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282.0 CORROSION ENGINEERING
282.1 The secondary water chemistry monitoring and control program as you
710.3.5) provided in the FSAR is incomplete. Provide a complete secondary

water chemistry monitoring and control program following the guidance
of Branch Technical Position MTEB 5-3 attached to SRP 5.4.2 1,
Revision 2, July 1981.

Response:

See revised Section 10.3.5.2.

Station chemistry procedures will be available for on-site review
at least six months prior to fuel load.

280-6 Rev.
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CNS
by station operating personnel. See Section 6.2.4.4 and the Inservice Pump and
Valve Testing Program (per ASME Section XI, IWP/IWV) for the testing and in-
spection of the main steam isolation valves.

10.3.5 WATER CHEMISTRY

10.3.5.1 Effect of Water Chemistry on the Radioactive lodine
Partition Coefficient

As a result of the basicity of the secondary side water, the radioiodine
partition coefficients for both the steam generator and the air ejector system
are decreased (i.e., a greater portion of radioiodine remains in the liquid
phase). However, the lack of data on the exact iodine species and concen-
trations present prevents a quantitative determination of the coefficient
decrease for these systems. The partition coefficients used for site boundary
dose calculations are those given in NUREG 0017. For the steam generators, a
partition coefficient of 0.0l was used while for the main condenser air ejector
the partition coefficients used were 0.15 for volatile iodine species and zero
for non-volatile species, assuming 5% of the iodine species are volatile.

10.3.5.2 Secondary Side Water Chemistry

Water purity in the secondary system, and in the steam generators in particular,
is maintained within specified limits in order to minimize corrosion and to
minimize fouling of steam generator heat transfer surfaces.

10.3.5.2.1 Treatment

All volatile treatment (AVT) is provided by the chemical addition of hydrazine
for oxygen scavenging and ammonia for maintaining pH.

In addition, powdered resin demineralizers are used for condensate polishing,
and an air removal section in the condenser is used to remove oxygen from the
feedwater.

10.3.5.2.2 Monitoring

Samples are collected from the steam generators, condensate and feedwater.
Instrumentation is provided to monitor pH, conductivity, silica, hydrazine,
sodium, and oxygen. As a minimum, the guidelines proposed in the PWR Sec-
ondary Water Chemistry Guidelines (September 1981), Chapter 2 - Recirculating
Steam Generators will be met for point of monitoring and frequency of moni-
toring.

10.3.5.2.3 Controlling Chemistry

Operating the polishing demineralizers properly and maintaining condenser
vacuum will control the quality of feedwater. In addition, blowdown of the
steam generators is used to maintain chemistry limits. The chemistry guide-
lines proposed in the PWR Secondary Water Chemistry Guidelines (September
1981), Chapter 2 - Recirculating Steam Generators will be used as the con-
trolling chemistry criteria. High purity makeup water (Specifications Table
10.3.5-2) and chemical additives are added as needed.

10.3-5 Rev. 5
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NOTICE

This report was prepared for the Electric Power Research Institute, Inc.
(EPRI) and the Steam Generator Owners Group. Neither EPRI, members of EPRI,
the Steam Generator Owners Group, nor any person acting on their behalf:

(a) makes any warranty OoOr representation, express or implied, with regpect toO
+he accuracy, completeness, Or ysefulness of the information contained in this
report, or that the use of any information, apparatus, method, Or process
disclesed in tais report may not infringe privately owned rights; or

(b) assumes any liabilities with respect to the use of, or for damages result-
ing from the use of, any information, apparatus, method, or process disclosed

in this report.



RECIRCULATING STEAM GENERATORS

2.1 OQverview

2.1.1 Introduction and Sccpe

These guidelines reflect current understanding of the role of chemical trans-
port, impurity concentrations, material selection, corrosion behavior, chemi-
cal analysis methods and industry practices on the operation and integrity of

steam generator systems.
The criteria for the establishment of the quideline parameters were:

1. Ingress of impurities to the steam generator is to be kept to a
practical and achiavable minimum.

2. Impurity concentrations are maxioum values consistent with the
currently known corrosion behavior of steam ganerator and secondary

gsystem materials.

