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Enhanced reliability of water quality monitorigg:\

N

————lCun"ent Status of boiler feed water .qualitylr

Feed water quality status

(Resultsjof analyses for the first half of the year 1986)

pracessing

— G —

Though boiler . feed water
is automatically
controlled, workmg
procedures, such as
adjusting the quantity of

—( Objective }——‘
To narrow the width of
variations'in the hydrazine
concentration.
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How boiler feed water monitoring works | « | Hydrazine  le--- '(De;er:ﬁ;\: L—_:> Explanation of hydrazine feeding
=1 feeder e 2 Il
i { - . p,‘.’,ﬁ,f;’,?%?;‘n Because the presence of oxygen transmitted from
i Afr:;;grru; <-q | (i‘m";n“::\l}wl——’ the make-up water could corrode the piping
] : - pH © system, remove the dissdlved oxygen with
4 Water quality, _S hydrazine (N2Hy) to prevent corrosion.
- monitoring) * <
£ instruments’ - | j, 3
Zh YV |- oH meter
1. > (Electrical . _ B
4N conductivity meter) |
b _-_L'lﬂr[azx__ngr_neter (Chemical engineer's duties) NaHe + 02 ——= N2 + 2H20
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L] ‘ i prme——my rror) . : .
N biates bum ’l{ Condensate ! Manual analysis Check for - ' | | Hydrazine is fed into the condensate system in thej
freatment cevice | - 'metr%%?t ' » quantity necessary to maintain|a given’
. : T7 EonEéuegttTrwiay! abmrmafl Actio concentration or higher in the feed water system
(Boiler feed water sample) I gy"g:rs vateg q“ ' (control limit 10-30 ug/1).
- Condensate system .. Condensate pump - deaerator [_ l I/
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/‘———‘ 2 Understanding the Current Situation

All the data on the hydrazine con entration for the first half of the year 1986 is

stratified into the periods of specual condmons aifectmg the hydrazme
concentration and periods of normrl operations on the basis of chemlstery-related

Special conditions ‘

reports and journals.
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Condensate treatment
device faulty=—>.u
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/pursued to!determine

Further reductions in
the variations during |
inormal operations are

how this was
accomplished.

Hydrazine concentration (ug/1)

> n
2 % =228

g5 4 =42

T 10} st10 X sy=30

o !

- Few cases

- Identifiable causes

Hydrazine concentrat%on (ug/1) @

Che;mlc_als_feed pumpfaulty
R LA LN

To be approached separetly

— (3) {Condition setting

Hydrazine concentration (ug/1)

Increase the process capability

index (Cp) during normal
operations to 1.3 or above.
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—————Hydrazine concentration control scheaatic)———
Boller .
,‘{ Turtiine H Condsnsar i
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Peagoy

Condansate treatasn
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Mchdw) devic
,Flow rate atgnall; iChasicals fesding)
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2| |z ! Apa control
el |8] T1777S curvel | “'”)[lhtcr Pusp
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] iml___1 _JPuse stroks | R
E g b control  JTTTTTCTpTC T
x
Hydrazins control Continuous Hydrazine
pansl pump

The nuabsr of aster revolutions 1s controlled to adjust the quantity of
hydrazine fead for an essentially constant hydrazins cocentration in the
prsssnce of transient condensats flow rats (load) changes.

VS curve: Progrsa that converts condsnssta flow rate slgnals into sotor rpms

L

The quantity of hydrazine is gradually rsduced as it
rescts with dissolved oxygen in ths condsnaats.

Stroks _control}
Tha concentration of residusl hydrazine in ths fasd watsr is ssasursd with
s hydrazine mster and deviations from 20 ug/1 f{control limit) ars corrsctsd
by pump strokes.
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[T\T Determination of manual anaysis errocs O R chart (Con‘\'rmq non-eXs of ahnsimel
""""""" UCL"? 47|
E 20 =i
(A- ]) m&m’; l:l:pendent on measuring R 1.0 _-:.i‘\ 17/ R=096
s I i . T
eetatimg ALy T Sinds each, S Y YW WYY
‘0 Preparatiim of an analysis of variance table
5:::}&% t}zgrume manual analysis error mm'pgcm w“‘r > vacisncet xoec me; v\:‘:mc
Berw, ™ Tepetition Yhur Rarge |, individuais (A) 106y o 0.265 0.722 d'll+30'A
b1 {,,dmﬂ,.. Fist Second 5 4 1Mo Repetition (0 3.6' | 10 10367 - | o0&
A 17 205192.1919.1 5 120.°° [T 4. 730 10| — | = —
A1 |9 20.8 -"2@1!?13.6 1.9 {20.2° Fo=0.722 < F5(0.05)=348
As [P 2062 201D 2031 0.2 120.8%] | Osize of analysis accuracy
Ay N .5 210 W 0.5 ZO-W Co:fhﬁdm(of variation prescribed by our 3+10%
AS -’,20-5 “‘l.‘]" 0203 |5 ZU'E fticient of v , obtained from experiments | 3 z

- The numbers denote the ordeF_f measy{fmcnt

(units ug

A

——{ Analysis result ;

Errors hue to changing analysis

condi
The same sample [s measured with regard
1o three factors and three leveis'sach.

