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'fntlol must be.performeu.eotually.on the unlt andfrf"
" the uuitable chemical injeotlon rate must be"
'deeided | 5

iir;Chdnge to All éo]atlle Treatmeut tor drum Water7
ﬁtreatment | When phosphate ie.used for-the drump

'\_water treatment, it is. pOSSlblL that the boller'

Er_tube will be attacked by the free caustlc Tﬁ]}ﬂ

'_avold such condition, Kyushu Electric POWer Co _
Ioadopts all volatlle treatment (AVT) even in the.
.;case of the drum type b011er and prevents thei
“:damage of materlal by the water quallty.l “In thetr
ﬂpfadoptlon of AVT flrst the frequency of condenwri:'
{eer 1n~leakage must be mlnlmized

Mekingdof monthly;reportzabout_waterfanalyEis:(Seei

'-_Table 50—17)

As an elemental data for monthly report, dally

naly31s data “on ~every 1tems Shall,:be: recorded'

",through one month perlod. JIt caufheiused:forﬁcheckﬂ-

3inggpurposes;.,;gu-~755'-'
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‘Table 5C+13 SYSTHM ANALYSES DATA DONE BY JTCA TRAM -

 (cardier/Snyder)

- unit |

T T " Jeatien]
| | Condi
|| s Tem)

“Cand. "

#%1%é¥¥_

TTémPQ;

1 ge

5o1 | Coﬁdéﬁgaﬁe _¢_‘, :

foser]
sz

Te1|

s

~ Condensate

Condensate

Condensate
-_'E_'o_ndens:-’adﬁe____".E

Superhéated .|
Sl Steam - .

_ ,Sétufated_. |
A Steam.

g iﬁmm°ﬁéx_ﬁ_  E:?'_
ﬁﬁﬁﬁonéx 3.;_ .'
_: Aﬁﬁ§hék€A{ :_ =
-:;¥Amm°n?§:é1'*?J I;

?Aﬁmﬁﬁéxgﬁd75'
[fcéhdéﬁégéé -

jjcbndéngatéi  

;.AQQE,;
:}ﬁug;,

';;9;31916
’ QQQSiiz.:
IR

ey

q:‘.r.. 9?75

SRERT

10.8
9;?5; I
e |
_ ?}5;'
57

5.8

10,2
| 6.2
79;45Z;7 lié;OEJ;

190701
12.0

.;9345;5‘

jQJSS - f

Jwe |

{ps/em)

- 0.85 |
.fQ.diii._ .

092 |

bléfr_.

0,83 |

083 |

.O;SOS ;... _;

062 |

;0333? i.{jf'57

| o)

4 38|

3

‘_"b_95: o e

. 535.?,_:" .

36|

ﬂ“? fs;é_T

Ccondensate

RERV ST

;':f;Q?32L.“: N

“ :-:;5?:iiffi1€f€(ﬁi§hﬁf ?{%t;sa@pféitéﬁp.iéatazﬁicl(bjigfaph) ;E .”7:ﬂ

(léc) j .15-
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“rable 50~13 SYSTEM ANALYShs DATA DONE BY JLCA TLAM 'f;iﬂ"}

(Gardner/Snyder)

unit

© Time'

'._pHTFz.Q§/uM

Cond

C&tioﬁ

“Cond.

(ppb)vf;a

|51

| G-1

Jea

G-1

EEEY

oS-t

, '5;1

"_ﬁii"
s

Jsel

1 Ammonex ¢

 Feedwater

" Condensate

Condensate.
Superheated
Saturated R

“Steam,

'T_Bo1}er-3a1iné:

Condensate

'Amﬁonex B R
f;ﬁéiﬁfsﬁéim -
tondenééfe;{ |

| Anmonex B

1 Ammonex 0.

| Condensate'€r
Eco Inlet -

ik -Eéb’ihléflfJ :

| A09Q i3
' Augéj1$}f
'Augf_18 .
Aﬂg;j1gﬁ_ ff
hug. 18
g, 18
R
g, 18
| e
':j _AQ§;7i§:f'
€7c A9§¢fi8;r

hug: 20

9. 35/

18:85/9.1
B XA S
B854.15

?'; 9.3/};? 

9.6/9.9.

“jo.2/9:9

o .2/,95;-9

05

8. 9/9 s_
;a;gfs;sfe

f; 8;9i9£5;

9.4/9:7

19.0

35
39

;lé;gﬁ'

i?QlQJ::Z
‘ig;bﬁif
nif;éf:-:
o
:?éfofiz
Ry

CﬂSlqm)

034 |
089 [
0.1 |-

lso |

- 0.37 ;':f." b

o6 |

;ib;72i£“Lif;#$f
090

'ff¥?i }

_.:.;3?;“;
1_ 3}1 }:f
Cas |

gy
36

s |

| s |

|

;547_:1-:

cs2 |

. % Teft/right = at sample temp/at 25

_"fﬁﬁiiQf?P“}ifﬁﬁfff
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* Table 5G-13 SYSTEM ANALYSES TATA DONE BY JICA TEM

unit |-

“sample

=;PHﬁf'

: behdf?
'(ﬁrS/cm)é'

- fond.~
(wS/cm)

ke | Tem
{ppb) 1

(OC)

G-l

" Feedwater
~‘Condensate
| Condensate

" condensate

Condensate
- Ammonex B

:r_'Ammonex-C_:

':1isébt5_3} €f
| ostes
'€.5§p£- §S  1
pRre

'Sepfﬁ'g

_ Sebt, gﬂ -

8.8

khk

Sept. 9

ek

g2 |

9.3/9.6

igil)**

9. 1/9. 4
(8. 7)

0,19

0,70

o |
0.8 |

.'_.0‘_70..

