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.it addition.,General Design Criterion.13.reqUires in
• part.. that: inlsrumentlation be prosvided to monitor
. .. variahbks anid s,;steis that cAii calt.tIeh..rean.or c.oolaln.

pressure hotridary" ovet. their• anticipated ranges. for'
normal opicratiow:u. for anttc.ipaited. operational

• oeciurr enices.. nd- for a:cidid'.nt .otl'diliions as appropriate
to assuire Ua t•rue safet This guide furthet describes..

... a acce•a p bl insirumentaion, for detcrmini.i,. . the'
' -ondition otthe.lreator, cool;iiit and coolant, purnf aIioi

's stemils In ibih'611n: water reactors. Thie Adv.sori.
Committt, on Re• tor Safegtuards 'has. been consuilled
:conecerning tins muide and has concurred in ihe

• r, " i.a"" u' y pus.' i.o. uo....* ." ''"

The Capaii••t of' deMineraliZie. .ILsin is. tile
equilibrium llutollll ioii o t.1 1 call lie a• sorhed. by that
resin. At thre hightl how r ates cumin n to i3wiR Hlul si-h,
demineralizers, ofils,. p rito : . tlis .c iip it .isis
consutiicd he fore .deconlaniinat'ilioni. fa•cime s becorne

• ttnaccelitahl,' low, A lso t Iiufcient" .dei ar ill/i.
cap:•c i v i u av.1'ihia t pe rmit or.t. rls ,slit.: do\ .
OF the reae rator intufase. .serioits c Indeier It. ik."n

• .ceeral no more. th'an one hal I tin. I t.l.,ipia I l he
de,'inineralizeri. sr iioild i.be uc•isidere i4).",. a• a iiiieblt. it,

• Iiigh-tlowrate. ,ysitens..i

There ire no r ton.merdial insirmcis lI la I will
directly Hieiasre tlhe eapacity us.o.i denfitnecralize.r i.nl. I:
may be determined indirectly. however. fruoit. Ilie h I ial
capacity of the unit 'and the calculited flow otf ios
'.througli tle turiil.. Stibiraction of thle t1al til hflow Froi.,
the inltia. opacity gives the retnaning capacity..
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Operation of a deminerali/er unit after its
iin-excliange capacity has heen depleled results in the
dirctI passilirolgh Of ions into fhe reactor vessel.
l)epending on tile naItre ol" theoe ions. stress-corrosioi1
crackilln and/or other t*rm1 •if cotrosi'oni rilieilt he

:iccolcrllcd. Ci id buildup oni fhuel ard lilher ctuuipollents
ight lihe protmoled. and plant rradtiatioi levels luitihi be

incoteased.

I )ciniil:alilcIV I r',ern•alnce shouldl he nmoniitored biy
Imeastireiierti ' tile LhCdth.lkiVily ill of the deninierlali/ie
cI'li inet water. The itutiloring instrument . which
shutuld lie set ii Iriu cr ilarnis in tile cotiirol iothil.
-hu ld be capable oti quickly delecting dentineralizer
Iieaklhro~li (defined as an et'fluent conduclivilv
eCxceedint. I microitnho/cm) and shOuld have sufficienl
r:.M.e 1o measure all conductivity levels up to and
ilcliiditq- fhe limnitins condition of the technical
slecialinns requiring ilumediate shuldown of the

I-ven wIIt highly efficient condensate
deliihteraliiers. sonic contaminants. at vetr' low
conlce1 at ions, pass into the reactor vessel. C'hloride
iills. which Ilay proniote stress-corrosiot cracking tof"
auste.nitic stainless steel comnponen ts and strnctutires. are
of1 particular concern. Iecause these contaminants arc
virtually insoluble in tile steam phase. tile\, would
remain in thie reactor vessel and would build up to
unacceptable levels within a relatively short time unless
they were removed by a reactor water cleanup systeni.
F:or this reason. conductivity of water froin tile reactor
vessel should i( e conl I iniouusly monitored and the
chlhride content determined periodically. The reactor
should not he operated for extended periods of ttle
with tile reactor water cleanup system out of service.
Limits of chloride concentration in tile reactor vessel
water of B\VRs that have been round acceptable to tile
Regulatory staff are presented in tile appendix to this
guide. Also presented in the appendix are representative
limits o• electrical conductivity of the water at serveral
Incatiots iil tile BWR.