O There are no-ditferenceg between individuali and repeatability errors are extremely swall |

O Variance analysis results

Assignments in

and testing resuity

[~Row | (A{ 2 @3] x

§ { { ( I 220

3¢ ? 3 ! 20.4

K3l v | 2] 2 |21
({Units ug/1

—__( Analysis result ’L

orthogonal array table,

Fsumatlon o{ Xhe population mean of sample |

W Factor !Sum gﬁ"t, F£2 Unblased Varjabce Expected value
gm-ﬂﬂlﬂﬁl.m lased variar
1}3‘ 0.1 r'z 0.055] 1.83 “o?nd
Factor Level ‘Eompenturc(é)e4 2 097 32-33' "C: +304
1213 Qi time). 01| 2 10.005{ 0.17] od +302
":) m:w' 20 140160 {Erortel 10.06] 2 10.03 | ~ | od
!!mmmnnsn ocil 20 {251 30 Toul (.T) 212181 -1 - -
C) Cotoring dme . 1 10135 60 *Significant (5% [+ §0.05)=19.0 | |

m‘i] 0.86
. 30 ('C)

(1%4)22% “’t\ (93% confidence interval)

While the analysis error of: the hydrazine concentration is influenced by the sample temperature, its
" {ettect is as small as around | ug/! at working temperatures (22-280C).
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/ l 3 , Determination of faulty automatic control

Principles of
o o operat_ion of the hydrazine meterjy
CB:“—DFa'ulty stroke control (Faulty hydrazine meter)™ | """ Secular changes in instrumetn readings and t;h:gf::ﬂm&?::cr:::f:;
tChorrtl:a?jran_ve studies were made of the readings of . | ("%) " manual analysis values (during normal operations) [from the oxidation and reductiong"" .
me Y lrazul\e meter during normal operations and | 4 1o First half < Second halt bf silver oxide (Ag0) and 1N
lgggua analysis values for the first half of the year S 215 Pty N o jhydrazine contained in the sensor.
. ] e A e 2 N ] T' 2AgrOb + NgH7->UAG + 2H202N2)
(Correlationships betweer: instrument . - ﬁg 0= I’A";‘_"' ;’T‘l A “L (Silvgezr oxi’de %—lyﬁraz'me
ceadings and manual analysis vaiues. . | B3 5 B _:_’L'-\“— "
7 : [ The weak correlation|® 23 \ 'l The instrument was adjusted |A»
H T, amane J\ bet}we_en mlanual 4 |2 g’_m‘ , AN — as the sensor deteriorated. |
3 = RPN -l analysis values and |2 , (Seven consecutive) (Instroment (195 When the sensor deteriorated .
g L v senw instrument readings 12 ($ensot. runs on the minus the extent of disablin drazi t
) 2 e ; P = the 18 Yadiustment-~ - Sensor _fo the extent @ g Hydrazine mete
259 s T s 4 / is suspicious. replaced side) ensor] 4| instrument adiustment,
?’ A MR [Apr 1986] May Jon | 3w~ | Auwg sep. | it was replaced.
) Coemw T -
=15 R m’m::::;. P (,v 74 Secu{a,f chonges swrms norma,| oe‘raﬂonq) oF - e
- gy g (31) 2ine Conce + ’ Differences appeared to exist in the _
3 ol e : ; w30 Mydrazine concentvation (manal analysis vabve) variation of the hydrazine concentration
2 10— dh;”"") l g I.,__v ,A _ i\_ I;edf:r?n aangbaner :{he instrument showed
= Instrument readings  * Graph secular 6 . 3 \ tiy servations.
] N 8 S e v el ol
o - o Stratify the data into the first and
g 10 second half of the year 1986.
P y : Stratification was performed before'
5 - ——~Flrst halt 4 - Second halt and after seven consecutive runs of the
:>:~ 0 x 5 d‘x%hrenc:f bet\;regn Tt:‘;rgennt(n?adi"gs
X ay and manual analysis valu
prijil Jun Jul Aug Sep minus side. :
{}— : —
4 First half - Second nalf . h
@)2q @25 T ot m} = ,“7- ——( Analysis result )
. n=32 = e ge? - L _
) 0 % =195 20 z |x =20§:| Hitod < og T hebslensor in the lhydrazme meter becomes
4=1235 4=39 T =905 TN - unable to precisely measure the hydrazine
- 15 l 'S ! - J\ I“‘ 2‘9 2 1!3 ‘(0'05)" 1.84 concentration about four months after
g‘ 10} sSL=10 ' SU =30 @ 10 SL=jo \ Su=30 Slgnlflcant as a result of the replacement. i
gl | e 0 / F test.
o'-n-l Ll [ ]_,. 2l 0 veeb UL Lo Differences existed between th
14023 % 29¢Yy) 41720 2326 QHCN) data for the first half of the yea
Hydrazine concentration Hydrazine concentration 1986 and that for the last half,
alysi (Manual Analysis vaiues) (the former being more varied)
7 ) - ! ”
(33K s (%30 . . Hydrazine meter sensor deterioration results
A= sreg . A= gt m ~
a LR AR S . ese * LENY XL - e
£ et é z g o Correlation test result g 4 n=9 | Fiscal 1985 and 1936|
g - - e t-n . . s " ) 3
20 vy 01 . it J\ First half: Significant with a Y 2
';_! S, a §'_ I GRIARL 1% level of significance. g
o5 i 5§J ) nacmen Second nalf: Not significant - 0 1 l l I l
= 2, with a 5% level of v bt e a3 475 5~5 (months)
10— 58 TR 30 ¢ TR T YT & significance, . ess e
o 15 075 30¢%) w1 20 1% H0yVe) gnilicance e .. Number of monthy befare the start of
K Instrument resdings Instrument readings j instrument adjustment aiter sensor replacement
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Faulty rpm control

