Power Boiler Water Treatment

] Water contaminate & Problem
] Water treatment Classified

J Water treatment in power plant
O Appendix standard parameter
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* Dissolved Oxygen
- Putting Corrosion

e Carbon Dioxide
- Condensate Corrosion
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/ Insoluble/non lonic

- Fouling (nsgnsiu)

e Carbon Dioxide
- Foaming /carryover

* Suspended Solids /Silt

Soluble/lonic

\

* Calcium/Magnesium
- Scaling (nzna)

* Sodium/Potassium

* Chloride/sulphate
- Corrosion (fansaw)

Carbonate/Bicarbonate
Hydroxides
-Scaling / Foaming
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1. Sludge and Scale Formation
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2. Carry Over , Priming , Foaming
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3. Corrosion
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3.1 Dissolved oxygen : 111ag1nA921) Oxygen azawogilszuia 7-8 PPM ngungiiviod
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Tagaz Thilgasennuman iuailuiadu Ferric oxide (rust) e ,/OF

4Fe+4H20+202 ——> 4FC(OH)2 [ Ferrous hydroxide]

4Fe(OH)2+02 —» 2[Fe203.2H20] rust

ANODE REACTION CATHODE REACTION

Fe =Fe™ 2e 1/2 0, + H,0 + 2e = 20H

Remove dissolve oxygen : Tagms 1A hydrazine 130 Sodium sulphic;ce , sulphide
NoH4+0: > N2+2HO: Y S
2Na2S03+02 —— 2Na2S04
Na2§+02  ——> Na2SO4 i
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3N2H4 — > 4NH3+N2
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Ca(HCO3)2 ———» CaCO3 +H20 +CO2
Mg(HCO3)2 —»  CaCO3 +H20 + CO2
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Remove CO2
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3.3 Mineral Acids.
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MgClz2 ———»  Mg(OH)2 [scale] + 2HCI
Fe +2HCL —» FeCl2+H2
FeCl2+2HCL ——»  Fe(OH)2 +2HCI
2Fe(OH)2+02 ———»  Fe203.H20 rust

3.4 Caustic Embrittlement
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1 1940 Tmawuifayri1 MINANTOULULYA Putting and Brittleness (MIU19A
V94 tube Y04 Boiler 1azn15 Crack IWaIu1l52nOUA199 U89 Turbine .1/ 1950 USA
Y

1duaziin szuums 099U Alkali corrosion 14 Steam tube 1983 8ANTEUIUMIUN

. . . L 3 Aa o
All volatile treatment (AVT ) Tag 14 Ammonia and Hydrazine Fatlunieulunania
11, 71965 1M3 190320145 N (389791 Phosphate treatment (PT) 1ag 19 Na3pO4
Tae ¥ Phosphate 11Ny 3mg/l 11ag NA/POA4 ratio 083531719 2.5-2.8 1pIANMINL
ﬂtym Scale Deposition 14 boiler tube
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High-AVT Treatment ‘Qﬂﬁlﬁfﬂuii vl Tuxipan No.2 combine cycle power plant Tu
Mexico a8 Limit Ph 14Ay 9.7
NIZUIUNIT Flow Caustic corrosion ( FAC) , ﬁﬁ‘l/i%/‘lj‘l}lﬁ%m‘ﬁﬁ cr dluesdilszney
il HeL 511 Acid Corrosion ianeirvesrie s 1y Tneld Titanium condenser

tube

NUNAAMIFUITIANUNUIND  MAADIN

Table 1 Identified problems at thermal power plants and the relevant events for
water treatment

|Alkali treatment .]

