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LABORATORY TESTING OF ANTISCALANT
. THRESHOLD EFFECTIVENESS

BY

Mohammad Abdul Kareer Al:Sofi(), Tadatsugy Hamada(i),
. Yoshlhlro Tanalm(") Saad Abdul!ah AI-SuIam1("I)

(1) Research Techmcal Adusur, SWCC (if) JICA Resedrchers,
And (iii) Research Chemist, SWCC.

ABSTRACT

-This paper reports laboratory test results carried out to study antiscalant threshold

effectiveness. The primary objective of .these tests were to establish some reference
points 'to"'be_ used as a base for initial evaluation and selection of antiscalants for further
testing in a single heat exchanger tube testing. These results are intended to be used for
evaluation and selection-of antiscalants for MSF Pilot unit.

These bench top tests indicate Magnesium hydroxide precipitation is not time depen-

‘dent unlike calcium carbonate in the presence of antiscalant in brine solution at pH of

8-9. They also indicate that most antiscalants are effective for up to 20 minutes at 950C

‘with up to 2 parts -per' million'COH'cemr_ation. While at higher temperature of 110°C this
effectiveness dropped down to-less than 10 minutes. Furthermore, no major difference

was noted on effectiveness at 95°C for a range of antiscalant concentration of 1-2 ppm.

INTRODUCTION

In seawater desalination predominant scales are of calcium combining with either car-
bonate or sulfate, and magnesium combining with hydroxide. Calcium forms hard scale

‘when it combines with sulfate, but this reaction is of appreciable magnitude only at
‘temperatures of 121°C or more. Calcium sulfate scale can therefore be avoided if oper-

ating temperature is maintained below the said valie (< 121°C). On the other hand cal-
cium and magnesmm form softer scales with carbonate and hydroxide (respectively) at

_ _lower temperatures dnd brine. concentration of 65000 ppm (or less). In distillation
E process where temperatures are mamtamed below 1210C; CaCO« and Mg(OH), forma-

1 JICA ReSearchers workin, é; at Al- Juball Salme Wd!er Conversion Corporauon (SWCC) Research &
)

- Development Center (RD

under cooperdlion agreement between SWCC and Japan Interndtlonal Cor-
poration Agency (J ICA).
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tions are controlled by elther chelanon or depleuon In depletron process carbonate is
_decomposed down to CO, through reactlon with acid eg. HzSO4 or HCI. - In this

Drocess, seawater make up pH drops down to 7 8or less aftcr C02 removal in the decar-' :

bonator. Multi Stage Flash (MSF) evaporators which are in operatrr\n in Gulf Coopera*
tion Council (GCC) states are being mostly operated with' addltive treatment at top

brine temperatures well below the said value (TBT < 1210C) Further hrmtmg factors '

of TBT are the capablhtles of avallable addmves .

EXPERIMEN’I‘AL SETUP AND PROCEDURE

1. Reagents Preparations

(a) _-Sodz'um ,carboﬁ_ate solution:

53 grams. of \Iaa,CO~ Dowder was wei ghed and- dlssolved in 1L of delomzed-

water to preparc IN solution.

(b) Stbck-SOlutions of anriscaiants:

0.5 gram of euch anuscalants were. wewrle.:i ac..uratelv dnd dlssolved in 3(\0 ,_

ml of deionized water in order to give 1000 ppm stock. soluuons

(c) Artificial Brine:

®

(ii)

Chemicals used for preparation & mrxmg ratio:

_Chermcal A: NaCl : : :
Chemical B: I\JSTANT OCE —\N (a reglstered comrnerc1a1 name of _

mixture of salts)

Mixing ratio should be adjusted based on the followmg rano
NaCl/INSTANT OCEAN = 1.575

In order to prepare artrfu.lal brine. wrth a concentratlon equals 1. 4.
- times that of seawater, approxrmatelv 8.8 grams. of NaCl and 64 _

grams of INSTANT OCEAN were dlssolved in un. 11tered seawater

M-Alkalinity of final solution ‘was adjusted to 180 pprn by dissolving
' _-more salts or by drlutmo w1th seawater - : :

4
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Instruments For Analysns & Measurements

pH meter (Flsher brand Model 825 MP) equlpped with glass reference elec-
o trode to measure pH of solutlons |
_Autorrtati_c Trtrator '(EiSher_bran'd' Model 465) to measure M-Alkalinity.
(c) 'Atomlc Absorptlon Spectrometer (Vanan Model AA- 975) for Ca and Mg
_analyms o
Experimental Apparatus
(a) _Low temperatre experimental appararus:
‘As shown m Flgure 1, the apparatus consists of a three neck ﬂask (1L capac~
‘ 1ty) equlpped wrth a condenser and a thermometer. Heatlng ‘mantle
equxpped w1th a stirrer was used to heat up the brine solution, and a vacuurn
‘ pump was used in order to create vacuum above the brine surface for flash-
' :mg to take place |
'Hz."gh remperdtrtre appa_mtus:

| As shown 1n Flgure 2, the apparatus consists of a reactlon vessel that can

_ thhstand high pressure and temperatures. The vessel is equipped with a

='hea‘ung coil and a stirrer, Temperature and sttrrmg speed can be controlled
from a control umt

;. jT'eSt C.ot'ld'itioh's" '

(@) Test ter'xllp.f.’:ratures AR D 95& 1100C

(b) Brine M-Alkalinity (M-Alk)  : 180ppm
() Concentration of annscalam ¢ 2ppm(orless)
"_”f(d) Retentlon tunes o 5,10, 15, 20, 30 & 40 minutes

3 : Test Proced_ure_ |

500 ml of art1ﬁc1al brme was measured accurately and Splked with 1 ml of antisca-
_lant stock solutlon m order to make 2 ppm of antiscalant in the brme final solu-

5.
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tion. The brme was charged to the reactron vessel or ﬂask and 1t was heated to the |
desired temperature under refluxmg When the solution reached the requrred

temperature it was kept reﬂuxmg for 15 mln to reach ethbnurn and to observe
any possibility of scale formation. Because there was no precrpltatlon in the pres-
ence of antiscalant, 10 ml of IN Na,CO5 was added to: break the supersaturanon
point and to forrn the scale. The moment at which Na2C03 was added was
_consrdered to be T.= 0. Successrve samples (25 ml each) were drown from solu-
tion at time mtervals of 5 10, 15, 20 30 and 40 minutes. “The samples were filtered
through 0.45 micron filter paper and filtrate was analysed for Ca, Mg and M-Alk.

RESULTS AND DISCUSSION

Scale formation behavior was studied in laboratory at temperatures similar to actual
TBT's (95 & 1100C). Frgure 3 shows results of tests carried out on calcium and magne-
sium presence in solutron as a funcrron of change in solutron M- Alkalrnlty at 1100C,
This - Froure c‘earlv demonstrates the dependence of Calcrum concentratlon on
M- Alkalrnnv in brine soiuuon unhke ‘\/Iaonesrum These phenomena are further verl-
fied by the resuits of add1t10nal testmo of maonesmm and caIcrurn ratlos versus time in a
brine solution heated up to 1100C., Flcrure 4 & 5 show chances in magnesmm and -
calcium concentration ratios denoted : by (f) for final over initial (1) as functlon of time at
1100C in the presence of 2 parts per million of drfferent antiscalants in a bnne solutron'
having salts concentration of 1.4 times gulf seawater (GSW TDS <61000 pprn) After -
having verified the fact that CaCO« scale formatlon is trme dependent further labora-
tory tests were carried out. To studv this time dependance at 95 and 110°C in the pres-
ence of different antiscalants in brine solution (1. 4xGSW) Flgnres 6 & 7 show:
laboratory test results for different antiscalants at 2ppm concentratron and at 95 &
110°C respectively. In addition, brine samples at the above two temperatures were also
tested in the absence of antiscalant for CaCO4 measurement against time. These points
are denoted by a solid squares and referred to by the letter (B) for blank in Frgures 6&
7. 1t can be seen from Figure 6 that at 95°C most annscalants have alrnost the same
threshold effect for up to 15 rmnutes Thereafter, they start to show some varzatlons in
their effectlveness between 15-30 minutes at 95°C. However results at 1100C mdrcate
this variation in effectiveness much taster as can be seen in Frgure 7. Flgure 7 also
shows that loss of effectiveness of almo_st all antiscalants start after only 10 minutes at
110eC compared to 30 minutes at 959C which can be seen from Figure' 6. Figu'res 8 to
11 show results of antrscalant concentranon optrmlzanon laboratory tests on the most
outstandmg antrscalant of those Lested (a[ 95°C) and reported in Frgures 3 to) 7
6
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‘The first pair (Figures 8 & 9) are on a totally synthetic brine of 1.4xGSW TDS. These
two Figures show that 'effectiveness is almost proportionally related to antiscalant con-
_centration.  Yet when brlne solunon was prepared by salt addition to filtered GSW
"there was a chanoe in beha\rlor Wthh can be seen in Figures 10 & 11 where there is an
1nd1cat10n of an optimum dose rate spec1al]y as for longer elapsed time of retentions.

. Further expenrnentdl laboratory and mini module of single tube heat exchanger testing
are stlll underway Nevertheless the above results could be used to explain some of the
earlier reported observanons on actual operating plants. In particular the existence of

~ an optimum dose rate plus observed slugging and scaling in flash chambers and demis-
: ters 2& 3] -

'CdNC.LUSIfoN_ o

- Laboratory experimental results shown in Figures 3-11 can help in making the following
observations and recommendations.

-1 | Magnesium hydroxi:d:e sepa_ration is pH dependent and time independent,

| _Calcmm carbonate separatlon is time, temperature and antiscalant concentration
' dependent

3 At anuscalant dose rates of up to 2 ppm there are quite few brand name antisca-
- --lants whlch are effective for as Jong as 20 minutes at 930C and brine concentration
" of 1.4 GSW TDS.

4, Atantiscalant dose rate of 2 ppm there appears to be only few which could be con-
51dered to be effective at 110°C and brine concentration of 1.4 GSW TDS.

3. _'It seems that to maintain an acceptable threshold effect at 110°C either brine con-

 centration needs to be lowered drastically, antiscalant dose rate optimized, or a

-second antiscalant injection point near the brine heater needs to be considered so
that effectiveness time is further elongated beyond the first 10 minutes.

6. To verify these results further tests are required on mini module, (of single tube
 heat exc_:hangcr) pilot units and most impof_tantly actual trial tests on large plants
specially where total residence time is 15 minutes or more (up to 30-40).

7°
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Figure 1 : Low Temperature Test Equipment
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OPERAIION MANUAL
‘ CBA?TER 1
STARI“UP AND SHUTwDOWN PROCEDURE

_GENER'AL GUIDANCE

': Thesn 1nst'uct1ons are 1ntended to guide que]1fled personnel in the

: operatlon of the desalznatlon plant. They are not 1ntended to cover

every DOSSlble contlngency in the complex desaltxng process.

- Operators® should be - thoroughly familiar with the layout of

equipment, instruments -and control devices,
Piping and instrument diagrams should be studied for the arrangement
of instrumentations, piping and valves,

They should also be familiar with the access way to the plant

-equlpment, valves, control dev1ces etc..

