storms
(1) Frequency in each month or in a year
(ii) Depth of sand deposited by a sand storm
(3) Temperature of surface water and brine reject
frbm the RO plant
Configuration of the ground at the site considered
(1) Allowed area for the evaporation pond
(2) The topography of the land
(3) Geology and permeability.coefficient with
respect to water
Method of carrying out the accumulated salt
(1) Method of scraping (manual ox mechanical)
(2) Method of transportation (truck, train or

pipeline)

~Pipeline

(1} Pipeline route
(2} Geological and toPological conditions of the

pipeline route

- 13 -
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1)

2)

3).

R 3.2 Case 2 -- Deep Well Injection

General:

The deep well injection method has been used in oil
tefineries, oil fields, steel mills and chemical indus-
tries to inject waste water into underground aquifers
and formations.'

Deep well injections are considered feasible in areas

where potable ground water or surface Watér"supplies do

“not reach great dépths and hence cannot be contaminated

by the waste water injected.

Design Basis

a) Capacity: o 6,800 m3/3ay

~ b) Source of Brine Reject: RO Plant

c)'-Injectibn Rate per Well: 2,400 m3/day

d) Depth of Well: : 3,000 m
e) Injéction Pressure: 200 kg/cn2G
f} Well Location: Near the RO Plant

Erocéss Description’

. The deep well injection meéhod-consists.oﬁ filters,
deéeratdrs, a.high pressure pump station and three deep
wells, |

The brine reject from the RO plant is filtered to
remove suspended solids. Suspended solids contained in
brine'reject-would plug the aquifer pores,

‘Then, the filtered brine reject flows into the deae-

rators to reduce dissolved oxygen.

pissolved oxygen in the brine reject will cause for
plugging of the aquifer pores with microbe growth and

chemical deposits, and also corrosion problems.

- 15 -



4)

"5y

An oxygen scavenger and biocide are fed intoifhe
deaerated brine reject. The brine reject is then pres-
surized by high pressure pumps and injected into the
deep well.

Injection rate and injection pressure will vary ac-
cording to the conditions of underground aguifers and
formations.

The injection pressure of 200 kg/csz, as a design
basié, is assumed from data of water flodding operation -
in bil fields.

The depth of the injection well will also vary with

the conditions of underground aquifers and formations.

For this study, an injection well having a depth of twice

the. depth of potable water well in the Riyadh area is

assumed not to become a cause for poliution'of potable

well water by brine reject.

Utility and Chemical Cohsumptioh
The deep well'iﬁjectién method requires.épproximately
24 x lOs_KWH/yéar electric power.
Chemiéal consumption is listed below:
Filter aid: 5 ton/Year
.Oxygen Scavender: 3 ton/year
Biocide; _ 12 ton/year
Construction Cost
It is difficult to estimate the cost_of deep well
drilling because lack of cost information on well drill-
ing in the Riyédh area. An estimate of lS_miilion dol-
lars is assumed from cost data of a water flooding pfo—

ject in an oil field.

- 16 -



6)

7)

A more exact'estimaté could be obtained from local
drilling contractors in your country.
Réquired Area |

Thig method reqﬁires a space of approximate 2400 m2
including pretreatment facilities.
Discussion

The deep well injection of brine reject will be a
useful method in areas where the conditions of under-
ground aquifers and formations are suitable for inject-
ing brine reject underground by means of a deep well
without any effects caused by brine reject on potable
ground water. |

A survey on uﬂderground aquifers and formations, and

test boring should be made for further studying the

feasibility of the method.

- 17 -
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- 1)

2

e

R 3.3 Concentration by Electrodialysis Process

General

The electrodialysis (ED) process is an applicable

© . method for“concentrating brine réject'discharged from

the RO plant.
‘The ED process has been applied for concentratiﬁg
sea water in the salt manufacturing industry. The ED
process produces concentrated brine and the desalinated
water_whiCh-éan be recycled to the RO plant.
The_concentrated_brine.discharged from the ED process
must be treéted in combination with other processes.

Combination processes are described in sections 3.3.1

- 3.3.4.

The ED process requires pretreétment for reducing
calcium hardness and silica contained in the brine reject
in order to prevent ED membranes from scaling.

Design Basis

'a) Capacity: : 6,800 m3/day

b) Sourcé of Brine Reject: RO plant

Process Description

a) Pretreatment Process

The pretreatment process is composed of a cold
lime~soda softener, and filtérs and a cation ex-
changer. |

Before flowing into the softener, chemicals such
as sodium éarbﬁnate, caustic soda and coagulatns are
fed into the:brine:reject. In the softener, the
calcium component in the brine reject is precipitated

as calcium carbonate, and the brine reject is softened.

- 19 =



b)

The softened brine reject is fed to the filter
where residual suspended solids are removed. The

filtered brine reject is sent to the cation exchanger

to remove residual calcium hardness and is then sup-

plied to the ED process. The ion exchanger is regen-—
erated”by.using concentrated“brine discharged from
the ED process and fresh sodium ¢hloridé.
Electrédiaiysis Proceés

There are 2 units of Model DS-V eledtrodialysis

- units in the ED section, and each_ED unit comprises

four blocks of electrddiaiyzérs. Eaéh block com-
prises one pair of électrodes,-400 pairs of - -ion-
excahge membranes and 400 pairs of cells of dilute
and concentrate waterfchambers._

The ED section operates continuously, and ap-

- proximately 220 m3/h of the softened brine is fed

to the dilute tank and remainder part of the softened
brine is fed to the concentrate tank. Diluted and
concentrated liquors ére recycledfbetween tanks and
two ED units while DC electricity at a constant
voltagé is apblied to the units.

Désalinated watex cqntinuously overfiows from
the dilute tank, and is recycled to the RO plant.
Concentrated bfine from the concentrate water tank
is fed to a posttreatment section and is recycled
afterwards as eléctfbde rinse liguid;

For neutralization'of feed.brihe and for the
prevention of scale formation in the cathode chamber,

a small amount of acid is added to the liquid.