3. Impurity concentrations are datectalle by currently available
equipment and procecdures.

Using these criteria, guidelines nave been formulated which provide chemistry
control while retaining operating flexibility. These guidelines describe
parameters to be measured and provide normal and action level values. The
normal values are based in part con proven plant experience with m imal
impurity ingress and corrosion. Wherever possible, literature socurces and the
results of research in progreas are cited to justify the parameter values. As
more data become available, added justificaticn for some parameter values will

be provided.

Typical corrective actions are recommended in several sections in this
chapter. These corrective actions are not meant to be all inclusive or

universally applicable and should be modified for plant-specific concerns.



Action levels and their impact upon plant operation are discussed in
Section 2.1.2. The three plant status modes (cold shutdown, hot standby and

power) covered by these guidelines are discussed in Section 2.1.3.

These chemistry limits and action levels are considered to be minimum require-
ments for protection against secondary system and steam generator corrosion in
plants using ammonia-hydrazine treatment. These guidelines are applicable for
any cooling water source and are consistent with the philosophy that plants
should be operated with the lowest practicable impurity levels consistent with
their circumstances. These guidelines do not cover transient operation or
tranasition from one operating mode to another (e.g., hot standby to power).
These guiderlines also do not cover alternative water chemistries such as boric

acid treatment.

The tables of parameters give values fcr individual chemical species and water
conditions. However, it is realized that the steam generator water system
represents a complex eguilibria between a large number of interdependent vari-
ables. The values of oxygen and pH will effect copper and iron, the sum of
all anions will effect cation conductivity, blowdown values are related to
feedwater values, the sodium level should be balanced against chloride and
sulfate to avoid excess acidity or alkalinity, etc. The list of interactions
is long and generally not quantifiable. Existing data are inadequate for the
consideration of these interactions in detail; however, they are covered as
far as the data permits and should be considered in the development of
specific gquidelines for the individual plants.

It is recognized that some water chemistry values, monitoring techniques and
corrective measures being recommended may require additional equipment in some
plants. In addition to the monitoring recommendations of Section 2.1.4,
plants should consider additional continuous monitors (e.g., cation conduc-
tiviey or sodium in each condenser hot well, etc.) to assist in the detection

of abnormal chemistries (see Chapter 4).

t
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2.1.2 Action levels

Three ction levels have been defined for taking remedial acticn when moni-

" tored parameters are observed and confirmed to be outside the normal operating
value. Normal operating value as it is used here refers to the value of a
parameter which is consistent with long-term system reliability. Action

Level 1 is implemented whenever an ocut-of-normal value is detected. The nor-
mal values given for Action Level 1 are practical and achievable in the field.
Although exceeding the normal values will not necessarily result in a proven
corrosive condition, maintaining parameter values within the normal range will
provide a high degree of assurance that corrosive conditicns will be

avoided. Action Level 2 is instituted when conditions exist which have been
siown to result in some degree of steam generatocr corrosion during extended
full (100%) power operation. Action Level 3 is implemented when conditions
exist which will result in rapid steam generator corrosion and continued

operation is not advisable.

Action Level 1

Objective: To premptly identify and correct the cause of an ocut-of-normal
value without power reduction.

Acticns:

a) return parameter to within normal value range within cre week fol-

lowing confirmation of excursion
b) if parameter is not within normal value range within cne week fol-
lowing confirmation of excursion go to Action Level 2 for those

parameters having Action Level 2 values

Action Lavel 2

Objective: To minimize corrosion by operating at reduced power while correc-
tive actions are taken. Power reduct’'-n should be to a level which will

reduce available steam generator superheat and heat flux while providing



sufficient system flow to maintain automatic operation while the source of the
impurity is corrected. This reduced power level is typically 30% of full
power or less.

Actions:

a) reduce power to appropriate level (typically 30% or less) within four
hours of initiation of Action Level 2

b) return parameter to within nosmal value range within 100 hours or go

to Action lLevel 3 for those parameters having Action level 3 values

Action lLevel 3

Objective: To correct a condition which may result in rapid steam generator
corrosion during continued operation. Plant shutdown will avoid ingress and
eliminate further concentration of harmful impurities.

Actions:

a) shut down within four hours and clean up by feed and bleed or drain

and refill as appropriate until normal values are reached

Tyvical Corrective Actions

When a parameter has reached an action level value, corrective actions should
be implemented. These corrective actions will be parameter and plant spe-
cific. Each plant should have a predefined course of action which has been
developed with attention to specific concerns. The following actions may be

considered typical:

a) increase steam generator blowdown to maximum levels for removal of

specific impurities,

b) - are results of confirmato analyses to readings from continuous
Ty Y

monitars,
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c) compare results of various analyses for internal consistency,

d) increase sample and analysis frequencies for short-temm trending of

critical chemistry parameters, and

e) isolate and identify sources of impurity ingress.