The desalination plant should not be operated beyond the specified

top brine temperature and heating steam temperature, Higher

‘temperature than those will cause rapid scale formation that obliges

to sﬁutdown for acid'cieaning and scale removal.

' 'Operators- should pay careful attention to theé process conditions of
temperatures,‘pressuree'and flows. The various alarm systems should
‘warn the operators of any cundxtlun which might lead to disruption

" of the desal;natxon plant.'

During operation, various components of the plant are interdependent

due to the critical heat-to-fluid flow balance.,  For example, an

"increase of recycle br1ne flow will require more heat at the brine

' heater to keep the top brlne temperature. If the heat input is kept

constant, the top brlne temperature Iowers, resultlng in & decrease

of vapor flashing off in the first stage, and the level of flashing

brine, in the stage will rise. This will adversely affect the heat

.balance in the second and all succeeding evaporator stages, causing

a . chain reaction throughout the plant. Those changes will

eventually work out into a new balance condition, but many other

~adjustments would be required to make the new balance satisfactory.
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. GENERAL GUIDANCE (cont'd)

Often, over-controlllng and over-ad;ust1ng will magnlfy the

or1glna1 problem Lnstead of correctlng 1t._ The p;ant operators

should make s1mp1e adjustments in small_.inCreasing and/or
decreasing, allowing 'ample time to settle .for the. new.

conditions to'achieve.-

: The' manufacturer 8 1nstructlons__on boxler,_ pumps motors,
ppneumatle,'electr1c and manual operated valves, 1nstruments and'

other components of the desalznatlon plant are: elso g1ven in
.“the other pert of - thls manuel '

-Any operatlug precautzon in thoee part must be observed _on the

operation of the desal1net10n plan:....f

Outline-of Deseription;

In thls chapter each operatxon procedure is descrlbed in the

follow1ng manner.

a. Block dxegram whlch gives the Ldea of 0peratron sequence.

b, Step-by-step procedure whlch detalls the 1nd1v1sual actions
requlred for operation with the tag numbers of the. equxpment

and the indications appeared on the 1nstruments.

Follow1ngs are the explanet1ona of the form and the ejmbols

used in the description of step-by-atep procedure.

a; Explanation of Columns and Symbols

(1} Tag No, : Identification number; of equipmenp, ;ua1ve;

instrument, switch etc. are indicated.

!ﬁ D
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GENERAL GUIDANCE (cont’'d)

(2) "Position : Position of valve, controller, switch and
' indication of instrument are shown.
Followings are the terms showing the

- position of controllers.

ADJUST means to ADJUST by HAND control
mode or by shifting the set

point when in AUTOC control mode,

AUTO means to put the controller in
.AUTO control mode.

AUTO means to SET the set point at
and
SET put the controller in AUTO

control mode,

REMOTE means to put the controller in
- REMOTE . control mode.

(3) Operation : Explanation to the operation, judgement of
and

 Judgement the condition, supplemental information

etc. are described,

(4) Location : Location of equipment, instrument or place

of action is indicated.

F ¢ Field (Desalination area)

CP : Control panel in control room

In the step-by-step procedure, the operation of vent, drain
and. instrument isolation valves are not included except when

those require to be in special positions. Common practice

shall be applied to those valves i.e, vent and drain valves

shall be closed and instrument isolation valves opened

during the plant is in service.
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" Start-up - OPERATION STEP FLOW CHART .

STE® NO.

- STSTEM NueE - SEEETNO-E
BR - - BRINE RECIRCULATION SYSTEM BR-ST~1
3 PROCEDURE NO.
1.1 PREPARATION FOR
St START UP
1.2 .SEA WATER- SUPPLY
) | "START"
1.3 MARE UP PUMP
. . . '!STA.RT"_
3
LAST STAGE
BRINE LEVEL
YHIGH"
YES
i.4 BRINE RECIRCULATION PUMP

- "START"
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 Start-up :orsnazxouﬁsrarrquw-ca;szn:1,,g-m

STE® NO.

BR. .

SYSTEM NAME :

- BRINE- REGTRCULATION SYSTEM

) SHEET NO.: - o
. BR=ST-2 * -

PROCEDURE NO.

1.5

1.6

1.7

LAST STAGE BRINE
LEVEL ~
 MADJUST"

BRINE FLOW "ADJUST"

. EJECTOR
: n START"

LAST STAGE

PRESSURE
"-200 mpHg"

BRINE RECTRCULATION LINE
"OP_ENH'

MAKE UP TREATMENT
" START" :

O



(Appendix 5.3.1)

‘Start-up - OPERATION STEP FLOW CHART

STE® NO.
: _BR

STSTEM NAME

BRINE RECIRCULATION SYSTEM

SEEET NO.:
BR-ST-3

'PROCEDURE NO.

1.8

LAST “STAGE ™\
" PRESSURE
"-600 mmHg"

STEAM SUPPLY TO BRINE HEATER
. n STA.RT"

BRINE HEATER
CONDENSATE LEVEL

ngo X" NO

YES
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 Start-up . OPERATION STEP FLOW CHART . .

| smEET N0

STEF NO. | ‘sustma mae L - L 0.0
'f E . BRINE RECIRCULATION SYSTEM o BReST4

ER

PROCEDURE NO.

-CONDENSATE
CONDUCTIVITY -
{ACCEPTABLE"

: . HEATING STEAM FLOW.
19 7 | RECIRCULATING BRINE FLOW
' MARE-UP FLOW

CONDENSATE RETURN,
\___TO FLASH TANK - °*

FLASH TANE™
DISTILLATE LEVEL
"go I

NO .

-'YEs_

1.10  DISTILLATE PUMP
) "START"

LAST STAGE
DISTILLATE LEVEL
- “apjusT"

DISTILLATE
CONDUCTIVITY
"ACCEPTABLEY

YES

(DISTILLATE FEED  (10.a) .
TO WATER TANK .
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" Start-up -  OPERATION STEP FLOW CHART

STE® NO. | SYSTEM NasE - - SEEET NO.:
~ .BR o _ BRINE RECIRCULATION SYSTEM ‘BR-ST-5

_ PROCEDURE NO. .

. HEATING STEAM FLOW
RECIRCULATING BRINE FLOW

- 1.1 IR B ." MAKE-UP” FLOW
" INCREASE"

(f’f;;;;; LOAD

"ACHIEVED"

1.12 . " FIANL ADJUSTMENT TO
1.1z | .. RATED CONDITION ..

TOP BRINE TEMPERATURE
HEATING STEAM TEMPERATU
RECIRCULATING BRINE FLC
MAKE UP FLOW

SEAWATER FLOW

( NORMAL 0?ERAIIO§;>
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STEP NO. . |OPERATION. snnzr FOR : ?_n-_,i.;f; N | pacE
R : - 1 -
BR - ' START—UP PROCEDURE OF : ONE - DESALINATION PLANT REFERENCE SEEET E—
' - - - BR-§T-1
PREPARATION FOR START-UP'

1.2

Each time of desal1nat10n un1t start-up, followlngs ‘shall be_

'checked and conflrmed

a,r General Inapeétiou

Check and conf1rm all equ1pment and plpe works are sound,
.Leaks and looaened connectlona, 1f fouud must be 1nformea
to mnlntenance department. and ' be repa1red

Electrieal equzpment and Lnstruments shall also be checked

for thelr uOundnesa.

b, Lubrieatingggil and Grease.
Check the iﬁbricating*oil 1eve1'and greesing-condition for
all rotat;ng machines and any other equipment and dev1ces

whlch require lubrzcatlon, refill or renew if necessary.

c. 'Valve Position

Check the posxtlons of a11 hand operated valves.

D Interface 1aolatlon valves of seawa:er, dxst111ate and
“, boxler steam to/from ~desalination wunit are in close

posistion.
2) _All process pump suction valves are in open position.

3) All process pump discharge valves are in close

position,

4) Upstream isolation valves of steam control valves are

in close . position.

5) All vent and drain valves are in close position.

6) All instrument root valves are in open position.
7) All steam valvee'ercend ejectors are in close position.
8) Outlet valves of the chemical tanks are in open

posztlon and, discharge valvea of the 1nJectzon pumps _

are in close position, .

10
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OPERATION SHEET FOR : o | eace -

Start-up of desalination plant shall be notified to the
relgting system control rooms, and the followings shall be

confirmed,

1) 'Electric power 1s available to start the desalination
unit.

2) Instrument air is available to start the desalination

unit,

3) Pressure of seawater header is high enough to start for

supplying seawater to the desalination unit,

11

~ STEP. NO.
| : | L | 1-2
BR - ISITART"UPiPROCEDUR;E :OF ' ONE : DESALINATION PLANT REFERENCE SHEET :
o T : o BR-ST-1
c. Valve Position (cont'd)
©-1.9) .Isolation valve of 8dervice water supply is in open
'~ ‘position, '
.10} All valves ou instrument air line are in open position.

d. Operational Chemicals

Prepare, or make up anti-scale, acid, anti~foam and sodium
- sulphite solutions in the tanks. ' -
The stocks and procurement schedule of the above chemicals
" for the expected opertion period shall also be confirmed,

e. Review of Previous Operation and Maintenance Reports
Review the reports and confirm all the deficiencies and the
damages found in previous operation have been repaired or
recovered, -

f. Operational Staffs
Shift charge engineer, operators and site operating staffs
shall be in positions. Also maintenance staffs
(mechanical, electrical and instrumental) shall be ready to
assist during start-up.

' g. Notification to Other Systeﬁs
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STEP NO. | ' OPERATION SEEET FOR : . .. . .  |PAGE : 3_‘=1:;
R |suerve socsoms: o o sessuikTION P (oG SeEeT

+
.-

- BR-ST-1

g. Notification to Other Systems_,(c@nt'¢)_.q_.
4) Boiler steam i.q‘ available to istart. the desalination _ " \g‘
ﬁnit- o

3) .Service water is available to start the desalination

“unit.

~6) Water tank is ready to 'tédéiVQ"di;Eiliéfé':ffoﬁ" the

.desalination unit,

12
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‘sTEP.NO: | OIPER'ATI_QN; SHEET FOR : . PAGE :
BR START-UP PROCEDURE OF ONE DESALINATION PLANT L4
———— — ; : —— | REFERENCE SHEET :
S B BR-ST-1
"RECORD NO. | POSITION -
: .OR : "OR : : OPERATION LOCATION
'VALVE NO. ‘| SET POINT
1.2 SEA WATER SUPPLY "START"
"TRC~102 HAND Controller for seawater, cp
o 307 OPEN discharge valve. (xv=10})
EA-102 © 30% OPEN 1 Cooling water valve for Ejector condenser. _F
BV-101 OPEN - Seawater supply valve. F
OPEN/CLOSE . 'Vent valves of heat rejection:sectibn F
' ‘water boxes. Open and close after air
is expelled., ~ '
OPEN/CLOSE Vent.#alves of_éjector condenser water F
boxes and piping. _
Open and close after air is exelled,
 TRC~102 .| ApJUsT Controller for XV-101. - CP
. Adjust the flow rate to 18.4 T/hr.
FR-101 18.4 T/hr . | Rejection cooling seawater flow indicator. CP°
BA-102 ADJUST Cooling water valve for ejector condenser; F
FI-102 5 T/h Flow indicétor_for condenser cdoling water., F

13
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Adjust deaerstor level at 80 % and put
into AUTO MODE. .