4)  Utility and Chemical Consumption
a) Pretreaﬁmént Process
The pretreétment process requires approximately
0.95 x 106 KWH/year of.electric power,

Chemical'éonsumptioﬁ'is listed below:

For coagulator: Na,COj 867 ton/vear
| NaOH 5,067 ton/year
Coag.  Aid 6 ton/year

For regeneration S
of cation exchanger: NaCl 3,000 ton/year

b) Electrodialysis
Electrodialysis requires apprdximétely'IZ.Z X
106 KWH/year of electric power.
Chemical consumption.is listed below:
. H2304 l,lQO,ton/&ear

NaZSO3 64 ton/year

- 21 ~
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ij 3.3.1 Case 341 == Electrodialysis. Process Foliowed-by
Evaporation Pond in the Suburbs
1) General
The volume of brine reject is feduced by ED process
to one fifth of the volume of brine reject from the RO
plant,  This will reduce construction costs of the
-evaporatioﬁ,ﬁond and the pipeline:
2) Design Basis
Capacity of the evaporation pond: 1,450 m3/day
Other design basis are same as described in
sections 3.1 and 3.3. |
3) Process Description
This method consists of the ED process and a pump
station at the RO plant site, a pipeline and an evapo-
ration pond in the suburbs. Regar&iné'the ED process
“and thé evaporatioﬁ pond, please refer to section
3.3 and.B.l fespectively. _
An evaporation pond having an area of 185,000 m2
is constructed in the suburbs.
4) Utilities énd.Chemical Consunption _
This method reQuireé approximately 14.6 x 106
KWhi/year of electric power. Chemical consumptidn is
same as described in section 3.3.
5) Construction Cost
The construction cost is approximate 12 million
dollars.
6) Required Area
Tﬁis method requires a space of'approximate 3,200

o

m? for the ED process at the RO plant site, and a space

- 23 -



1)

of approximate lBS,OOO.m2 for the evéporation pond in
the suburbs, |
Discussion

The construction cost of this method is much less
iﬁ compafison with Case 1 in'éection 3.Ll. - However,
operation costs greatly increases. . Further discussion

of this is made in sections 3.1 and 3.3.
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3.3.2  Case 3-2 -- Electrodialysis Process Followed by

1)

2)

4)

5)

6)

7)

Evaporation Pond at the RO Plant Site

General

In this case, the evaporation pond is constructed
at the RO plant site, if possible. Thus, investment
costs for the pipeline and the pump station can be
éaved.
Desigh Easis

Same as described in section 3.3.1.
Process Description

Same as described in section 3.3.1.
Utilities and Chemical Consumption

This method requireS'approximaté 13.2 % 106
KWH/year of electric poWer,_ Chémical consumption is
same asg described in section 3.3.
Construction Cost

The construction cost of this method is approximate
10 million dollars.
Required Area

This method requires a space of approximate 188,200
mZ near the RO plant site.
DiScussionf

The construction costs of this method is less in
comparison with Case 3-1 and the operation costs nearly
same as Case 3-1. .Further diséussioﬁ of this is made in

sections 3.1 and 3.3.'

- 26 =
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3.3.3 Case 3-3 -- Electrodialysis Process Followed by

1)

2)

3)

Evaporator/Crystallizer

General
This methbd.intends to Ereat the brine reject

without any liquid waste discharge. The concentrated

brine from the ED prbcess is evéporated and salts dis-
solﬁed in the concentréted brine are crystallized.

Approximately 75 ton/day (dry base) of solid salts
are proauced.

Design Basis |
Capacity of the Evéporatdr/Crystallizer: 1,450 m3/d
Salt Contents: ' Approx. 5.5 wt%
Temperature of Brine Reject: | | 30°C

Process Description |
This method consists of:the ED process, an evapo-

rator/crystallizer, centrifuge, a boiler, a power

generator and.a cooling tower."Regardihg.the ED
process, please refer to section 3.3. |

The concentrated brine from the ED process is fed
to the triple effect evaporators. Exhaust steam from

the power generator is used as heat source for the

_eVaporator/crystallizer. The steam condensate from the

first heater is recycled to the boiler and that from

the second and the tﬁird heater is used as.makeup water

for the dooliﬁg tower after it is codled with feed

brine. The vapor from the third evaporétor is'cdaled

in a surface condenser with circulating cooling water.
The non-condensable gas from the evaporators is

dischargéd by means of vacuum eguipment.



4)

5)

The-eﬁaporators are of the forced circulation type
to avoid scale fOfMétion on the surface of the heating
tubes.

The salts are crystallized_only'in the third eva-
porator. For this reason, the third evaporator is_
designed as the crystallizer.

Many kinds of salts dissolved'in brine reject are
crystallized into mixed salt in the third evaporator.

The mixed salt slurry:is-sent to the centrifuge feed

- tank by a slﬁrry pump. After being thickened in the

centrifuge feed tank, the slurry is fed to a continuous
push. type centrifuge. The wet salt from the Centrifuge
is rejected as solid waste.

The pdwer'generatqr produces the electric power

required not only for the evaporator/crystallizer but

~also for the ED process.

Steam generéted by:the boiler is supplied to the
power generator, and ekhaust steam from the power'gen—
erator is used for the first heater'of.evaporator.
Utilities and Chemical Consumption

.This method self-produces water, steam and elecﬁric
power. Fuel is £he'oniy utility required for this
method and fuel consumptioh is about 24 x 103Lkl/yearﬂ
Chemical consumption is same as described in section
3.3.

Construction Cost
Construction cost is approximate 17 million dollars.
In this étudy, the power generator is facilitated.