2.1.3 Status Mode-

The steam generacor status modes covered in these guidelines are:
1. Cold Shutdown
2, Hot Standby

3. Power

Cold Shutdown: Thae steam ganerator should be placed in wet layup with chemi-

cally troated water whenever practical during outages to mininmize surface cor-
rosion. During power resduction prior to shutdown, steam generator bulk water
will contain significant levela of impurities frem hidsout returm. The ccld
shutdown period shou.id bs used to raduce this impurity inventory by feed and
bleed, flushing, cr drain and refill.

Hot Standby: COuring hot standby the steam generator is ready for steaning
operation. This period should be uged to reduce impurity inventories in the

steam generator in preparaticn for power operation.

rowear: Because the steam generator is most susceptible to corrosion from
impurity ingress while at power, the monitoring procedures and normal values
cited are the most rigorous of any mode. Action Level 2 and 3 values are

provided for several critical parameters during power cperation.

2.1.4 Sample Sources

Figqure 2-1 shows recommended instrument and sample point arrays for the blow=
down, feedwater and condensate in a recirculating steam generator system.

Auxiliary feedwater should be sampled at a point which will provide a
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representative sample. S vle nt: in circles
ne recommendations
agnostic measurements TO aid in the

Sample point: d recommended

&

Wwet layup of the steam generators (and the feedwa
ng outages with chemically treated water is de
Protection is provided by an ammonia-hy

"
b

tion for six months or longer.

11

To provide for mixing of the bulk
sparging and/or recirculation are necessary. A positive nitrogen
should ba maintained during filling, draining, and cold shatdown to

sxygen ingress. Flushing procedures to reduce the

tor impurities should be considered at this time. These procedurss have Deen

daveloped and employed at several plants and have been proven effective in

reducing impurities.

provide chemistry samples which are
-ontents. The steam cenerator bulk sol
sther day (after parametars

stable, then weekly.

If copper alloys are presen , the system, excess hydrazine should

charged prior to pre: ~hermal acompe« - to ammeonia.

Mivmbsa e 1 e - f { i - ——
Numbers in DSrackets C e references te
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Special attention should be given to the auxiliary feedwater since it can rep-
resent a significant source of oxygen ingress to the system. The guideline
values presented in Table 2-1b are ambitious; however, efforts should be made
to approach these goals as closely as practicable so as to control this source
of oxygen.

Prior to heating to hot standby, steam generator chemistry parameters should

be in the range of hot standby guidelines (see Section 2.3).
The guideline parameters for cold shutdown are given in Table 2~1, the
justifications are discussed in Section 2.2.3, and typical corrective actions

are given in Section 2.2.4.

2.2.2 Tables of Parameters and Values

Table 2-1a

RECIRCULATING STEAM GENERATOR
COLD SHUTDOWN
BLOWDOWN SAMPLE

value
Prior to
Parameter Frequency* MNormal Value Initiate Action Heatup
pH (ferrous system) 3/week 9.8-10.5 <9.8, >10.5 9.0
pl (ferrous/copper 3/week 9.8-10.5 <9.8, >10.5 8.5-9.2
system)

Hydrazine, ppm 3/week 75-200 <75, >200 -
Sodium, ppb 3/week <1000 >1000 <100
Cation Conductivity, 3/week <10.0 >10.0 €2.0

ymho/cm

* Every other day until stable, then weekly.
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Table 2-1b

P I L g e e -t £ T B T T
‘F:‘-, Ao bl & YD QLS M 1;.~.,7:\. o
AT M LI A D
COLD SHUTDCWN
ATV TY PADY PEDTNIATEDR
AUVUALLLARTD FEEDWATER

Parameter : g \CY Vi Initiate

Dissolved

Justification for Parameters and Values

Hydrazine solutions in the pH range of 9.8-10.5 provide corrosicon protec
»r steam generator materials through the formation and maintenance of a

(2], In svstems having copper alloys the pH must be reduced

to heat=-up to avoid corrosion of these components.