0.55

0.38

0t

_jf 1eft/r1ght

at sampTe temp/at 25°C'.;~T

% by NAPOCOR ( Te ana1y51s = TPTZ Method )

. *** just after

H/OH operation of ali ammonexs
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. Table 5C-14  SYSTEM ANALYSES DATA DONE BY JICA TEANM (MALAYA)

Sample

o Time

<pH

Cond, |-
QuS/cm s

L cation
“Cohd. ™

Temp. .-
_iLQG)_. R

[M1.| condensate

'jTMFi"

V’fMii  ?
:i'=-fﬁ;1;

| '.;Meii
| ;;Melqr
f._M;1 ’

 Déaéfatﬁf :
| Outiet

”:'Ammonéx'A' »

Ammonex B

jAmmonex ¢
Ammonexrn_ -
’COndénsafe

'Deaerator

Outlet

.rCP D1scharge
ﬁEﬁQJinfét_:

5Bo11er

SaT1ne

,Deaerator

~Outiet

:'A&Q:‘24 
: Aug. é4 E
: nAQQ;IZQ EN
| Aﬁg; 24 .
“hug. 28
| Auge2s |
: Augn 25
| ohg. o

| g, 2

.';Sépt._lf[:

:;.CP D1schargef;'57“*73‘ :

Aug. 27 3  o

: ?8;6]8a3.=

18083
10 8.0)%

ié;s’ .
- 0 38_ |
0 51?- 1
o |
[N R
e |
23
3.
27

TR

35

| Gusem)
o 0146 R
.0;41:; .
06
"o 50_;‘;
0. 49- " ‘
036 |

: 135 e

59
1. }035§ 

7;.55;"
3|
40

g

a

a4

23

* 1eft/r1ght

“‘ k. Mon1tor

.'fatfsamptefﬁémp/atgéséc:: o




N CONCENTRATION=PPM.

5 oe4sy

Fig._sc~4 VARIATION oy SOLUTION“PH AND ELECThlLAL CONDUCTIVITY*=3"

WITH AMMONIA CONCENTRATION AT € frf*

CONDULTIVITY U.MHOS f,
:_o_- 12 16 s

AN NAR R A
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Table 5C-15  DETECTION LTMLT OF WATER ANALYSTS AT GSTP AND MIP ~

CACTUAL

Cven REQUIRED.

Clll_oridé.-'_- S :

o 1 001~0.2 with 20mn celd T ik
Qopm as €1) g e itn Sooma ] kade

1ooasiee _
- V - “Teell

Silea PR | R =
C(ppmas §10,)° .0} 0.03~0.05- " 0.02 ~ 0.04 e e

Csulfate: .
{ripm as SO} - -

Vot | es~r0

) .Cbpper- R

© {ppin-as.cu)

- (ppm as. Fe)

R R P R T 'i_"-"'<0".01'

. ;..0.0'05“’_0..01 ] '_ L -__-_-’..‘_"-"T'- o ; - éﬂ.ﬁuz - ol
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Cseas

. Reference - 5 Limit Value on Water Quality
“ G-l

Boller Water Limits :

Pressure = 1800 psig”

_Sodium Chlorlde'“j;pj';ij}'”u§§fjk-'pionpm.arlieséf
. :Soluble Phosphate (f0llow1ng ; .

'_ 2.6 Na-PO4 molar ratio) —eééf;ffé%% 2.t0. 4 ppm as PO4

Sillca, SJ.O2 . ﬁp f-%“f ;;Qﬁ%e‘_'1"p0 5 ppm or less

7 Total Solids 4e—¥fi}—e—é;;ééfffk—fﬁ—gl00 ppm or lebs

-pH b R é"‘]ﬂ_“f;Elle,fs 9 - 9. 25 correspondinga
. to 2 - 4 ppm PO4 -

'.Feedwgte:-

PH oot p;ea-f;‘_fg; 8 6 to 8. 9

“Dissolved OXygén“ }; :'Z": .?':p 0 007 ppm or less

Copper, .Cu, ~==m—m———am _55;_;;____ 0 01 ppm or less

'Itoﬁ, Fe.'fil.. ,ﬂ.p ~;_}_,_:' e 0 02 ppm ot less

-.defazing, 2 4 erQ—f;ré—fE;F—?-~—~ 0. 01 = 0 07 ppm .

Dardnesé as CaCO - i_ e e 0:"H
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G2, -1, §=2; M=l =

Main Steam and Condensate (Siemens)

e 5f§£§£E:EB'.f; : .¥JF§2§ﬁéi;: ,f‘"' 
o Siiiég,_Sidé Qf;QQQ;e?Sé ﬁ§b:§¥€1§é§}””*éofpﬁb-foless
7_Idtél:froﬁ;.ﬁéﬁ;#fw;;'SO'éﬁb bf léés]u:_Zﬂ?ﬁpb'éf less .
©Total Goppér; Cu ~<=~ 10 ppb or'iess 3 ppb or less
:deiumf§ §o§a§$iﬁﬁs' 35":H' _.. - | |
-ﬁa#-aﬁa.K :;;%7%;;jﬁ20'ﬁgﬁ:§f 1é$é" _ ib b§£ 0r-iegs;1
Gonductivity (after’ © o

”“_:“-paséiﬁg thrﬁ”thioﬁ -

'.:fééin)_—--Q#Qé*v———iOJS.min6:S/ém o 0.3 wicro S/cm

' equél_qr 1ess"_ ‘equal or less’

5:-__EC6hdﬁiiér 1ﬁlef”(ﬂitachi)-NOrmaI'Operation i

" Dissolved Oxygen —-==r=s--: -7 ppb (max.)
i 8 eter e e L 5 g i)

"aiHﬁdrAziﬁé;fnzﬁg-;i%jf--=~ omincine 10°= 70 ppb

- Total Dl&solved 50lids ==rmm—mmsm—m= 50 ppb*

 Copper, C mmmmmmmmmmmmeiiioiem 2 pph

._Tﬁfal_i?ﬁn, fe'%ff——f ————— 7—9—7~;;f;“ibﬂéﬁb o

;  Cénduétiﬁiéy:;;f;“;";fff;;ff%—f;‘;;%KO{gtﬁicrg‘S/Qm (éftér.f_ 
| - | fﬁéésiﬁg'fﬁru ééfioﬁr

resin).
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gégééﬂgggfi;;,ﬁz.m
..iniésaléédMO?YgEﬁ ;;?***“ff—é;:;ap-—n ?referably zero, and ot

?over 0 007 ppm

Hydrogen Ion Valve (pH)”'

(B5°6) i '__-"s'éeweeﬁ 8.6 and 8.9 for
 h1gh pregsure feedwaterj  |
g heater constructed from_
.-copper alloy tubes, and”
_ between 9. 2 and 9 4 for
feedwater heater const—
ructed from steel

" ‘tubes.