STEP NO. OPERA$ION SHEET FOR - o ',:1“* 'PAGE': o
S = 1-5
- START-UP PROCEDURE OF ONE DESALINAIION PLANT
BR REFERENCE SHEET :
o . o . ' f;‘ BR-ST-1
'RECORD NO. .[ POSITION o R B
O OR OR OPERATION - LOCATION - |
VALVE NO. SET POINT - R
1.3 | MAKE UP PUMP "START" -
- FRC-201 TAND Controller for' mama{tp flow ;éntrqilﬁglve' P
| | (Xv-201). EAEC
308 ~Gradually ‘open, - ‘f"“
BA- 202 OPEN Isolation valve f£6r make up.deaerator,’ CE
BA~206 OPEN Co
FRC-301 HAND Coutroller for recxrculatlon brlne flow ' Cp
control valve (XV-SOI)
302 Gradually open.;
LICA-202 HAND Controller for deaerator level contr01  CP
: - -valve (Xv-203).. i -
107 _Gtaduglly open.”: CP
80 2 .| Check the deaerator level, e
~ OPEN Vent valves for maké up,p@mp.. -
OPEN Sealing water inlet valve. F
START Push button for make up pump. 44
BA~209 OPEN Pump'discharge_ialve open slowly. F
CLOSE Vent valve at pump diﬁéharge.é' F
LICA-202Z. AUTO Controller for deaerator 1eve1 control cp
SET 80 % valve (XV-203), -

i,ﬁ.
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STEP NO.

OPERATION SHEET FOR :

SET 802

PAGE :
i Bt START-UP PROCEDURE OF ONE DESALINATION PLANT : 1-6
- BR e : REFERENCE SHEET ;
[ RECORD NO. [ POSITION B |
JOR. "OR OPERATION LOCATION
VALVE No. . | ‘sET pOINT
1.4 BRINE RECIRCULATION PUMP "START"
LICA-507 | HAND CLOSE | Controllier for last stage brine level cP.
: control valve (Xv-302),
80 X _ Check the last stage brine level rises
about ‘80 X.
+ OPEN - Sealing water isolation valve. F
OPEN Vent valve at pump suction line. F
OPEN Vent valve at pump discharge line. 3
BA-301 |- oOPEN.. | Ibolatibn\vaiﬁé for pump suction. F
OPEN . Sea11ng water 1n1et valve. F
OPEN Seallng water strainer 1solat10n valves. F
LfbAFSOf HAND ' Cdnféaller'fot last stage brine level_ CcP
10 OPEN control valve (XV—302) '
. START :Push button for brine recirculation pump. cr
BA~-303 . OPEN - | Pump discharge valve. F
' . Open slowly. -
CLOSE Vent valve at pump discharge pipe. F
LICA-SD?- AﬁTO_ , Controller for last-ﬁtage brine level.. cp
' ' . Control valve (XV-302),

Adjust last stage brine level at 80%
and put in AUTO MODE,

ot R
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STEP RO, OPERAIION SHEET FOR ”_?Ahzf£7:;
1. START-UP- PROCEDURE OF ONE DESALINATION PLANT - |— 7
Lo e e REFER.ENCE SHEET _
IR . .. BR-§T-2 ,h..i,f'
RECORD Mo, “POSTTION L DN
f COR "OR . ", OPERATION LOQA'};ION_._ :
JvaLve wo. | ser POINT ' o IR
1.5 | BJECTOR "START"
BA-414 oPEN Vent valves, ° B
BA-415 S
L -.sorﬁ;;.;;. U
. The 0pen1ng of. thzs -vent valve has: been
set to give best thermal efficiency.
Therefore this valve should always be’
left npened.
,OPEN _ Drain. trap 1aolat10n valves on common and . o
- ejector steam lxnes.' : : o
OPEN Draln trap bypass valves on common and - F
A LITTLE ejector steam 11nes._ i SHRE
CHECK - Steam valve is fu}}_qpen'(XV%GOS).:_za. .. LCP
SV-603 OPEN Ejector steam isolation valve. F
-Fxratly open ‘a little for- warming up the
steam pipe, _
Then open fully when dry steam'bloﬁs*au: E
from the drain trap bypass valves.
CLOSE Drain trap bypass valves, F
OPEN - Isolation vilves'fdr'strniner,- P
CLOSE Bypass valve for strainmer, - F
8V-615 OPEN Drain valve ejector condenserlto'ﬁth F
: stage flash box,
BA-612 OPEN Isolation valves for ST-603. _F
BA-613 : :
PI-604 8 Rg/cm2G Pressure gauge for ejéc_tor steam, F

1c

)
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'OPERATION' SHEET FOR :

CAUTION

When opening brine rec1rculat1ng line,
the last stage brine level may fall
quickly even it is controlled in auto-
matic mode.

Carefully observe and regulate not to
. loose the Jevel

- STEP NO. PAGE :
BR . | START-UP PROCEDURE OF ONE DESALINATION.PLANT 1-8
: = i : REFERENCE SHEET :
- A BR-ST-2
RECORD NO. | POSITION — ) |
. OR "OR OPERATION LOCATION
VALVE NO. -SET POINT )
1.6 'RECIRCULATION LINE “OPEN"

PR-506 =200 mmHg Pressure gauge for last stage. F
_After the last stage pressure reaching ;
F =200 mmHg, urlne recirculation line can be
_ opened."

FRC-3C1 HAND Controller for recxrculatlng brine flow cp

: ~ 30 7 OPEN control valve (Xv-301).
34—30# CPEN Brxne rec1rcu1at10n on line valve, F
' o Open slowly. .
In case of once through operation, this
'_'valve shall be 'kept closed.
FRC-301 . ADJUST ' Controller for recxrculat1ng brine flow Ccp
' : ' control valve (XV-301)
AdJust the flow to about 4.0 T/hr..
" FRC-301 4.0 f/hr Recirculating brine flow recorder. cp

17 e
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. BR

STEP NO.

—_—

. OPERATION SHEET FOR :

PAGE :
Lo 1'9

{ START-UP PROCEDURE OF ONE DESALINATION PLANT |-—

OR; -

"RECORD NO.

- POSITION

OR

OPERATION

'REFERENCE SHEET :
v BReST-2

LOCATION |

'VALVE RO,

BA-807
BA-809

BA-811

FI-801

FrC-201B

SET POINT
1.7
‘AUTO
OPEN
OPEN
* START
OPEN

‘CHECK

‘| Select "AUTO" (or “REMOTE"), -

MAKE;nPrTREAmuENT"}srARTﬁij*
- (CHEMICAL CONTROL) '

Anti scale injection pump select switch.

'Puhb_sﬁctiéﬁfv§1ve;:"$- A

Puﬁp discharge ialve;j

Switch for Anti'bcéie,iﬁjedcion pump..
Pulsation damper isolation valve.

Anti-scale solution injection rate.

ce

18
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OPERATION SHEET FOR : - ' PAGE

o

STEP NO.
BR | START-UP PROCEDURE OF ONE DESALINATION PLANT L
== — REFERENCE SHEET :
S BR-ST~2
RECORD KO. POSITION
OR T OR . OPERATION LOCATION
VALVE NO. SET POINT
1.7 MAKE UP TREATMENT" START"
' (ACID CONTROL)
LIC-201 CHECK Local control. F
BA-204 OPEN Decarbonator jisolation valve. F
BA-ZOZ,, | cLosE Decarbonator by—p#ss valve, F
START Decarbonator blower. cp
~ FrC-201A . AUTO' Acid injéction'pump select switch. cp
. C Select "AUTO".
'BA-802° OPEN Pump suction valve. F
BA-803 w o s : '
BA-804 OPEN Pump discharge valve. - F
| START Switch for acid injection pump. CP
" OPEN Pulsation damper isolation valve. F
FI-802 - CHECK Acid injection rate. F
OPEN F

PHRA-~201 iSOIation valve,

1%
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NOTE

It is very lmportant that these chemical
are throughly mixed and circulated in
the recirculating brine before' which is
heated. To ensure this, chemical
injection shall start at early stage
after the recxrculatlng brine line is
put in serv1ce.

“STEP NO. - OPERATION SHEET FOR : R PAGE .
: ’ ] 11
-« { START=-UP PROCEDURE :QF- ONE DESALINATION PLANT '
BR ) SAR_T__———UP——-————O—-— , REFERENCE SHEET : .
' - - BR-ST-2 1
—_— e === = _ ey
RECORD No. | POSITION ] _ - L L
S OR . - "OR OPERATION LOCATION:
'VALVE NO. | .SET POINT DR |
1.7 MAKE UP TREATMENT "START" . (cont'd)
OPEN - - Anti foam injectidn'isbiétibﬁgvalve. F
HC-804 - REMOTE Anti scale 1n3ec:1on pump speed ep
- -congroller.-. o
BA-822 OPER - ?dmp suction vavl‘e.J= F
" BA-823 ‘ - .
"BA-824 OPEﬁ Pump discharge'valve,,f. F
~ START Switch for Anti foam injection pump. . . CP
FI-804 CHECK Antifoam solution flow rate. F
DV-817 . OPEN Sodium sulphite injec;ioE‘isoiatiou véive.:: CF
HC~803 REMOTE Sodium su1ph1te 1n3ec:1on -pump Speed cP -
controller,
BA-Bl4 OPEN Pump suction valve, F.
BA-~815 ' '
BA-816 " OPEN Pump discharge valve, F
START Switch for Sodiﬁm.sulphi:e injection pump.. cP
FI-803 CHECK "Sodium sulphite solution lnjectiou_rafe.

20
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"OPERATION SHEET FOR :

STEP NO, ‘ PAGE :
BR‘ START-UP PROCEDURE OF ONE DESALINATION PLANT 1-12
. e _ = REFERENCE SHEET :
R - | BR-ST-3
| RECORD NO. | POSITION T '
.+ 0OR "OR OPERATION LOCATION
VALVE NO. | .SET POINT ‘
1.8 STEAM SUPPLY TO BRINE HEATER "START"
‘Reconfirm followings before starting
steam supply to brine heater.
FRC-301 '_& T/hr . Recirculating brine flow recorder. cp
FRC-201 3.62 T/hr Hake'uﬁ seawater flow controller, Cp
PR-506- ~600 mmHg " Pressure géuge for last stége. cP
o =600 muHg or higher vacuum.
SV—SlO_ " OPEN 1solation valve for drain_trap downstream F
the XV-602,
-8V-611 .CLOSE '_Bypass.valve for drain trap downstream F
TRCA-303 HAND Controller for brine heater outlet cp
. _20% OPEN brine temperature control valve (XV-602).
PIC-606 AUTO Heating steam pressure controller sldwly cP
: . SET open by HAND mode until the pressure rises
2.0 kg/em26 | to 2.0 kg/cm?G, then put in AUTO mode.
iIC—GOl |  CHECK Coﬂtroller for brine heater condensate F
: - level control valve (XV-604).
'OPEN Condensate duﬁp valve, F
" TRCA-303 HAND Controller for brine heater outlet brine ‘CP
. ' temperature control valve (XV-602),
Gradually open to Obtain the condensate
flow of 300nyg/hr,
FR-601 300 kg/h ‘Flow recorder for condensate. CP
BA~408 . OPEN Tsolation valves for strainer or desuper- F
BA-409 OPEN neater cooling water line. '

21
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OPERATION SHEET FOR :

- The positions of_feedj(return)fvelve and

‘dumprvalve will.change automaficaily .

when the conductzvrty becomes acceptable

range.

