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Operation ol a demineralizer  unit. after its
ion-exchunge capacity has been depleted results in the
ditect passthrough of jons into the reactor vessel.
Depending on the nature of these jons, stress-corrosion
cracking andfur other forms of corroston wiight be
acedlerated. coud buildup on fuel and other components
might be promoted. and plant radiation levels might be
increased.

Demineralizes perfonmance should be monitored by
measurement of the conductivity ol the demineralizer
elflient wuter, The  monitoring  instrument, which
shonld be set 1o trigger alarms in the control roon,
should e capable of quickly detecting demineralizer
breakthrough  (defined  as an effluent conductivity
exceeding 1 micromho/en) and should have suflicient
sange to measure all conducetivity fevels up to and
icluding  the limiting condition of the  technical
specifications  requiring immediate shutdown  of the
resctor,

Lven  with  highly  efficient condensate
deminerafizers.  some contaminants,  at - very low
concentitions, pass into the reavtor vessel. Chloride

ions. which may promote stress-corrosion cracking of

austenitic stainless steel components and structures. are
of particolar concern. Because these contaminants are
virtuatly insoluble in the steam phase. they would
remain e the reactor vessel and would build up to
unaceeptable levels within a relatively short time unless
they were removed by a reactor water cleanup systeni.
For this reason. conductivity of water from the reactor
vessel  should  be contimously  monitored and  the
chloride content determined periodically. The reactor
should not be operated for extended periods of tisme
with the reactor water cleanmap system out of service.
Limits of chloride concentration in the reactor vessel
water of BWRs that have been found acceptable to the
Regulatory staff are presented in the appendix to this
guide. Alsu presented in the appendix are representative
limits of electrical conductivity of the water at serveral
focations in the BWR,

C. REGULATORY POSITION

Condensate demineralizers in boiling water reactors
should be desipned and operated so as to permit an
orderly shutdown of the reactor in case of serious
feakage in the condenser or in other heat exchangers
withoul contaminating the reactor coolant pressure
boundary or core structural  components  with
potentially deleterious constituents of the condenser
cooling water, Sulficient instrumentation should be
provided so that (1) the electrical conductivity of the
condensite is Known, (2) the available capacity of the
condensitte  demineralizers can be  determined at il
times. and {3) the purity ol the demineralizer effluent is
known, Additional protection to the pressure vessel and
core structural components shouid be provided in the
form of o Tunctioning reactor water cleanup system ad

instrumentation 1o measure reactor water conductivity,
An aceeptable approach is as Tollows:

1. The licensee should establish appropriate limits on
condensate  compodition and electrical conductivity.
Separate limits may be required tor such corditions us
startup, fow-power aperation, and full-power operation,
Chemical  analyses  for  dissolved  and ™ suspended
impuritics should he pecformed as called for in the plant
technical specitications. A conductivity meter should be
provided at cach condenser hot well or in the line
between the hot well and the condensate demineralives
with sufficient range to measure ut Jeast all levels of
conductivity up to and including the limiting conditions
ol the technical specifications  requiring  inmediate
shutdown "of the reactor. The recording conductivity
meter called for in regulatory position C.4.a. below may
he utitized for this jurpose.

2. The licensee should establish the minimum residoal
demineralizer capacity which must be available in cach
of several parallel condensate demineralizer units in
service. This minimum capacity will depend on several
parameters including compusition of condenser cooling
water, [Tow rate in each unit, type of resins, cation/anion
resin ratio, postulated condenser leak. and time for
arderly reactor shutdowa,

3. The initial total capacity of the new anion and
cation demineralizer resins should be measured. Anion
exchange capacity may be determined by a procedure
recommended by the resin manufacturer. The total
exchange capacity of the cation resin may be measured
by a procedure recommended by the resin manutacturer
or by paragraphs 41 through 49 of ASTM D2137.71
“Standard Methods of Test of Physical and Chemical
Properties of lTon-Exchange Resins.” For resins that are
to be regenerated. these determinations should be
repeated at least semiannually and the resins should he
discarded and replaced when their capacity following
regeneration falls below sixty percent of the initial value.
More frequent determinations should be made at plants
using scawater or other water containing large amounts
of dissolved or suspended matter as coolant in their heat
exchangers. For resins that are not regencrated, but are
instead replaced periodically with material of the same
type. measurements of initial capucity should be made
on a sample of new material at least once u vear when
the time between replacements is less than one year or at
cach replacement when the time between replacements
exceeds one year. When the type of anion or cation resin
is changed. a measurement of total capacity ol the
replacement cesin should he made prior 10 use in the
demineralizer.