l Low-phosphate treatment

Year | Newly identified corrosion-related problems Events for water treatment
= Pitting and brittleness of steam generating
1940 tubes
= Cracks in turbine components
= Alkali corrosion in steam generating tubes | * Technological introduction from USA
1950 | - Ammonia corrosion in aluminum or brass | = PT/AVT application
condenser tubes - Boiler chemical cleaning application
* Increase of pressure loss_ and overheating | _ JIS criteria (1 Feb. 1961)
1960 duc fo stcam-generating tube scale Oxygenated treatment application
yg PP
deposition (Germany and Russia)
- Feedwater heater inlet attack Y o
= Detachment of deposited scale from the | = Use of titanium condensers
1970 superheater or reheater - Use of total condensate treatment
* Corrosion fatigue equipment
- Start of commercial combined-cycle plant
1980 | - Feedwater heater drain attack operations
- JIS oxvgenated treatment criteria (1989)
1990 | Valve corrosion caused by oxygenated | = Realization of commercial application of
treatment oxygenated treatment
= FAC (flow-accelerated corrosion) * Viability assessment of High-AVT for
2000 | = Powdered scale deposition in oxvgenated | nuclear power plants (as a measure against

treatment

FAC)

Y | e— — All-volatile treatment ga
- -ZI\F'JreaCewtu.i_" - Oxygenated treatment  Myanse®®
10004 pamme 1000MW =
172 WAN| Start of slupe;rcritical
‘.v,‘ N boiler opelratlons .
= 900 Use of hydrazine &_introfduction ’,\
E of condensate demineralizer
by 800 Application of '
i low—phosphate treatment
] 700 ! ]
§ lI-volatil J \ i
s 600 freatment [
-lg application : 600MW
I 8 O]
o400 = i Start of
2 o P 5M?\;\-f’ SMW oxygenated
8 300 = = TR treatment
!I_L estart o application
200 L P220MW i i low-phosphate
-'31 S6MW | — lI:)OmertStI: klzm'lller treatment application
100 T2 MW mported boiler [
— W | + v
. : 35MW
-= | Pressure
E €| (kef/om?) 60 88 [127 169 246
I I T T T I T
1955 1960 1965 1970 1975 1980 1990
Table 2 Treatment methods for boiler feedwater and boiler water
Water quality control . JIS
Treatment Feedwater Boiler water Application B8§223
CT Ammonia Caustic soda (NaOH) LP or IP drum-type
Hydrazine Trisodium phosphate boilers
Phosphate Ammonia e .
treatment Hydrazine Trisodium phosphate IP drum-type boilers Published in
PT Low-pH Ammonia Disodium phosphate IP or HP drum-type 1961
phosphate Hvdrazi Trisodi hosoh boil
treatment ydrazine risodium phosphate oilers
AVT Ammonia, hydrazine HP drum-type boilers
[AVT(O): only for ammonia| Once-through boilers
HP drum-type boilers
NWT Oxygen (with condensate Published in
oT - demineralizer) :
CWT"! Ammonia 1989
Oxygen Once-through boilers
CT : Caustic Treatment OT  : Oxygen Treatment
PT :Phosphate Treatment NWT : Neutral Water Treatment
AVT : All Volatile Treatment CWT : Combined Water Treatment
*1  :InJapan, OT generally indicates CWT.
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Ref. Mitsubishi heavy Industries Technical Review Vol50 No.3
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Water Treatment In Power plant
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Electrodialysis (ED) Reverse Electrodialysis (RED)
driving force: electrical potential driving force: concentration difference
i @
external power source external load
concentrate diluate concentrate out diluate out

(product)

++++ + +

e
+ + + + + +

Feed concentrate in

diluate in
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lon exchange
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Pre-cleaning

Filtration of particle separation,
iron removal,
demanganisation

lon exchange

¥

Remove heawvy
metallic ions

Partial
demineralisation

The hydrogen carbonate

Demineralisation

The calcium and Al salts dissolved

magnesium ions salts of the calcium in the water
are exchanged and magnesiurm are removed
for sodium jons are removed

asnazare i lmiusssuai

Cations Anions
* Calcium [Ca®] HECO, * Hydrogen carbonate [HCO, |
* Magnesium [g*] * Chioride |[CI]
+ Sodium [Ma¢] * Mitrate [NO, ]
* Potassium [K*] il * Sulphate |50,
* Ammonsam [NH, "] r:;r
* lrom [Fed+™ nHs | 89 Gases / Solids
* Manganese [Mn] co, * Carbon degmide [CO,]
=, = Oxygen [0,]
B . Sieate[Si0)
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Core Parameters and target values in Feedwater and Steam

Core Parameters and Target Values of Feedwater and Steam with AVT{R) and AVT{O)