'Hé?dness:és'CaCQ e e Zero

Totél'cbppér,'Cu'}—m;;; i - 0;065_ppm_pr less

'.Total.lron;ffé “;~—*F%-4rfk$#~%--—-570 01 ppn dr'ieSs

zﬁilu——éfv*—¥:*1 e 'é N '_l'  Preferab1y zero
Hydraz1ne (N ) ——————;*n?ﬁ-uF»*—;;-Between 0. 01 and 0 03 ppm

'Catlon Conduct1v1ty (25 C) -——~f;ff— less than 0 3 micro S/cm
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_ Boiler Water

5 Hydrogen Ion Valve (pH) ——A—Q-m—hmé— Bétwéen'Q 5 éﬁd1101
Total Sollds —néeﬁ—-Fféw"¥-?~¥¥¥-¥—— Less than 20 ppm.
Phosphoric A01d (POa ) ———————— ?ané Between 1 apd 3,ppmfﬁ

Silica (SiO ) ““““__;;“"A;"_f-fh“;“f P:efetablyl1éss than
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-Managemeht R

Result of Survey

Daily laboratory analysis and performance -reports g i
;-about chemical equipment such as demineraliacr, ammonex'
:-are checked by “the’ chief of shift and submittod to the,-a o

_superintendent.. However, it is observed that copies of_ -
these renorts are - not submitted to the Plant Manager,:

'e._'except only in cases of abnormal phenomena - Statistical'

analysis of the water analyses data, the arrangement and

'__resolution about the water quality log or speCial test,,

:..bOWEI-deflCIEnCy. Monthly and yearly reports about water:_ '

:etc., is: scarcely performed which is mainly due to man—

=quality analysis and chemical consumption ‘are not also.
-submitted j It is also observed that chemistry control is t.
.not religiously maintained because of Loo much paper work :
'being doue." o

;ReCommendation o

As the technique pertaining thermal power generating-a

: unit advances quickly, chemical management becomes Very'

'_1mportant~_ This is also true to geothermal power plants"

'f which are already operational and to the nuclear power-o'

hplant that would soon follow._'

Therefore, a central laboratory should be established

: as the managing organization about chemical Works of the
::power station, in order to do planning and make recom-;_
E mendation for the improvement of chemical techniques and'

ytraining..
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B01 an effective planning, an inltial mdnpower of"'5
_ to 7 staff members which will take charge ‘of the enumef

rated tasks below should be established

.

Collection and review of’ water quallty at each uniy -
"jﬁ;;Monthly and yearly reports i'”
". —'Chemical 1nspect10n and materlal tebting durlng'
ﬁannual oueage | |
'i'%fAdvicesf :cheﬁleel cestfoi‘ ﬁerfeiﬁing;.te” indt
Coutage L L |
'5.?tesEhcei“ef.3£¥éihé@ ;fefs6ﬁﬁe1' dufieg:“chemieei_
c1eanlng R i : : :
'7¥Féélséibﬁ£6f é0ﬁmbﬁ:preBiéﬁs_of;ﬁhé‘EEemicalwsecfion
'sGTrsihiﬁgisebservstianefledUCstioﬁ'i'. |
74liﬁtieduc£ieﬁ 'ef;”néﬁi feEhﬁiﬁﬁe'-abddf Ehemical.
" datieny - (1iteratuve, © sqiilpnent - 4td | andlysis
.._-mephoéj. | |
= Thdfdugh .essminstion “of edﬁiﬁmént "iéiétéd*?to
. ewéndstry |
“*“iﬁftﬁefﬁéégffﬁ;ﬁfé;FohEQ_iﬁgfgéhﬁral;iapgfaidry is: 
' 7tif opesatlenal sﬁ 2e§efsi15.maﬁ§bwe£iﬁef?Qarouﬁ&\'QO‘ ﬁemBers
;’;should be utillzed under the sald 1aboratory fo cope with ;'

';problems which w0uld arise in’ thermal_ geothermal and‘

*f;nuclear power plants._-The task 1ncludes speelal water:
::£analy81s, maLerial corr051on control and analy51s, fuel -

"1iandgenvirenmental pollutibn. el'
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Required instruments for future central, laboratory
éfe as follows.

: ;fElectron*probe“xafayﬁmiérb'éﬁalyzef

:'3+*Induct1vely coupled argon plasma em1551on spectro— ce

photometer (multi—channel type)
—,Ge_(Lnt#) gamma—rayiquctrqmete;
- Scéhhing’Eléctiﬁﬁﬁﬁi;r;ggdpe
% F1ﬁorescent X—ray énal&ééf
=_;-X-ray diffractometer | |
'~'Atomic.absorption spectf;ﬁhotéme;ef
; Gas’ chromatography j:
- Carbon—nltrogen—hydrogen analyzer
- Tétal nitrogen analyzer
-;?Iou chromatography (dionex)
';TSulfur analyzer
_ ;:Metél_m;croscop¢ 
“kInt: .Intﬁiﬁéiéi(érjﬁﬁfé)
The_”aboﬁé' iné;r@ﬁéﬁﬁé/edﬁipmeﬁt_.ére, ingtalied at -

:_KyuSHﬁ Electfié Power Reésearch Labdtﬁfofy},
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©4)" Demineralizer . -

k'al fSpecificatioﬁ of Demineraiizer 

7(a).Raw?water:anlity.df'ngiﬁéralizerf;w,ﬁ_f*

Ca
++

‘Ttem. : .

© Raw Water .. -

- Treated Water _

FE

P. Mg .

S

" Na

. Total Cation .

CHCO3T

.:;Ci_

S04

%03”

o

5102 .

T_TotaliAﬁiOH'

(b

Ca~

Fe -

Pl

i

i
Mg

Néf .

' Total. Cation .

.;pH 

Fe

Tarb.

