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Assoclated Substation and Transmlqsion Llneff'“"l'

(1)

Aqsociated clrcult breakers of maln transformer arcf L

.10Cdted in another compound such that those of 230 KVf'

"'are in Lhe compound belong to NLRC (Northern Luzon

 Reg1on__Contor) and 115 KV is Codn the compound; of

| MERALCO.

And the abone:circuit:breakefs_are contfoliédLat7the

 power plant:control ‘room.

@

Slllcon compound waq palnted on the 230 KV c1rcu1t_'f“.
ﬁbreakers and disconnecting sw1tches 1nsulators but it

.-Seems that‘th;ckness 1s not enough.

Recommendationss: - -

©F

(i) :

NERS

Ag” nnintenanoe"'schédule is being ofoooéed, _proper
coordination with MERALCO and NLRC ‘should be done o
as . to " have ;otonéf_]nainténanco!ovéfhaul of circuit -

breakers and disconnecting switches. -

Silicon ‘compound should be painted 0.5 to 1.0 mm thick

and should be removed and répainted.once a year.

Thermo~label should be provided o tnef-connection:"

“'parts of circult breaker and ‘the connection parts and”f

:'the contact parts of dlsconnectlng sw1tches 1n order- -

to. monitor the overhcating effect._
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U (4v) Ovéfhéad:ﬁlfe aﬁd oﬁeihsao'groondiog'@ire:shoolﬂ-also

'Bé.cﬁockooldoringlshutﬂowo.;j'”

- (yj lﬁ-Vieﬁ'ofiless-trippingiof poﬁer plaﬁtrthe‘folloﬁing:
scheme is cons1dored because of frequent trlpplng due

. to outside fallure.=

TIE TRANSFORMER

5Ky 230K

Fig. SE-35 TMPROVEMENT OF SYSTEM -

Installation of the system t1e transformer
'ﬁ_ii}l Isolation M~1 from 210 RV bus and M 2 from 115 KV bus

: Advantage'?

TO av01d both un1t trlpplng at back—up protectlon a

i Easy 1solat10n of M=2 transformer for malntenancs -
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Other auxiliaries:. -~

~{a) Instrumént'air compre sor and ail drier .

ES Control ‘air complessor for M-l and MnZ running.lﬁ.'
.three-sets out of . fouf sets existlng dnd an and_
-'_Mfz élr reéelyers are-tied_up; |
i, Adr dr§er'£br'me1-was'ovefhauléd and silicagéi'wés_
replaced w1th new .one in July 1982,_and that of
'M—2 was newly replaced w1th hlgher capac1ty..
And addltional alr drlers to be 1nstalled.w1th
_'exa.st;Lng pnes ar_e now_ under:-procurement process'. .
iii. Cén;fol 'air .1ing wésﬂ'ﬁil. Lontamlnated due to
| backfioﬁ'froﬁ fuél.liné at'0ctober 31; 1980 and
tank farm:.éﬁd condensate sfqtage..tank -yard
éohﬁfoilefs.are not ﬁdfking'hhtil now, -
‘ﬁecbﬁmendagiohs:i
.*i. 1t . seems :'thé£'f;capACity“ of ‘ iﬁsffumeaﬁl :éir
|   c;mpréss§r is a llttle small but 1eak chéck of air
line andu_oyerhauilng of. compreSsot should be 
cértied bﬁt:firét aﬁ& tﬁgﬁ dén&iﬁibﬁ o£]operationi
ig'séﬁe_as néw,_it 1§'ré¢§éme;&éd.to inéﬁéll'an
:é&ditionéi’cbmp;eééor,-: | | |
.11;  Torrep;écg sili#amgel_pefiadiééilj.
1ii. To £9pléce:éhe éoﬁtahiﬁategﬁﬁartsypipings_anﬁ_to

put controllers in service as soon as possible,
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OPERATION AND MAINTENANCE

JICA team, had Stayed in Gardner/Snyder and Malaya Thermal“

,_Plants for flve weeks to study/improve 1ts rehabilitation program.....

Durlng our stay, JICA team encountered several times of. accidentalz

: ohutdeWn.and'restart—up-of”the unlts, and tried'to,analyZe'the,

cause of unit trip,-and observed also dnnual overhaul of Gardner~

:.2. “JICA team 5 observatlon and investigation have not covered all__'
éc;iv1ties of all operators andrall;maintenance“wDrks; howevor,-
JICALteam_wouldﬂlike;tofmention:JIGA,obserVétions on-oberétions'

and'maintenance;fand“measurES for improvement.

1) Operatlon_n
4. Start- up and shut down operatlon
. It seems’ that almost all activities of a sLartnup
3 _Tand shut down operatlon are nroperly carrled 0ut based'J'
,5:on the oonnt down activity (standard operatlon check”
'--oﬁfnheg;s):T splte of defectlve control system and
éooinmontldev1ce Further detalled check sheets like-
valve'operatlon 1lSt before and during the start—uP'.
and shut down operation are néw nnder;:preparation
' PrQGQSS.,EEV‘ |
. There were many -unit: trips due to uncontrollable
oﬁémpéranuié'~in:;the.oant}:reoofd;sf*Ino?'nnit' tnips

IR ccurred several tlmes in a day during start~up. R

fiiThese trlps seemed to be due to an 1mproper operatlonf

'-?of the startwup by—paqs system. .-Operatlon, of. the:

'Flby pass system should be done in compllance w1th the-

'3Standard Operatlon Prooedure (SOP)
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: ]'Dnring StertQUp" or 'shntfddwn,,'there"nuStifbeﬁ'af“”

“complete - coordination  between  the. - Operations
personnel, and also strict coordination is' necessary -
:.*Between*feonttol room-foperatorijenﬂiﬁlocalﬁjanﬁiliaryfh-

5operators..;e :

For the purpose of this, the SOP should be distriw'j

' buted to each personnel sueh as b01ler, tutblne, gene—'

e rator-ené lqcal;operator; '

Infaéditionﬂtd;the;above; there5isianothefi§ey by

. _the use of transceivers forﬁeooperetiVe,én&-ooordi—‘~

nated operation.

Nofmal 0perati0ne

Durlng normal operatlon, equipment condltlons are’

';“mainly monitored .Itherrcentral; control room._

o Observatlon“reveals that nonitbring_of"localfeqnipment

‘1iﬂandfade§icef'is 'notf enough: duenﬁto Jbadu;atmoephefic

igcon&ifiontcensed'by‘fuelnges-iéaREEEb TR

’w.Operation inufau1t§FCOndition

JICA team encountered M~1 unlt trip.:;In'these

ejcase, operator had taken quick actlons properly :.

..uThere seemed to have been no prob]em, but in- order to;

3felim1nate faulty operation or to prevent equlpment'_

iafrom serious damage,e training With'cthe'_aid:.ﬁfij[

.'simulator for acc1dent should be performed for the ,=

'::jfollowing items as one of he tralning program..n'..

. a) All system black;out

b) All DC power‘suppiy failure

c) Instruments:air failure
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: TOpefatidd?=bfeceddre'wdff'eaeh _iteﬁ Vfé‘ already

pfepared; The other item should aleo be prepared with:

"stahdardioperatlon procedure.__"" )

ReCOmmendation'cbncefned toHOpération o

: JICA team s observatlon reveals that the followlng

| *;(a)
: qO

'1mp1ementat10n and 1mprovement are necessary.

To follow strictly to the countdowu actlvity (SOP).

To perform strlctly the patrol check for the local

"equipment tw1Ce every shlft._f-

(C)

e

: wrltlng,

To- request f1x1ng defective equ1pment/dev1ce such;-

'ae “valveu'gland' 1eak'”noise 'of-'moter”.bearing, -

mal—lndlcation of local gage, malfunctlon of local'

control equlpment etc., to the related sectlon in.:

To ' check ‘the local equipment condition when alaim

. is sounded,

: {e)ﬁle

keep tﬁe_?Toperaﬁiﬁg-*'ébﬁdifiaﬁ3*4oh 7 the

' pre—determihed":”ﬁaihg' :QUEh?h'aé:ffpfeeeeféf:,and )

femperatufeafﬁetc}> ff there is much difference:

”'between the actual and predetermlned value, the

cause of that must ‘be studied. Especlally for'

1Snyder—2 and Malaya 1, strict observance‘fdffTT

hydrogen gas preesure to- be malntained to 60 psigd-

'”and load power factor to be maintained withln the

'f*fnew characteristic curve should be necessary. o

f(f)TNot to by pass the plant interlock system without3

v any partlcular reason.-,f"ti' o



. _;(g):fo:iﬁdicete.abpo:mei'coediﬁion_on‘fﬁe-oieck_boerd_z

' ‘_1ih-ofder7to ﬁotice”the'fact7ﬁo'ell opefetofs;va -

'ﬁ_(hj To 'h&ﬁé meetlng just after shift change"to

‘netice the equipment condition to othex opexatots:

. in detail

{1 TO analyzE the cause of trip before restart._
i:(j)QTo complete detailed check sheets. J"

_'(k)lTo furnlsh the standard operatlon‘ procedure of

j:each 1ocal equipment such as _seal oil ;unlt,f
"generator coollng water treatment system, etc.