Parameter " Target N 1 2 3
Condensate Pump Discharge
" AVI(R] | 9093 280,93
AVT(O) | 9296 <82,>96
. i AVI(R) | 2754 <27,554
Speciic Conductivity , pSfem AVT(O) | 43107 43,3107
wil polishar =6 6
Sodwum (Naj. ppb nopolisher | <3 <6 <12 >12
. . wi polisher =03 >03
Cation Conductivity, pSicm nopolisher | 502 504 $08 >08
) AVT(R) =10 <20 =20
Dissofved Oxygen (Oz), ppo AVT(O) <20 >20
Polisher Outlet
dum boiler. | <3 <6 <12 >12
S0URN (¥, prb oncethry | <2 <4 <8 >8
Cation Conductivity, pSicm <02 <04 <08 >08
Deaerator Inlet
. . 150 to -
el
Economizer inlet
- AVTR) | 9093 280,593
AVT(O) | 9296 £92,596
. ) AVI(R) | 2754 27,354
Con , S/
PpEERE anducsty . e AVTIO) | 43107 43,5107
Cation Conductivity, pSlcm <02 <04 <08 >08
Iron (Fe), ppb <2 >2
Copper (Cu), ppb 2 =2
] AVT(R) <5 <10 <20 >20
Discolved Crygen (Ca), ppb AVT(O) 510 <15 <20 >20
drum bailer. =3 =6 <12 =12
Sodimn {Nx). ppt onca-thru <2 <4 <8 =8
Main / Reheat Steam
Cation Conductivity, ySfem <02 <04 <08 =08
Sodium (Naj, ppb <2 <4 <8 >8
Chioride (Cl), ppb <2 <d <8 >8

Recommended Diagnostic Parameters and Target Values for Feedwater and Steam

Parameter " Target N 1 2 3

Condensate Pump Discharge
Total Organic Carbon (TOC), ppb {as C) <200 > 200

Paolisher Outhet
Silica (Si04), ppb <10 =10

Main I Reheat Steam
Silica (Si0y), ppb <10 =20 <40 =40
Sulfate (SO.), ppb =2 <4 =8 =8
Total Crganic Carbon (TOC), ppb (as C) <100 > 100

Speeriflc Conahuctlvity WS/Em at 35°C

0
om

LT
[-13
o4

ax

T
B

Lo

1 L 1 1 L 1 1 1 1 1 1

a1
rs 175 oD B2 B0 &rs o BI3 ORI RIS 1000 1043 100
Pt 35

Theoretical Relationship Between Specific
Conductivity and pH for Ammonia Solutions

“ :
E 4.0 ppm €O, T

; 25 pem 0, y 4
. 30 ppm 0, A
, 28 pm €O, J%%

ey
2 | T /'/;J/
—
i =7
F ——— A/
: :: | -~ //
R == /4
E as ____.—""{(‘ . — 20pem CO,
- | 1.5 pom €O,
L /,-’ ‘\—'n:lpcuul;:;2
0.5 pam CO.
z
|17 /(\ 0.2 pem €0,
gt — - \ 0.1 pam €O,
asr i ] co,
aa - e L2y
e
a4
s
060 b