However, when electric power is supplied from public

- 29 -



6)

7}

- sources at a low price, and self-production of electric

power is not necessary, construction cost can be
reduced.
Required Area

This system requires a space of about 4,000 m2
near the RO plant.  Space for a solid waste stock vard
is not included in above figuré,
Discussion

This method does not;diécharge any liquid waste,
and on the other hand,‘produées over 30,000 ﬁon/year
of sblid salt waste. The Solid waste must be trans—
ported tb another place for permanent storage. Seven

to éightltrﬁcks will be needed every day- for such

transportation.



I9ZTTTEISAID/I0TvIodRAT AQ PeMOTIOL SS2900I4 STSATRTPOXIODTE

tg-g =8®¥D

IS ATWIG0S L5131

© WOH4 3Ny
_ Q3LVHLINIINGD
WNVL A
Ginvnn 1 . _ . mufmﬁ
. . w_o._.«w Wz%% 4!
I_l . -y ﬁ ) A @ , .%
1]
INIBAMNL
WY3LS

¥3ILV3H

¥31Y3H

. Y3LV3H
QNZ 15l

HOLVHO YA
103443 LS.

3904180N30 i
HOLVYOYAS
103343 "Que
_ © YOLVEOYAZ
._ 103443 ONZ
YNYL Q324 !
29N 41¥IN3D ‘ _ o
W31S4S __ T
WANDYA T
WY3is H3ISNICNOD >0

30v48NS ¥IMOL ONIT007

31



3.3.4 Case 3-4 -~ FRlectrodialysis Process Followed by

1}

2)

3)

4)

5)

Deep Well Injection
General :

In this case, the concénﬁrated bfiﬁe reject from
the ED.prOCESS is-injected ihto a deep well.. Water
ﬁolume to be injected is about one fifth of Case 1 and
power consumptidn will be reduced.

Design Basis | |
a) Capacity of Concentrated.Brine: 1,450 m3/day
b) Source of Concentrated Brine: __ﬁD pfocess

Other design basis are same as described in para-
sections 3}2 and 3.3.

Process Description

This method consists of the ED.procéss, a filtgr,
a'deaefator; a high pressﬁre pump station and a deép

well. Regarding detail descriptiéni piease refer: to

sections 3.2 and 3.3.

‘Utilities and Chemical Consumption

This method'requires approximate 19.6 x 106'KWH/year
of electric power. In addition to the chemical consump-
tion described in section 3.3_éf the ED process, the

following chemicals are raduited:

Coagulant: 7 toﬁ/year
Hydrazin: 1 ton/year
Biocide _ 3 ton/year

Construction Cost
The construction cost of this method is approximate

12 million dollars.



6)

7)

Required Area

This method requires 'a space of approximate 3,600
m? near the RO plant gite.

Discussion

The operation costs increase greatly in comparison

with Case 2.
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3.4 Case 4 -- Concentration by Reverse Osmois Process

1)

2)

3)

" General

The reverse osmosis (RO) process is applied widely
both for desalination and concentration of chemicals,
attributed to the récent development of membranes with
superior pérformances.

An application-of.the RO process necessitates an
suitable pretreatment in order to prevent pollution of
membrane. by contamination and scale-generating substances

of feed water, and deterioration of membrane caused by

.pollution. The most suitable pretreatment is cold lime-

soda process that is capable of removing silica and

“caleium,.

The brine reject discharged from the main RO plant
which préduces potable wéter from ground water, is treat-
éd.bﬁ tﬁe;auxiliéfy RO plant after the pretreatment
described in thé aforegoing péragraph.

Desalinated water produced by the auxiliéry RO
plant is mixed with that by the_main RO plant and is
suppiied as a potable water.

Design ﬁasis

a) Capacity: 6,800 mB/day

b) SOurée of BrineiReject: RO Plant (Main)

¢) Qualitj of Brine Reject: ‘Same as section 3.2)
Process.Descriptibn_

_Calcium and_Silica are apt to educed by concentration
of the RO plant. In case that solubilitjes of calcium

and silica are 3,000 ppm as Ccaso, and 120 ppm as SiO2

4

respectively, the maximum concentration ratio is
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approximate 1.4 because the concentration of Sioz-in the

feed water is 85 ppm. Therefore, concentration of Sj.()2
in the feed water must be lowered in order to raise.the
concentration ratio.

A cold lime-soda method is generally'applied-to
remove silica in normal temperature by educingjsilica
together with célcium. Removal ratio of silica is dif-
ferent in accordance with'prOpérties of silica and to
existing substances. The value is usually decided by
removal test. |

The.concéntration ratio.would be approximate 2.8 on
an assumpﬁion that 50% of silica is removed by the pre-

treatment, and the water balance would be as the . diagram

shown below:

6,800 o pretreatment |-0r20Y. .RO_?lént | 4,150
Brine Reject (ausiliary) | pesalted
' ' Water
340 |
Concentrated
Water
PO - :
Unit: m™ /day ‘ 2,650

The osmotic pressure in this case is calculated to
be approximate.l3 atm. Thus, approximate 3.5% TbS of
'éoncentrated water is obtained by using RO membrane fbr
" sea Wéter with high rejection ratio'under.thé operating
pressure of 55 kg/csz. In this cése, concentration
ratio of concentrated wafer from the -auxiliary RO plant
and cencentrated brine reject from the main RO plant is
2.8,

The concentrated water from the auxiliary RO plant
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s 0

is treated by the posttreatment. Desalted water is mixed
with the product water of the main RO plant.

supplied as potable water.

Discussion

In concentration of brine reject by the RO process,
one cannot raise concentration ratic because of eduction
of silica. Upraise of concentration ratio by improving
removal ratio of silica through pretfeatment results in
an iﬁcrease of cost.

Brine reject discharged from thé RO process, of
which concentration ratio is approximate 2.8, is much

in volume in comparison with that  from the ED process.

"Therefore, total construction costs of this proéess,

including posttreatment, increase relatively.
Confirmation of removal ratio of silica in pretrééi—

ment is absolutely necessary prior:to applying.this

method. .Therefore, experiments by at least jar test

must be carried out to promote this study.