(l)-To furnish flow dlagram and interlock diagram in

.;'the_cent;alﬂcontrol room-ln,order to,oonflrm or:.
f;fiéeﬂtify fstaﬁdetdf'opereeion_ groceduxe"end ‘the’

T"purpose._ Jjj'

'(m) To furnlsh routlne operatlon table.

':(h)yTo 1ndicate optlmum value, 1im1t-value-andia1e;m'

‘_point/trip 901nts in Lhe 1og sheet.:,,, .

;ﬁo)ﬂTo furnlsh the standard operatlon procedure and

_ routfne procedure card for 1nd1vidual equ1pment

';-(p)fTo furnash flash 11ghtS and transceiver “in the

Coay -Maintéﬁaneé:

_lto cause serious prfblem, and'}thes”

_central control voom. -

fRoutine Maintenance _' R

'eDefectlverlocal control and local gage, small 1eak of;f.

’fvalve gland and draininghof sump pit, etc., are seemed_ S

equipnents are

',_related f: ole:safe : plant ;,9?9F3§¥Qni¥ “_pﬁly__'bﬁef




5.-398

defeetiﬂeness-ofethéfebove édﬁipﬁeﬁtsfﬁay?fésuitg i

'Tdéngefﬁﬁé'conditien-of\pOwetﬂﬁlaﬁt;ﬁthefefote;ifpetiﬂe '

- maintenance during operation is very important. -

Recommendation to’ Toutine mainténmance =

E (ej‘Toefepair'tHe5eqhipmént;eﬁeﬁiiﬁ'sliéhtfﬂéfeetiVe'a'

'condition (preventive maintenance)

t(b):To perform patrol check by maintenance group aside{

"i‘from operatlon group because the former hdS enoughi

'.ﬁ_knowledge regarding equipment defects.

:(e)?T c]ean up after maintenance works'feeeh as
iemoval of flakes.after piping.werke,-ﬁafte_of 

equipment not available,‘eic.- e

-___(d)fTo:Cut=dqwﬁJgfassfaround;fqe1~011‘taﬁks;f

(e) To reset the alarm indicators“eévéen if it is seemed

" -to have no relation with the. plant operation.

' (f)_To’ueeEﬁreﬁefflub:ieeht"ferﬁﬁetefé*and;pﬁmps;’ -

;(gj Td=eéfry-bﬁt:tepleEemeﬁt'eff&éfeetieefpaits'with

‘i;the proper materials and toolsﬁ_ =

' (h) To W1pe out” the fuel oil dnd lube oil leakages.'

T_Aﬁﬁﬁéiﬂéverhau1}»1.~a'.TH,e

Annual overhaul should be performed in aecordanee'

Hrwith Appendix—é,a aetual operating .condltion "before L
zt'ﬁf un1t shut down should be checked strictly ;-Chébk;'

'115.1tems are listed as follows‘*
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To perfofm= the 'pétrol chebk' for 'all=:équipmen£é'

'.such as bearlng temperature of rotating machines,‘

_noise v1bratlon, valve gland leak seat leak, gas:

and a;rgleak-of:dqgt, Worklng condition'of-ldéal.-t

control equipment and  also - to record the .above

. conditions.

(c)

To check spare parﬁs'aﬂd parts for replacemént;__J

To réview manpower and schedule. ..

) Duriﬁg-pvayhauling.the_followiﬁg items -should be

taken ca’_red of: .

i, Strict control/management of schedule, :

~ii. To ' maintain the énvirdnmental condition :

it

Cdve

__Qéfféﬁtly:clean..,
i;;ﬁFoi Eoilef:_x
-‘1(1) To conflrm thé tube materlal for reﬁublng
(11) To cut boiler tube by grlnder and_to puf_
cap on lower tubes [in order td_ﬁréveﬁt'
__entranééjof_forelgn:matéfiais.:'5
' ;(iii.). To p.I;'e}.i'é.a;t 'Wh‘(.ari':"'.éllojr : s..téel:..'is 'Whélcie;i.
=  (preheating temperature should be 300 to-.
,380 c whlch can be’ confirmed by -r_empl_l
-‘Q:(thermo crayon))

Fdr turbine 5;

(1) Lube oil pipe must “be. capped in order to__'

prevent._entrance  0£ foreign ‘nmterial':”

"_‘dﬁring'dﬁerhaﬁlihgg
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_ (ii)-Té insfall'téﬁbﬁéﬁié éééffbi&iﬁ§ iﬁ.f£dﬁ£
of:bondeﬁsér'méﬁﬁoié. o
(111) To put handrails above the manhole for
| .iéaSy eutfﬁnééﬁ' o
(iv)'To .ﬁéffbrm:.the‘?ekaﬁiﬂatibﬁ  of”fcbndeuSer-

‘tube by proper eddy current method:

v. For Safety

.(i)_Before the Job start, exp1051ve and com~

.bustlble gas ‘must be checked in the b01ler._'

(ii) To use, ant1 electrlc‘shock tyﬁe Welder.

(1) To use’ low voltage (24 v AC) hand 1amp in
the enclosed veSqels.' |

(iﬁ)'To-provide.helmet for'511 §éi§qﬁné1 inside-'

the powerhouse during repair works.

vi. _Oﬁhefs’" '
(1) Méééﬁréménii‘off_éliénmenf should: be as

.fblldﬁi

At present ‘f“"'T Improved means

( Both' s1des ‘should be-:
rotated at a]1gnment BE

| Fig. 5M-36 METHOD OF ALTCNMENT — -
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.?_Qhalifiéétianof.téchﬁician %'
“As for welding w01ks (electrlc arc weldlng,:'
.'gas weldlng, TIG welding, ete. ) should be done

.by quallfled_ technic;an;f .NAPQCOR -should

- establish 'quéiificapion ‘system and iperférm

viii.

. examination on the basis of unified criterion.

Testing items to “be carrled out durlng and_

.afte1 overhaullng

"_Durlng and--aftEr 0vefhauliﬁg,:ftﬁe'Tfollpwing:

';,tests and test runs for boller,_tu:bine and

-sauxlllarles _ should be “‘carried _out and:.

recorded:

* Simulation'pf-cqmbustion'énd-staft—up

~ by-pass system controls -
*  Test ‘run ofzéukiliériés.and equipments

* Méasurement of boiler-eXpanSién'_.

'% iUﬂlL capablllty test and efflciency tests .

: *"_Confirmation 'of ' b011er safety : valve_.

.settiﬁgs -

o EHydrostatic test

*'_ B011er tube radiographlc (eray) test

- #_ 1Condenser tube leak test-;_;_':

_*_fiHeat‘exchanger leak test
K 7LP/HP heate1 tube leak test

. *'.ﬂGenerator/turb1ne v1bration test

 -*  Generator hydrogen leak test'

L% _Hydrpgen ;gqolep[tgrblne lgpe '911'_¢§91ér

leak test
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*  Generator megger test

L 480V motor mégger'test

k- _High Vblﬁaée‘moior negger tesg

* Eyehtriéal.ptotectivg'réiay.teSt

* _Tﬁrbiﬁé:pféﬁeétive'device test

& .Plaﬁt iﬁtcfibck,test

- Staiiéﬁiéerice autgmafic;fransfer:teét
* TACC/BACC'autOItfansfer tests

Emergency equipment auto transfer test

Tools.

Major'repair of turbine and generétorréuch as .
joﬁfnhl _machining and/or labyrinth gfdbye'

remachining' takeS'fvery lqng time'_without

C pro?er-eﬁﬂipmentf 'Aﬂbption_of'special'tools

like.Poftable'lathé:is effective to Shqrteh

overhauling period as well as reduction in

‘repair costs, and is recommendable as long as

machining ‘accuracy is dbtained._
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JI)Q_ChemiealfLaoofatoff ;

‘ay

Equlpment'

”__(lj. Gardner/Snyder Thermal Power Statlon : B

Table 5C~ 1 shows equipments in the laboratory at

. GSTP. (These ‘are showu in’ Report on Technical Serv1ces E
*for-Impyoyement of Opepatlonf of NAPOCOR Thermal Plants,-”

_pp.;z:ziﬁ to 2-218.)

1he conductlvlty meter in the plant 1s not so sen51—

'tlve for low level analy51s due to its higher range.'”“

'h;'Likewise,_one spectrophotometer which lS belng used for

:'_during the annual 1nspect1on of ove1hau11ng

:3the:analysls:oﬁjohlorlde,js111oa, etc. could:no;sbe used 7-
far}fface5ié¢é1*ah;1§sié:5e§5usé:it?hés onlf a:lbznm:eell:]
'The above apparatus was new]y purchased .ffhe7atoﬁielab~;:
isorpt1on spectrophotometer 1s.not belng used for the dallyfi.

_awater-analy31s;r It 1s only used for the sludge analy51s_ﬁﬁ

- There s no.:-

:_;attachment for flameless atomlzer-{graphite furnace ato—

i mlaer) The sald attachment 1s good for the analy51s of."