4. The ticensee should wverify that the minimum .

residual demineralizer capucity in the most depleted
demineralizer unit established in accordance with the
requirements  of  regulatony position C.2 above s
maintained,  The  tollowing s e example of an
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acceptable method for determining the condition of the

~demineralizer units so that the ion exchange resin can be

replaced or regenerated before an unmicceptable fevel of
depletion is reached.

a. A recording conductivity  meter should  be
installed in the line between the condenser hot well und
the demineratizer. The range of this instrmnent should
be sufficiently broad o include all potential water
~anductivity levels up to the limiting condition ol the
technical specifications requiring immediate shutdown
of the geiactor. The conductivity meter should be
calibruted against the principal ion or ions likely o cause
dentineralizer  breakthrough. In those demineralizer
svstems in‘which the cation capacity exceeds the anion
capacity,  calibration  should  be  based  on union
wweasurements (e, chloride and sultate fons in the case
of weawater-covled condensers and total anions. except
hydroxyl. in the case of freshwater-cooled condensers).
In" those demineralizer systems where anion capacity
exceeds cation capacity culibration should be based on
cation measurements (ie.. sodium and magnesium ions
in the cuse of seawuter-cooled condensers and total
cations, except  hydrogen, in. the case ol
freshwater-cooled condensers).

b. A recording Nowmeter should be utilized 10
measure the rate of flow through cach demineralizer.

¢.  The quantity of the principal ion{s} likely to
cause demineralizer breakthrough flowing through the
demineralizer should be caleulated by

(1) Converting the conductivity readings of the
water eatering the demineratizer to weight fraction (e.g..

_ppm ot ppb) of the principal ion(s) and

(2) Integrating over time the product of
concentration of this ion(s) and demineralizer flow.,
This quantity should be determined at suitable

intervals - not  to exceed weekly. More  frequemt

determinations should be conrlucted in plants using sea
water or other highly contaminut. d water as coolant and
at all plants during startup and under abnormul
conditions, . '

d.  Each demincralizer unit should be replaced or
regenerated when the remaining capuacity. caleulated by

1.56-3

subtracting the total utilization determined from
conductivity and flow measurements in accordance with
regulatory  position Cd.e from the initial capacity
determined in accordance with regulitory position .3,
approaches the minimum esidual demineralizer capacity
determined in accordance with regulatory position C.2.
The aceuraey of the ubove caleatation should be checked
by measurements made on resin samples taken when
demineralizer  units are removed  Trom service  for
regencration ur resin cleaning, Measurements on samples
from each unit should be made at cach of the first two
such removals from service and at every filth such
removal from seevice thereafter. If uppropriate, the
actual measurements may he used 1o adjust the
cateuluted vajue of residual demineralizer capacity. Such
adjustment und its justitication should be reported o
the Commission in the semiannual operating report.,

3. A conductivity meter located in the line between
the condensate demineralizer outlet and the reactor
vessel inlet should be set to trigger alarms in the control
room when, ss o minimum. vcach of the following
conductivity  fevels,  values  of  which  should be
predetermined by the ficenscee. is reached:

a The level that indicates breakthrough in one or
more demineralizer units,

b. The level that requires orderly shutdown of the
reactor, and . R .

¢ The level that réquires immediate shutdown of
the reactor. . :

6. The chloride content in the reactor vessel should be
maintaned as low as practical. The licensee should
estublish limits for conductivity and chlorides in the
reactor vessel and should specify procedures to be used -
for their determination. If either of the limiting values is
exceeded at a time when the reactor water cleanup
system is fully {unctioning, appropriale ccorrective
action as required in the plant technical specifications
should be taken. If either of thesc values is exceeded at a
time when the reactor water cleanup system is not fully
functioning. the plant should be shut down, -
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TABLE 1

REPRESENTATIVE CONDUCTIVITY LIMITS
AT THE DEMINERALIZER OUTLE umhm‘cm)
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TABLE2'

o ' REPRESENTATIVE LIMITS FOR CONDUCTIVITY AND
o CHLORIDES IN THE REACTOR VESSEL WATER

Condiictivity Chioride
{umho/em) - {ppm)
Scawater-Cooled BWRs; . : '
Starlup . ... .. PO 10 0.1
Steaming rates  <I0* o L _ .
”)/IN' s e e s e .- ) 2 : : ) O[
Steaming raies 105 _ S
bl ... e 2 05
F rc\hw.xlu C nnlcd BWRs o o
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1271 1T S e . . 0.

Steaming  rates  >10° .
Ibfhe o s S 208