Hydrazine: \ s ig an oxygen scavenger and inhibits general and

ized corronion of rrous materials [1]. The hydrazine concentr

be maintained batween 75 and 200 ppm. Hydrazine solutions »~ith a pH greater

than 9.8 enhance the formation of a protective magnetite fila on th

£ 5o
surlace.

Sodium: Sodium ls maintained below 1000 ppb to ensure that contaminants are

maintained at acceptable levels prior to star If sodium levels exceed

1000 ppb, steam generators should be drained

Conductivity: n conductivity is intended as a check

jenerator. Cation conductivity
as a preliminary check on internal
sonsistency. The cation conductivity guideline of <10.0 yumho/cm will asgsist

b} -

in achiaving good water quality prior to heat-up.

Dissolved oxygen increases the

faces (1] The oxygen concentration should be below

nakeup water to minimize these effects.




Cation Conductivity (umhos/cm)
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Figure 2-2. CHLCRIDE CONCENTRATICN VS. CATICN CONDUCTIVITY
AT 25°C IN THE ABSENCE OF OTHER ANIONIC SPECIZS
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A nitrogen nlanket should be maintained at a slight positive pressure (e.g.,

5 psi) to eliminate oxygen ingress during cold shutdowa [3,4]. When the steam
generators are drained, a nitrogen cover should be maintained if possible.
Concerns for exposure of personnel to local oxygen deficient environments
during maintenance may require special precautions and interruption in
nitrogen supply. After maintenance is completed, the steam generator should
be refilled with ammonia=hydrazine solution and a nitrogen blanket

reestablished.

2.2.4 Corrective Action Guidelines - Cold Shutdown

Parametar Out of Range Corrective Action

pH 1. Cross-check with ammonia/hydrazine/cation
conductivity values for consistency.
2. If low, add ammonia to correct and mix

content3 of steam generator.
3. If high, feed and bleed or drain and refill
with makeup water of the proper purity.

Hydrazicsa 1. If low, add until within range.
2. If high, with copper condenger Qor copper
feed system, drain and refill to raduce

concentration prior to heat-up.

Sodium 1. Check makeup water purity.
2. Paed and bleed or drain and rafill with
decxygenated makeup water of proper purity.

Cation Conductivity 1. Fead and bleed or drain and refill with
deoxygenated makeup water of proper purity.

2.3 Hot Standby

2.3.1 Introduction

The period between cold shrtdown and hot standby should be used to reduce
impurity levels in the steam generator, achieve hot standby parametar values,
and prepare for power operation. During hot standby, feed and bleed (makazup

and blowdown) is the only method available for reducing impurity levals.



puring hot standby, sampling of steam generator auxiliary feedwater (at the
condens~te storage tank) and blowlown are required  ,see Secticn 2.1.4 for
sample sources). Feedwater parameters (Table 2-2a) were selected to ensure
that water of good quality was being supplied., Primary consideration was
given to oxygen and hydrazine levels. Blowdown parameters (Table 2~2b) were
selected to maintain water chemistry of adequate quality for power opera-
tion. Maintenance of good water quality at this time will reduce the impact
of hideout during power escalation.

Care must be taken to avoid the overaddition of hydrazine (with the resultant
decomposition to ammonia) to mixed ferrous/copper systems which have an upper
pH limit.

Steam generator blowdown chemistry should be below Action Level 2 guideline
values for power operation (Table 2-3b) before starting power escalation, and
below Action Level 1 guideline values before exceeding 30% power.

The guideline parameters for hot standby are given in Table 2-2 and justifi-
cations are discussed in Section 2.3.3. Guidelines for corrective actions are >

in Section 2.3.4.

2.3.2 Tatbles of Parameters and Values

Table 2-2a
RECIRCULATING STEAM GENERATOR
HOT STANDBY

AUXILIARY FEEDWATER SAMPLE

Parameter Normal Value Initiate Action

Dissolved O,, ppb <100 »100

Hydrazine, ppb 231 x [02} £3 % :ozz




Table 2-2b

RECIRCULATING STEAM GENERATOR
HOT STANDBY
BLOWDOWN SAMPLE

' Value
Pricr to Power
Parameter Frequency Normal Value Initiate Action Escalation
pH (ferrous system) continmuous . 29.0 9.0 -_—
pH (ferrous/ccopper continuocus 8.5=9.2 <8.5 -
system)
9.2
Caticn Conductivity centinuous <2.0 >2.0 <2.0
Jmho/cm
Dissolved O,, ppb daily (31 >5 -_—
Sodium, ppb continucus <100 >100 <100
Chlorida, ppb daily <100 >100 <100