PHEt25°C

Ammonia Concentration Versus pH for Various Carbon
Dioxide Concentrations (Nete: the top curve represents 4
ppm CO2 and the bottom curve represents zero CO2.)
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Core Parameters and Target Values of Feedwater and Steam with OT Recommended Diagnostic Parameters and Target Values for Feedwater and Steam : e%
5, $
OO o
Parameter / Target N 1 2 3 Parameter / Target N 1 2 3 Wy
Condensate Pump Discharge Condensate Fump Dischange
drum boiler 9.096 <9.0,>96 Total Organic Carbon (TOC), ppb (as C) < 200 = 200
pH Polisher Outlet
once-thir 8590 <82 >96
Silica (Si03), ppb <10 >10
drum boiler | 2.7-10.7 <27,>107
Specific Conductivity, pSicm Heater Drain(s)
once-thru | 0.84-27 <0.4>10.7 Dissolved Oxygen (O,), ppb = 20-30
w/ polisher <3 >3 i
Sodium (Na), ppb po . Economizer Inlet
no polisher =2 =4 =8 =8 Oxidation Reduction Potential {ORF), mV =100
w! polisher <0.3 =03 Main / Reheat Steam
Cation Conductivity, pSicm = -
i no polisher | <0.15 <03 <06 >06 Silica (Si0,), ppb <10 £20 £40 >40
Total O Carbon (TOC b c =100 100
Polisher Outlet otal Organic Carbon (TOC), ppb (as C) >
Sodium (Na), ppb <2 =4 <8 >8 Specifc Conductivhy i at 25°C b :
. i 8 4.0 ppm CO, 4
Cation Conductivity, pSicm £0.15 =03 =06 =06 nf . 35 ppm GO Ly
: 3.0 ppm GO, P
Economizer Inlet 1 . 28 ppm G0, ,ﬁ'ﬁf’
i drum boiler |  9.0-9.6 <9.0,>96 £ é L g///
P F —
o sk : L1
oncethru | 8590 <8.2,>96 ' ===
Specific Conductiity, iS4 drum boiler | 2.7-10.7 <27,>10.7 N 5 o 1//.’/
pecific Condu , H=S/Cm F oap—
once-thru | 0.84-2.7 <0.4>107 .t [ = e s s a4
r T g ai l‘& i 2.0 co,
Cation Conductivity, pS/icm <0.15 =03 =086 >06 il £ ) B e CD:
Iron (Fe), ppb <2 >2 oo /"/\ L8 Pocu £,
o L L~ : pem C0y
Copper (Cu), ppb <2 >2 wf = ,/:, “\\:_ﬁﬂzgi
Ly 0 ok drum boiler | 30-50 > 50 wh ; ~ oo
Disso EN b ot
e . once-thru 50-200 o2 o
Sodium (Na), ppb £2 =4 =8 =8 o by
Ma In I R'h“t smm rso s BO0D B2 850 ars w‘jﬂ}‘-"m P50 973 1060 1033 1050 mm:s'c
Cation Conductivily, pS/cm =015 =03 e e Theorefical Relationship Between Specific Ammonia Concentration Versus pH for Various Carbon
Sodium (Na), ppb 2 =4 -1 >8 Conductivity and pH for Ammeonia Solutions Dioxide Concentrations (Note: the top curve represents 4
Chioride (CI), ppb <2 <4 <8 > 8 ppm CO2 and the bottom curve represents zere CO2.)
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AVT - Target Values for Drum Boilers at 2500 psi (17.2 MPa) and 1500 psi (10.3 MPa)

PT = Target Values for Drum Boilers at 2500 psi (17.2 MPa) and 1500 psi (10.3 MPa)

2500 psi (17.2 MPa) 1500 psi (10.3 MPa)
T Mo | et | i |t | womar | ot | pcte | i

pH (Solid alkali)' 90956 ) <9 - 9298 - <92 -

>96 >96

Cation Conductivity (uSfem)” | <15 <24 <42 >42 <32 <50 <85 | >85

Specific Conductivity {Sfem) | > CC? >ce?

Chloride (ppm Cl) <03 | <06 | <12 | »12 | <06 | <12 | <24 | >24

Sulfate (ppm S04) <06 <12 <24 >24 <12 <24 <48 >48

Silica (ppm Si0z) <018 | <036 | <072 | <144 | <085 | <1.70 | <340 >34

Phosphate (ppm PO4)* 0215 0236

Sodium (ppm Na)® <18 | <27 <4 >4 <23 | <34 | <51 | >51

Parameter 2500 psi (17.2 MPa) 1500 psi (10.3 MPa)

Normal | Action | Action | Action Normal Action | Action | Action

Level 1 | Level 2 | Level 3 Level1 | Level 2 | Level 3
pH ' 9.0-96 - <9.0, - 9096 - <90, -
>9.6 >96
Cation Conductivity <14 <3 <6 >6 <7 <14 <28 >28
(uS/cm)y? (<1.0) (<3)
(Recommended Target)
Specific Conductivity 3.0-12 3.0-12
{uSi/cm)
Chloride (ppm Cl) <005 | <009 | <018 | >0.18 <022 <041 <082 | >082
Sulfate (ppm SOy) <01 <02 <04 >04 <0.45 <09 <1.8 >18
Silica (ppm SiO;) <018 | <036 | <072 | <144 | <085 <17 <34 >34
[Lisidodas]