TS

22
76
REN
307

107 -
‘ 61 o
0

o
§6 '

506

0.125 ppui as Fe

8.3

50 pom
25 ppm- g;ﬁ
k 320fp§m7_ 'Sﬁa_
_' - No3™
78 f éioz
:  .0;24.§p¢:.
ﬁﬁ11 1_ -

g ¥193 ppm

~ HCO3”

: :h*'22:ppm:as CaCOB::_

- 0.1 ppm as CaCO3

0.0l ppm.as 5102
-'0-1 ppr as CaCOﬁ.
b.Oltppm ag Fe

7.0

‘Raw Water Quality of RO Unit (Tested by ESCO)

383 ppm
342_p§ﬁ
SRENCS

0.6 o

Total'Anion_
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'_ﬁéTE:- Reéult of raw water quality test submitted hy ESFO is S
| | \inadequate 80 thaL total cation and anlon cannot bé
'.evaluated
.(c) Designated Values.
Eﬁbcafién_: },::_Gardner S ;:.5:Snydér_ L ,_Malaya :

-~ Manufacturer - - Graver - : . Permutit. j -'Permutit

éatiqh Exchangéﬁ'-* .

 Nﬁ@5ér'j-“ﬁ - '3”ﬂﬁits el Z;Unifé : L 2'Uﬁiﬁs'

'.001ﬁmn Sizei..:‘-SA“'xIIBf-ﬁ"' _ e ;=72"'X'ii" ‘ | _ |

| - '-'.h(1;372m§¢x4115mmﬂj- o (1829mm¢x3353mm > samé

PreSsﬁrei : " 3100*§si..=- ' f   __' 100 psi e

o (7ké/ém2) o _(Tkg_lcm) - same

Resin Re-3 108fc° o 5' '13—120"172ft3_ . same

Regenerant R S |
“Up-Flow" © 66°Be H, so (81bs/ft y 932'&2304i7ibs/ft3)5aﬁe"
nown-ﬂo@ o .66 *Be. 1,50, (10lbs/ft y 932'. stb'a(llzg_/i-g):sg_ﬁe

'“'g:Flow Rate 50 gpm : ....' 100'gpm_~ff_ S samé{

. e ed/m B o ”f(zz 7 n/m) o same

'B;T; Céﬁé¢ity 2402 Kgxaln/ftB | _'-19 6 Kgrain/ft f; same

. | ;5,(55;3_g71—a) S (46,8 g/1-R) :

Tétél Cépacitj :gbébb{gél. - L 513640ﬁ gal e sam;

_ '(286:ﬁ3) ,'_ .  '.1,.a (516Q3 m3)1 - same

 'DegAéifiéf”". | | | N

same



'ﬁhﬁﬁérf*ff ?.;“ 3 ﬁhits [,:j}.: ?. ;‘_3 Unipg'}-. 03 Units
. e - . .“ T ééme:
"=1:ff65§uﬁﬁf3iz¢;:  '48"=§ 151_6 7  1:j};f ;60y§xl9fﬂ:sJ_
PR R ‘5(1?19mm¢x4724mm ) .-:“i(iSZQﬁméx??éﬁmmﬁj‘isamé__-
.;.EﬁéééUré. S ;' 100 psi _f. 1;.   :_ lOolﬁéi j *; 1‘; éamé.
. .  (7 kg/cm ) 3 ..-;(7 kg/cm ) - .  5ém¢
 ]i:Résih k: - TAaral 96 ft3 '_':'  ;IRAﬂ402 102 ft3  4s§me
S '=;5(2713 10 7f:f5;1 (2888 11t) L ; satis -
|  :’ §egéﬁ§£$h§ﬂg: \}f1004 NaoH 107b/¢¢3 f-'1004 NaOH 61b/ft samé 
::tFigﬁ:ﬁété:: S0 gm i"'f' E ¥100-gpm-- o same
" . .:: (1i'§'ﬁ3/H) '__7. ftf(22 7 m /H) j_ _: saﬁe
7 -B;T._Cé§aéity ff_10 7 Kgraln/ft | -; _13 8 Kgrain/ft A3$éﬁé-
i (244 g/l-RO) o (31i5 g/lm) -=:§aﬁé 
" riaééifc;ﬁééifyg.i7looo gal " | 4_,:_': 125600 gal . same
S R ;;f i(?69 . ) __- ; 37_1(475.4 ﬁ§)   1: :;:Same 

-';M1xed Bed Pollsher

 ¢§1§ﬁhi§iéé ffnfiae" x8 T*f;; C2Mx 9" i same
| .14(914mm¢x2438mm ) ~:;Clb6]ﬁﬂéxé743m@3) same
: ‘,.‘Ptes‘éu.;:'e o 275 p51 . ' R '
S ‘ {§~(19 3 kg/cm ) o
Resin © L hnion (ABSSD ;Aﬁ“io;l _(1RA.~'40_2),_._‘:,' same
..f;(311 11t) R : '(679 1) _l_‘i':aféémgf '
.'Cation (RE 6)  . .3, :Cat1on (IR—IZO)' . §éﬁe

T ft3 o ff”;-_.-:f:'23_ft3_'~ f1' --f¥:same'_n

o wsriw o s2s1in 0 eame



Flow Rate

Total Capécity ' 1000000 gal‘if? R ‘f.§_514000~ga1.

s AT

'.'-76,gbmf;h,i;|[‘T.:;‘lg;leO ng";,g}.-

':(i7g3fﬁ3]ﬁj °; I'(éé;jlm$jg)jf

: .(3785 m ) s (1946 m )

-'Regeneraﬁp_'l;,yfloo/ NaOH- 24 lb/ft . '1004 NaOH 9 lb/ft

Efflueﬁt

‘Note:

--(384 g/1~R) '_;;:f3(144 2 g/l R)
f.66 Be I, so4 8 1b/ft ;;(93/ Hy80, “sane

-; 8 lb/ft >

f'f;tai Géf%dg_ d?1 pme§é éaC65 -

| fotaldmion 0.1 .
7”Sioze.°-j' o 0101f§?ﬁ.ésfsioi
CFe S 0.0 ppm as e

- N pH : _i_,j_ 7.0 o

' bonduétiﬁity' 0.5 ﬁicrb-Sfcm

; At‘Gafdnef/SﬁydéfTTBéfﬁél‘StétionQ'Craver Eypé'

9 -

‘same
. same -
. same

‘same -

same-

same'

: fDemlneralizer treats dlrectly flltered water w1th a  con-

ductiv1ty of 820 mlcro S/cm and permutlt Type of Demlne— o

'-5ralizer treats blended waLer W1th a conductiv1ty of 390

x mlcro S/cm., Blended water comes from RD unit effluent

':_w1th a conduct1v1ty of 1300 mlcro S/cm.