STEP NO, o e 'PAGE :
: ' ; ' RS D 13
BR START-UP PROCEDURE OF ONE DESALINATION PLANT — 1 .
BR e s : REFERENCE SHEET.
o o . BR-ST-3
-RECﬁRD NO. POSITION ' B i} :
I or COR | OPERATION ;Lochxon
VALVE NO. .SET POINT - - R
1.8-2 | CONDENSATE RETURN TO FLASH TANK
| The condensate teﬂds to be contamlnated '
because of the rust and d1rt in the line
When it is started. o T
'Then, once the line is flashed out by
" the steam and the condensate, -the con~-
duct1v1ty of the condensate.start-ro-
- fall-and the indication'appears-on the
condensate conduct1v1ty recorder CRA-
601. a i
‘CRA-601 . less Condensate conduct1v1ty recorder. cp
: - 1100 apr /em confirm indication appears and is steadlly s
falllng down. : : : : i
. 8v-609 - OPEN 'Coedensate return VaIVe:to flash tank. F.

-
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. STEP NO.

" OPERATION SHEET FOR :

PAGE :

'6.58 T/ht  3.62 T/hr

BR . EEéEE:HE_EEEEEEEEEQPF ONE DESALINATION PLANT REFERENCE SHEET :
- 1 . | BR-ST~4
"RECORD NO. | POSITION ' ' T
. OR .} -or OPERATION LOCATION
'VALVE NO. | SET POINT
1.9 INCREASE HEATING STEAM FLOW
RECIRCULATING BRINE FLOW
MAKE UP SEAWATER FLOW
- After introducing the.heating_steam to
brine heater, recifcﬁiating brine start -
to rise its temperature.
It then requires the adjﬁstments of pro-
“cess flows, ' ' |
' FoIlovings are typical process flow
aﬂjustmenta baéed on the tgp brine
:te-pgrétﬁré’,'ﬁhich shall generally be
observed during s;art.up procedure,
Top Brine - Recirculating Make up sea Condensate :
Temperature Brine flow Water flow (steam) Flow "
35 oC 4 T/ar  3.62 T/hr 300 kg/hr
50 °C 4.5 T/hr 3,62 T/hr 300 kg/hr
" 60 °C 4.8 T/hr 3.62 T/hr 300 kg/hr
80 °C 5 T/hr ' 3.62 T/br 300 kg/hr
100 oC 5.57T/hr © 3,62 T/hr 300 kg/hr
110 °¢ | 6 T/hr 3.62 T/hr 330 kg/hr
120 °C - 333 kg/hr

23
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STEP NO.

-~ BR'

- POSITION

OPERATION. SHEET FOR : bt '“’f‘iPAGE""

. : 1-15
: ~UP. PROCEDURE OF ONE- DESALINAIION PLANT —
23252:::.2%9___ REFERENCE SHEET :
| BR-ST-4

COR. OR OPERATION LQCATIQN _
VALVE NO. .SET POINT R
‘1.10 DISTILLATE PUMP "START"
Duriﬁg_;hé ﬁaﬁﬁiﬁg;ué:pf hecxrcnlatlng
brine;'flésh'évapbfétidn starts and thus
_*the d1st1113te _starts to agcumulate in
_the flaah ‘tank, : '_
Also condensate is 1ntroduced to the
_ tank S :
“DLatlllate pump shall be started vhen
_';hg distillate level :;sga;to;ao z.
LIC-401 CHECK _ KController for d1st111&te level control F
a valve (XV-401). '
80%  Conf1:m the level riéésltozéo;z.
BA~401 " OPEN Suction valve'pf distillate puﬁp,' F
OPEN Suction vent valvé;;-:“ F
OPEN Discharge vent valve. . F
OPEN Sealing water isolationavélée. ' F
" OPEN. " Isolation valves for aealxng water F
stra1ner.
START - | Swtich for distiilate pﬁmp. Ccp
BA-403 OPEN 'Dlschsrge valve of dxstxllate ‘pump, - F
Open slowly. . -
CLOSE Discharge vent valve. F
LIC-401 CHECK Auto at 60 T level, F

24
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OPERATION. SHEET FOR :

. STEP NO. : | PAGE :
1 Br " | START-UP PROCEDURE OF ONE DESALINATION PLANT __1-16
: o ) Pttt _ _ : S REFERENCE SHEET :

' BR-ST-4
‘RECORD NO. ‘| POSITION :
. OR ... "OR - OPERATION LOCATION
VALVE NO. - | .SET POINT

,1.10-a | PRODUCT WATER FEED TO WATER TANK
The product water may not be #ery'pure
| during start up, but it will soon become
- pure. when the evaporation condition is
;stabllxzed
" CRA-401 less - Distillate condﬁct1v1ty recorder. : cp
100 v /em | confirm indication ~appears and is steadily
c ' fallxng down.
Xv-402 - AUTO Three way valvé; cP

The positions of feed line and dump line
will change automatically when the con-

ductivity becomes acceptable range,

25
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RECIRCULATING BRINE FLOW

MAKE UP. SEAWATER FLOW ©

.The-process flows shall be;furﬁher

increased toward the-reted'loed condi-

tions,

:The adgustments “of var10uS flow retes -

relatxng to the top br;ne tempereture
shall be referred to s:ep 1 9 in th;s

procedure.

STEP NO. OPERATION SHEET FOR ) ;_'%fif"*;* PAGE B
: 1-17
. START- PROCEDURE OF ONE DESALINAIION PLANT |

BR ______EEL REFERENCE_SHEET-:

' _ : . BR=§T-5
RECORD NO. | POSITION o . 2 DR
UOR G| oR OPERATION ] Locarion
VALVE NO. | .SET POINT ' L

L1 | INCREASE naar:uc STEAM FLOW |

26
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| STEP No. | OPERATION SHEET FOR : | | PagE
' : } : 1-18
-UP P OF ONE DESALINATION PLANT
BR . |SIART-UP PROCEDURE — * | REFERENCE SHEET :
. ' BR-8T-5
RECORD NO.- | POSITION o '
-OR. . OR. . L OPERATION LOCATION
VALVE NO. | SET POINT - :
1,12 FINAL ADJUSTMENT TO RATED CONDITION
When ;ﬁe:rated production is achieved,
- check whether process conditions are steady
-and nearly equal to those shown on the
heat and mass balance diagram,.
Put the_controlle;s in AUTO mode,
FR~401  |1,100 kg/hr By Product water flow recordeg,check the flow "~ CP
. rate is 1,100 kg/hr and constant. :
"LIC-401 | - AvTo E;;Distillatelevel controller, check the 1 F
© .} BSET 501 tevel is constant, then gradually lower
the set point to 50 % (normal level).
FRC-201 AUTO By Make up seawater flow controller, check the CP
: SET -~ | flow rate is 3,620 kg/hr. '
- B,620 kg/hr - | Put the controller. into AUTO mode.
- TRC-102 - - AUTO | Controller for rejection cooling seawater - cp
" 1 SET 40 °C outlet - temperature (XV-101).
FR~101 | 18.4 T/hr Rejectién cooling seawater flow recorder. cp
BA-102 ADJUST Vent and ejector condensers cooling water F
' : valve. Adjust the opening of the valve to
obtain the flow rate about 5 T/hr.
FI-102 l 5 T/hr Ejector condensers cooling water flow F
' ‘ . indicator.
" FRC-_BOl_ - 16.58 T/hr by Recirculating brine flow c:unl:rr.:ller:J check CP
: : the flow rate is 6.58 T/hr.
- LICA-507 AUTO Last stage brine level controller. cp
B SET 50% Check the level is kept constant,
' Then gradually lower the set point to 50 Z .
(normal level).

27
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STEP NO. ovzmxow SHEET FOR : = - =+ e pAGE
. -1 19
_ o START~UP PROCEDURE OF ONE DESALINATION PLANT -
BR | REFERENCESHEET :
' ; | | BR-ST-5
RECORD NO. | POSITION | R
COR OR OPERATION = - LOCATION‘__
VALVE NO. | .SET POINT - el
112 | FINAL ADSUSTVENT 10 mmp?c:oﬂnnxbn (cont’H)
TRCA-BOS .- - AUTO | Brine heatar cutleat brzne :empe'ature ' cp
- SET 120 °C | controller, - : R o
: .| ‘Checkithe brine temperature is 120 °C or
a little below, Put the,concroller in
" AUTO mode. 1
TR-602 127 ¢ Heating stgam-teuperaturE'récofﬂer. .: .. CP
' Check the steam temperature is 127 ©c.
LIC-601 - AUTO Condensate level controller. : : "_ .
"SET 50% 'Check the’ level is kept conatant. :
| LICA-202 AUTO _Deaerator level controller. oo b ce
: SET - Check the level is kept constant.,
LIC~201 * AUTO Decarbonator level controller. o : | 1‘F-3..
"SET 50 % '

Check the level is kept constant.
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1.3 SUPPLEMENTAL OPERATION -

" Ball Cleaning System

29
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- STEP NO.

'OPERATION SHEET FOR :

'PAGE :

BR START-UP PROCEDURE OF ONE DESALINATION PLANT - | 1220
= | REFERENCE SHEET :
RECORD ‘NO.- POSITION o SR o =
' OR . “OR - OPERATION LOCATION
VALVE NO. . | .SET POINT : S o
- BALL CLEANING SYSTEM
Ball cleaning system shall be .operated
when the desalination plant is operated
‘steadily. '
A, FILLING WATER TO THE LINE
BA-314 OPEN Drain valve at brine inlet line.
OPEN Ball injection valve at_rgcéverj inlet,
. BA~308 - "OPEN ﬁall.éollécto:“outlet valve;. F_'
-BA-309 - OPEN Ball collector inlet valve. F
OPEN/CLOSE | Ball collector vent valve. F |
© ON-LINE 3 way valve at ball collector outlet, F
 CLOSE Brine inlet and outlet ﬁalves. - F
BA-306 OPEN Ball collection valve at the ball F
BA-307 strainer.
" Slowly open the valve.
GvV-312 OPEN Hot brine return valve. F
OPEN/CLOSE Ball collector vent valve. o F
" Carefully open the vent valve to expel the
air in the pipe between the ball strainer
and the ball collector, then close. '
CAUTION . _
As hot brine may come out at- the
collector vent outlet pipe, venting
operation shall be done very carefully,
Do not touch nor., stand at the vent
pipe outlet, : : o
BA-306 CLOSE Ball collector valve at the ball
BA-307 : collector, :

30
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OPERATION SHEET FOR : - PACE :