2.3.3 Justification for Parameters and Valuonsg

pi: The pH range depends upon the materials present in the feedtrain. For
all ferrous systems the pH should be above 9.0, w.ereas for systems containing
both ferrous and copper alloys, operation should be between 8.5 and 9.2. A

minimum pH is specified to protect ferrous materials, and a maximum pH is
specified to protect mixed ferrous and copper hystums.

cation Conductivity: Cation conductivity is used as an indicator of the total

dissolved anions present. Its value should correspond to the total strong
anion concentration obtained by other analytical procedures or the reascn for

the discrepancy should be determined.

Disso.ved Oxygen: To minimize carbon steel corrosion oxygen ingress must be
controlled. Dissolved oxygen in the auxiliary feedwater should be less than
100 ppb.and should be treated with adequate hydrazine. 3lowdown dissclved

oxygen levels during hot standby should be less than detectable (<5 ppo bY

L]



colorimetric measurements). This

makeup water.

ydium: Sodium comes from condenser inleakage, makeup water

polisher regenerant chemicals. Sodium hydroxide (ca

lal corrosion of turbine and steam generator tubing materials.

Chloride promotes the growth of nonprotective magnetite in crevice

(denting), romotes pitting atta , and is carried over to the
r - |

Control of chloride is necessary under hot standby conditions to

limit hideout during power escalation.

Hydrazine: To control oxygen in the auxiliary feedwater, hydrazine is main-

tained at a level of three times the feedwater oxygen. This should result in

- &

blowdown oxygen levels of <5 ppb.

2.3.4 Correctiva Action Guidelines - Bot Standbv

Auxiliary Feedwater
Parameter Out of Range Corrective Action

Dissolved oxygen 1 Check hydrazin idual and add
Check air inleak

Hydrazine Add if residua

Steam Generator BRlowdown

Parameter Out of Range Corrective Action

pH If low, adjust ammonia feed.
If high, blow down and add demineralize
deoxygenated makeup water.

Caticon conductivity Maximize blowdown, and add demineralize
deoxygenated makeup water. Check
makeup purity.

Dissolved oxyger Check hydrazine residual and add if
quired.
heck air inleakage.

Maximize blowdcwn, add
ieoxyagenated water.

-~

“heck makeup water purity




2.4 Power Operation

2.4.1 Introduction

The parameters and operating ranges monitored during power operat.on are those
currently considered appropri..e to protect the steam generators and balance
of plant. Utilities are encouraged to implement a more extensive surveillance
program and to adopt lower levels of impurities whenever plant specific
situations will allow.

Guidelines are provided for feedwater, blowdown and condensate sample sources
(see Section 2.1.4). Action Level 2 control is placed on blowdown chloride,
sodium and cation conductivity, and condensate oxygen. Action Level 3 control
is placed on cation conductivity and scdium in the blowdown sample.

Guideline parameters are given in Table 2.3. Justifications are given in
Section 2.4.3. Typical corrective acticns are given in Section 2.4.4.



Tables of Parameters and Values

RECIRCULATING STEAM GENERATOR
POWER OPERATION
FEEDWATER SAMPLE

~ion Level
Parameter Prequency Normal Value 2
—————————— - —————— e A

pH (ferrous system) continuous 9.3-9.6
continuocus

Cation Conc continuocus
Jmho/cm

continuous
continuous

weekly
(integrated)

weekly
(integrated)

Hydrazine, ppb daily
pH Control Additive daily

* Action

r
H > 9.2

i
P .

equired only if experience shows increased copper transport at

Based on oxygen value measured in the condensate sample
To be consistent with pH
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POWER

BLOWDOWN

Paramete Frequency
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pH (ferrous system) continuocus

pH (ferrous/copper continuous
system)