ﬂ-jjsaid'aitaEhﬁent

- gcau51ng 1neff1c1ency In: laboratory work.. The avallable{

:outlet, ammonex effluenL, etc. s illbeeasy. h

;1QW,19V91 eoneent;atlon ofﬁsod;um5; In th1s regard if the

'qpresent;-thefa'alyslsﬁof_demlneralizer

.f_ Out of the flve (5) 51nks in. the ehem1cal laboratory,_fnl'
only one is, functloning because the other drain lines
:.cannot be‘used. There are ‘no pure wster llne in each sink_igf"

“aslnk has only condensate sampling line without pure water ?

1ine. | | P
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" fable 5C-1 EVALUATION OF THE PREbFNT CHEMICAL LABORATORY
' /SEI-UP AT GSTP - o i

CACTUAL '”;. . REMARKS-
' b :pﬁjMetér. 57f '4-5éts

rﬁ.Zeromatic SS~3 Beckman
__pH meter x 1 ;_ o

Oyt of order

*-*ﬁzéf5m§£1h Iv'ﬁﬁ“metér”"li”

"*%*Beckmanuﬁorlzon pH” Meter
V,Ecology co, Model 5995 2 0 o
I ©0ut of order

:ﬁo- ConductiV1ty Meter L

w YSL conduct1v1ty brldge'."';FriThiS]f§ﬁé?ié?ﬁbéoléte.;
odel 31 1 set s ' R CLh e

X TDS/conduct1v1ty analyzer S JThlS Lype is. hlgh range.;;-
' Model 700 l set. ”‘-_ﬁﬂ(Mlnlmum range : 0 10 micro
ff?Addltlon of conduct1v1ty meter-*

with low range. ~ (Minimum range:

'f{“O l mlCIO Slcm)

. Calorimeter . "3 gets

Out of order

C-att Atomlc Abéorptlon
fV"Spect ophotometer for sodlum '
-gion analysis.{. :

3 Platformealancé.r"fi SR
”v_.Srﬁnge- 0. 1-5000 g) w1
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ACTUAL

Sk MattleanodéllB~ko‘"“'E"
analytical balance x 1
:(range.ﬂ'O 0001 100 g)

'_QCélafiﬁétéfiff 1 qet .

| REMARKS +3

: 'jShould be put -n_an'enolosed~

‘room.

* Par Adiabatic Calorimeter x i

lenomatic Viscosity Meter

LR Flsher/Tag Saybolt
: Visc051meter X 1

'_ C & H Meter

:' * Colemau Carbon - Hydrogen
o Analyzer x 1 T

' *_ThomaS,MicroCQfooo*;
‘Hydrogen Analyzer x 1-

Others =

 'Laboratory slnk drain llnes are
Cout . of: order, only one is'
favallable for use;

f.Sampllng bottles w1thout caps T
:and 1mprovised rusty wire handle.

1 “set ;”

2 sets

' .Out.offOroéf L

"o ‘Rotary ‘Evaporators for
microanalySiS" :

Ex Na . Cl ,contents 1n
condensate water

”’*ZOTWA;e:]Batﬁ

o Water Purifier for
1aboratory

lFor 1mmedlate repair._ Install
) also ohe- ‘Tine of ‘demineralized

' ~ water to the chemical laboratory'"

;for laboratory usage. ;'

VUse sampl1ng bottles with caps.
On sampling ‘care .and proper
" -handling be observed to avoid

E possible contaminants.__-
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'Ha15§5ﬁwheﬁmailPiaﬁ£

”e_: Chemical equipment Adn- the - iaboratoef.dre shown in
o Table sc 2.
-;# The available conductiv1t§ meter 1s elreedy outmoded
'_It eeuld not meesure trace level analysis.;
mf.The Beckman Model DU-2 spectrophotometer has . 20 T and
:100 - cell so that it is avallable for trace 1eve1
_analysis of silica and chlorlde.: With regard to 5111ca-
;analysie, 51: is not 'so’ sensitive because 1ts normal
' 'wavelength could not be used The-absqrbenee 1s,fluc~,..
-:tuatlng; : | | |
- The atomlc ebsofptioe spectrophotometer wae“newly pur-
 fﬂchased but- w1thout fldmeless atomlzer alse.
“ Oet of.9 51eks,.only one has available pure water whlch
'ﬂifmakes:ieberetgry work 1neff1eient.
- The waterdlstilllng .-ap_pare.tﬁe is ._ werkieg _t{:ell “with
L ;:feeaﬁeféf;feem:ﬁ:ieceﬁdensate'pump diScHatge.' ff_ie
fieee;ﬁEGtéeﬁiﬁe;eiweter.éheﬁJGSTé._:Z' |

'Thef1ébofatbryjeﬁpdrathe ere:not'eHOUgh.
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L Table 5C-2". FVALUATION OF THL PRESENT CHEMICAL LABORATORY

%ETHUP (MTP)

_o'AcTUALJ

'ogsz Meter

o * Beckman (Zeromatlc)
:-* Beckman Century Sb 1

'Conduct1v1ty Meter

';Rmmmﬁ]_j””

i:Oﬁgoof;ofder

" Obsolete - .

* Lab Line Electro-Mho-Meter._l

Colorimeter
* Spectronic - 20
o Flsher Electrophotometer

* Beckman Mode DU- 2
Spectrophotometer'

.Atomlc Absorption Spectro»-
photometer

* Instrumentatlon Laboratory

_:Not available with hlgh

' awavelength
Addition ‘of flaneless atomizer
attachment for sodium analysis

aa/ae Spectrophotometer 357 -

_Direct Reajing Balance

S Mettler H20

_'* Mettler P3

1Calorim6te:'

"% Adiabatic Calorimeter - -

,Kineﬁio ViséoSity-Metéfn;f?.""”ﬁ

_*kéayﬁoltLVIécoﬁegor )
::Centrlfuge ‘ .:

CR IEC HN SII Centrlfuge...
iWater Bath

L* PrecL51on,Scienoifio

'{  Dlstilled Water Equipment

--‘:* Barnstead 210¢ Biopure
. DisLilled Water Center
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*”Water Analysls Method and Frequency.

__'_fc'jn

Gardner/Snyder ii.

Table SC 3 shows the present water analys1s method at_

'fGSTP These analyses are essentlally done based on’ ASTM

'.Vmethod y The problems about the method or, procedures of_“

'analysis'are as follows: sl"

Checking of normality of the tltratlon 8 reagent and-

'l;ﬁthe preservation 15 1mportant for the measurement of

balkallnlty' It was observed that the normallty fore-

lfalkallnlty analysls is not belng checked or standard—"

o ;1zed The preservation condltlon of the reagent is not
”:ﬂgood as Well ‘as other reagents.;.-:

V'Analy31s of chloride is done w1th F1sher electrophoto— o

'hweter.: As ﬁeationedi1n 1)-a. (1), the Flsher method 1s”
1more sensit1we than the spectrophotometer because the
”latter has only 10 mm’ cell (Factor W1th Fisher- 14 vs.':
.Pactor with spectrophotometer ; 25).. The blank solu—“
'ltlon is’ usually prepared w1th mlxed bed - demlnerallzer}

3eff1uent. However,-_thef cation conduct1v1ty of the B

RN mlxed bed effluent frequently 1nereases (sometlmes moref

'than l mlcro S/cm),.so that the effluent is not always’
.7suitable lor the blank water If Lhe catlon conduct—” -
:ivnty of the etfluent 1s l 2 mlcro S/cm and it was due'h

f:only for chlorlde, the water contains 0.1 PPm Chlorlde'.;”

'j,'Therefore, When the absorbance of the sample is meaf;.- a

“ﬁsured rand comparlng ?it; lé-&e blank water f‘r*f'"'

;?freference,,the net absorbance w1ll g1ve a smaller valuef}

-“fthan the correct value The methods by both Flsher andj*_f



pectrophotometer with 10 ! cell are not so sen51tive' '

"for the trace level analysis of chloride.‘iThe detec— o

ffftion llmit of chloride analysis u31ng Fisher electro~.'