Case 5 -- Disposal into Munigipal'SewagefPipeline
1) General
On an assumption that the capacity of sewage treat-
men£ plant in the Riyadh area is increased to 80,000
m3/day in 1981, 1,232 m3/day of brine reéject from the RO
blant can . be disposed into the municipal. sewage pipeline.
This is based on a calculation that TDS vaule of
effluent wbuld not e%ceed a design critexria of 2,500
mg/l.for re-use program.

2) Design Basis

1981 . 1983
TDS of brine reject: 12,725 mg/1 12,725 mg/1
TDS of treated sewage: 2,340 mg/1- - 2,340 mg/1
TDS for re-use programs: 2;500 ng/1 2,500 mg/1
Total capacity of 80,000 m>/a 200,000 m>/d

sewage treatment plant:

Eased on thé above figures, gquantities of brine
reject ahd muniéipal sewage to be treated at the sewage
ﬁreatmént'plant are calcuiatéd as follows:

1981 1983 .

Quantity of brine reject: 1,232 m3/d 3,090 m3/d
Quantity of municipal 3 3
sewage: 78,768 m™ /4 196,910 m /d

These quantities must be readjusted if disposal of
.Brihe.rejéct into the municipal sewage pipeline would
offer problem to.operation and maintenace of the above
‘mentioned pipeline.

3) Construction Cost
‘Cost for adopting this methéd is only for that of

pipeline installation. Therefore, detailed estimation
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should be done after the pipeline route is decided.

It is recommended to use pipes which have strong

resistance to corrosion.

Discussion .

(1) - The concentrated brine of the RO plant is

agssumed not to contain pollutant such as heavy

metal.

However, items listed below may affect

the sewage treatment facility when the brine is

disposed into the municipal sewage pipeline. There-

fore, it is necessary to prove that quality is within

the allowable limit by making sure of the quality.

a) Témpera ture 1) Pb
b) ' pH m) Cr (6 valence)
¢} BOD n) As
d)y ss o) TOtalIHg
e) n-Hexan Extract p) Cx
Substances -
: g) Cu
f) Iodine concumed
r) Zn
g} Phenols _ o
. : _ s} Fe (soluble)
h) Cyanide :
: . t) Mn (soluble)
i)  Alkyl Hg
. : ; u) F
j} Organic P
ky ca
(2) Affects by soluble material such as 8042—

should alsoc be investigated.
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3.6

Case 6 ~=- Recovery of Valuables

1)

2)

General

The brine reject from the RO piant éontains some
Qaluable components as solutes. Typical examples of the
chemical composition of the brine and potential resources
in the brine are shown in Table 3.6.1.

In these components, sodium and chlorine are useful
substances for the ﬁroductioﬁ of alkali and hydrochloric
acid.,  On the other hand, magnesium is a starting sub-
stance for the production of magnesium'hydroxide, which
is a raw material for fertilizers or fire bricks.

But, in this case, the brine is too dilute to utilize
it as the raw material for the efficient recovery of such
ﬁéluablerchemicals,'and the concentration of the brine
rejecf by means of the ED process, evaporation'or other
means are.necessary for the recovery of said valuable
édﬁponéntg;

Process Description
a) TFElectrodialytic Concentration of Brine Reject

As mentioned above, the ED éeéhniqué is abie to
coﬁcentrate the brine over five times.

The Chemicél'compositioﬁ and the aﬁnual amount
of main components in the_concentrated brine are
shown in Table'3,6.2. This concentrdted brine contains
over 80% of soluble componénts in the bfine.reject
from the RO plant.

b) Recovery Process of Valuable Chemicals
A rough idea for the recovery of valuable chemi-

cals from the concentrated brine is shown in Fig. 3.6.1.
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The concentrated brine is first evaporated"and
concentrated by suitable evaporation equipment to

remove less soluble calcium salts, As the amounts

of these salts are small, there is no interest in

considering the utilization of these calcium salts.
Next, causﬁic soda is'édded and magnesium

hydroxide is removed for the pufification of the

brine. Although.a small amount of silica is absorbed

in the precipitate, magnesium hydroxide can be utilizm-

~ed as raw material of inorganic chemical processes.

If there is no need for the utilization of magnesium

hydroxide, it is disposable on the ground after

dehydration.

After the.purificatién, fésidual main compohents
are separated and érystallized into sodium chloride
and sodium sulfate separately. For the éeparafion
of ﬁhese salts, the brine is evapérated:and cocled
to crystallize the sodium sulféte.

After removal of the sodium'sulfate, sodium
chloride is decomposed Ey the eiectrolYSis technique
to produce caustic soda énd,chlorine gas. A pafﬁ of
the caustic soda is used for the precipitation of
magnesium hydroxide and the remainder part is ¢btain~
ed as a final product.

Caustic soda is eaéily.carbonated by CO3 gas to
produce sodium carbonate, and on the other hand,
chlorine gas can be cénverted into ﬂydrochloric acid
by a_reaction.with hydrogén gas exhausted from the

cathode chamber of electrolytic cell.



3)

4)

Utilization of Recovered Chemicals

The materials balance of Fig. 3.6.1 is based on an RO
plant discharging 6,800 m3/day brine reject. It is
assumed that about 24 ton/day of sodium carbonate and
2.3 ton/yvear of hydrochloric acid are consumed in the
water pretreatment_section of the RO plant,

As shown in Fig. 3.6.1, 17 ton/day of sodium carbonate

" 1s recovered from the brine reject treatment plant, and

in other words, abproximately'?O% of the necessary amount
of sodium carbonate can be supplied'from the brine reject
treatment plant, |

A part of ﬁhlorine gas exhausted from”fhe'brine
reject treatment planf can be utilized as hydrochloric
acid for the'pH adjustmeht of feed water, and the
remainder part of chlofine gas is used for disinfection
of product.water.
Discussiqn.