Cation Conductivity, continuous
ymho/cm

Sodium, ppb continuous
Chloride, ppb daily

daily

Action required vy if experience shows increased copper transport at

pH > 9.2

Table 2=3c

RECIRCULATING. STEAM GENERATOR
PCWER OPERATION

CONDENSATE SAMPL

Pa freaquancy

(ferrous/copper

system) ! nuous




2.4.3 Justification for Parameters and Values

pH: The feedwater pHd range depends upon the materials in the feedtrain.
Ammonia is the volatile amine normally used for feedwater pH control; however,
other amines, such as morpholine or cyclohexylamine, may be used with the
adjustment of other guideline parameters. T™hermal decomposition of hydrazine
to ammonia will affect pH.

pPlants witn all ferrous feedtrains operate with a feedwater pH in the range of
9.7-0.2 's], Plants with copper alloys {n the feedtrain normally operate in
the range 8.8-9.2 ([6]. Ope:atidn within these ranges will maintain the long=
term integrity of the feedtrain and minimize the amount of corrosion product
transport to the steam generators. Below a pH of 8.8 ferrous corrosion
increases, while at pH >9.2 copper alloy corrosion may increase. Operation at
pH > 9.2 is permissible if experience shows that copper transport is not

increased.

The pH of the steam generator blowdown is controlled by the concentration of
ammcnia and hydrazine present in the feedwater in the absence of significant
impurity ingress, alternative chemigtries or primary to seccndary leakage.
All-volatile treatment has no buffering capacity against strongly ionized
impurities; consequently, the comparison of pH measured and pH calculated from
ammonia concentration (Figure 2-3) could be employed to identify any increases
in the concentration of acidic or alkaline species in the steam generator bulk

water.

cation Conductivity: Cation conductivity is used to detect the ingress of

soluble anionic impurities. Feedwater cation conductivity values less than
0.2 umho/cm are needed to meet the blowdown cation conductivity values. This
parameter is a measure of the total concentration of anions which are present

in the steam generator bulk water.

Blowdown cation conductivity values «f <0.8 ymho/cm reprasent acceptable oper=
ating practice based on plant experience. “mall condenser leaks or otiher
forms of contaminant ingress result in Action Lavel ! values prior to st=am

generator corrosion.  Action raval 2 comes into affect at 2-7 mho/cm, a lavel
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at which denting has occurred in plants operating at full power. Power reduc-
tion o 0% will significantly reduce heat flux in areas of the steam
generator where denting normally occurs while maintaining sufficient system
flow for automatic control while the leak is located and repaired. To
minimize steam generator corrosion, Action Level 3 is instituted if 7 umho/cm
is exceeded. If a condenser leak cannot be confirmed following an increase in
cation conductivity, analysis for specific anions not normally measured { such

as sulfates) should be considered.

Sodium: The values represent operating practice based on plant experience.
Exceeding the blowdown levels of Action level 2 increases the possibility of
cauvstic stress corrosion cracking (SCC) of Inconel 600. This is based on ser-
vice experience and laboratory tests at higher concentrations. Sodium is an
effactive continuous indicator of many forms of contaminant ingress and should

be used as such.

Chloride: Chloride is aggressive to ferrous materials at steam generator con
ditions [7]. Anions of other strong acids such as sulfate, etc., may also be
aggreasive, however, their aggressiveness is governed by their relative
strengths as corrodents, their ability to diffuse to the corrosion interface
and their concentration in the crevice ragion. Currently, chloride has proved

to be the zost common aggressive anion found in the crevice region.

Sample tube/support plate crevices removed from dented steam generators have
shown local chloride concentrations of over 4,000 ppm. A contributing cause
to this high local chloride concentration is the local thermal-hydraulic
condition in the tube/support plate crevice.

chlorides can form acid chlorides in the crevice which are believed to be a
major factor in the growth of nonprotective magnetite (8,9]. The presence >f
a reducible species can promote the formation of acidic crevice conditions.

some common reducible species are oxygen, Cu(II), Ni(II), or Fe(IIIl).

Silica: To control silica volatility and subsequent precipitation on tae
rurbine, as well as formation of silicate deposits in the steam generator, 4
wlowdown value of <300 zpb has been established. This lavel is based apon

operating experience.
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pissolved Oxyagen: Corrosion product formation and transport is minimized by

control of oxygen and pH. The removal of low levels of dissolved oxygen is

achieved by addition of excess hydrazine.

Dissolved oxygen is monitored in the feedwater and in the condensate (Sec-
tion 2.1.4 describes sample sources). Action Level 2 is instituted when

dissolved oxygen in the condensate exceeds guideline recommendations.