Sodium (ppm Na)® <04 | <08 | <16 | >16 | <095 | <18 | <28 | >28

! pH is controlled by the pH of the feedwater, however target values may be difficult to achieve if anions are near
maximum without additional sodium conditioning
? These target values are calculated based on chlondes and sulfates at target values; the Target values for normal
operation represent a practical limit based on only chloride presence at the normal maximum concentration

* The limits correspond maximum carryover limits, without neutralizing anions these values will elevate the pH. the
upper action levels 2-3 at 1500 psi are restricted to not exceed guidance for caustic treatment

OT Once-Through Unit Response for Cation Conductivity Excursion in Feedwater

Cation Conductivity
pSlem Action Required

=0.15 Mormally desired level, continue nommal operations. Less than 0.1 uSicm Is
preferred and easily attainable in oplimi [*1” fifndna]

=015, <02 Increase system pH to AVT levels (~9.2 for all-ferrous system). Continue
feed of oxygen and menitoring to determine the source of the contaminant.

=02 Terminate oxygen feed; continue operating with AVT without the use of
reducing agent. Use Section 5.4 Once-through Unils using AVT(O)

=1 Immediate shutdown

! These pH target values cannot be applied directly see Section 7.3.2.1 for pH Target Values accounting for

*  These target values are calculated based on phosphate at maximum of target range (and chlorides and sulfates at

target values) to account for different phosphate concentrations see Section 7.3.2.2

¥ CCis cation conductivity, in PT the specific conductivity must always be greater than the cation conductivity if

it is less, this indicates an upset condition see Section 7.4.1.3
*  These target values are just a recommended range actual control range should be dictated by the level of

phosphate hideout see Section 7.4.2
*  These target values assume a solid alkali pH of 9.4 with 1.5 ppm TSP as POy, 0.37 ppm NaOH and the maximum

chloride and sulfate target values as sodium salts
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PT = Cation Conductivity Target Values Excluding Phosphate Contributions (Based on
Chioride and Sulfate Target Values)

()

a
‘:‘:
o,

Eng,
R ,
s R

o ]
Wyianen®

Cation Conductivity Target Values (uS/cm)

Additional Resources for Chronic Chemistry Compliance Issues

2500 psi 1500 psi
Action Action Action Action Action Action
Normal |\ evel1 | Levet2 | revers | No™3l | \ovel1 | Level2 | Level3
<9 < 18 < 36 = 36 <18 < 36 <71 =71
lo0.0 pH Conductivity Coustic
— — (18/em) {ppm)
N S I S A - — 100 25501 4,065
J N N N N NN NN N A 98  16.080 2.565
. 1A 87 12m 2.037
= ﬁ 9.6 10.152 1.618
§ 100 +—————F L o271 | 95 8.064 1.285
_______,ﬂf-__ 9.4 6.406 1021
% ::::::#:::‘ 9.3 5088 0811
—————’5‘———— 9.2 4042 0.644
Fey T ea 3.211 0512
ﬁ ____/_____ 9.0 2.550 0.406
/‘ 8.8 1.509 0.256
10 I ——1—] 8% 1.016 0.162
e B ¢ o o S o e ot S 8.4 0.642 0102
B, .4 I I R B S S - 8.2 0.406 0,064
</—‘— e — 8.0 0,258 0040
s e e e e pH = 8.59 + log{Cond-CCyi/8) +
0.033(T-25})

0.1

8.0
8.2
84
8.6
8.8

i: 9.0

P

9.2
9.4
9.6
9.8

10.0

Where: Cond Is spedic conduclivily
and CC Is calion conducllvily, balhin
p5fem and T is lemperalure in*C