Production cépacity of the briné reject treatment

plant in this study is too small compared to that of a

usual commercial plant, and, as a result, the production

cost of chlorine and caustic soda may be higher than
their market prices in Europe or Japan. But, it may be
feasible to construct such a plant in the Riyadh area if

prices of chlorine, hydrochloric acid, caustic soda or

 soda ash are extraordinary high and/or supply conditions

of these chemicals are very tight.

To make a further study of this proceés, the follow-

ing information is needed:

‘a) Supply condition and prices of chemicals
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b)

c).

d)

Demand of chemicals
Supply condition and cost of electric power
Ideas for the utilization of maganesium compound

and other chemicals

Table 3.6.1: Chemical Composition of

Brine Reject from the RO Plant

Component Concz;;ff;ion Poten%igi/gzzg?rces
Na 3,520 8,737
ta ' 160 - - 397
Mg | 470 1,167
Cl 3,120 7,744
F 0
HCO, 0
S04 5,350 13,279
PO, 20
Si02 85

Main Components of Concentrated
Brine frgm the ED Process’

Table 3.6.2:

(1,137 m”/day)

Concentration Annval Amount
?omponent _ (g/l) (ton/Year)_
Nacl 27.1 11,247
Na S0, 27.9 11,579
MgSo, 10.9 4,524
Caso, 0.14 58
Ca3(P04)2 0.1 42
SlO2




fig.

W

L.B6.1:

ED BRINE

NaCl
‘Na 2504
MgS504
CaS04

Caz3(P04) 2

1,137 m3/D (@ = 1.05)

27.1 g/
27,9 °®
10.9
D.14 "
0.1 °®

[

EVAPORATIONﬂ'

Recovery of Valuable Componets from Brine  Reject

v

C o

Cas04 - 2H0
Ca3(P0O4)2

EVAPORATED BRINE

NaCl
Na504
MgS0y

157 m3/D (d

1.2)

196 g/1

202 "
79 °

"

NaOH
8.2

PURIFICATION

t/D

{

Mg (OH) 5
6.0 t/D

PURIFIED BRINE

NaCl
Na 2504

186 g/1

296 1t

y

SEPARATION AND
CRYSTALLIZATION.

NacCl
30.8 /D

ELECTROLYSIS

o

NaOH
21.1 /D

12.9 t/D

NaC03

17.0

o
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Qutline

This iﬁte:im report is made torgiVe a frame work of
the feasibility study of-RO brine reject-treatmeﬁt in'the"
Kingdom of Saudi'Afeoia;” Tt is also made to. report the |
result of on- the Spot sufvey of fea51b111Ly study .

' The one-the-spot’ survey is carrled out to meet the
Minutes of Meetlng whlch were Slgned in September 28th
1980 in Riyadh between H.E. Abdullah Al Gholalkah, Deputy
Minister for Water Affairs of the Ministry of Agriculﬁure
and Water on behalf of toe.Government_oflfhe Kiﬁngm of
Saudi Arabia and Mr. Masaru Ikai,=the-leader_of‘Jepaﬂese;'
delegation on behalf of the Japan internationél Cooperation'
Agency. | |

The Japanese delegation has proposed several methods

- of RO brine reject treatment-ih.the Kihgdom of-Saﬁdi;Arabia

in their tentatlve report on fea51b111ty study (Document No.;
SAJ/RO~101) . This 1nter1m report is also a proposed amend~
ment of Document No. SAJ/RO-101. |

Time scheudle of feasibility stﬁdy is shown in Fig. 1.



iy Fig. 1: Time Schedule of Feasibility Study
Year & ' 1980 1981
: . Month : el
Ttems B Sept [.Oct | Nov | Dec | Jan [ Feb | Mar

1. Prebaratioh.
1)'Plannipg -

2) Tentative
" "Report

2. Sité:Meeting'& S A R
Investigation

3.‘Assessmen£ Studies
L F _ 1) Sewage Pepeline —_

2) Sewage Treat-
ment Plant

3) Watéf Re~Use _' S -

4. Conceptual ﬁésign

5. Final Report

1) Dréfting'
2) Explanation of
Draft to MOAW

3) Presehtatioh
to. MOAW

Note:  MOAW ='Ministry of Agriculture and Watex,
The Government of the Kingdom of Saudi Arabia
*¥1): From Septémber 26th to October 13th, 1980

*2): From February 7th to 11th, 1981 (tentative)




2.1

2.1,

Summarxy
During the on-the-spot survey, we come across the,.
followings:
- First, the proCurement'of'neﬁ land'fof the RO
brine treatment plant is very aifficult.

- Second, the disposal of RO briﬁe reject't6 the

sewage pipeline causes basically the increase of TDS

values of:sewége effluent ‘to some extent.

From the view point of re-use, the iﬁéréase'éfﬂTDS
value of sewagé effiuent is undesirabie at ail}:but'fhg'
problems of RO brine rejéct disposal is uigeht tﬁatzthe
following planning may be introduced: |

bisposal Method for each RO Plant

1 Manfouha

This plant has vacant.spaées in the;present.yard:
Consequently, dispdSal methods are proépéed interimly
as foliows:
(1) Concentration by electrodialysisl(ED} followed
by evaboratbr/cryStallizef
Construction cost: 17 million US$
Required area: “'4;000'm?'
{2) 'Concehtration by ED'foilowéd_by evaporation
pond
Construction cost: 10 million Us$

Required area: 188,000 n?



2.1.3 Malez

iy 2.1.2

Shemessy

This plant has vacant spaces in the present Yard

and close to the plant.' Consequently, disposal methods

are proposed interimly as follows:

(1)

(2)

Concentration by ED followed by eVaporatOr/H
crystallizer

anstruction cost: 11 million US$

Reqﬁired area: 1,200 m2
EVaporation pond in the suburbs
Conétruction cost: 8 million US$

. 2 ., -
Reguired area: 150 m (in plant)

420,000 m2 {(present lagoon)

This plant has no vacant spaces in the present yard.

Therefore, the disposal to the municipal sewage pipeline

is proposed interimly.