'fphotometer is estimatedato be about 0 15 ppm, S0 that' R

}hk'"O".:pm in the dally wate1 analysis report means
Zdless than 0 15 ppm. . The preservation condition of ;
ﬁreagents 1t not proper due to its open contalner whlch:
':is'suSCeptible to contamlnatlon.ed.:

"Ammonla is being analyzed by nesslerizatlon method

' based o’ ASTM The accuracy of the sald method is af—ﬂ"

. fected with the interference of hyd1a21ne.:h'
pr measurement 1s done by pH meter. JICA team.observed '
&that the sample is being measured w1thout adjusting 1ts
}temperature. Even 1f the sample temperature is higher
:;:than.the standard temperature of 25° C, no ad}ustment of
”tenperature is done prlor to 1ts measurement,h The pHi'h
-:1n the: system.water.malnly depends on-ammonra.concent-':
:ratlon which is weak electrolyte.'f-The' dlssoc1atron '

_ﬁconstant of ammonla changes by the soiutlon temperature.~

'd:Tas shown in Fig 5C~1§ Therefore, pH in the diluted

ammonla solutlon 1s affected by the water temperature

.'f_iThls relatlon is showa in Flg 5C—2 If Lhe other'

-flmpurity whlch affects the pH of solutlon does not'

.f;:exist, accordlng to Fig. SC ? pH of the sample can bei

.-p.estjmated at’ 25°C. Approximatelys PH/ T ( C) 1s Sho‘m:
" at about -0 03 (based on 25° C)

._Copper is belng analyzed during the neocupr01ne method

'lThis method includes extractlon procedure which da e



"ﬁ;_:tIOubleeome;'iikewise;'thelpfeetreetmenteisanly'addif

”tﬁftion of hydroehloric acid based on the old ASlM iThé’“f_'

"::_fsample is not being boiled after addlng 301d while both‘

'“jffforg;;leth_qhg '

';tJIS and new ASlM procedures 1nc1ude b01ling after addn o

‘elng ecid.r The cell being ueed Ln the above analysis is f”u:”

_L_below 50 mm cell so that the scn51tiv1ty 1s less and'
not accurate.t?iﬁ "C"-?pm,;n;the_reportxmeens 1ess:-'
| than 0. 01 ppm copper.__f¥;mf,

':ei5111ca analy51s has similar problems w1th the chlorlde

'“;,analysism The said problems are the sen81tiv1ty and'_l_

ithe blank water. éEutthermore,ﬁtheﬁuee eftptgette-made;
-;qu giass;dQES'nof?giﬁe'écé?Feté_5f;§érré¢Fféne1Ysisg3
Tron fs analyzed with Bathophenanthroline method but is
. seldon done. The reason for not doing it might be due
'-te;ttOﬁbleeomeyéreeeéetet; The sensitivety of anal&51e;

' Tﬁis not enough because the 1n5trument has no. cell ‘more

;so the method of analysis

'Q:The dlssolve'oxygen measurement is not belng done be—v

idance of JICA and UTL team, the saleV

-'fe_eqfiyeieiieimeygpeipgﬁdOne;: When JICA team 1a at‘GSIPg o

"-ibelng done every day:'j.it' is *

.'-s”;observed th_t when JICA team 1s not 1n GSTP no di$561Vf "-'

med oxygen.analysis is dOne.= ;a;;%

L _"The ‘naly51s for sulfate 1s not so sene tlve too.::*

: ;iIhle;eqneneyeeﬁ_ma;:;system water ana]ysis is'esgenrf

:;it;eiljféeefye4fheuféfes ihe_n in Table SC 4 and 50—5.




R

'frDiééblfé& oxygeﬁ,.iroﬂrand Lonductiv1t§ éﬁé]&sis:afe 
1m§ortant in the proper evaluation of feed water qualln i
5ty.f It was" observed that the above 1tcms dre geldom;"

. ana1yzed. On the contrary,.alkalinity Whlch is" not so;

: important is analyzed every tlme.
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Table 505 FREQUENCY OF MAIN SYSTEM WATER ANALYSIS AT S-1, §-2
By S:ample -

e ‘Economizer - - Individual’  Main~
JITEM - . . _: Inlet .- CP Outlet . Effluent . = Steam:

P..VA.:ll.cé.lini'ty. : ' 1/4}1 _' 1/4H . | -lléill .. - 1/4H

M.0. Alkalinity II/AH" *.:iIAH ; 1w _1[4& |
Chloride_ e 1/411 1/4H o 1/4H _ | :':1.741{
Irgn:  _'  AR  NONE 'ff ' NONE ) 53N0Nﬁf_l_ Nonﬁ -
Copper | '0ccasi§né11j'f fﬁbNE R R Ndﬁg"
Dissolved (.)xygenﬂ L "_1_/D* _ | l/D*..: - NONE _' NCINE_: o
Hydrasine - . .-f‘1/4ﬁ U moME  NOWE NONE
Amménia .: S 000&51011&11}7 - NONE . NONE. - ._ NONE

é{iigaf"' ERE  i/Aﬁ'1f e : RV T VI
: Conducthlty i NONE 'N'oiNE u NONE . NONE

R |+ U A

Turbidity . . NONE  NONE . NONE NONE

NOTE: . * 'b_y ‘recommendation of JICA & UTL "I’:eémi_
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t_:(2) Malaya Thema] PldnL f

Table SC 6 shows the analysis method for maln system

7”.wéter' at. 'MEP. Problems about the analysis _method are

"almost similal to GSTP. In casé of MTP the spectrophotoF:

eter ha_*lOO min’ cell.- But the chlorlde was being analyz—

2:eed with 20 mm cell JICA team recommends the use of 100'

©mm cell in the sald analy51s.:'i'

The frequency of main system water analysis ls shown_;'

.in Table SC 7 It 1s almost 51mllar with GSTP, but copper_
'dnd amponia 15 not analyzed. ' %'°:

o Analytical Reagent'.

: Almost all reagents are. analytlcal grade, but edme,t

are 1ndustria1 grade._ The purchase system of reégents-153

V_not consolidated and the management on stocklng of le—

: agents JS not properly done On the prepared reagents;;

g the date those were 'prepared 15 not wrltten. In this

case, the.shelf llfe tlme'ls‘not-knqwn.
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Table 5C-7 FREQUENGY OF MAIN SYSTEM WATER ANALYSIS AT M-1

© o Item

ZTP*Aikéiinity

- M.0.-Alkalinity.

_Chloride
._hQﬁe._

* Copper

' Diééolﬁed_Oxygén

Hy&fazine

- Ammonda
Silica -

. Conductivity .
pH

Economizer®:

5 - 420

“:Samgle_-   .

-CPTOﬁtiet

i AmmoﬁéﬁfUhit.
- Individual-

Main

Steam

Inlet

1744
1/4H

C1/48

‘none

none . .

1ZD*%

len

.none

1/4E

- -none

T 1/4H

L

o 1/4m.

1/4R°

" none

 none

- 1/DEx

T none -

none

1741

none -

1/4m

" Effluent

VYo
1740

1/4H
ﬁbne-
' ﬁoné

- none

none

none |

1740

" none

none. .

WIA

1/4R

L/4H
_.ﬁohe '
.'ﬁone
' hdne3

none.”

none

1/40

none

none

Dederator .

/41
1/48

~1/41

none

none

 Dutlet

Tron

none

none
L/4n

_none

1/40

Note: * Economizer data is the ‘same as the deaerator because of -

. No éample fl§ﬁ §§ the former.

*k by recdmmendatiﬁﬁxdfTJICA'&.UTﬁ'team'
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Recémméndétion{'
(1) Equipment

(2)

'Reéémﬁéhdation-poihts ébbUt-éhemiéal=9qﬂipmeﬁt;
.are shown 1n Table 5C- 8

Maln System Water Analy31s Method

_Recommendatlon p01nts about main system water analy51s

method are shown in - Table SC -9,

The analysis method for the trace level of sodlum and

 ch10r1de are: as follows.

o If the flameless atomlzer is attached An the atomic

absorptlon,' measuremént of sodium is accurate because
it has a sen31t1vity of about U 01 ppb of the detec~
tion I_L_e_vel.. ‘Withourt _th(_a _flameless .at_om;zer, ag:.curate.'
meéSutemenﬁ Qf.56diuﬁ é@uid_be d6ﬁé.éfte£ c&hééﬁﬁ;at_

ing: ‘l‘.UUOVm'l. of_ s'a-mp_le to 100 ml 'by.. the rotary é_vaﬁoé—

'rato_r.: (This co_ﬁcéht'r'a'téd' Safq{ﬁle_ 'is_ -a\:r'a-iléble‘:' to

chloride analyéis-fof,demiheralizefuoutlet}‘conden—‘

sate deminéralizefIEEfluenf,,and'other watér'SYStem,

amples ) Durlng concentratlon, contamlnatlon of the'

n'sample must be avolded Especlally, when the vacuum_'

- is broken,' :Lnert -gas,: -su_cht-as : nltr_og_en or '-a_rgon'_'

should_be'introduced in the equipment.
S T

, Calibration about calorimetric method should be re-.

checked ‘at least once.a year. It is better that the

prbCeduré_of analysis is writtgn'in-the ca1ibrati0n

" table to éonfirﬁ_the hroéeduréibf every analysis.

N
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‘Table 5C-8 RECOMMENDATION FOR LABORATORY EQUIPMENT (GSTP & MID)

esTR LM
- PﬁpeﬁeSQeof;goodoctiviﬁy:ﬁefer .. Ditto
'?urchase'of 50'ﬁm.eel1“for 7'.=-“%.6vefhau1ingfof‘spéctrophoto_

_spectrophotometer (Beckman Model - meter {Beckman Model DV-2)
*35) - o | -' .

-

' Purchase of grdphite fu1nace atomlzer for atomic absorptlon
-spectrophotometer._' ' :

fPurchase of rotary evaporatlon equ1pment for sample concentratlon..
'(Available to Na, Cl analys1s in demlnerallzer or condensate
pollsher effluent, etc ).