OPEN

STEP NO. | | |
BR START~UP PROCEDURE OF ONE DESALINATION PLANT 1-21
‘REFERENCE SHEET ;
RECORD NO POSITION
= OR . " OR - - OPERATION LOCATION
VALVE NO., SET POINT
B. CLEANING OPERATION
CATCH Ball strainer positon. - 3
OPEN Ball collector vent valve. F
OPEN Ball ecollector lid,; F
Open the collector 1lid. Put the sponge
balls in the collector-basket. Squeeze
the balls in the water to expel the air,
Check that the all balls are sunk in the
water, . - -
CLOSE Ball collector 1id. F
Confirm that the all clips of the lid
are fastened tightly,
BA-313 OPEN Ball collector inlet line valve. F
BA-309 Open a2 little to fulfil the water in the
collector.
(The collector vent valve is left opened.)
CLOSE Ball collector vent valve.
OPEN Ball collector inlet valve. F
' ‘ Open fully,
OPEN "Ball collector outlet valve. F
BA-308 "CLOSE Brine inlet and outlet valves.
Ball collector valves. F

_Repeat above cycle if necessary.
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1.4  SHUTDOWN PROCEDURE

32
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SHUTDOWN ~ OPERATION STEP FLOW CHART

(Appendix §5.3. 1)

|STEP NO. |

BR

| stsTe

HeE

BRINE RECIRCULATION SYSTEM

. SHEET NO.:

BR-SH-1

PROCEDURE NO,

2.1

2.2

2.3

2.4

PREPARATION FOR -
SHUTDOWN

HEATING STEAM FLOW
"DECREASE"

FIRST STAGE
BRINE LEVEL
"HIGR"

YES

RECIRCULATION BRINE FLOW
" - "DECREASE" :

HEATIRG STEAM FLOW
n STOP-" ) -
CONDENSATE RETURN VALVE
. " CLOSE"

33
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: | - - SHUTDOWN . OPERATION STER rLow caagr ,7
 STE? NO. SYs:zx nauz B . | SEEEI NO--_
o BR- - BRINE RECIRCULATION SYSTEM - | BR-SH-3

2.6

2.7

2.8

2.9

PROCEDURE NO,

| RECIRCULATING BRINE FLOW
I ' MAKE UP SEAWATER FLOW

UDECREASE"

BISTILLATE

DISTILLATE PUMP
-~ ngmop

EVAPORATOR
"COOL DOWN™.

R
B

INE HEATER OUTLE
RINE TEMPERATURE .
L) 50 oc"

MAKE UP TREATMENT -

"STOP"

BRINE RECIRCULATION FLOW

IISTOP" )

- 34

DISTILLATE
.ll U}IP" .

CONDUCTIVITY
"NOT ACCEPTABLE
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R | SHUTDOWN ~ OPERATION STEP FLOW CHART
SIE® BO. | SYSTRM NAME : = B .| SHEET WO.:
BR | . BRINE RECIRCULATION SYSTEM . BR-SH-3

i

-

PROCEDURE NO.

MAKE UP SEAWATER FLOW
"STOP"
MAKE UP PUMP
~ BRINE RECIRCULATION PUMP
E nemopn O FOE

2.10

18T AND:2ND EJECTOR

2.11 "STOPH .

- PRESERVATION

212 | SEAWATER SUPPLY
M "STOP"

ISOLATION

2.13 DRAINAGE

PRESERVATON

SHUTDOWN

" NOTE

For preservation method and
procedure, see SECTION 3 MAINTENANCE
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| STEP NO. | OPERATION SHEET FoR s . . . . - [FPAGE

- BR

L 2
- NORMAL SHUTDOWN * -~ | REFERENCE SHEET ;
' : ' BR-SH-1'

2.1 PREPARATION FOR SHUTDOWN

Followings . shall be confirmed before starting. any - action for _
' S ' _ o : S : S &
shutdown. : ' ' SR _ . - o : @

a. Operation staffs :

Shift charge engineef,'bperéth_andiﬁité'bﬁefating staffs are
in their positions. . : '

b. Notification to other systems

Inform followinga'toithe.relatingisysﬁem.contfol rooms,

(1) Boiler steam supply tb'desalinatioh unit is to shut off.

@) Seawater supply to desalination unit is to shut off,
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~ OPERATION SHEET FOR :

temperature control Valve (XV-602).
Reduce opening by 10 X every 6 minutes,

STEP NO. -
Bﬁ P NORMAL SHUTDOWN - REFERENCE SHEET :
' _ . BR-SH-1
RECORD NG. | POSITION .
- .OR - : OR OPERATION LOCATION |
VALVE NO. | SET.POINT ' g
2.1 | -PREPARATION. FOR SHUTDOWN -
. Following..controller shall be changed
thih‘operatinn.mode from "AUTO" to
"MANUAL", '
FRC-201 HAND Controller for make up seawater flow CP
control valve (Xv-201).
TRCA~303 -HAND}A antrcllér”for:tedifcula;igg brine CcP
C ' temperature control valve (XV—602).
FRC-SOI HAND Controller for reclrculatlng brine flow cP
' conCrol valve (XV-301).
TRC-102 " HAND Controller for rejection cooling seawater - CP
: temperature control valve (XV-101).
2.2 HEATING STEAM FLOW "DECREASE"
TRCAf303f HAND Controller for brine heater outlet brine CcP

37
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- PAGE 1"
- _ | 2-3
NORMAL SHUTDOWN =~ - . | REFERENCE SHEET 3
PR ‘BR~SH-1

STEP NO, opznszou SHEET FOR :

RECORD NO. /| - POSITION | I e o .
SOR .| OR 77" OPERATION . : - 1| LOCATION
VALVE NO." | SET POINT ' : e R IR

2.3 | RECIRCULATING BRINE FLOW "DECREASE"

" lst“st§§e'bfinewléﬁel'fisej_aé the top
| brine temperature falls,
Recirculating. brine flbi'éﬁall be
réduced not to rlse the level excea-'

slvely.

FRC-301 : . BAHD:‘ _ _Controller for recxrculat;on brine. £low '_*.5 cp
! -~ | .control valve. (XV~301). : -

Reduce the flow rate. when first stage 1 F
,br1ne level hlgh. : ' : o

NOTE

iét"stagé brine Ievél.éh;il'chrefuily'be_ J
watched.during tﬁe ghufdown. 1 |
Good contrdlling by the reciréulating
brine flow keeps pure product water

until the evaporatzon ceases completely;
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SVf609

CLOSE

Condensate return valve.

STEP NO. | OPERATION SHEET FOR : | | PAGE ¢
BR‘:' NORMAL SHUTDOWN BEFERENCE SHEET :
BT _ BR-SH-1
RECORD NO. | POSITION _"_1 |
- OR' . OR OPERATION LOCATION
VALVE NO. .| SET POINT
2.4 | HEATING STEAM FLOW "sTOP"
.| CONDENSATE RETURN VALVE "CLOSE"
When the brine heater outlet brine
' Eempfhﬁufe éontroi valve (XV-602) comes
'tozéidse position. by manual step—by-step
'”opération,ﬁthe'dohtroller for heating
steam pressure control valye (XV—-601)
shall also put in HAND mode and close
valve fully., = )
Then, at plant site, close the upstream
. isolation valve for XV-601.
~ TRCA-303 " HAND Controller for XV-602. CP
CLOSE S _
PIC-606 . HAND Controller for XV-601. CP
: CLOSE
SV-608 CLOSE Isolation valve for XV-601. F
When the coudensate flow becomes zero, F
close condensate level control valve XV-
604 and close the condensate return
valve.
FR-601 0 m3/hr ‘Condensate . flow recorder. ce
LIC4601f_ HAND Controller for cordensate level control F
CLOSE valve (XV-604).
Put the controller in HAND mode, lower
level below 50 % if necessary, and close
fully.
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-| PAGE '3

j h;gh.‘

flow reduces.

- MAKE UP ‘SEAWATER. FLow "DECREASE"'

' Rec1rcu1at1ng brlne flow shall further
- be reduced as the top br1ne temperature

falls to nake the br1ne level not too

'Also the make up seawater flow shall be

‘e'redueed rOughly step—byﬂstep as. product L

STEP NO. :'OPERAIION SHEET FOR Y
s _NORMAL snurnown REFERENCE SHEET :
R B 1 w2 |
RECORD NO. | POSITION - _ | T T
OR Ul OoR OPERATION .| LocarzoN
VALVE NO. SET POINT - ' L
2.5 RECIRCULATING BRINE FLOW “DECREASE"',

40

-



™3

(Appendix 5.3.1)

' STEP NO. |  OPERATION SHEET FOR : o | BAcE: v
B NORMAL SHUTDOWN = REFERENCE SHEET :
e ) S BR~-SH-2
RECORD NO, POSITION
- OR R OR OPERATION LOCATION
VALVE NO. SET POINT :
2.6 DISTILLATE PUMP_"STOP" -
FR-401 0 =3/hr | Distillate flow recorder. ce
LICA-507: “HAND © "-| - Controller for d1st11alte level control CP
o 'CLOSE - | . valve (XV-601).
'.Put the controller in HAND mode, lower fhe
':)Ievel if necesaary, and close fully.
BA-403 " CLOSE - Distillate pump discharge valve. F
- STOP” ’Sﬁitchsfor-distilla;e pump. CP
CLOSE Isolation valve for service water to F

distillate pump,

NCTE

During shutdown, the conductivity of
distillate may exceed acceptable level
because of unastable brine level,

The stream of distillate will be auto-

matically changed to dump line when the’

conductivity rises to unacceptable

level,
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STEP NoO.

BR )

OPERATION SHEET FOR :

PAGE

-7 -

NORMAL SHUTDOWN = = .

REFERENCE SHEET :
'BR-SH-2 -

OR .
VALVE RO.

RECORD NO,

- POSTITION

OR

SET POINT

OPERATION

S e 8

‘LocatIon |

. 2.7

| coOLING DOWN OF EVAPORATOR

Aftéi:stopping'&istilln;é bump, g

: _recircpla:ing.briné;apd;make;up Sea!gter

shall be continued until the highest
system temperature presented by brine

heater gutlet_tempergturngﬁlls'50 oC or !

below.