If the unit is Then refer to
unable to the following | And if still unable to Noting that:
consistently for additional | consistently meet:
meet: guidance:
Makeup water . . . . .
specific Makeup Develop customized For polished units there will be increase load
conduetivity Guidelines makeup target values based | on the polisher for unpolished units there will
target of < 0.1 EPRI Report | on what is achievable with | be increased requirements for boiler
1019635 makeup system blowdown

mS/cm
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Summary of Target Limits for PT

Feedwater Treatment, Drum Type

Target Values

Boiler Drum Water Treatment

FT ~ Phosphate Treatment

CEFP Discharge

Sodium (Ma)- pph =3

Cation Conductivily — ps/cm =1.2

Total Organic Carbon {TOC) ppb (as C) | = 200

Dhissolved Oxygen - pph <10 At least at CPP condensate
CPU Outlet

Soedium (Na)- ppb 3

Cation Conduetivity — ps/om 0.2

Siliea (810} - pph 10

Deserator Inlet

Orxidation Reduction Potential - mV =250 to -150

Economizer Inlet

pH 9.0-93

Cation Conduetivity - psicm =02

Iron (Fe) - ppb =2

Copper (Cu) - ppb =2

Mssalved Oxygen - ppb =5

Sodium (Na) - ppb =3

Main / Reheat Steam

Cation Conductivity - psiom =02

Sodivm (Na) - ppb =2

Silica (510} - ppb =10

Chlaride (C1) — pph =2

Sulphate {502 - pph =2

Total Organic Carbon (TOC) ppb (as C) | = 100

Boiler Blowdown Above 105 Kg/cm' Below 105 Kg/em?
pH 20 - 96 9.2-08
Cation Conductivity - ps‘om <15 <32
Chlonde (Cl) — ppb = 300 = 600
Sulphate {S04) - pph = 600 < 1200
Silica (3i0s) - ppb = 180 = &30
Sodivm (Ma) - ppb = 2000 = 4000
Phosphate (POy) - ppb 200 - 1500 200 - 3600
Sodium Hydroxide (NaOH) - ppb < 1000 = 1K

R N"'A,
&
a
‘;'.
%
Wrgansn®

q‘Vv ml“’

Crum Prazsure (MPa)
56 80 83 07 11.0 124 138 152 168 180 103

il

M‘Irll Leveld

/

&
/
/

---\_ =

Chioride (ppan CI)

AW,

/iz

0.3 P

04

800 B0D 1000 1200 1400 1800 1800 2000 2200 2400 2800 2800
Drum Frassurs (psla)

Fig PT — Boiler Water Cation Conductivity Target Valwes Based on Chlovide and Sulfate Target Value {These farget
varlies meed to be adjnsted fo account for Phosphate by adding 2 pSicm for every 8.5 ppm phosphate (as POJ) present
wien evaluated against a straight cation conductivity measerement. O these fargef values carn be wsed as presented
when evaluated against an adinsted cotion conductivity measarement witich uses equation 7-2 to remove the
phasphate confribution. Equation of Action Level [ line is y = 50e-0.000609 Where v is cotion conductivite in gSqaom,
and x is pressure in psia, Action Level 2 fine is -2 times Action Level 1, and Action Level 3 is =2 times Action Level 2.)
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Sulfate (ppm SO,)
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Sodium (Na ppm)

0.1

600 200 1000 1200 1400 1600 1800 2000 2200 2400 2800 2800

Drum Pressure (MPa)
656 60 B3 97 11.0 124 138

162 166 18.0 183

Dosage of Trisodium Phosphate (Na,PO,) or Trisodium Phosphate Dodecahydrate
(Na;PO4#12H,0) to Achieve Solid Alkali pH's from 9.0 to 9.6

Addition of (in grams)

Final Phosphate

Boiler Solid | Boiler Circulating Residual
Alkali pH Volume Mass (kg) Na;PO, NasPO4e12H;0 (PO« ppm)
(MW = 164 g/mol) | (MW =380 g/mol)

9.0 100,000 175 406 ~1

91 100,000 205 475 ~1.2
92 100,000 260 600 ~1.5
9.3 100,000 325 750 ~1.9
94 100,000 410 950 ~2.4
9.5 100,000 520 1,200 ~3.0
96 100,000 650 1,500 ~3.8

Drum Pressurs (psia)
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