;'Result of Survey L I

“‘(a):Inst?umentatioﬁzof?Déminéfélizers*

"  with a conduct1v1ty of 170 mlcro S/cm and deepwell water:_

.'Tﬁe: instrumentation which are mounted on

control panel of dem1neralizer are as followa, -



4.

1i.

iid,

-'-Control Gystem for Automatlc Operatlon j o

5472

Gardner Demineralizer (Grawer)

Instrumente for.Monitoring
'CondoctiVity Meter &‘Recordet:
7t£éed§ &'Norchrﬁo)- s
pH Meter & Recorder (Leeds & Northrup)

Flow Meter & Recorder (Foxboro)

fControl System for Automatic Operation
':.c;Stepping-Programmer Co

: ,’Alafm‘”n'nit :

Aldrm,Unlts

Snyder Demlnerallzer (Permut1t)

HInstruments for Monltorlng;_'

"*Cohdectiﬁity Meter & Recordef'(Beckmen)'

TFlow Meter &.Recor&er (Taylor)

'[wFlbW Coﬂntef-

”ConﬁrollSyetem for Automatic Ope?aﬁion

'cZSteopingiProgrehmer:

"Alarﬁuuoit=:f..“

“Alarm Units i

QMalaya Demlnerallzer (Permutlt)

':Instruments f01 Monltoring

"1.Conduct1V1ty.Meter &-Recofdefﬁ(BéCRmaﬁ)'

Flow Meter & Recorder (Foxboro)

Flow Counter

Stepping Programmer

”'f;Alarm Unlt

Alarm Units Al



X 4= = S Outof Order

'fV7?ﬁ5 5éii$§£te~-:=__.ﬁ“t,ff .

'ﬁ Aé. MEp£ioﬁéd‘ ébﬁﬁe;:'fﬁg.'@;pitbfiﬁg' iﬂstfﬁméﬁ£$‘
" and control system for automatic operation are mostly
' daﬁageﬁ;haﬁ&:;élif:éﬁﬁipméntél aréifdpéﬁaféd :maﬁdéii§;'

'Faulty'operatibns mhy'Qccuf:as a'fesult!



_ (b) Treated Water Quality

U5 - a7

k' Th3'§i1ta£edeafér¥énd-6h§1éﬁfdf demﬁneraiizer:aré;a$ fc116ws}..

| Date

[Filtered:

Water . ..
Conductia

Cation

CFMA
{ppm.as

CAnionc o

_Mixed Bed Polisher

Bonduct .

(psfem) |

(ppm)

5307 |Condiet.

Conduet,

P-Alkali
(pom as

8102

: Remarks

CCppm) |

.

Aug

A0 |

(4S5 em)

850

Cago3):

ba7

0.000

0.94

C0.55 |

CaCOR) |

0.095

Graver = -

B

21

g

10

: t:b+6§§

7

0.004.

0,005

13|

gt0

ol

'1'f§tT

EQ:GCQ?E"?‘J

6]

fgﬂb;ﬂ,'

;%30 :

'“2;5'.

-'  3-3£

“ow00h |

 ©&9§5}-7

(Gardner)

.:' .0P0B5_

4N

rBdo:f,_;

180

0

-~ 0,00k

0,005 |

8|

:835&

Coes b

12

-.66_5. BE

0.004 |

_lo.oosl

Dpp.prflar‘s-l;i :

10 ]

“hug.

11300

*390

ik RO;unit

0

effiuenf;
S.b

170

i 5/¢c

Permutit

16

-+ Blended Water

L7l Clear M

ell: -

:Aﬁg-

2kl

80

55

(Spyder) it

Permutit

T

ER

(Malaya)

”:725.

50

"

T]iéﬁ

;“556.;f.

. 2487.'

271

ll»éO .

s |

'-Sép; 

68 -

& 'Si02 -

L By NAPOC

OR -




_Iﬁ'Japaﬁ%'ﬁﬁe'demiﬁeealizefzisﬂpSﬁaiiy_dpetape&
as -f('):lioﬁs‘"”.‘:'“ e e ) .
.Anion Exchanger.Outlet
. Conductivity ".f .LeSSIﬁheq'IQ m@§§d s/c5
Sillca 'i. LESSthan 0.1 ppu as 510,
Mixed Bed Pollsher _f . = | e |
Conductiv1ty ' :.'.H~Leésuthen'O.5 eic;e S/cﬁ" 

Sllica "}3,ﬂ : "”eﬁéseffheﬁ;0.0Z_Ppm as Si_'()-2

'WtHowever, treeted Watef coﬁducthltywof Craver demlne—:
: ral}zer: becemes;:sometlmes hlgher than‘ the —-above

' Qaluee; . |

.'.It 1s caused by no monieoring of conduct1v1ty at
lanloe e#changer and mlxed bed pollbher outlet, Ex—,
“:hausted p01nts are checked only by Free Mineral Aeim__
3] &1ty (FMA) (Cation exchanger), SiO (Anlon exchanger),
-;$10 and P—alkalinity (Mixed bed pollsher) by manual

2

analy51s.
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(c) Regenelat on

Regeneration of deminérallzers ére carrled out - as“
Cfollows: ” |
, R :fﬁixéd ﬁédi
Catlon Exchanger Anion Exchgnger  Poyigher
-DoWn'FlOW ;.' :(:):D°W“ Fldﬁj;; (:) .. .
UpFlow @ DownFlow

Down Flow () Down Flow - Ordinary

Gardner (Graver)

Sn&&ér (Permﬁtit).' 'Doﬁﬁ3Flow_ . (:)'deerlow' : .. Mettiod ..
‘Down Flow  (2) Down Flow = (2) o
~Down Flow gfé_‘(:>;DOwn'Fléw” }'(:)Column @E).