| Keep the following flow rate as minimum,

Recirculating briné- - 4 t/ne
Make up seawter ' f 3.62 T/hr
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 STEP No. OPERATION SHEET FOR PAGE
, o : 2-8
BR S NORMAT, SHUTDOWN. REFERENCE _SHEET 3
SR I ' BR-SH-2
| — : = — —
RECORD NO. : POSITION
1 OR - OR OPERATION LOCATION
VALVE ‘_NO. SET POINT '
2.8 - MAKE UP TREATMENT "'STOP"
Siop injectipq:of'chémi¢als ﬁheq_ the
top brine temperature falls to 50 °C,
STOP - Switch forQﬁntiragale injection pump. CP
STOP Switch for antifoam injectioﬁ pump. . LCP
STOP Switch for sodium sulphite injection pump.. Lcp:
:CLQSE Ahti'fqém iujectioﬁ”isolation valve, F
CLOSE ‘Sodium sulphite injection isolation valve. F
" CLOSE Anti scale injection pump discharge vélveg F
CLOSE Anti foam injection pump discharge valve. F -
CLOSE F

fgg&gg4§?1ph1Fe 1n3e°t1°ﬂ pump discharge

In case of acid control, the word "Anti

scale" should be read as "Acid".
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STEP ¥O. . '“.O?EkAIION SHEET FOR i :PAGE.:' 2p
_— © _NORMAL SHUTDOWN ~ . REFERENCE. SHEET &
RECORD NO. - POSTTION L _ oo _,f;_! ; ;'”- B
“OR | OR OPERATION . ' .'| LOCATION -
VALVE NO. | SET POINT ' : e e
2.9 BRINE*REEIRCULAT‘IDN FLOW" "STOP".
FRC?BOI | HAND - _ Controller for rec1rcu1a;1ng brine flow = cp
| 10 X OPEN control valve (XV-301). S
- -Rgduce Qpen;ng_to.lo 1.
BA-304 CLOSE | On lime valve. -~ . | . g
2,10 -HAKE UP SEAWAIER FLOW "STOP"
7| MAKE UP PUMP, ERINE chmucm'nou PUMP
1. "STOP" )
FRC-201 - HAND | Controller for make up flow control valve. 1 cp
CLOSE (XV-ZOI)
LICA-202 HAND Controller for deaerator level control S e
cLOSE valve (XV-203). : :
BA-209 CLOSE D1scharge valve of maké-uﬁ pump., ' : F
STOP _Sﬁitch for makg_up.pump- : . _ -1 cp
LICA-507 - AUTO Controller for Iast atage brxne level = Cp
SET 20% control valve {XV-302). : :
Gradually lower the set point to 20'1,
thea put the ;ontrollef in HAND mode and
close fully,
BA-303 CLOSE Discharge valve of the brlne recxrculatlon; O F
putp .
STOP Switch for brine -recirculation pump, .1  CP
CLOSE Isolation valve of pump sealing water, - F

|
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CLOSE

 NOTE

‘When the draining is required for main- .

tenance .work, open vent and drain valves

of the required part of the equipment

and pipes.

During maintenance work, the unit shall

_also electrically be isolated,

_Ask electrical staffs before starting

the works,
Proper preservation method is required

after the piant'is shutdown,

Details shall be referred to Section 3; a
‘MAINTENANCE MANUAL. '

STEP NO. OPERATION SHEBT FOR : PAGE : 1o
. BR NORMAL, SHUTDOWN REFTERENCE SHEET ;
BR BR-SH-3
RECORD NO. - POSITION : .
OR ' OR OPERATION LOCATION
| VALVE NO. SET POINT
2,11 1ST AND 2ND STAGE EJECTOR "STOP"
SV-603 ' CLOSEE' "Steéam valve of ejector, F
CLOSE . Switch for ejector steam shut-off valve cp
: (Xv-605).
2:12. | SEAWATER SUPPLY "STOP"
BV-101 CLOSE | Seawater supply valve.
2,13 ISOLATION AND DRAINAGE
SV-603 ' CLOSE " Steam isolation valve. F
SV-608
Service water'isolation_valve. F
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SECTION 2~ -
OPERATION MANUAL
'CHAPTER 2

" ROUTINE CHECK LIST

INTRODUCTION__

Good maintenance of the ‘Desalination Plant ‘will .result in

longer plant life and more -economic product1on of hlgh purity

water._.' g

Therefore, evaporator and auxiliary equipment, all instruments

-and controls and all rotary equipment such as. pumps and motors

shall be well maintained.

In this section, the rodtiﬁo andjdpeoifio'check worko which are

required during normal operation are given,

Daxly patrol shall be made to see the general cond1tzon of the
equlpment.

Any unusual observations' shhll be reoorded and necessary
countermeasure shall be taken 1mmedlate1y, or depend1ng on the
cases shall be scheduled for the next shut down.

Daily patrol shall includes followlng checks i -
(1) Check operating condition of rotating machines such as
pump, motor, mixer for noise and vibration. '

(2) Check pumpe for proper effluent from'gland,'Iubricating'oil

level and temperature of the bearlnga.

(3) Check for locsen nonnectxons,_ leaks at pipe joints,

instrument connections etc.

(4) Check valves for 1eakage;

{5) Check and clean glass gauges and 1nd1cator for 1eg1b111ty,-'

looseness and cracks.

(6) Check structural membersh_and _erpose&_'metal' parts_:for

damage.

(7) Check electrical cables and instrument leads for fraying,

worn or damage.

16
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ROUTINE CHECK SCHEDULE

These'tabies summarized in this section are general guidance
for periodical inspection which are required for stable and

safe operatzon of the plant equlpment.
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ER S IR

EMERGENCY OPERATION

INTRODUCTION '

It should be understood that“ thg_ steady operatlon of .
.désalinatiqn plant is entzrely dependent upon the heat _and

mass, oOr temperature  and. pressure balance ‘of the  whole

desalination process. And this is fully supported by the good
functions of the equipment and control system,

Therefore sudden trip of any major stream or equ1pment will

greatly affect the balance in the process and eveutually,_the_'

desalination plant may not continue its opgrntlpn.

.Emergency operation is in every case the essence and quick form

of normal shut down procedure, with the exception of the steps

on which the failure or trip occurs,

In principle, the operator shall reduce or stbp steam supply to

brine heater as a primitive action to avoid over shooting of

the top brine temperature. Thereafter take necessary and quick -

actions for shut down in accordance with the normal shut down

procedure.

It may be a¥are from the above explanation that the operatofs

should fully study and understand the procedure of normal shut

down,

CAUTION

1. When the steam supply is stopped by ciosiug the control

valve, followed by or after ceasing the recirculsting brine
i

flow, the isolation valve shall also be closed as the

¢ontrol valve may have some leak.

2. 1f water hammering occurs in the evaporator'during and/or
after any case of emergency operation, open air vent valves
on water boxes of evaporator and brlne heater to break

uneven pressure locally appeared in the system.
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1.5 EMERGENCY OPERATION PROCEDURE
1.5.2 Power Supply Failure

Destination : Treatment after abnormal shut down.

All pumps stop.

Heating steam pressure control valve closes,
Ejector steam shut off valve closes.

Vacuum in evaporator breaks.

(1) Put all controllers on the panel in manual
mode and close them all.
(When the control power and the instrument
air remain alive.)

(2-1) Close all pump discharge valves.
(2-2) Close isolation valve on boiler steam line.
(2-3) Close isolation valves on seawater lines,

(2-4) Put all other valves in the position of

normal éhut down.

‘ - - (3 Wait for recovery of power supply.
(4)  Cool down the evaporator.,
(5) Re-start or shut down.
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1.5  EMERGENGY OPERATION PROCEDURE

1.5.3 Seawater Supply Failure

Destination

- (1-1}).

(1-2).

(1-3)

(2)
(3-1)

(3-2)

(4-1)

(4-2)

t Quick shut down,

Ejector steam shut off valve closes.

‘Close brine temperature control valwe,

Close heatxng steam pressure control

-valve.-~

Close maké_up flow control valve.

Close brine level control valve to keep

~brine level in the Iast stage._

Reduce recirculating brine flow.
Close condensate lavel cqntrol valve,

Close distillate.level control valve and
stop distillate pump,

Close recxrculat1ng brxne flow control
valve,

Close br1ne level control valve and stop
brine recirculation pump.

50
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‘1.5 EMERGENCY OPERATION PROCEDURE

1.5.3_'Seawater Supply Failure (cont'd)

(5-1)

(5-2)

(6)

(7-1)

e (7-2)
(8)
(9)

(10)

- Close all‘puﬁp discharge valves.

Close isolation valve on boiler steam

line.

Stop anti scale chemical injection pump,
(or acid injection pump) antifoam
injection pump and sodium sulphite
injection pump.

Close isolation valves on seawater line,

. Put -all other valves in the position of

normal shut down.
Wait for recovery of seawater supply.
Cool down the evaporator,

Re~start or shut ddwn.
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1.5  EMERGENCY OPERATION PROCEDURE

1.5.4 Instrument Air Supply Failure

Destination

: Quick‘shut down without control system.

. Brine temperaturée control valve closes,

Heating steam'ﬁréssure control valve closes.

Ejector steam shut off valve closes.

(1

Stop briné'recircﬁlation pump.
Stop distillate pump.

.. Stop make up pump,

q2)

(3-1)

(3-2)

(4)

(5~1)

(5-2)

Close the make up flow control valve.
Close all pump discharge valves.
Close isolation valve on boiler's;eém line.

Stop and scale chemical injection pumﬁ,
(or acid injection pump) anti-foam injection
pump and sodium sulphite injection pump.

Close isolation valves on seawater line.

Put all other valves in the position of
normal shut dowm. ' :
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EMERGENCY OPERATION PROCEDURE

Instrument Air Supply Failure (cont'd)

.(GJ'Wait.fdr'feéovery.of instrument air supply.

-

(7) Cool down the evaﬁoratct.

{3) Re-start or shut down.
NOTE

Action of control valves on failure of instrument

supply is summarized in clause 1.6 in this chapter.

53
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EMERGENCY OPERATION PROCEDURE ... - .~

Boiler Steam'Supply.Failurer'

The”situation is cbnsidered almost the sdme as normal shut down .
except that boiler steam (for brzne heater and eJector) 1s cut
off suddenly and at once. '

Destxnat1on t. Normal shut down.

et :
'i‘l‘w!

1) . Reduce rec1rcu1at1ng brlne flov not to
rise the level in evaporator.

Follow normal shut down procedure.
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EMERGENCY OPERATION PROCEDURE

In-plant Equipment Failure

Trip of Pump

Same procedure as 1.5.4.
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CONTROL VALVE'ACTION ON AIR FAILURE .

The position of each control valve on instrument air failure

are as follows,

Definitions

Open : the valve opens when the air supply fails,

Close : the valve closes when air éuppiy fails.

valve,

58.

Xv-203

Lock = the valve keeps its opening‘when.thé air supply
' - fails, : : o
Free ¢ the valve has no determinate action nor be locked
wher the air supply fails, may open or close
slowly. 3 )
Control valve : Tag No. ' A?t1on.on
- air failure .
Heating steam pressure XV-601 " Close
control valve, - '
Brine temperature control XV-602 Close @
valve. '
Ejector steam shut off XV-GOS Close
valve.
Condensate level control Xv-604 Close
valve,
Seawater temperature Xv-101 Open
control valve, :
Make up flow control Xv-201 Close
valve, :
Recirculating brine flow XV-301 Open
control valve, _ : _ _ L
Brine level control valve xv-302 . Close ' ‘
" Distillate level control Xv-401 Close ' '
valve, ' '
Distillate conductivity XV-402 '(Open). ,. 
control valve,
(dump line)
Deaerator level control ‘Close.
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COOLING DOWN OF EVAPORATOR

When the desalination plant is stopped suddenly resulted from

‘any failure or trip, the temperature gradient through the

stages of the evaporator will soon be broken and the evaporator
is saturated with vapour and brine of high temperature.

This will make re-start of the plant difficult because the
ejector system has to evacuate enormous qﬁantity of wvapour
which generates from hot brine as the vacuum rises. '

Therefore the cooling down of the evaporator become necessary. .

Cooling down of the ev@pbrator is simply a few steps of the

normal start up procedure,

After -recovering the failure or trip, carry out the cooling

down as follows.,

(1) Start seawater supply to rejection section condenser.

(2) Start make up pump.

(3) Start make up séawaterfaupply to the brine line,

(4) Start brine recirculation pﬁmp.