VPofchéee of wetef bath S

Purchase of water ultra~pur1f1er (hav1ng multl - cartrldge mixed
resins) - :

Repair of laboratory sink draln Tl
: 11ne '

'-Increaslng of 31nk hav1ng pure e
. water 11ne . S

'Purchase ‘more: 1aboratory apparatus, e B beaker, container,
'stlrrer, plpette, sampllng tube, hot plater or heater -

- Purchase of komagomemplpette made of-. glass and polyethylene, o
"respectively _-' - .
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' Table 59" RECOMMENDATION' FOR WATER ANALYSES METHOD'

Alkalinity

.'Chioride 7

Silica’

‘Phosphate’

Ammonia

:0:

Check normally of tttrating reagent (after each
preparation)

g Uee 50#100-mm ceil.for 10w-c0néeutratioh'f7

‘ Check absorbance of blauk aample compared to o

. water without: reagents. DR

__Blank water whlch the'cation conduct1v1ty isl

‘more ‘than 0.2 micro S/cw. should not be. used.. .

'_'When the cdtlon'uconduetiv1ty of the blank '
- water is less than 0.2 micro §/cm, and if ‘the
- absorbance of the blank: ‘sample with reagente-
© “{g more than.0.; 2 with 50 mm cell, ‘the: reagent__

.'iffshould be dumped

Avo1d contamlnation of reageuts by closing con-

‘talnels'

.fU§é”50;1007mm cellufor 1ow couceutratiou

Molybdenum Yellow Method for raw water

- [see Reference = 4, pp. 5-436 to 5 437 J
_ Use polyethylene apparatus

. Modlfy blank preparatlon method as follow

ﬁ'(deminerallzed water .3ANSA : Tartarlc Acid

'rMolybdate-;' HCL

When tartarlc acid

exists before addlug molybdate, silica-.
mollbdate chelate ' cannot be formed)

When “the absorbance of the blauk sample."

prepared by upper method is more than 0.1
at 50 mm cell, the reagenta should not be
used.

Uae:spectrophotometer with 20-50 mm: cell

.Change to. Phenol Method- (JIS 38224 f3;2ﬁ;i) o

(See Reference - 3, pp. 5 433 to 5—43&.)

,_Adjust the water. temperature to 25° #1° C
'w1thout openlng the container: :

'Con@ensate direct reading by the use of a graph :
(See Fig. 5C-2) :



. Cu I
re

sulfave -

. Turbidity

Pricrity of

Analysis Procedure -

. ConductiV1ty, pH NH

5 - 424'..

,-iTake pH measurement immediately after. getting
"sample : ,

eChange to Zlncon Method [eee Reference - 2
) pp. 5~ 431 to 5~ 433]

”f:Change to. TPTZ Method [eee Reference - 3
- pp. 57433 to 5- 436)

.i-f“Use spectrophotometer with 50- 100 i cell for
- low concentration ' : :

';}Use spectrophotometer Wlth 50-100 mm’ Lell at .
.660 mlero s for 10w concentratlon'

2 4 Fe, Cu and 8i

Use another contalner for Na, Cl analy51s



s ias

_(3) Frequency of Main System WaLer Analy81s
e—'-Desired frequency and items of main system.water anelyn
eis -ie: recommended:'ln Table 50"10 for once= througﬁ
--units, table SC 11 for drum type unlts, respectively
: +f‘These are the programs to be. followed ‘after the inst31"
:1latien of the new sampling rack.; ThereafEer,ewhen-the
‘ rellabillty of the pH cbnduCt1V1ty ehdicatien.eoﬁdeev
ltlvity monltor are eonfirmed the frequency.of enaly31s
of theselltems_eouldlbe decreased.- Ahout_;he'Fe, Cu,
102,“02, NHA,'éih eﬁdiﬁé?.ﬁhenetﬁeseleaieee ehénge'
'sigﬁificaetly, 'tﬁe efrequeﬁey :df-.analySis'eehouid"be‘ 
iﬁdfeased{ ‘
- ﬁith:the'ﬁfeeeep Séﬁﬁxiﬁgefaék;5YStems.F?s.ggs 8102,
:QZ? NHA,icifieﬁpeiﬁ_be enaiyeed_ewo‘ﬁiees‘ffeeﬁeeey es
reconmended in Table 5C-10 and 56-11 due to unrelisble
sampling p01nte and the.eamples are net represeneetlve.

(4) Analytlcal Reagents '

The recommendatlon.p01nte about analytleal reagents
are es follows; o X
i;“ A111'chemieai,.reaéeh£e beieg_ eeede:in:‘the::aeaiyeié'
 sh0u1d be analytleal grade chemlcal o
- ii. 'A11 the necessary reagents should be iested 1nc1ud— :
.1ng new reagents for the newly added analysis.:
iii;' The preparatlon data of the reagent should be writ—

ten on.the cqntalnet, '



G5 w426

~The volume of the 1eagent being prepared should be
'.bascd on the effective period wrltten in ASTM and
 fthe frequency of analysis. .

-rThe preparation method of reagents “should be: shown'

' ;: in the form of table.:g_f

i

Intensify stocking control of reagents. fCheckithe

..gonsumptipn and'the prGSEnt stock 0f_reagént$ﬁévery'

*.month'ahd:keép-the-prdpérfstdck.=.
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ANALYSlS MFTHOD RECOMMENDED

JIS B 8224 - Testing Methods for Boiler Feedwater and Boiler Wdter)

Reference - 1

lron (Fe)

TPT?-Method

. Thisfmethod-is baeed-on-the reaction of~Fe"ion which ie'dis#'.-

'.solved w1th hydrochlorlc a01d (HCl) in advance, TPTZ in buffered pH'H'

. 4 - 5 to. bluemcolored complex. d

In this. method the meaeurlng range is 0. 0005 - 0.02 mg in

:us1ng of cell (1onger than 50 mm) and the precision is + 10 - 34.-

"+ 1). Reagents . .

)y

(b))

;Water —xThe'water whieh is ueed for the teet (include ve- ©
. agente dilutlon water) is to be 1on free.,'

 TPTZ- Solutlon (M/lOOO)

Dlesolve 0.156 g of TPTZ L(C N] Ain l ml of (L +

;:1) HCL complettly and transfer it to 500 ml volumetrlc '

t_tflask and dllute to 500 ml w1th water.-

(@

'10 W/V/ Hydroxylamine Hydrochloride Solutlon

Dlssolve 100 B of hydroxylamlne hvdrochlorlde (NH OH

jiHCl) in: water and dllute to l 11ter w1th Water

*u;** See NOTE

@

Ammonlum AcetaLe Buffer Solutlon

Dlssolve 500 g of ammonlum acetate (CH COONH ) in

water and d11ute to 1 llter w1th water. EE: See NOEE

Iron Standard Solutlon (1 mg 0 i mg Fe; )‘ ﬁ

-E”}Dissolve : 0 702 V;o ferous : ammonium sulfated

o FeSO (Nﬂ,)zso4 GH o""with water, and 2.mL of (1 + 1) HeL

and dllute to 1 liter 1n a volumetric flask w1th water.

e One (1)'m1 of;thls*splut;on'contalns O:l.mg of Feff.
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"(f) Tron Standard Solution (1 ml - 0 001 Fe.,)

Pipet 10 ml of iron standard solution (1 ml = 0 1 mg
) into a 1 liter volumetlic flask,'add 2 mi of (l + 1)
5{ HCl and dilute to 1 11te1 with water.

One ml of this solutlon conta1ns 0 001 mg of Fe++;

Apparatns _ _
_ l(a)_ Separatory Funnels 150 _ 200 ol
h:ﬂl (b)" Photometer or Spectrophotometer:
. | Use cells 1onger than 50 Lty
The containers which have been ninsed sufflelently o
"with iron £ree water: after dipped 1nto (1 +. 4) HCl solutionl
“for a night are ‘to be used for this test. _
_Procedure | | |

Take 200 Wl of sample (it contains less than 0 O? mg’ of Fe)

":1nto 300 “ml oonical breaker, add s 1 of HCL and heat. Boil

gently down to 20 - 40 ml of volume. After coollng, tranSfet
thls solutlon to a 200 ml volumetrle flask w1th ‘a stopper.
Add 2 ml of hydroxylamlne hydrochloride solution and shake .

suff1c1ent1y. Add 30 ml of ammonium acetate solutlon in order_-

" to adgust.pH.— 4 - 5*'and'after that; add’S ml'of_TPTZ solutlon

:and dllute to 100 ml w1th water.:ib

(*If sample pH is hlgh adjust pH w1th HCl solutlon to-

'..ggfﬁa)zn:ﬁ

o Tfaﬁéfef:tﬁe”coloféa’gdi&tibﬁitffaﬁ?aﬁsdrﬁtioh’eéir tlonger L

'%than 50 mm) and measure the absorbance around wave length of 595._

':ifmm in compar1son with reference solution which the same pr0~

i eedure has_beenjpexfprmed;w1chfiron-free water,.iﬁ
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(Calibration Curve)

Take 0~ 20 ml of - iron standard solution (1 ml ﬁ.U'OOlﬁmg '

_Fe) in series,:add 8 ml of HCl and dlluLe to about 50 ml with

water." Add 2wl ‘of hydrox1lamine hydroch1011de solutlon‘ and
then;'qarry qut-the,same‘prpcedure.as.sample,_l.