"Down Flow . (2) Down Flow

. Halaya . ‘ (Permutit)

“*'RefEfitO attacﬁEQ“opératioh prqceSS;ITaﬁleZSC-Zl, 22,

23, 24, 25 and 26,

(d) Regenerants Quantlty

Regenerants quantlty isg. checked by dllutlon flow

' ‘rate and speclflc graV1ty of dlluted solutlon
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o Table 5c—19 FILTERED WATER ANALYSIS REcdﬁbiﬁ'fT;*"f‘

' Iiém;if

(n“m aS',C

Ia?%Gh) L CAC03

dugd o

o e

ol e =l on i

[
o
W N.- \;‘- ok 14 - iRt ] o " i e |
L R e A B L R b e T By lm
° 160 1O O Q1O I\ fip G el
-
o
£

-1
-
M
:‘.
Ly
(45
=

T

=
N
ALt
le)
-
0
)

-
A
i
Q)
O
L3000 [N oo e
)
~J
M

’—l

o
IR

k)
o)

——

3]

o

-
o[
R
BB
] A
~I ey
QM

—
-\J
I
e
- }
oo
s

o | w2 | ah | 62 | (840 | 85 |-

Y
1
t
I

N
O

o0 | w6 | e | s |20 | k2 | (80

IR TR a,%fet

o
\O.

[
O

(f}éc)--—-rermutlt Inlet]

T8 | | aiol e | a6 | 8o |PA(7.5) [Felouhy)| BALATE

._: ﬁug; 27# ] e ar 10 L:2 _ ‘ PUBLA LA LS
: 136 b6 Tl T 21,90 102 0 |0 058 0 | 8245 | PH(7.65 Fe(0.41)|

T

o6 ek | 75| 6 | sk | 97.5 | PH(7.AS)Re(0.4E)| [

Aug ity 48 = 43 513'¥“ﬁ5f"<;1ﬁﬂ g 28 R e T, lzramn |

B2 e | 820, R .80 | 6;7,'-,--6.0PH(7 51'? ':’
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" Table 5¢-20 FILTERED WATER ANALYSIS RECORD . . . .

Item

f(bPMJaB

; 1hate.”'fcﬁ??0§?

MeXlkall 017

~(pom’ ad
'fNéGIJ_

5304:'*

504 [HeHard
{ppm-as{ _
Na?2504 ) Cac03)

(ppm as:

(pen as
. CaC03)

SiQ?iﬁj
(ppm as

ca

5i02)-

(Micro §

 Conduct | #ha- " |
(ppm. as

+Cac0s)

fdemarks:

E-T R B

;_?o=_

2

4

i'ﬁéo;‘_

g,

gE VTR N

@0

snyder

.1 6U:J' y

;f_f?s?? :

0 e

Lo

70

5514; ;5;7:*

 ;5055'

- I

e

50 |

R

40

o0 | 0= Jon &Aﬂe%‘&» 0o

40 .

=
)

=
R

<

olelolelof

"-,AO“'

=
bt

a0 |

12

10

;2?fﬂ

';Q&dig""':

b
N

u;24_;

00

30 |

V!

T
w

‘.€Q12'--; BX

j?ég"

o

22|

10

”1 70i_;

20 |

12

22

14

A5

:‘,396_ 

(Y T N

14

-Qéo

_70:Jlﬂ :

20 PEYE P

12

T

10

18-

T80

B

“#4 TDeep

Well Va

or Condubtivity

;£i300iﬁp

RO _Unit

Treated

Waﬁeiﬂgg

hductivit

v

fater(Ble

ITOCfﬁérqu/aﬂ;ﬂ~Ti
hded water) | ] .

“f permuti

i Inlet

o 0o

pductiviy

v 390 M

ora S/en
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able 5C-22 MIXED BED POLISHER (GRAVER) GARDNER

Oneratlon Procesa, SPGleled Flow Rate, Tlme, Regenerants

Process ™

'Floy'Rate

1 Tims

Remarks

. Service .

75 gpm

- Sub-Service
'.\!ash : . o

 .§1 &pm -

" -Back Wash

10 min.

| settling -

_"Ac;d ;3E££I°nf g

" a0id Displace:

1 & Cauﬂtic“lntro .

i;4*0 555 Spm(H2504)

R %B «pm(NaOH)
111 Y gpm

25 min,

Heating Temp 110-120'F

;-Acld Dlsplace
'Caustlc Intro
' " -duction

i, e gom

5¢3 gpm
'¥u 3 gpm(NaGH)

- Brain Unit

1144 min

‘Haise Bad,

. TAif}& ﬁater §

, ,_$ir ﬁixing ' '

a 5Back Flusn

& Settle & ni:-

'3Slow Flll

-  _§.3fg§é*_L1;ﬂ

8 min..

fFaat Fiilf; fHﬁ

41 gm

3.5 min,

| rnrousn #a11 |
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_ Table 5C-24 SNYDER THERMAL STATION

- OPERATION PROCESS OF PRIMARY -

DEMINEﬁALIZER (PERMUTIT) ff

- Phocess

Flow Rate(gpm)

Time(min) |

Remarks

Service

00

" Back Wash

. ...:.33‘ ’

RUNE

Settle

”_.110' ;‘4

Heating Anion . .
"Resin ..

10 -
8.5

15

Héa._t ing Temp 120'F -

<] & Acid. Introduction

jCausfici}htFéﬂQdf‘bﬁ

10+ 0.6

60

ﬁowgﬂﬁej

Ceseons |
10
8.5

15

Anion Partial Rinse

Cation Partial Rinse

s

“Drain

15

| Air 'Mix' S

“Air Press 10.psi

| Air Mix & Drain |

_Refill

_Fingliﬁinsﬁ  -

- _ Conductzv;tySettng Sy

|05 mero s/em
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Table SC 26 MIXED BED POLISHI‘R (PERMUTIT) i
' ( SN‘.(DER & MALAYB )

. ‘Process

| Flow Rate

- Time

“Rémarks

f_SerVice

. Back 4Wash -

f_ﬁA5 gpm

' 1omin,’

. Settling .