(5) Circulate the brine while supplying make up and discharging

blowdown until the brine temperature measured at any point

of recirculating brine line falls below 50 °C.

NOTE

Ii the situation allows, hot brine remaining in the evaporator
may be drained through drain valves and by operating blowdown

line before starting make up seawater supply.

57



(Appendix 5.3.1).

58

_hﬁmwn .“‘.uunmmmuo_w:omuwucﬁou eoum.uwuxuOﬁ_wowm#uuao 1 uawnucpmu 20323l
£y1Rq ..u@ﬁmn u@.wﬂOmuuuunoo mo1y aBeyqesy Jo03 Wy 7
- T2497 23¥5UBPUCD 293wy Butag (¥ L1req *119M304 3Yy3 UY [IAI] IIEBUIPUOD HI3YH °[ - X3]BR[ QUTAH
+gad1d 3o SUOTIOAUUOD W0l SBENES] 203 YooUD *4
C(moTy: “§39¥10 pus ssauasop ¢ AITTTIqISe[
Ei.om_u_. (maeyy). I0J 8103WOTpUT puw ¢38ned 3dadsuy ‘¢
Ho¢wﬂ suiiq 98¥3s 38T (q . ‘ .
T - _ o .owwuo.nouo UT [IAa] SUTIq JI¥Y)H °¢
T2A37 IIFTITISTP YUEY YsBL (¥ " A11EQ *28918 yYOB® UT YSPIISA SIVYTIIBIP AO9YD *I iojwiodeAry
CLHTOd d1UTx ~ b aoNanbavd ﬂ
JHIOd HUV'IVe - SRUVNEY - s . HILI NOLLOHJSHI 123490 NOILDIdSHI
o NOITOAdSNI : .

SUANLO% - - INTOd XASx

i

10 _
UV

et

_ :1:8
't UNVN WILSAS "ON WALSZS

LSTIT "HO3HD ANLLROY




(Appendix 5.3.1)

A1TRQ . *suot3dauucd adrd woiy aBeyes| &owzo !

L118Q - *(pury 4q) sxnyeaadway Buraeaq No°yp 9
A1¥eq *(pupy £q) WOTIEIQTA ADBYD
wﬁmwn - . *asTou }ooyj .+
A1yeq | "puBy8 moxy mnonﬁmwo xmuno..m
“Lyreg ] | . *aanesaad Lisatyep Woayy °Z

.tunoaoﬁ uaym dn &oa.

£11RqQ - *12a91 110 FUIIEOTAQN] HIBYH ‘[ dmng JEIUOZTIIOH

' L11eq ruorjoauuod adrd woay afeyway 103 YO3YD I A0322TT0D Hamm
L1tRqQ’ *doap singsaxad 103 yoayy *T . |  iduUIRIIS T(BG

wa3843

Jutueald (124

ANIOd 4Tl : -1 xoNanbadd B : . - . .

IHTIOd WUVIVe SHUVHIY . WILI NOILOJA4SHI . LJACH0 NOILDA4SKI

SUANLOx  INIOL LAS* , NOLLOAdSNI | , uap o | .
4 B | _ . S ud . © 3STT “NOEHD ANLINOY
:ougvd | S ¢ VN NILSAS ‘ON WILSAS

o -

59




» S e e

(Appendix 5.3.1)"

hﬁwua - o . .0uuwﬂ©>.v=n UIIAND }IBYY *G

Arreq _ (pupy £q) UOTIRIGIA ADRD ‘¥

J .AvWManmu 51 uomurwWhnna wwo.vhmnlv .
L1180 - - Sursnoy Burasaq JO [3AR] IO WoUD ‘E
.ﬁvouoonosn.um £311RWIACUgE

o usys io3owomisyl Lq puw 10 ‘puey £q)
Fedilig ] ~ @anjexzdway smeiz puw Juraweq ydayy °Z

-pajoadsns s1 A3r(PmIOnqE

JSIT “N03Ho INILNOYU

L11eQ usys 3138 Bul[993 SBIOU ISR _DSTOU YIBYD ']
. . 81030 UMHHU@HW
LHION JdXHTe | XoNanbuua : .
- LHIOL WEVIVy  SHIVREY | y WALI NOILDAJISHI 193r90 NOILOZJSKI
SUANLOs  INTOA 1Sy NOLLJAdSNI . .
10 - . - _ e

¢ odnvd "t ZHVYN WALSAS *ON HIRLSAS

T




(Appendix 5.3.1)

A11eq *(pusy 4q) UOTIBAGTA Y2AYD ‘T - EC TR
411RG *a8eyeay 103 Ydayp °[ __”xcwa 
3038313V vnw.xﬂwh
L118q *zoureals 1a3je sanssad yoeyy *f
. - . hoﬁmwnuw
A110qQ rﬂOmuumcnoo 0mmm.soum.wwwxnvw yoaysy g .
£118@ ‘uoTIRIGIA A29UY °Z
41rea | resfou oY) T R
L ,.@mmﬂm.
=0muwuﬁ=H.~mumEm£o
~ LHIOd dIYILe . - | . xoNanbayd S _ o B SO AR R O
CIMIOd RV'IVe - SAUVNEY . WAL ROLLDFJSKI  lo010. NOLLOZAS KL

SUANLOx INTIO TASw

i _—

§10

: FIvd

.

-

CULSTT CNOAND ANLINOYW

Py

HHVN NAJLSAS "ON HILSAS

o

61



_(Appe_nﬁd ix 5,38,1)

#1]

. pseds dend .“.o.m._..S -nob:w_..
] N ‘Poeds dund 13efE[ Wnjpos
[ pands dund - idafu) play
B paads dend -108f0] BIvIS ﬁ.u_:_ \
: e 09 - Hl “d¥e} TYeNF Ieltay.8TYig
o3 Z0% - BL “dmeY JUTIq 1e(u] Jeiraq sUlig
2 0t - H1 @@l SHfIq CII[oRp
o3 102 ~ €1 (d01BIaB3Q) -dwal dn oyeyt
- 2 T0T =81 ) v dBal JBlEARaS
IR 509 - [d | "sS3Jd Weals ATdang
= 10§ =:311 [@ART BUjIQ BIELS 15%
T - A1 JaABT JOVBIDRIQ
Y W L T0% - 0t A0} U{aq 51993
% 208 - 13 " "3981U] 81835 JiVE I0] 1013000 ofiEy |
% ToT = 13 *108lUT PIDE 10] TOIIGOD -OYIEY”
17 A g® 162 - 213 AOT7 dn 3NER
L] g | 908 - 0Id . _*ssaId ‘WEals FTiTay
o § EDE - 311 rdEat auisq dop
o2 0T - 31 "dE3} 100 "10@[3J JIIBAERS
iy s ¢ 108 - B4 AQT] BR[Jq -33(aay
19 /¢ 107 - B3 . AGT} dn ayER
14 7 g0 10T ~ B4 ADT] "109l8J 0} IBIEKEAS
w/ e 0% - B2 AITAIIDNPUDD TINDAI4:
W, ar Tos - 42 £11ATIONPUCD @TZSUAPUOY
qdd 08 - 400 200 22114
qdd 82 ~ HOG 200 dn 9yER |
Tog -~ 3Hd Hd 9ulIq dI103%
T0Z - HHd Hd Mo JOIEDOGIEIA]
AR 908 - 5d BnoeA ajels 1Sy
a g08 - 41 ‘dmal eurdq dol
a 07 ~ U1 Cd$31 1IN0 103[91 1BITATAS
e . m T L IFUnN TON BEL m & 131 I
*ieg ON 3Tuq. ~Io5 P

LI F3HS D

62



(Appendix 5.3.1)

ASH == ToF - |4 “ssard yORY yseld
T0¥ - 217 [2A3] XOBl yseI]
102 - 217 19a8] JO1BUOGIEDE(
2 €T - 11 ‘dsal ‘ATS 191100 573
) L] 20T~ 1d ssald -4°S IO[MT 3/
DR /2N 08 - 4 *§58l1d EEBLS I01daly
o} Wi - 11 19U} ¢ 1S dEa) I8iEABAS
2 0T ~ 11 8/ IS dsal Jalearas
g 20T - 1L @100 ¢ 1§ deal Isieawag
3 ¥08 - Il 1atuy ¥ IS desj suldq “oJIjdey
aQ 1L §/t 1S deay aulaq ‘5I1oay
o R §08 - 11 £/2 1§ dEal auliQ "DIf03F"
2 0% - il /T 1§ dEa) Builq T3a103g
L Sl | 1we - 1d° . -$58J4718 1ST
o 308 - 11 . "1S 1SE]. -dE3} Inodey
o} §06 - 11 35.18f -dual Inode)
o8 ros - 11 15 15§ "dE8Y Inogey
o 8 g0 - 11 *18-1Sp 'dEal 2nodE)
a 708 -1l -35 157 "dEa) Inodey
a 08 ~ 11 . 18 38T, dxay 1nodEy
DY /3R . E0s - 1d *g59.4d 2UTIq 1B[U] 181TAY ALTIg
. ol Bos -1l “dEe) SU[IQ IB[R} 181T3Y ACTig
i et g0g - id "s591d SUTIQ 1[N0 I91eAG FATLg
- o8 608 - 11 "dEgl BUTJQ 30T3IN0 I31BYY Iujlg
] ] 100 - 2T _[@AR] 91TSUAPUGD I31BOY BUTIG
Bl o | £09 - (4. ssazd [8ys Jalvsy auvrig
s 108 - 1L ‘dEey BESIS JUTIEAK
o m H..H.. 3TUn | "ON B®BL @ e 3T
rira N MTER TrZ> T mamEs SDo1

L.

63



(Appendix 5.3.1)

106 - I 1881 YUEL II0°
- ok - 11 [ 1eAR] YuEY JaYE)
) 100 - d “Ssad’ Juel JIY.
. LY o | ‘so2- 14 -g5eld ‘YIs|p dEnd BUIUERId PIOY
- 508 -~ |1 12491 jUEL BUIUESTD PIOY
oF /3 208 -~ 14 ssazd “qosIp dsnd pIay |
A 208~ (4 MO1) PIOY
) T6T - | ‘o431 ol pLoy
g /Xy 0y - 14 “ssexd ‘uIs[p dend Enjpos
1M1 £08 - 14 AOT] WRTpOg
. t08 -~ 11 TeAGY -yUEL EATROS
LY V. 108 - 1d ssald “YIS[p dEnd @TEISTINY
14 /1 Tot - 14 AOIJ eT®ds[ITY
- 163 - 117 ) 19A8] YOE1 BTTRSIWY
ja] | Yoo - Id- *ssead "yosIp dend mJoJpiuy
. 1 Yo% ~ 4 ACT) -BIOTEMIY
yoz - 11 teas] yuUe} LIOFIIOY
.0 ’ L] oy | 0¥ - | d *ssaid B3Ieyosip cwnd e1TIT11S1]
o /M 102 - 14 *£53d @3JELIS]p dmnd dn ayER
a s M TaE - 14 -ssald alaeyssip dand "I (d3T alllg
bl oW | T0T - 14 ‘$531d K1ddns "A°S
s = T 1 11un | ~oN BEL w e 1 i
rivd oN 3rEa CE> I EZaHs ©Oo-1

64



(Appendix 5.3.1)

19 /8 |. : : . £07J JaleA -ROTg

N . __ADTJ JB1BA PR3]
. DFoER | L -, 55edd 91Ul JomiJog
OF 2% : . -ssedd dund 1sooq Jale)
O iy o . _2Inssald latioq |
e T . _ . dwdl 110 pRlesy
ot . R . -ssaid dond 110
A o : ... Ao} 110
. % . . B .., .deel TI0
L o N <o Tssedd TI0 |
& .o T I — at1un | “ON Bel T m e 1
FiEd PN AT ey (PO L EAHES S5O I

65




(Appendix 5.3.1)

e m [ 1

1zupn

-oN Sel

‘T ® 1

7

CE T

6N 3lun

I 3 3HS

20 T

66



L

2.3
2.3.1

(Appgndix 5.3.1)

CHECK DURING NORMAL OPERATION
Data Reading |

"The readings of panel instruments and local instruments shall

be logged périodically on log sheets.