‘Make the. calibration curve ‘in relation between abrorbance

._(—1og T) and Fe conCentratién.

The iron (contained in reagents) removal method of 10 W/VZL .

;,hydféxYLaﬁine; hydrochloride sqlution' ahd,;amenium. aéetate 4

solution is as follows:

Ck% . Add 5 ml of bathophenanthrollne solutlon (M/400 0.167 g; -

dllute to 200 ml by 1sopropy1. alcohol) (add 10 ml of

r:hydroxylamlne hydrochlorlde solutlon 1n case of ammonlum_

.“acetaﬁe buffer' solﬁtion); to':SOO ml _of _phe. dlssolved

' -feagents and shake 1t . | |
:Transfer 1t to separatory funnel and add 20 ml of i#b—amyl-
al;phdl an§ §hake it for12Q mlnutes.:

:'Remove'éblbréd,iso?amyl_alcohdl;zohé..f

- ¥% - Repeat. above pfd¢eés”until iron is removed completely.

L E% In.case of ammonium acétate sdlution; it is. not.ﬁedéssary"-

to add hydroxylamine hydrochlorlde solutlon from 2nd tlmes.”
%#_ If it 1s dlfflcult to_separate 2 solutlons, fllter thls.

,sglutionfwiph'we;ted_filte; paper, 

' ,Référéﬂéeﬁ—,2  Cbppef_—,Zincoﬁ;M§£hodf.f

Apprec1ation
"';_This method .éan e dSed'-fo; -fhe;usﬁectfbpﬁotometfici__

determination of solﬁble copper in water.
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Optimum range ~ 0 0005 - 0 01 mg (uuing of cell
1onger than 50 mm)
B V?fecesion :,ﬂ - 10 = 3/ |
'f 35 Summary of Method-
Thls method is based.on the resction of toe soluble coppers'
: witﬁ zincoq ;o_formia blus:ch;lating oompooqd;_ fﬁ“
f(é)~ Llncon Solutlon

Dissolve 0 07 g of Zlncon (HOC (SO H) N NC(C

6 3
sIINNHC 0 COOH) 1n 50 ml of methyl alcohol and WOt at less

674
sfthan:SO C. Dissolve it w1th water into 100 ml, and store
'.ssin a brown bottle.sia . ‘ _. | |
kﬁ)‘bAmmonlum Acetate Solutlon (50 WIVA) | _
Dissolve 500 g of Ammonlum Acetate (CH COONH ) io:
:iwater and. dllute to 1 liter w1th Waterg"'”
(é): Tartaric Ac1d Solution (IM) :
| o Dlssolve 15 g of. tartarlc.301d.(04.6 6) in 100 ml of
:water.. . . .
.“_td)--Copper Ion Standard Solutlon ;-

L Dissolve 0 393 g: of copper sulfate cryst (CuSO4 SH 0)

H:Tiiin Water and add 2 drop Of con_:”sulfurlc ac1d (H ) and_.
;dilute w1th water to one (1) 1iter.f2*f; PR .
o:sjaOne (l) ml of this solutlon contains 0 1 mg of COpper_:;
.:;ion. : ?ipet 10 ml Of thlS solutlon 1nto a-l 1iter
;voluoetrlc flask and dilute to 1 11ter With Water,f

';}One (1) ml of this' solution, contalns 0 001 mg of

7}?kc0PPer ion. St

Photoelectric Photometer or: Photoelectric Spectrophotometer



5

' ReferehEef5?3}

U5 433

Procedures

Take 200 ml - of the sample taken into a 300 ml COnlCdl-'.

:beaker, add 8 ml of hydrochloric acid and heat.. B011 gentlyf

”down to 20- 40 ml of volume.‘ :

After coollng, transfer the solution to a 100 ml. measurlng

K flask and add 25 ‘ml of Ammonlum. Acetate solutlon,'_Z ml of l

'tartaric acid solutlon (1M) in order to adjust pH 3 3 =4, 3

Then add 0. 2 ml- Zincon solutlon and dllute a wate1 to 100

hml;' Then transfcr 1t to an abso1pt10n eell and measure the:]

.abeorbance around the Wavelength of approx1mate1y 600 mlllnr-

micron.
absorptlon cell longer'thanﬁSOTmm-c:

Determine the copper content from a pre determlned callbra—

' tioh_ curve; Perform,-a= blank : test through the process and

corréct the result,

-"Calﬁhration"eurve‘forme"the"relatiOh'betweeﬁ copper content

: and absorbance by the fol]ow1ng method

Prepare “series’ of copper in standard solutlon 0 - 10 ml)
Add 8 ml of hydrochlorle acid and dllute a water to 50 ml

Then add 25 ml of Ammonium Acetate solutlon, 2 ml of tar-

'.tafig'aCId'SolutiQnéﬁZ“ml o£521acon_solution; '

Treat. the’ solution inthe ‘same manner as above-mentioned

" and ‘measure. the absorbance, '/

-

“Ammonia (NH, ) “~ Phenol Method:
Reagents
(a) Water w—-Pase thru cation exchange resin column, so remove '

ST
HHA .iou.
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E.D.T.A, sol. == Dissolve 5.0 o of E.D.T. A in 60 ml of

'NaOH* solution, and after coollng (untll room temperature}

:-“‘dilute with water to. 100 ml

: _..(.c). |

*NaOH eolution e Dlssolve 1 g NaOH in 60 ml of water.

Phenol solutlon e DissolVe 31 5 8 of phenol (C OH) 1n.5 _

'ml of isopropyl alcohol and 10 ml .of acetone,_andfdilute

with isopropyl alcohol to total 50 ml. Thlsf eoiurion

en;should be. adJusted whenever 1n use.

(d)

NaOH solutlon - Dissolve 27 8 of NaOH with water to 100

1_:11.'

(&)

ﬁsmdium—phenolate —= Add 20 ml phenol solutlon (1tem (c) to'_f

20 ml of NaOH solution (1tem (d) and dilute with water to

=_1OO ml., ‘Shake it and store in Browu bottle.r 1h;s solution
:fw1ll remaln chemlcally etable for 24 hours,

(6)

.Sodlum hypochlorlde (avallable ehlorlne approx1mate1y 1/)

Measure the value of avallable chlorlne of sodlum—

_ hypochlorlte, “and thep- dilute _With'_weter to One (l); A
“avallable chlorlne_ centeined,_eolutien{:‘_This solution

'_ehquld=be.adjgetedhwheﬁeverein_useg

Ammonium Ton Standard Solution

Dissolve 2.97 g of NH,C1 in water and dilute to one

o, .liter in'a volﬁmerrieefleSE_with'weter,e'TakéﬂIO ml of this

sOlution and'dilute”to one-liter'iﬁ a'volumétrie-”lask with

e-vﬁatef; 0ne (1) ml of this solutlon contalns 0 01 mg of

VNH4+ ion. Thls_so]ution should be adJusted whenever in:
use, -

Agﬁerarus_é‘Speeﬁropﬁqtbmeter -
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Procedure

Take 10 ml of the sample( ). (containing NH4 ion ]ess than'

0. 045 mg) into a 25 ml measuring cylinder w1th a stop plug. Add_

one (1) ml'of EDTA(Z)-and 4 ml of sodlumphenolateg Shake 1t ‘and -

‘add. 3 ml of eodiumhypochlorlte SOlUthﬂ -and shake it agaln.'

Dllute it w1th water to 25 ml and shake it Stand it for-aboutd

20 mlnutes( ) (solutlon temperature is malntalned 20 250 C(*)),

'tranefer this Solutlon to an absprptlon”cell'and measure the
Eabsbrbanee around -the  wavelength of 'epproximateiy-"GZS mili—

~ micron.

Determine the NHA'cententrfrom pre—determined celibration

curve. Perform a blank test through the process and correct the

result.

Calibratioﬁ eurve fofme.thewrelationfbetween'NHA_coﬁtentd

and absorbance by the follow1ng method

Prepare:a '«_.serles-iof_NH-4 ion- standard solutlon, treat.the” '

. solution in the -same ‘manner as above—mentioned and measure the

" absorbance.