-5pin.f

}Aﬁiqn'ﬁéaiing-

'i;-rz9f? EP™ (marip, 110~-12¢

IF)

lSmln.z'

 Heating Temp 110-120'F

:iédgenaraﬁt_f'”
*_'Introductiqn_;

inton

TI9.T gpma NaOR

'_daﬁionr”(B%ﬁzso4) s.q;1

- 7.1-gpmi{H2804

(55Na0H )S .G 1,03

05

- 60min,

Heating Temp 110-120'F|

: 3

 Displacement.

Anlon .
e 7 gpm.
Catlon : .
? l £pm

1§mih.

~ Reégenerant, :"'

" Hinae

Anlon

gom
Catzgn :
750 gpm

15 min.

Heating Temp 110-120"F|

| Final Rinse -

' Conduct1v1ty

‘Leas than O 5 Mlcro

.Fs;llca'

Leas’ ihan 0 02 ppm -
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-(a) Flltered Water Ana]ysis Method

According

'to

NAPOLOR thermal

station .

site,

fllLered water (Law water) s analy?ed based on the

followingzmethodsﬁ 3_'

.P—Alkalinlty
1M—Alkalln1ty '::
 Ch10rJde. |
tSulfate
:ToteleHard;eeeh
-Ca Hafﬂéeeé e.

;Siiice_.

pH

'Free-Hinefal

' Acidity T

:Note.

'..record.)- o

In above method of analy51s 1tems;

Titrate with N/50 uééda‘_
Titrate with N/50 R

T_Motriﬂethodif

Method'ﬁ

ZSO4

‘Turbidimetric Method
©EDTA Method

VEDTA Method

MQldeate Blue Method .

‘pH'Meter

- Titrate with_NISbeeQHf

. f%-Table 56-19 and 20.

Unit‘

“ppm

ppm

ppn
ppm
em

. 'ppm

PEM

:ppm as CaCO
ae

as

as

a8

as

as

CaCo

510

3

CaCO3_

'NaCli

Na 804

céCbgﬂ‘
3

2

CaCoO

Refer Lo attached sheets (Flltered water analy51s

chlaiidéfand'- E

' Z.'sulfate are‘expressed as NdCl and N32504 respectlvely-e"

]On this record

Uexpected capacity of primary demlnerallzers by know—e'-

Thls

is not sultable because it 15

":.thru thlS record of ana1y51s that we caleulate thef' 2

ing. the total cation.'and total anion, of the raw

.water.f_,
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This is to say, the primary demineralizers capa—_

'f.city can be known by the following formula.

Uk Fxpected capatity of primary demineralizer*'

‘-FB-X'C

A i' .sgpéétéé“éépaEity'af}déminééaiizera lf(nB)eycle)- - _

sB ;H sBreak through capacity of resins l. . (g as. CaCO /1-Resin)'l-
c ;.:,Resin Volume "tf_-:ii > 1_i' E :(liter)

"D iTotal cation/Total anion _ (ppm as: CaCO3)
E.; .'Resin capacity drop / f;_t.f_ . .;_.-s: (v -.A/lDQ) o

F ;rf_Needed water volume for regeneration ()

3.

(Displacement & Rinse)

_ The analysis items and methods of filtered water .

in Japan ‘are’ shown below, '

- Method—l . "‘Method-2 ' Method-3
(JIS 0101)

B Total Hardness(TwH) fitration with EDTA Titration with EDTA

"_'Calcium (Ca)

Magnesium KMg) :
Sodium (Na)

'}Total Cation (T C)

- Bicarbonate (HC03)

<M—a}kallﬂlty)--

Chloride (C1) "

Sulfate (50,)

'ﬁitrate“(NO3)t:l

.uTitration with EDTA ERARE
'_1(T-H) -Ca

H.';AtOMIC Absorption 5(T C) - (T“H)

“Ca + Mg o Na‘fi":7in Alkali + FMA _ Conouctivityf2'.
Tltration'i‘j'ili 'ETitration;l' | .

7 with N/SO stoa _: With N/SO H2

_Morr Method : -E”fFree Mineral Acidlty (FMA)

:ﬂTitration.with N/56 NaOH i'

'_Turbidimetric Method



'7lTurb1d1ty

o Fr‘éé‘: cai-'sof;* ﬁié:%-’:’t?&é
(coz> el
.ffSilica (SiO )

:"Total Aniqn

 §3;:"

- Tron (Fe)
”Conduct1v1ty

(Mlcro S/cm)

:3:Others__ ""-.
: prD?-~.3

'ijeéﬁéﬁéy'of :

- analysis

5% 490

FrOm glaph of

relat on*of pH ﬁ'.énd*ﬂ{@lkalinity'

.v*f'e Yellow _ Mbi§5déﬁé_¥eliOw

3 A

-N03~+ b02 +ﬂ§;02: .1902 f_Sin L

pr meter | ] _  __pH_f'

“HCO, ¥ 01 + 80, M-Alkali + FMA.

_Orth phenanthroline -

 anductivity ."' Conduct1v1ty meter'
" Spectrophotomneter
. Titrétiqn-(KMnO5)

_TOC meter

“once a week ~ .. . once a day

Regardlng _raw - water 5y analysis;

JiCA,~

team

'“jrecommends that it should be performed perlodlcally

5as follows

Flltered Water (Method 1) Onﬁe aVWeék

Flltered Water (Method—2) Once a day

. 810 of Anion and Mlxed Bed Pollsher Outlet

. Every 3 hours
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In the filtered or raw water supply analy51s,'

'f'expression of results. hould be unifled as CaCO3

‘;its equlvalent for easy "alculation._:'

35;“;Note}= iOn-Jthe' attached. record of analyals (Table ;'

-:;e5C 20), chioride ;ialues are hlgher than FMA (Free -
'f:Mineral Acidity) Further evaluation of this. results
:  féh0WS the probable cause of the blg dlfference.ln
‘edlue ﬁay be due to the reagent concentrations,,-'
"_f(b) 0peration Procedure of Deminerallzer-
According to NAPOCOR. procedure, the -exhaustlng__-g
'napoints ‘of cation exchanger and anioa exchanger are”
icrespectively decided with free mineral acidity and. 
'7'silica value but not on the conduct1v1ty value'f
. However,:fhe.cenduct1V1ty of demonized water is
--ff:the most importaat factcr when ‘we - check the demine—'
f} rallzed Watercquality;:a? “-""':. . .
In primary demlneralizer, tae tyéical curves cf-

' fconductiVLty, SiO

2. and FMA (Free Mlneral Acldity) are .