2.2 Assessment to Sewage Pipeline and Re-Use

2.3

Sewage pipeline gives no harm to sewer pipe or sewage

treatment, because anticorrosive pipe is used and is thought

that RO brine reject contains few organic substances and

heavy metal ions.

However, it is necessary to investigate the influence

to re-use sewage effluent by increase of TDS concentration.

Other Studies

(1)

(2)

We cannot comment on the.deep well injection
because of the lack of related data.

The structure of évaporatidn'pond should be
followed to the one existing in the area of the

municipality of City of Riyadh.



(3)

For a reference, summary of case study on RO

brine reject treatment is shown in Table 1.
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3. Manfouha Water Treatment Plént
3.1 Recommended Method .

An ED'concentration=proceSS fo}lowed‘by evaporator/-
crystallizer.is reéommendeé fOr'diséosing'the RO brine
reject in the‘Manfouha Watér_Treétmentifiant.:

The Manfouha Plant is the largest émong the three
water treatment ﬁlants'inside the City of Riyadﬁ. _Whén _
the brine reject from thé Manféuha Pléﬁt is dispbsed into
the sewage, the brine reject flow will account féi 8.5%
of the hydréulic 1qad of Manfouha‘Sewége Treatment Plaﬁt
having a'capacity of 80,000 m3/d-

Disposing the brine'feject'to the sewage plant @eané
the decrease'of_receiving capacity 6f.thé:dbmé5tic séwage'
to the sewage treatment plant. | o

On the other hand, TbS value (fbtai dissolﬁédgééiids)'
in sewage water will also increase to around 3,400 mg/l by
the brine reject. | |

It ﬁill Céﬁse some effects vié a vis re-use Of £he
treated séwage water for irrigation aﬁd:indﬁstrial ﬁsagé.

The Maﬁfouha Water Treatment Plant has a spééé which
is now used as chemical étorage area, ahd:a sludge lagoon
of miliions of square méﬁers just outside the plant. |

An ED éonceﬁtraEiOn éfééess plént follOwedIby ev;po%
rator/crystallize£ can be built in thosé'areés mentioﬁéd_
above and produces no liquid waste but recoverable water
containing:l,SOO'mg/l of TDS, and solid waste; thét is, -

an ultimate solution of the brine reject problem.



(1) Utility and chemical consumption with operation cost

Fuel 0il:. 2.4 x 104 kl/y
Soda Ash: 7.0 x 10° ton/y
Lime: . 3.7 x 103 ton/y

Polyelecﬁrolite: 14 ton/y
Sodiuﬁ Sulfite:: 63 ton/y
Suifuric Acid: l.i b 103 ton/y
Total Operation Cost: 3.0 million USS
(2) Construction.cést
i 17 million USS
{3) Required Area
2,450 m® -
Refef to the_plot'plan of Fig., 3.
3;2 Alternate Recommended Method .
An ED concentration process followed by evaporation
pond at the plant site is recommended alternatively.
In this case, the brine reject is concentrated by ED
process and the volume of the liquid waste becomes one-f}fth
"of the briné feject, and the diluted Waﬁer produced by ED
process can be recycled as feed to RO process.
The ED plant'can'bé built at a space which is now used
as stofage area and evaporation pond can be built in a
portioﬁ of the.space which is now used as sludge lagoon.
An additional facilities or modification of existing
sludge treating facilities shéuld be required to decrease
the sludge volume to be dumpe& from the precipitators to
the slﬁdge lagoon and then to decrease the.required space
for sludge lagoon.

g

S . The ED concentration method followed by evaporation
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pond at the plant site will be-less éxpensive both -in
operation and initial cost than that of the ED conceﬁtra~
tion method followed by'evaporatcf/érystalLLZer, if the
evaporation pond can be build in a:portion of the existing
sludge lagoon, though the exact area of the sludge lagoon
was not known during the site survey.: | |

(1) Utility and chemical consumption with operation cost

Electric Power: 13.2 x 106 KWI/y:
Soda Ash: 7.0 x 107 ton/y
Lime: 3.7 x.103 tdn/y
Polyelectrolite: 14 ton/y
Sodiﬁm Sulfite: 63 ton/y
Sulfuric Acid: . 1.3 x 103 ton/y

Total Direct Qperation.Cost: 2.74 million-US$
(2) Construction Cost
9 million US$

(3) Required Area

for ED plant: - 2,000 m?

for Evaporation pond: 185,000 m2



Fig;

Plot Plan of Brine Reject Treatment Plant
for Manfouha Water Treatment Plant
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4. Shemessy Water Treatment flant
4.1 Recommendation

After vieits to water and sewage treatment plants, it
is interimly concluded that RO brine reject.ofithe Shemessy
Water Treatment Plant should not be.disposed to the sewage_
‘pipeline for the avoidance of further increase of either
treating amount of sewage treatment or sait content in the
effluent from the sewage treatment plaht, becaase estimated
ameunttijO brine reject in Shemessy Water Treatmeht Plant
is not so small.

This plant is located in the City area, and exlstlng
facilltles.and bu1ld1ngs;are constructed qlosed to each
dther, and only narrow space is availble for future use.
But, at present stage, it is interimly considered that such
space'is enough to construct the concentration facilities
fer the post-treatment of RO brine-reject.

And, it is recommended at this stage that the concent-
ratioh'facilities; inciuding brine treatment, electrodialysis
and crystalliiation section, shouid be'constructed at the
vacant land space in the water treatment plant. |

By the appllcatlon of thlS process, dlssolved SOlid in
the RO brine'reject-15 501idified and dilute liquid exhaust-
ed from the electrodialysis equipment can be reclycled te

the RO process.
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(1) Utility and chemical consumption with operation cost
4

Fuel: 1.2 x 107 kl/y

Soda ASh 2.8 X 103.ton/y
Lime: 1.8 % 102 ton/y
Polyeledtrolite: 5.5 ton/y
'Sodium-Sulfite: 31 ton/y
Sulfuric Acid: 5.3 x 102 ton/y

Total DirédtVOperafion Cost: 1.262 million US$
(2) Consturction Cost
11 million US$
(3) Required'hrea
1,200 m? |
Because of shortage of space, the ED plant will
be integrated into two-story construction. Refer to
the piot ﬁlan of Fig. 4.
4.2 Alternate Recommendation
| ‘If it is impossible tb:abply the above mentioned idea,
the following alternative idea will be recommendable.