" NOTE: °

(I)_'In case the sample solutlon 1s turbld eehple is'filtered
through su1table fllter paper. (Regect 1n1t1a1 50 ml of

fn'illtrate )

: ”(2)"UIn ‘case. the! iron: ion content 1S less than 0 15 ppm and

‘copper ion. content is- 1ess than 0 1 ppm, EDlA solutlon is
'not necessary.- But in thlS case, calibratlon curve w1thout

- EDTA should be prepared

e(3)*-The color of this solutlon 1s not changed for 20 - 30 .

mlnutes after colored.
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" (4) The time for getting color ‘is varied with th¢ t¢mﬁcratﬁ£e.
:It'shoﬁid:be'adjuéféd_atfthe;téﬁpe:gﬁuré of'c&iibration

curve test. .. -

_ Réféf¢ﬁcéi; 4, Test Method for Silica in Water (for high leica)
| | B ._' — Sllica Molybdenum Yellow Method |
 1). Summary of Method
The method.lsrbésed”on.tﬁe meaéﬁfegéﬁt of fgeriﬁtéﬁéifyfof
f  the yellow color of the silica—Molybdenum complex w1th a pH of:
._-1 2 to 1 5 -
Analytical Scope. 0 5 <4, 0 mg
;Preces;on o N + 10 —-2/
é)  ReAgeﬁts | .
(a) Ammonium Molybdate Solution (10 W/V/)
Dissolve 21 2 g of ammonlum molybdate __3_"
((NH4) MD7 24 4H 0] in water and. dilute to 200 ml.
 This solutlon is avallable for a: week.--‘ .
".(b) lartaric Acid (10 W/V/) _ o
Dlssolve 10 g of tartarlc ac1d [(C (éH)éfCOdeé)iln
,water and dllute to. 100 ml . |
- (e)  3111ca Standard Solutlon (1 ml - 1 mg 810 )

Dissolve 4 732 & of sodlum metaslllcate (Na SlO 9H 0)-

3
_Gln water and. dllute to one. (l) llter.- Check the concentra—
':.tiQn_.of'_ph;Sl solqt}QﬂI 1n:sagcordénce~fﬁith -gigvimetricﬁr

) 3j: Apparatus

e Photoelectrlc phéﬁoméfé%lidf;_fhdtpéigétfigf¥Sp€§£rpph?£9".;

' meter. :
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Procedure

L Add 2 ml of ammonium molybdate solution (10 W/V?) and one'

: -(1) ml o£ hydrochloric ac1d (5 + 4) to 50 ml of the sample taken P

ant‘the apppoxlmate-temperature_of_ZS.C contaln1ng UxSJf 4 mg of'

2

: Mix well;wimﬁediatéiy. Stand it for 10 mlnutes and add 2 '~ -

6 ml of tartarlc ac1d (10 W/VA) Mix well . Immedlately trans—_
.-fer the solutlon to an absorptlon cell and measure the absorb—
- ancedaround_the wavelengthoofzélo_—.ASO mll;—mlcron. Determlne_

'Lheafsilica"concentrétiOnT;in.féomparison' With':predotérmined'

Callbratlon, curoe and calculate ppn1 of 511lca;-f'Calibfation:
ourve shows .thé rolaolon 'between s;llca lcoocontratiOn and
absorb;nce-b21hg formed-osrfolloos1. |

Preparé a series’of si}ioa_standaro-soluﬁion=from.Q to 4om1

and dissolvéfWith wateﬁ'iﬁtOHSO.ml and  treat the series in the

‘above-mentioned manner, -
- NOTE:

7,*#:v,If=the'éample_doesfnot_oootain_phoéphaﬁe;faddition of taf-

taric aéid is-not-heogSSaty.‘fIh case of'adding'tartaric_ _
acidy color 1ncre351ng of 5111ca1f uwlvbdenum stops, 80

that," the holdlng tlme after that ‘should’ be kept strlctly.
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Water Quality Management

'*_'a;

Daily Laborat01y Analysis Data

Typlcal. data of daily laboratory analysis at GSTP

7'(Gardner Iy Snyderfl Snyder—Z) and MTP (Maldya “1- and 2)ln
'is shown in Table SleZ. ‘From the data,.lt'shows-frequens
'éﬁa1§éis-*ofs alkallnlhy;..but alkalinity is not of great'
3'1mportance in “our control of water quallty. Chloride

”gconcentration in almost all analysls is. "0" ppm except for

. 3501ler saline; The reason that the detectlon l1m1t 13

'ﬁhigh is the problem about the’ blank water and the sens1t1w

B Fvity of the analysis.) As a;resultrof 1t, the data of

'-:chloride has the posslblllty of glVlng false ]udgemPnt_

about the water quality.; The unltrof chloride:at-GSTP-ls

"ﬁ_expressedﬂaeraCl.and 1t:157diff1cﬁ1; to;undefstand{

- Phosphate concentration in boiler:saline is frequent-

:1y'ouh1ofispeeifinaﬁion/llnle; -pH.valﬁestffsamples:at .
:highsf ‘téspéiééuré_”are unreslishic.'_lfof fssnple,j’at
'Snydex;pr:of-9.41in‘esononiéersinlet.COrfesponds.to'9.7
'“at 25 C,-so that.lt‘exceeds.entremely the upper llmit.
-*The effect of that to’ the system is known very well It .

:1s difflcult to: understand that, the spec1f1cat10n ’(see:

Reference_— 5) of pH 1n the b01ler sallne at Malaya-Z 1s_

'H,between .0 5 and 10 0 Phosphate concentratlon in the

‘inb011er sallne is l - 3 ppm and the Na/PO molar ratio isf3

n'2l5 347.2;6; pH. value must be less Lhan 9 5 (see Fig.=

5C 3) It 1s understood llke in cases of boilers hav1ng'

'_the pressure more than 150 kg/cmz; 1t is dangerous that'”

'-}lgxthe pH in the b01ler water 18 controlled beyond 9 5 As.'
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',”obeerved“in siiita:enaiyeie;tehown,infthe silicafdata,
_preparatlon method of the blank ie not rellable and 3150-
gthe sen91tivity of analysis as well as. chloride. The true _

fconcentratlon is con31dered to Be hlgher than the recorded
_'data :The spec1f1catlon of silrca (see Reference =~ 5) in
_ﬁboiler sallne at M—Z is. 1ess than 0. 3 ppm, but thlS value
:15 evaluated to Be hlgh in preventlng carry—over of 5111ca
=:to_the steamt ln Japen, the_epe01frcat10n is less than-
1_0 2 ppm |
Copper 15'"0" ppm at GSTP ; It'is notfrelieble be-
cause of the problem of the pre—treatment and the. sensi~

,;t1v1ty of the analysis As mentloned earller,_the.pre—

treatment is only hydrochlorlc ac1d addition, so- that,-

}metalllc copper or some kind of ox1de cannot be perfectly

dlssolved Thls 15 ‘one reason why thls method glves small~

_.er'or“lower-veloes.. It.is-considered'that the detectlon

llmit of thle.ana]y51e method may be about 0 01 ppm‘
2  Ammonia is analy7ed by ASTM.method but thlS analy51s

.kls not also rellable becauee of the effect of hydra21ne

. thet‘cannot be avolded.q'Also,;temperatore:of_the Sample

'-1s higher than the desired

Measurement -of the. dissolved oxygen 1n the water

,psystem.re nery important espec1ally 1n the p1eventron of-

;system materlals corr051on, but until now 1ittle hae been
done._ Enforcement of r1g1d dlesolved oxygen control was
recommended by the JICA and UTL: team. ?urlngdthe“eurvey

_;lof JICA team, some data were gathered
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"Thefimportant‘analYSis}'sueh as,”conduetivity5fcation-'

_conduetivity,_iron and sodium were not religlously done.

:”lAnalysis Data By JICA team

Conductivity and pH meter were brought into the labo—‘

" -"'ratory at GSTP and MTP for the suxvcy of water quallty by__"

:'fJICA team.. These survey data 1e shown in Table 5C 13 14,

frExcept for the pH at MTP the measured pH at the sample'
u‘tempelature is different from the pH at 25 C because “of
::the hlgh temperature of sample. The functlon of the ‘tem~

"perature compensator 1n thc pH meter is only for the com—l

'f”pensation of the electrlc potential w1th the temperature

"ifiand does’not include-the'eompensatlon'for_the change_ln_d
the dissociation constant of the eie'cm‘,—lye., in the vacer
g.;éiqéiahfﬁith fhé*tédpeféfdré;. Th' case’ of the dllutedd.
"aaﬁbnialseidtioﬁ, pH/ T( C) 1s about —0 03 eo”that'the.

ﬁ;effect cannot be neglected : Th1s effect is already ex—'-

'plalned in 5 3 3 1) b. The relatlon between pH and

*=temperature 1s shown 1n Flgure SC 2. The compensated pH;

“?gat 25°C 18 shown in Table 5C-13, =143*also._ The ‘rélation

'--”between the pH of ammonia solution and the conduct1v1ty is

."shown in Figure SC 4 The pH at 25 ¢ corresponds to ‘the

”fconductlvity,*very well" The pH of the system water at;”'

- J;GSTP is very high and out of’ spec1f1cat10n* 3 In'case offo

‘ﬁlMTP, measurement of the pH was done w1th the pH meter at

ﬁ.'the laboratory._ The pH at 25 C doesn v correspond to the~

'Vlﬁfconductivity at MTP.-f lt 15 d1ff1cu1t to eonclude the

'fﬁfgause.a If the conductlvity is rlght, the pH 1n the feed—_
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watef at. M-1 is:abOut.Qtlfatd 1oweruthan.tﬁeflowest,spe-

‘ eificatlon value (see Reference - 5)

The cation conductivity of the condensate and feed-l'.'