C. REGULATORY POSITION

Condensate deinineralizers in boiling water reactors
should be designed and operated so as to permnit an
orderly shutdown oif the reactor in case of serious
leakage in tile condenser or itt other heal exchangers
without contaminaling tile reactor coolant pressure
Iboundary or core structural components with
lIoentially deleterious constituents of tIle condenser
cooling water. Suifficient instrumentation should he
provided so Ihat (1) the electrical conductivity of the
COiltcnlesate is kin ,wn. 2) tihe available capacity of tile
codetis;:te detlineralizers calt he deterntined at all
limes. anrd (3) the purily of the demineralizer eflitenit is
known. Additional protect ionu to the pressure vessel and
core struclural comtponenls shoulld Ie proided itt ihe
ft rin of a I'linctimitill reaclor water cleanllup s'.stVlenl and

inslrtlentitta io o Illeasilre reaclot water condctlivity.
An acceptable approach is as follows:

1. The licensee should establish appropriate limits oil
cendenlsale coiltpo' itinll and electrical conductivity.
Separate limits may' lie required tlo such Ct)l,tlitio)is a;i
startup, how-plower optratlion. aind tuilI-powet operation.
C(hertical analyses I'o dissolved and susptended
imipurities should he performed as called ItMt iii the plant
technical slp.'cilica tiions. A conlducliviy imleter shiuld le
provided at each condenser hol well or in tile line
between tile hot well and the condensate deinineralizie
wilh sufficient range to measine at least all levels o'.
conduclivity tip to and.including ilhe limiling cotnditiotns
of the lechnical specificatiions requirintg ininediatc
shu tdown of file reactor. The recording conductivity
meter called for in regulatory position C.4.a. below may
he utilized for this ;-urpose.

2. The licensee should establish thie miniunmi residual
denineralizer capacity which must lhe available inl each
of several parallel condensate demineralizer units itt
service. This mniniium ctapacity will depend on several
parameters including compusiltion Of condenser coolling
water, flow rate in each unit. type of resins. catioitaiion
resin ratio, postulated condenser leak, and lime for
orderly reactor shutdo, n.

3. The initial total capacity of the new anion and
cation demineralizer resins should be ineasutred. Anion
exchange capacity may be determined by a procedure
recommended by tie resin manufacturer. The total
exchange capacity of the cation resin may lie nmeasured
by a procedure recommended by tile resin niarultcturer
or by paragraphs 41 through 4') of ASTM D)2187-71
",Standard Methods of Test of Physical and Chemical
Properties of Ion-Exchange Resins." For resins that are
to be regenerated. these determinations should be
repeated at least semiannually and tile resins should be
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 seawater Or other water containing large amounts
of dissolved or suspended nmatter as coolant in their heat
exchangers. For resins that are no. regenerated, but are
instead replaced perioxdically with material of tile same
type. measurements of initial capacity should be made
on a sample of itew material at least once a year whenl
thie time between replacements is less than one ,ear or at
each replacentent when tile little between replacenments
exceeds one year. When tile type of anion or cat ion resin
is changed, a measurenment of total capacity of lhe
replac-eeicit resin should he made prior to use in the
demineralizer.

4. The licensee should verify that thie niruintmi
residual demiineralizer capacity in the most depleted
demineralizer unit established in accordance with (lie
requiremtents of regutlato ry position ('.2 above is
miaintained. The I'llowiue is an examlple ol" an

LS6-2



acceptable met hod for determining tile condition of tile
dentineralizer units so that the ion exchange resin can be
replaced or regenerated before all unaccelptable level of
depletion is reached.