Dissolved oxygen, in the absence of other aggravating species, forms magnetite
(?0304) on carbon steel surfaces at temperatures above approximately 100°C.

If the magnetite film formed is impervious and self-repairing the filam is
termed protective magnetita. Nonprotective magnetite is formed when solution
chloride is combined with nickel, cobalt, vanadium or antimony (7). Linear
(nonprotective) magnetite growth can lead to eventual tube constriction known
as "denting.” Racent laboratory studies have shown that copper (11) chloride
or oxide can ba an accelarant [10], and that nonprotective magnetite can form

with neutral chlorides in the presenca of oxygen [11]. Copper oxideg are

transported through the reaction of oxygen with copper feedtrain materialas.

The evidence for the damaging effects of dissolved oxygen, and of oxide reac-
tion products is abundant. Every effort should be made to control air ingress

and dissolved oxygen lavels.

Troen: Total iron i3 monitored to quantify the transport and buildup of sludge

in the steam generators and to monitor feedtrain corrosicn. The feedwater

specification of <20 ppb is baged on extensive plant data (12,13,14,15].

Copper: Total copper is monitored to quantify the transport and buildup
of sludge in the steam generators and to monitor feedtrain coriosion.
The feadwater specification of <2 ppb ia3 based on extensive plant

data [12,13,14,15]. Laboratory model boiler denting tests indicate that

higher concentrations of reducible copper species in the feedwater increases
the denting rate [10].

r



fiydrazine: Oxygen will react with hydrazine to form water, hydrogen and
nitrogen, depending upon the reaction conditions [16]. Under feedtrain condi-
tions it is assumed that oxygen/hydrazine reactions occur at the metal oxide
or hydroxide surface. Reaction rates increase with pH, hydrazine excess, and
~emperature and may depend on the surfaces contacted. Control of air inleak-
age ard the use of hydrazine as a scavenger of trace quantities of dissolved

oxygen reduces the corrosion of balance of plant materials. This yields a

reduction in the transport of corrosion products to the steam generacors.

Hydrazine decomposes *3 ammonia under steam generator operating condi-
tiors [17) and will travel with the steam to the condenser where the bulk of
the ammonia dissolves in the condensate. This will aid in pH control; how-

ever, excessive ammonia levels must be avoided in copper alloy systems.

pH Control Additive: Analysis for pH control additive in the feedwater is

performed to cross-check on pH measurements.

Analysis of ammonia is required primarily for pro“ection of copper alloys.
AMditionally, a direct comparison can be made between measured pH with mea-
su‘ed ammonia (FPigure 2-3). Deviation from the predicted curve provides an
early indication of impurities such as COp; or other anions which can cause

suppression or elevation of the pH. These impurities should be verified by
other analyses.



2.4.4 Corrective Action Guidelines - Power Operation

Steam Generator Faedwater

parameter Out of Range

pH

Cation conductivity and
sodium

Dissolved oxygen

Iron and Copper

Hydrazine

2.
3.

Te
2.
3.
4.

1.

2.

3.

1.

1.

Corrective Action

Check ammonia and/or hydrazine feed rate and
adjust if necessary.

Increase blowdown, if required.

mest outlet of each condensate polisher tank
and each makeup demineralizer tank.

Increase steam generator blowdown.
Institute sampling of condenser sections.
Sample all makeup sources.

Test effluents of makeup demineralizers and
polishing demineralizers.

Check residual hydrazine; if belcow normal,
increase feed rate.

Chack condenser air leakage rate.

Test other available locations in feedwater
train for dissolved oxygen.

Check dissolved ox yen, condenser air
inleakage, pH and ammonia.

Tncrease fead rate. Check ammonia and
feadwater pH.

Steam Generator Plowdown

parameter Out of Range

pH

Cation conductivity, sodium,
chloride and silica

Condensate

Parameter Out of Range

Dissolved 02

1«
2.

3.

2.
3.

1.
2.

Corrective Action

Check feed rate of hydrazine and ammonia.
Tegt effluent of demineralizers for presencs
of caustic cor acid.

Increase blowdown if appropriata.

Increase blowdown.

Institute sampling of condenser sections.
Test effluent of demineralizer tanks.

Corrective Action

Check condenser air leakage ratae.
Test other available locations in feedwatzar
train for dissolved oxygen.

rJ
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2.

3.

4.

S.

6.

10.
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