That is, RO brine reject is transported to the sludge
lagoon by means of newly inStalled pipeline and is evapofatéd
by solar éﬁérgy. To realize this alterna£ive idea, it is |
necessary to construct the evaporation pond at the site of
exiéting sludge lagoon by the rearrangement of the area.

(1) vtility and chemical éoﬁsumption with operation cost

Electric Power: _5.0 x’-lO4 Kyt /y

Total Direct.Opefation Cost: 0.01 million USS
{2) Construction Cosﬁ:' S_hillion Uss

(3) Required Area
i1, in the Plant: 150
in the Suburbs: 420,000 m2



Fig.

4: Plot Plan of Brine Reject Treatment Plant
for Shemessy Water Treatment Plant
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5. MalezHWater Treatment Plant
5.1 Recommended Method
Dispbsing the brine reject into the municipal sewage

is recommended for the Malez Water Treatment Plant.

The Malez Plant is the smallest among these Lhree water
treatment plants inside the City of Riyadh.

When the brine reject from the Malez Plant is disposed
into the sewage, the brine reject flow will account for only

2.8% of the hydraulic load of the Manfouha Sewage Treatment

Plant having a capacity of 80,000 m3/d. |

The actual influent wanter flow rate to the sewage plant
fluctuates from 30,000 m3/d to 50,000 m3/d or more, while the
design capacity of the 'plant is only AOLOOOImB/d at present.

TDS vaiue of séwage water will also be increased to
nearly 2,800 mg/l by the brine reject from the Malez Plant,

while the actual TDS value of sewage water ranges frqm 2,000

to 3,000 mg/1 and average figure is 2,500 mg/l.

The increase both in the hydraulic load and TDS with

i disposing the Srine réject into th sewage from the.MaIez
Plant might be left within the daily fluctuation in the
hydraulic load to.tﬂe sewage treatment plaﬁt and TDS value
of the sewagé.water.

Théfefore, it is_supposedlthat.the operatioﬁal
efficiency of the éewage Lreatment plant may"be.liﬁtle
effected by diéposing the brine rejéct into the sewage from
the Malez Plant.

However, bidlogical treatment process is a sensible
process and a rapid fluetuation in the hydraulic load and

influent water quality will cause damaging of microorganism,
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Thus, special care shall be given when introducing the -
brine reject info'the sewage.

.At_the beginning, one—fourﬁh or one-fifth of the brine
reject flow shouid be introduced into the sewage, giving
carefull attenéibn to the operation of the biological treat-
ment for a few weeks and then brine reject flow rate should
be gradually increased to the maximun,

There is no_recommendable-method other tha; the disposzl
of brine reject into the sewage as mentioned above, because
the plant is so tight in space that a new brine rejéct treat~
ment plant cOuld not be buiit within the space of the plant.

A sludge lagoon having an afea of 60,000 m2 18 louated
in front of the head office of Riyadh Water Division which
is 1ocated.ab§ut oné km to the east from the plant, and a
pbrtion of it could be available for building'a new brine
treatment ?lant.

ﬁowever, a_hew.brine treatment plant.td be built at a
diéténcé froh the main Qater treatment planf may cause Ssome

operational-and administrative problems,

Note: pH valﬁe of the brine reject should be éhbcked
periodically and if the measured value is usual-
ly lower than 5, a pH adjﬁsting eQuipmént should
be provided at the outlet of the bfiné'reject to
prevent the sewage facilities from corrosion and

to avoid effect on the sewage treatment.
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- 6. Assessment and Investigation én RO Brine_Reject'Disposgl
6.1 Disposal into théJMunicipal Sewage Pipeline
The pH value of RO brine reject is
5 to 6 and is somewhat lower than that of common sewage.
Mowever, anti-corrosive pipe, for example PVC pipe
and clay pipe etc., is used as sewer pipe, and no tfouble
is expected vis a vis corroSivity of RO brine reject
6.2 Influence on Sewage Treatment Plant
The Fluctuation of quantity of sewage which flows
1nto the sewage treatment plant is 42,000 to 57,000 m /d
and the average of the quantity is 45,000 m /d at present
- time. | |
Tt is well-known that a fluctuation of this Kind is
common .
| At the time when the capac1ty of the sewage treatment
plant enlarges to 80,000 m /d gquantity of the RO brine
reject of the Malez Water Treatment Plant, 2,230 m3/d forms
a little proéortion. Therefore, we belie§e there is no
- ﬁrdhlem vis a vis quantity.
| If the RO brine rejeét of the'MaIez water Treatment
Plant will be diséharged into the sewage} the increase of
TDS value is 280 mg/l (from 2,490 to 2,770 mg/l1).
It is not so important that the TDS Valde'incfease of
280 mg/l, because the_TDS Qalue is fluctuating At preéént
in the range from 1,910 to 3,130 mg/l. |
There is no regulations neither in Japan nor in the
Kingdom of Saudi Afébia COnherﬁing TDS value ﬁis a vis the
standard of influent into sewage.

%

i ' But, the quality of discharge into sewage is requlated
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vis a vis organism, heavy metals and"so on:

It is thought thatufhe RO_brine”rejéct'contaiﬁs_scme
unknown métetials, so it is. important. that the RO'briﬁe'
reject.will increase'to disdharge,iﬁto seﬁage littie“gy
little undef consideration.of.influeﬁce'to the microbe.
Water Re-Use Program

The sewaqge treatment'influent:céﬁtains 2;492»mg/15
TDS (aye}age), and its TDS .increases to:2,770 mg/l by
adding RO brine reject. |

On the other hand, the-sewage:treatment effluent

.contains 1,956 mg/l1 TDS (average) and varies 1,350  t°.