a. A recordinig coindutlivi' meter should hle
installed in (he line betweelei tie conde user hot well and
the demineralizer. 'fi'e rane orl Ihiis inslriuneni should
be sufficieiliv hroad tit include all poiential water
•tehndiclivily levels tpo) the linliting coliditioln ot' ihe
technical specificatiions requiring imimediale shutdown
of thie eaiCtor. ili' CC0111CIi Vit vIl i\iclt0 slIoul I be
calibralted againist lie principal ion Or iois Iikely to catuse
detitineralizer hreaklhrouivl. In those deminineralizer
systemlis ill which file Caliolt capacity exceeds (Ile anion
c;1paciit'. calibrailoll shtul d he based on il trion
Ilueasulremeols ( i.e.. chloride and sulfaie iois ill the case
Of s:'.:lwaler-c-Ooled condensers atld total anioins. except
hydroxyl. in the case of freshwaier-cooled condensers).
In those demineralizer systems where anion capacity
exceeds cation capacity calibration should be based on
ca'itionll Imeasuore ments 0i.c.. so ditumn anrd itagn esi ttin ions
ill the case tif seawaler-cooled condensers and total
catlions. except hydrogen, in. the case of
freshwater-cooled condenserS).

b. A tecordiln tiOWiet.ICr should he utilizied it)
measure tire rate of flow through each deniineralizer.

c. The quantity of tile principal ion(s) likely to
cause demirieralizer breakthrotugh flOWitig tlr"oLugh the
demnineralizer should be calculated hy:

( I i Converting .lie conductivityv readin•s of tihe
walter entering the denitteralizer to weight fraction (e.g..

pptn or ppb) of the principal ion(s) and
(2) Integrating over lime the product of

conceentraitiin Of this ion(s) and demnineralizer flow.
This quantity should be detertmined at suitable

intervals, not to exceed weekly. More frequent
determinations should be co",lucted in plants using sea
water or oilier highly conlarnihý, d water as coolant and
at all plants during startup and under abnormal
conditions.

d. Each demincralizer unit should be replaced or
regetierated when the remaining capacity, calculated by

subtracting the total utilization determined from
conductivity and flow nicasuremerits irj acctrdatice wi tlt
regulatory position C.4,c from the initial capacity
determined ill acco.rdance with regulatory posilion C.3,
approiches the iimirtinitii esidual deniincrahizcr capacity
deceritint:d in acconlance with regulatory pusition ('.2.
The accuracy of tile above calculation should be chtecked
by nmeasureimenits imtade oil resin samples taken whi'en
demineralizer units arc temoved troml service for
reuzetieiratinun or resin cleaning. Measuirenmelils on samples
from each uniit should be made alt each of the first two
such reniovals from service and at ever•, tilth such
rcmoval from ser'ice thereafter. It appropriate. t:e
actual mneasutremlents may be used to adjust the
caiculated value of residual derinieralizer capaciy. Such
adIustillent and its justification sholuld be reporied to
thie Comtniission in tie semiannual operating report.

5. A conductivitv 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, as a minimutn. each of the followint
conductivity levels. values of which shtould be
predetermined by the licensee, is reached:

a. The level that indicates breakthrough in one or
more denciieralizer units.

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

c. The level that requires immediate shutdown of
the reactor,

(I. The chloride content in tile reactor vessel should be
maintaned as low as practical. The licensee should
establish limits for conductivity and chlorides in ihe
reactor vessel and should specify procedures to be used
for their determination. If either of tihe limiting values is
exceeded at a time when the reactor water cleanup
system is full)y functioning, appropriate ccorrective
action as required ill tile plant technical specifications
should be taken. If either of these values is exceeded at a
time when tile reactor water cleatiup system is not full\!
functioning. tile plant should be shut down.
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TABLE 2

REPRESENTATIVE.LMT O CONDUCTIVITY ANDIT
CTHLORIDESM I N TE R AL EACOTO VESSELir/ WATER

lb/hr -)005

3S LeOi~ ae >

lTABLr 22.

rehaeCHORIDES IN HERACO VSSLWAE

Startup IC)... .. . 0.1

SlI a Il i0.1rts 0

SI ca nitiI. rates, >I 0

.. .. .. .. .. 5n 0.51
ca~~ ~ min rn>10