-:water of a11 unlts were hlgher than the maximum allooable-
1im1t* of 0. 3 micro B/cm speciflcation.}a':_;et |
it was observed that the: influent and: eftluent of the
;condensate pollsher have high eonductiv1ty readlngs (after
pas51ng thru Cdtlon resln) which is more than 0. 3 mlorol:
";S/cm.; Our experience in. Japan,' a conductlvety reading
imore than 0 3 micro S/cm 1nd1cates presence of condenser..
jleakage. Anlon oontent 4n the saﬁple can be understood.
‘irelatively by the measurement ofrthe caLion conductleltf.
v.If the anionle 1mpur1ty 4n the sample is only chlorlde;
':the relatlon between the catlon conductiv1ty and chloridei.
f is showu in. Flg. 5C 3., Namely, ohloride concentratlon is
. shown in the follow1ng equatlon; approx1mately;:
..:t chlorlde (ppm) (catlon conduct1v1ty)/12
“The. oatlon conduet1V1ty in’ the b011er sallne at M—Z
is 51gn1t1eant1y high (59 mlcro S/cm) for.the condenser in
1eakage, as. shown 1n Flgure SC 14 -The chlorlde ooncenth

;ratlon can be calculated from the catlon conduct1v1ty,

. because ‘the: phosphate “is. an31¥ZEd}.'-1t; iS--glVen_'aS'
'3follows:n;_a,ﬂ- |
_2 (
Chlorlde(ppm) _.(Catlon Conduct1v1ty) 2.x -.f(ppm? B

212
_.PO (ppm) in the boiler saline at M-2 on August 27 lS abouL'r._.
- 2.- Therefore, chlorlde 1s ealculated as follows."

| f_,chquidé-ﬁﬁpm)rs_§2—~—%§3—5—3-- 4 6 ppm
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7The observed chloride concentration 1s about 5 ppm almostlr_ln~

;f the same as the calculated value.; Anyway, by this survey,f K

Q'Tvaluatlon on the Detection le

??the speciflcation (see Reference - 5) of the system Wﬂtet

-}quallty“for both.GSTP and MTP o' Lhe points of pH andf"”"'

:'cation conductivxty were not satisfactory.:.;s”

_fof the Water Analysis

In Table 5C 15, the detectlon, limlts ‘of chlorlde,r-

'51lica,‘copper, 1ron and sulfate were esrlmated besed on

'“jﬂ'the' actual method I:The7 table 1nc1udes the~*requ1red '

‘ detection limlts of almost all 1tems ‘wére

‘I'relatively hlgh so that '1t is dlfflcult to glve evalua—l'.

' tron whether to keep the water quality spec1flcat10n orl~
fWater Quallty durlng Condenser in Leakage

B Flgure SC 6 shows the results of sodlum monltors for ;_n:

'__the condensate pump dlscharge, ammonex outlet and theﬁh

‘Tlos16th of August Thes

© of " godium an

:"conduct1v1ty meter for the condensate pump dlscharge SEtf

bey JICA team-durlng condenser infleakage at Snyder 1 on

e - yplcalgslgn'of_the”.n

1n—leakage,«‘15;i

for the rapld detectlcn

.afThis_:condenserﬁ:inrleakage:1Waszftemoorery"

Figure  5C 7 showsrlthel“behauiorwhof,;the"chloriee,-t o

fu'cation conductivity in the - condensate 1s shown to befﬂ:fii?“

-cer_ifiédﬁthetfthefﬁdnitofihg'f-
catlon conductivity 1n the condensate isftx”l

condenseri e
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'feffective in Lhe detectlon cf condenser 1n~leakage, on

'hthiS unit., Accordlng to the survey aL M-l by UTL tcam on_gi:»t'h:
gthe 14th of August, the catlon conductivity is about 16h;r“
‘.mchO' S/ch ' This corresponds to the analyzed chlorideti.
::concentration of l 3 ppm.iif.:;

_g:Dissolved Oxygen Control

: As mentloned beforeg- the':measurement- of-'dissolﬁed_f

,'oxygen in the syctem water was hardly done.; By=thehrecom—f;;_u:

mendatlon of JICA and UTL team, some; data were gatheled g

thheee data 1sfshown in Table 5C 16

_'At%GSTP all unlts have hlgh D—O2 ~'Thisfcan~be'at-

htributed to the technique/alr contamination durlng sampl—f?

ing and dlr in—leakage “in the condenser system._ The ratef o

"~ of chem1ca1 deaeratlon w1th hydrazine ia relatlrely slong?
3at low: temperature.; Wlth high dlssolved oxygen in: Lhe
rcondensate, oxygen 1s almost 1mp0551b1e to prevent going
.'Intorthe b01ler.; It gives harmful effect to the Systema o
.naterial On the contrary, the dlssolved oxygen at MTP is:
.almost-zero,.Just llke in Japan.}n.- - | .

'iBehav1or of meuritles (Cl SiO ) in 3011er Sallne

Flgure SC 8 shows the behav1or of chlorlde and s1lica1f

: 1n the b01ler drum at- Gardner 1 during lst 24th of August
'-The feedwater fldw rate vary a little as . shown 1n the;.i

'fflgure but the blowdown rate of the drunl is constant.?;}h:j=_

«fLTherefore,' 1f amounts of the chloride and 5111ca g01ng.t

'5,fboiler sallne would be approx1mate1y proportional to thez:f e

'_1nto the boiler s’ constant,

- feedwater:;flow; ratE;_-tNevertheless,l these= conpentratiqn?&7

t'ese concentration in the_ffh ;::
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 'd6eé -not correspond to. éﬂéfrfeQHWaﬁer flow’ faﬁe,. and
 .changes remarkably The redson §0n51dered are as follows.
q'The problem on the accuracy éf the analysis
“prnaccuracy‘Qf.the“measurement:of the'blowdown faﬁeﬂ-
g Variation of éarrf;OVéf Eouthe”sfeam: |
°;Varlatlon on the amounts ‘of 1mpurit1es go:ng 1nto
the drum ;- 
'fBasedfog the_ehume;ated‘fEason$;7£he-pbésiﬁilify of_'
théffifét-threé (3)-iﬁems{afe_ndtgremétkébléfSﬁF*the ia§t
:?éégﬁﬁzﬁgap"bé .ébhsidgfédl_with ;the émbétlhpﬁssibiiitj.
JChiin&g béhaviorJdOES-ndt peresﬁqnd tb.tﬁé silica, so°
nfhét'thé;moSﬁ'reasdnable:é#plan#tioﬁ'cénnot_Bé found out?
Eﬁét'thiéfﬁime;
g. Formj0£ tﬂé Daily Réport -
';§Qﬁ9f55téﬁioﬁnhaé*tﬁe.dailyzﬁété%-analyéis reﬁbff:bn 
e%ef§ ﬁ£it.  Many dally reports are belng used,’ numberlné-

10 to 15 sheets for every statlons

ﬁ:*.Recommeﬁdétlon abouL”Water Chemlstry.Coﬁtrol
'(éj_ Keep up w1th the water quality specificatlon
et 3. pH hydraz1ne, phosphate and Na/PO4 molar ratio:
: ahould be- kept strlctly.-' (accurate _analy31s
';must'always be*done).v;" ] |

2

'nconductiv1ty becaMe out; of spec1f1cat10n, rapid

-ii,fWhen  dissolved 5“okyg6ﬁ; °?Si¢”'"J3ﬁdf'-Catidn -

'-1nspection must be done to lecover from the
'abnormal cc:nndltion.“=
' Dlssolved oxygen. iﬁspectioﬁﬂéround'condenser

system i -
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8102;, inspéntion Qf.make—U§:watef'éyétcm_and

‘~condensate.deminerali?er'

Cation conductiv1ty inspectinn-éﬁout cbndensef

1nmleakage, deminerallzer and condensate

"*.demlneralizer :

1il. Water chemlstry control of the drum water

v): Keep of. Na/PO molax ratlo. (Conflrm_mbiar

--ratlo_by the_analy81s of sodium-eﬁeryday)

.vv)'_Inténsificafion'of‘the blowdnwn'(hhen the

impurities:is more than spenification;'the

: blondown rate should be increased.)

| .(b)';Réeétimation of the specifications of ‘the water

qnality

1. Véfifyj9.5_ 10,0 of pH 11m1t of boiler sallne_

ii;

_ fot M-2 tn Hitachi. JICA Team recommends 9 0 — '

9 5 of pH

8102 in the b01ler sallne at M—Z should be 1ess

than 0. 2 ppm.-:f

{e) P0331ble modiflcatlon of water chemlstry control

i.

Incre351ng hYdraz1ne' concentration.:' When,}the"
unit has hlgh dlssolved oxygen in the condensate¥_ 

or feedwater, hydra21ne concentratlon should be :

- kept more than 2 tlmes of the DO2 concentration. '

.If the hydra21ne concentratlon is’ 1ncreased the

ammonia 1ngect10n rate must' be 1decreased”'

'because of the pH 1ncrease by the decomposition'x,--

of hydraz1ne to ammonia.' Generally,- for__the -

-‘practlce, the test on the water chemistry con~
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