_The legged data shall be served for checking of plant

production, thermal performance and operating conditions of the

equipment.

When readings are not usual, such condition should be confirmed
by the résainga of related line or equipment condition or by
using other calibrated . instrument and appropriate

countermeasure should be taken to recover it.

Recommended form of the plant log sheet is attached herewith,
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2.3. CHECK DURING NORMAL OPERATION = -
2.3,2 Functional Checks

" Control . room . operators "u_tuat. take note of any  changes in -

' operating conditions.

* Local '6§éra'(:ora ‘shall also make regular pa:t*i"ol_a:"oiier'. the entire : @

" desalination plant and report any abnormality when 'f_o‘un'd_-. v

'LOOK - - for leak, smoke, discoloration, 'depos,i_.l;io-n_, _

. water 'accumﬁla_tions, _nﬁe"ed;i:apé, ete.

'LISTEN

- for sound, noise and_'squealing', ete,
FEEL : - for heat, vibration, etc.
SMELL -  for scent of burning or leaking.

A periodical functional checks shall be carried out by
analyzing operational data obta_in'ed_ at the control panel and - '
also local instruments. If any abnormal  function is mnoted,
immediate corrective action shall be taken t'.o avoid consequent
damages and a possible shut down. ' In case of disturbance .in
operation, refer to "TROUBLE SHOOTING” in this section and take

correct action immediately.

Following items shall be checked daily and occaaionall-y.
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. 2.3 - CHECK DURING NORMAL OPERATION
2.3.2 Functional Checks (cont'd)

a. Brine Concentration

The concentration of recirculating brine is one of the most

important factor in designing and operating of seawater

desalination plant.
Tie coucentration shall preferably_ be confirmed by water
N 5naiyéis in the terms of total aissoived soiids or of
’spegific scale forming componeﬁts. Hoﬁever, when the
séaﬁatef concentration is observed steady and constant by
regular analysis, this can easily checked through the mass

balance of the plant cperation using the following formula.

Wma x Rmu {(Wbr x Rbr - Wd x Rd)

CR = :
(Wmu x Rmu - Wd x Rd) x Wbr x Rbr
Cbr- = CR x Csw
® : : Where, CR ! Concentration ratio = Cbr/Csw ( )
‘Cbr  : Concentration of recirculating brine (ppm)
Csw ¢ Concentration of seawater (ppm)
Wmu  : Make-up water flow rate (m3/hr)
Wbr : Recirculating brine flow rate (m3/hr)
Wd : Product water flow rate (m3/hr):
CRmu Density of make-up water (kg/m3)
~BRbr  : Density of recirculating brine (kg/m3)
Rd : Density of product water (kg/m3)
i : _ B Cbr shall not be more than 58,500 ppm as total

dissolved solids (TDS).
Unacceptable level of concentration will cause
precipitation of non-alkaline scale in the tubes of

brine heater and heat recovery section.
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2.3 CHECK DURING NORMAL OPERATION B

2.3.2 Funcﬁiohil'Checks

b.  Chemical Iﬂjection'Rate

Fdr' ant1 scale

(cont'd)

chemlcal huti -fdaﬁ' éheﬁiéél' and  sodium

'. sulphxte, the followmg calculation can be applled for check1ng. . B @

of consumptlon and 1nJect10n rate.

The 1nJect1on raten of the chemxcals 1nd1cated in the heat and'j'

mass balance dzagram are to be cons1dered as standard dosage.

The 1nJect1on rates

may ba 0pt1mzsed whlle observ1ng the

effectu nf che chen1cala. :

(1) Cohéﬁﬁttibn' :

W= QxC
W (kg/hr)
Q (md/hr)
C ;kkg/hr)'

(2) Injection Rate

.-

Uob:aineq_fromiz

Consumption rate of chemical

Consumption of'chemigallaolution

a.‘dé§cent of tank level

b pump capaclty by stroke 1nd1cator

Concentratxon of chem1ca1 solut1on
actually made.

R = (W / ¥Wmu) x 1000

R (ppm) 

W (kg/hrj

Wmu (m3/hr)_

Injection rate of chemical
Consumption rate of chemical

Average make up.seawéter flow rate,-
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2.3 CHECK DURING NORMAIL OPERATIOR )
2.3.2 Functional Check (cont'd)

c. Water Production

Water production is checked from the operating condition using

the following equation.

Whr - Tmax - Tr
x—

Wdc" 'X. wd' L N N RN NN (1)

Wb’ - Tmax' - Tr!
Where
Wby ¢ Measured recirculating brine flow  rate
~ (m3/nr) '
be'_ : Design recirculating brine flow rate
(m3/hr)
. Tmax ¢  Measured top brine temperature (°C)
Tmax' : Design top brine temperature (°C)
Tr t Measured last stage brine temperature (°C)
Ir' ¢ Design last stage brine temperature (°C)
wd' : Design product water flow rate (m3/hr)
Wdc ¢ Calculated product water flow rate (m3/hr)
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(Appendix 5,3, 1)
2.3 . CHECK DURING NORMAL OPERATION '
2.3.2 Functional Check (cont'd)

¢. - Water Production (cont'd)

'Aﬁother”calculation is made by the equation*below'; .

2Cpbm (Tmax' = Tr) Rbr

ceena(2)

Wde = —Fiu + Cpbm (Tmax -Tr) = X WoF" X 73
Where
Cpbm : Specific heat of recirculating (kcal/kg)
brine at mean temperdture '
(Tmax + Tr}/2
‘Lm . : Latent heat of vapour at ” (kcal/kg)
mean te_n_i;pe_;ature ' '
(Tmax + Tr)/2
‘Rd 't Density of product water - (kg/m3) t
" Rbr : Density of recirculé;ing brine (kg/m3)
‘Wde : Calculated product flow rate (m3/hr)
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2.3 CHECK DURING “ORMAL OPERATION
2.3.2 Functional Check {cont'd)

d. = Gained .Output Ratio

Gained output ratio (GOR) -is calculated by the following

. formula.

(1) As Plant Performance

Wd
Ws

GOR =
Ws = ~ We xlkb + Wse

(2) As Evaporator Performance

o -
GOR We x. Re

@ Where Ws ¢ Steam for desalination plant (kg/hr)

'We 't Condensate flow rate (m3/hx)

Rec ¢t Density of condensate  (kg/m3)

Wse Steam for ejector (kg/hr)

The daily'trahsition of GOR shall be watched carefully. If
abrupt decrease is found, anti scale chem1ca1 feed system must

be checked for 1ts operation.
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2.4
2.4.1

2.4.2

(Appendix 5i3.1)

' WATER ANALYSIS

General

The desalination plant has been designed based-on the results.

of chemical analyais of seawater. . 'The change in  chemical
compos1t10ns of the seawater ‘will affect qua11tat1ve' and
quantltat1ve plant'productxon and sometimes w111 affect” plént
material reéistivity. Thérefore, if unacceptable' level of
components is found, the plant Operatxon must “be re-adjusted in
order not to cause troubles. and to keep rellable product1on or

keep the plant safe,

The scale prec1p1tatxon vhich greatly affect the performance of

the plant is depending "on the concentrations of acale
' ' ' ++ LS ) '

compbnentb such as Ca.', Mg ', 5804  end strength of"

alkalinity.
The tendency ‘of the precipitation 13 also affected by the

amount of total dissolved solid content.-

In addition, the electrical conductivity of the product water

" .and the condensate return may be measured for Chécking_of the

teliability of the plant inistalled instruments.

Guidance of Water Analysis

The following table shows géneralnguidance of chemical analysis
for pgood operation of the desalination plant. Excessivé
deviations from the normal values will pred1ct contamlnatlan of
atreams or unsatxsfactory operation of the plant._ In gq;h:pase

proper countermeasure should be taken immediately.

NOTE

Measurment of electrical conductivity is very useful as it

represents the content . of chloride ion or total dissolved -

solids, and is instant and simple,

Typical relation curve of electrical conductivity and total

dissolved solids for seawater is attached in this chapter.

However, it is recomended to make calibration curve from the

actual seawater at the site.
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2.4  Water Analysis
2.4.2 Guidance of Water Analygis  (Cont'd)

RECOMMENDED INTERVALS FOR WATER ANALYSIS

g : o _ Fluid . Seawater Recycle Product
Item Brine Water
pH ' Biweekly Weekly
Conductivity Daily Daily Naily
M-Alkalinity - ‘ Biweekly |
Chleride Ion Biweekly Heekiy

Sulfate Ion Biweekly

Total Hardness Biweekly
Residual - As needed
Chlorine

. Hydrogen. sulphide ~ Seasonally

Ammonia Seésonally
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2.4

2.4.2

Followxng ‘data

(Appendix §. 3.1 )

WATER ANALYSIS

Guidance of Water Analysis

‘given in

con31derat1on in desxgnlng the desalxnat1on plant.

pH

anbldlty

Electrlcal conduct1v1ty

“Total alkalxnxty as
CaCO3

M-alka11n1ty as Ca003 _

Total hqrdqess as CaCO3 -~ .

Total dissolved solid
at 100. °C

Suspended solld
Calcium

Hagneﬁium

Sodium

Potasium

Iron

Copper

Chloride

Sulphate

Bicarbonate as CaC0Oj
Carbonate as CaCOj
Nitrate nitrogen
Silicate as 5i0jp
Total sulphide as Hy8
Free CO9p

0il content
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(Cont'd)"
:thg‘ speczflcatlon ‘is ;akén into’

Uﬁit iD_a..ta '.'Se“:wran;:aelr* . ‘%
- 8.2 .

.ﬁTU. .

-  umhb/cm=;

ppm

. ppm

ore TR

ppn '_45,'0'0'0' .;.:,.3_5",'17'4

PP# R

ppm " 408 "
ppm 1,207

ppm 10,?68

ppm 388

ppn 1.3

ppa

ppm 25,000 19,360

ppm | 2702

ppm 116

ppm i g

VPPm

ppm

PPm.

pp
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2.4  WATER ANALYSIS
2.4.2 Guidance of Water Anaiysis (Cont'd)

NOTE

* ¢ "Normal seawater" as prepared by the

Laboratoties of Copenhagen, Denmark,

m

Hydrographic
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