_1shown below..~'

'fﬁngypigalden§e~f7

_$;4gonduct1v1ty

M1cr0 S/cm.: .
Sige (ppm) : of an1on out
FMA ( pm)

o Less‘than]
10 micro

b Less.than
. 0.lppm

-—‘Serv1ce duratlon of an10n4 ; _
il Serv1ce duratlon of catlonmﬁ—y';.:f
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"And  when NaOH 1Qf_ NaCl. 1eahu‘ét 'ohtiet:HOf .iun éxa

:et:dehahger;:the coﬁduetivity_will he as‘fdllqws;:-

¢aC0,. " NaOH' . ® ., MaGl. . - HCL,

3

1 ppm;¢‘f;Snmino”S/em'-er micto S]cm*8.5'micfd S/ém"

]

20 ppm . 100" T A0 Mo 170 M

FMA at the outlet of cation: exchanger correc;pond-=

-Hto NaCl .Conduct1v1ty'measure-lsehlgher-ln sensi-

t1v1ty than the -result of FMA” analyq1s.. Mdnitor¢ .

cpnplnuopely_by conductlvity.v

: Thérefdre, JICAW-~£eem ,Zrecdmmenas;~'athat the

,hexhaustlng points of: demlnerallzer should be: knowu byh

=hconductivity and 'conduct1v1ty»-meters whlch are.

'-?attached on . the control panel should be repalred orf

l;:ex’(ci

| :;:replaced 1mmediate1y Regarding mlxed bed pollsher,:
hlt is also the same as mentloned above,

;Regeneratlon Method

Accordlng to the manual of demlnerallzer supplled

.5;f by Graver hoth regenerat:on methods of up flow or'

*dOWn flow in catlon exchanger can be operated

hHowever,sa;_p:esent, only No, 2-cat10n exchangéfﬁ-7

'Je'iélepefated inhqp.fioﬁ‘fegehefétidn!'
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7 When concemtration of free mineral acldity (Cl
4 ¥ No3 > etc ) in flltered water increase, it: is.;-
7“_better te employ up flow.regeneratlon in erder te l.
::keep higher water quality efficient.f Also hlgher.
'::capacity w1ll be produced w1th smaller volume of'

. Feggneramts' . i,
__UP-FLON . DOWN FLOW REGENERATION

;;,%%_f\gr_b__

Regenerant

(HZSO4)

Regeneran
: (H2504)

" Wasta .

:T5é££f6}é; JICAl.iéém recemmendsﬁﬁtﬁel;'UﬁLfleW~*
:.regenerdtion method should be emelefed 1n Gardnerl:
(Graver) demineralizer to obtain hlgher quality ofll37
rrwater effluent." | ‘
'“-In.up—floW-reéemererleejfthe mbstﬁlmeertenﬁ?rhimé;‘”
lis to evoid resin moving durieg ac1d 1ntroduction and B
"{.eleo of diselacement 50, that water ot air. is flowed-m'.
: "_-from. column top.fj.Regemeratloe waste .colleerer 15;

"”lllnstalled in upper part of reqin layer.ftl'.

'”j'(&) Caustlc Introductlon & D1sp1acement Temperature B
The maximum operating temperature of anion ex—i.
' e:change res1n in R-OH type is 60 Cs In case offﬁe

”TJNAPOCOR, it is between 110 F (43 C) 120 F (48 c)""
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:_.The heating temperature should be control]ed at -

53 + 3 C in order to remove effectlvely SiO2 aboorped_
' : in resin layer.,,.' | “
(e) Exﬁected Capac1ty of Déﬁinefallzer
In primary demineraliaer, the expected éapacity
.ére_as_follﬁws;_.' .

.Gafdnéf: ' Snyder". - Malaya

(Gravér)'] (ﬁétmﬁﬁit) "(petmutif)

CATION hKCHANGER f ' | | |

fResin Volume (llter) :: ”553058 _. o 4870 . . 4870 |
.'B T Capac1ty (gas)  fff. _55,3:i; jf: :44,8 - . §4.8

(CaCO /1 R) - | | | : R .,= AT
V:Total Catlen(ppg as . CaCO ) 820/2 410 -“390/5;195 | 450/2 225

.'}Resin Capacity Drop z | 19/100- '19/100;‘ '1* 19/100
| Regene. Water (m ) : :  18 o .'.26 . _ B 46 |
T-hxpected Capac1ty R ﬂ316';: _- _ 880H:. o 7739

| (m /cycle) -

ANION EXCHANGER

'  _Res1n Volume (]iter)'”j; "1718_  ' '._,28589_ .,'__f2883
 '; B. T Capac1ty .;'“iiffs-_ :'24;4 5-_..  ;31;5_1._; ...31;5
(gas CaCO /l—R) '   ' |
' iTotal Anlon(ppm as CaCO ) 1;1_257_.;, _1;;.§7{_ ,  ' -'.192
| ﬁ[FMA (ppm as CaCO );;;jiﬂ;fj;i 1§o_f_; -_ : 0. 110
| (ppm,as CaO o |

(ppm as CaCOB)}:H_:: __wj{iot”_5, ;i;;;1o _¢[‘3;4.,_10; L
,.fRes1n CapaCIty Drop % ... 14/100 .- 147100 .. - 14/100" -
. ::Regene Water (m ) [”.ll' ff20n'f f.L}Hiﬁé3;_'.: “”.} 25

ft.Expected Capacity (m /cycle) 2@4:;- ?,:H:.7741:53ﬂ'*;';332
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