2,340 ng/1, and.its TDS increases to 2,174 mg/lfiaverage)l 
by adding RC brine reject. : | |
Therefore, it is neceésary to inveéﬁigate sewagea
treatment and'qUality;whith-fegard_to influence for re-use

by increase of TDS concentration.
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7. Integrated Plant

7.1 General

L It-is advised by the MOAW that the RO -brine rejects from
the three water treatment plants in the City.of Riyadh--
Manfouha,_Shemessy and Malez--are gathered to a place by means

of a conveying syétem, and an integrated FED process plant

-follOWQd by evaporator/crystallizer is built at.the place

which may be located near the Manfouha Water Treatment Plant.
Thus,. the inteérgrated ED plant might be more conomical

than separate three plants, if the brine reject gathering ana

énd conveying system could "be built without difficulties in

construction.

Tﬁé scope of this sﬁudy does not cover the gathering and
cénveying'systeﬁ;.and is.limited to.within the battery limit
shown in- the Plo£ Plan,:Fig.'7;

Siﬁce-this integrated plant is independent of the exist-
ing_watér treatﬁent plants, Supporting facilitieé such as
building,futility‘fécilities and others should: be required.

| ﬁe-could nOt_carry out the study on thése'suppbrtinq
faciiitiés,becauée of léck of data at preseﬁt. Aftef returning
to Japan, we ‘could do it on yvour request.

The scope of work is shown in the section 7.2.
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7.2 Scope of Work
(1) Included
1) 'Pfetreaﬁment facilities with chemical feeding
equipment
2) Electrqdialyzer
3) Evaporator/crystallizer
4} Sludge dewatering facilities
5)  Boiler, steam tufbine and generator
6) Inter-connecting piping for items 1)45).
1) InstruhentatiOn'for'items 1)-5)
8) Electriéal work.for itenis 1)-5) and 7)
9) .Painting work for items 1)-8)
10) Foundation and concrete work for items 1)-5)
11) Installation work for items 1)-8)
.Note:  Work to be done is limited within.the battery
limit shown in the Plot Plan, Fig. 7.
(2) Excluaéd
1} Brine réjéct géthering and,conveying'facilities
'2). All buildings for control, édminiStraﬁion, laboratory
'étc; |
3) Utilify facilities such as public power reqéiving'
facility, lighting and communication facilities,
air condiﬁioners, canteen, furniture, utility.and
_d:iﬁking water supply facilities, oil storage, etc.
4) Civil Qork such as site preparation, road, pavement,
fence and gates, etc.
5) Stand by train for items 1}-5) of (1)

6) - Recovered water storage and transfer facilities



.7.3 Design Basis
(l). Flow Rate 6f Brine Redect -
12,340 m3/d
From Manfouha: 6,800 m3/d

Shemessy: 3,310 m3/d

Malez: '2,230 m3/d
(2) Water Quality |
l). Brine Reject

.Sodium: 3,250 mg/ 1
Calcium: | 160 mg/ 1
ﬂagnesium: 470 mg/ 1
Chloride: 3,120 mg/ 1
Flﬁbride: | 0 mg/ 1
Bicargonate: 0 mg/ 1
Sulfate: | 5,350 mg/ 1
Silica; 85 mg/ 1
Phosphate: 20 mg/ 1
TDS 12,725 mq/ 1
pH: 5~ 6
Temperature: 30°cC

2) Recovered Water
TDS: 1,500 mg/1 or less
EH: 6_% 9
(3) Electric Power
For plant use: Self-produced

For utility use: Suppiied by public power system



7.4 Process Description
The process flow of tﬁe iﬁtegfﬁtéd piant:is basiéallyu
the same as Case 3-3, electrodialysis (Eﬁ) érocess followed
by evaporator?éryst;llizer in the Tenﬁativé Report {Document
No. SAJ/R0-101 of Séptémber 1980). Refertx;seétions 3.3 3)
and 3.3.3 of this document.
However, the integrated plant is not pidvided‘with:
cation e%changer, because the field teéfé duriﬁg the site
survey showed that céldium in the'ﬁrine rejec£ could be
decreased to a limit qﬁly by cold'limeuéoda softener.,
_The results of tﬁé field teSt‘and the necessity of
cation exchanger wiil be re-examined after feturning to Japan.,
The recovered water from ED piani is good in qﬁality, |
The expected quaiity is as fblldws; -

TDS: 1,389 mg/ 1l

Na: 379 mg/1
' Ca; | 1.6 mg/1
Mg: | 42 mg/1
Cl: 277 mg/l
804 594 mg/1

It seems that the recovered Watér is bét£er in quality
than the deep well water in the Riyadh area and codld‘be used
for irrigation as well as for tﬁe feed Eo the RO plant to
produce potable water. | |

On the other_hand, when TDS of fecoVefed'waﬁer higher than
the one of désign basis is allowed, thé piéht ¢ohétruction cost
could be reduced with the increase of TDE of recovéred'watér.

The recovered water volume will be about 10,000 m3/d-



~23

7.5 Utility and Chemical Consumption with bperation Cost
3

Fuel oil: 40.8 x 107 kl/vy
Soda‘ash: 11.1 x ]_03 ton/y
Lime: . 6.6 x 10° ton/y
Polyelectrolite: 21 | ton/y
Sodium Sulfite 120 ton/y
Sulfuric acid: 2'x'103'ton/y.

Total direct operatidn cost: 4.89 millioh Uss$
7.6 Construction Coét
26 million USS$
7.7 Required Area
6,000 m?

‘Refer to the Plot Plan of Fig. 7.

g
i
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Fig. 7: Plot Plan of Brine Reject Integréted Treatment Plant
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