The relationship between tl'le condensate flow rate (load) and the hydrazine
concentration was examined to gain an understanding of the status of rpm

g1 controfeimyo L

{ Analysis result )

Rp m control- ,;;;0 Regression formula The slope of the The VS curve (a program. that
- Automatic fixed stroke control 2 YmAXAD Iggr?:;::ﬂ:non converts condenste flow rate ~
< q- 8 A--r028 @2 associated with signals into]Motor rpms) has not
T MR s 8l 7.5 1l Vo3, / changes in the been set|properly..
P A S o et ol o ol o = n= s condensate flow
£s  NEREETIR == EE] Bl ot ¢=a rate is marked. |
oy = "'V‘ A oo Gt o et PO € - N Correlation test _ lindicating that_it is
5 = =] Parm Vo2 Y o o . 8 -§! result Significant -
3S } :‘ The hyarazines with a 1% level of, not controlled at a v
"o 30 215} concentration should be significance. | fixed level. Even if the VS curve is somewhat
S~ l:: gt (4. Bt G a4 Frad o :( : N icep%:onstgnt Wéth {gslpf:tte Dotted hl mappropnate, stroke control-
8B W0frZ 1/ Bt et st bl gt 3R e el indicate the corrects the hydrazme concentratlon
32! L- B ' AR —\ FI0 L confidence intervals for'a fixed level.’
£ 1o o Bt G i e el 0 2 i 1500 of the curve.
- 81012 M 16 8 20 217 24 2 0y Condensate flow rate (m3/h) :
b 1] Check the amount of correction by stroke control
z (Automanc strake control add
-~ Moo 1 Gke co roc: 7. :d) =3 Regression formula /* j
g€ A I 3 YoAxis
e A M =¥ =k- — ~= . A=-f. a1E-03
cm I ‘M A g8 V= 2.2360 i
b= [~ ol =-3.7%-0t
c3  gol - —\ B -
o - =) g » el C Water quality changes _
Z?::E:g’_; SRR i =F=[; ] - .- - Condensate 02 change (for the first half of normal operatlons)
ouy- e
b= = == g Dotted lines indicate
Yy WSS —= v 15 the confidence intervals
;.E: ol Dt g P il et 1= ? N of the curve. )
I N o e S et N e 5, ok . 30 Regression formula Analysis result ).
SN L e e e e | N =5 1000, 1300 = ey ' ' |
T’ 8 0 1M m 0 12 2 Condemw flowr 3 - ).7E-0 1
2 11 ate (m3/h) g;azs | l'!: :::::tz: No correlationships existed
Iy — i N
Varian | . ‘g sl Corrella;txon test (dissolved oxygen) concentration
- Variance analysis results B I I Lresu d th
— d & § b L - g5 .. Not significant with a 5% of the condensate‘ and the
Su&nar%ﬂ bb ! 4’ I g ' Analysis result §2 4 ) - level of significance. feed water hydrazine,
oo'o.\é AT S o Lo Dotted lines indicate the indicating that the
Yﬁ‘:ﬁiﬁéﬁ’ WS 1S .71 698 The slope assqciated with rpm 83 Gonfidence intervals of the | fydrazine concentration was
Residual’ @iast 41y 2121 - control is so marked that th: § g 0 20 40 unaffected by the condensate
T o hydrazirie concentration ¢anno £ Condensate 02 {dissolved oxygen) Oz concentration. .
otal ahel 484 - | - fully correctec : concentration (ug/1) . I i i
*#Significant (5%) ’ (The hydrazine concentration wa
iy . correctable by stroke control.)
Fa= 690> Tigat005)=405

l )/
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" 5 Discussion of Countermeasures| - - R
) J
i o Y 2
S oS3 L ~ &
AR CHN BN B A 4
ARG A Tl K
Lessen manual. Standardize Standardize measutment :
analysis errgrs’ analysis conditjo { temperatures }- —————— ] 2 3 B
Reduce variations | . Replace hydrazine meter sensors | _ -} 3 -
in hydrazine — periodically ' 3 2 l 8
concentration, Stroke control | — nd
Improve automati Use_control charts for early
control schemes — detection of instrument errors™ — — = —=> 2 . 3 . 3 l 8 @
—| Rpm control’ Correct VS —==== 2121 31 2 @
‘ Less than
Great | Easy, , .
Evaluation 3 = Y | ¥10,000 - The total is the

‘ “urmSomewhat . ¥ 10,000 &
“.score | 2Medium3om: P 50,000, ‘gégg:ct of each
| ls_rmau. yigticult (Over I

\_ » { ¥50,000 )

h_—-—- 6 Implementation of Counfermeasurei
. o , o {Correlation  between condensate flow rat
o - | Replace the hydrazine meter sensor periodically every three months and hydrazine concentration). flow rate
ountermeasure 1 . - . 3
. (practiced on a trial basis since September, 1986). U;V()“O Yokre
' ‘ g 25 P
o ey
9 < = -
§8 20 "I (57
ﬁ <) nioemin
R . . . . . v O '5 SHENEM
Due to large variations in the period until the deterioration of the ol T . N .
Countermeasure 2 | hydrazine meter | sensor, control difference between manual analysis 0 500 1000 1500 (")
; values and instrument readins by ! the use of control charts (practiced | Condensate fiow rate

since Sept 1986). -
; _
[ Not signiticant,with a 5% level of significance.|

A new VS curve was created from result data and pump performance @
curves and its modifications were requested frgm the instrumentation L

Variations in the hydrazine contraction
associated with changes in the condensate flow
rate have been eleimated by rpm control alone.

Countermeasure 3 clerk (on September {93 6.
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7 Ef.fect’V-ériﬁcation.»_ : \ 7/ 8 St_a_nqlardizgtion,}»‘. o | \

: Procedures, for cont{olling{the hydrazine . wwasals
S concentration of boiler feed water " nsiebata¥in sha UM o,
Betore e o0, & fncorporating QC schedule rawings were ||, fnftieysasintiadtiil,
A ~ /9 established as in-house reguiations and. T e At
5 X standardized (on November 5, 1986). ] e !’,
Br[n=es L, Cp=101 — £ BKDY QU \ T T i
X = 20. ] — L LI R P
0} X : Tt nen
é’; 2 =33 J el EE 1o ;
g !5 - l sAnfeitovnenn __-l‘ !ﬂj‘)!’u“m"'! YIETS
ALLT] "l"l.l" B I ! P ‘.N
g lO i SL: ,0 ' SU:’ 30 . aMsv 1 4e0 408 " PI‘} : ;i,’&“‘"’w
& — | . L T w—
' 5 - [] - g P e : - | q""'u" ,_u__.‘-&{!l_!!.::t. i T T
! i, [O-1 - 2ikd L%
AN = ; R e T —
ad. 1 f . . il " . ,
O T T 1T 20 73 76 29 U900 : 1 I I A Y erm—
Hydrazine concentration A 1 - 1-‘:"*"”'- .
(Manual analysis values): N e el | cov fea: uiamﬂgﬁﬁ
. et | T Hrta 1AM sy palefipiton)
- ’l\(!i‘ ' . Viirpis :i%;;;ﬂ:,g’::. bv!%t»gugzﬂ
L KX iAREY LN
- o . - it S Ehfe] v ' 2 u‘,’;(.;,‘_.
After action; - l 4 {Lm " €083 eIry s 1iif - i)
bl/ « "o sl Ph P IR a) 5 1) 1. Sttt L.
s 5 9.3~ 10.9 .|,'w l I
-{n= -
| [ X =20° Cp=139 . T /
20 =04
sl 3%
2 )5k - v
%‘ o} SL=10 [ Su=30 Future Tasks \
|
" l |
0\__;} YOI VO | : LU B ’-( /’3"-
81 14 _' ?O ?3 Zb. 29 VYo Continuing studies will be made to examine the suitability of the
Hydra(ﬁrm:lncanenatrb' :i:“\’gldes) . Current"hydra‘zi‘ne me_iei' sensor replacement vinteryal of three
: months, '




