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EVALUATION OF SEC AMD GE ANALYTICAL CHEMICAL PROCZDURES
. FOR POSTACCIDENT ANALYSIS OF REACTOR. CGOLANT SAMPLES

PRI AP
W w
—

. - .. 1.0 SUMMARY AND CONCLUSIONS

o Summary
As z result of the Three Mile Island Unit 2 incident, the Nuclezr
gl Regulatory Commission (NRC) required licansess of nuclear power plants
to implement, by January 1, 1982, the capability ta collect and anaiyze
reactor coolant samples following an accident. A number of licensaes
have proposed the-use o7 postaccident sampling and analysis systems sup-

)
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g - i

plied by Sentry Equipment Corporation (SEC) or Ganeral EZlsctric Company
§ (cz). ”

Under a technicai assistanca contract tz the MRC, :Zxxon Nuclzar
Idano Company, Inc. (ENICO) evaluated the samale cglisc=icn znd chemicsz!
anaiysis procadures associatad with the two sysiems. The objactive =7
the evajuation was to determine appiicable procadures znd to identiss
the most apgrooriats method. The study'invoived a rzvyiew o7 the MRC
requiramants, the establishment o7 raview critsria, and the evaluaticn
a7 the gzroposad analysis mathods and tast data against *he recuirsments
d - and evaluation critaria. )
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Tne most appropriate methods selectad by- ENICO for the reguirad
chemical analysis of postaccident reactor coolant samples are shown Ye- -
low. Detailed descriptions, advantages, disadvantages, and/or dafi-
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» wrean Sew i v mma
.
.

by ciencies of the selectad procedures are summarized in saction 4.2. Also
in section 4.2 is the same 'information for other prccadurss proposad by
SEC and Gz. It is worthy of ncta that a number of the other srccadures
proposed are also appropriate, as indicatad; included belcw are oniy
those desmed most appropriats.

1. Boron - Fluorchorate Salective Ion Electrode

2. Chioride - Ion Chromatograghy

3. Dissoived Hydrcgen - Gas Chrematography

4. Dissolved Oxygen - Oxygen Prcbe . ——
8. Conductivity - Conductivity Cell

6. pH - gH Prote
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—their. acceptahility..

-

-

any of the procadures; in ENICO's judgement, the 1laboratory tasts per-
tormed by SEC and GE are sufficient to provide a high degres of assurance
of the suitability of the selected and the notad altarnats pruceduras
for analysis of accident reactor coolant sanples.

For suitability testing of additional analytical procedurss, ENICO
recommends that standard test matrix samples be utilizad to_demonstéats
Standard matrix solutions similar to tast solutions
employed by SEC are recommended as they contain the most significant
core dagradation products in concentrations “equa‘i'to or greatar than
those projected from an accident with a Regulatory Guide 1.3 or 1.4
source term. Test solutions used by SEC consider the affasgts of
cals which might be added to the reactor coolant

chemi-
following dn accident.
is o7

For chemical proczdures that are to be usad For the aly

undilutad reactor coolant samples,

the Tollowing standard tast matrix

containing noaradiocactive species is recsmmanded.

Concantiration ! ncm)

Constituient
1~ 40
cst 250
Ba*e - 10
La+3 5
. cett 5 )
c1” io
8 2000
Li* 2
noY 150
. i s
K 20
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Although ENICO did not conduct tasts to evaluats the suitability of
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! o For chemical procadures that are to be used for analysis of dilutad
E;; " reactor coolant samples, testing should be performed with a standard
i; " matrix diluted by a volume equal to the dilution to be usad in the proce-
. dure to be testad. It is also recommended that the procedures and as-
sociated instrumentation be testad in an induced garma radiation fieid
which will yield a total absorbed dose of 10% rads per gram of reactor
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2.0  BACXGROUND

From studies of the incident at Three Mile Island Unit 2 (TM1-2), .
the need for improvement of the capability of licensses of n&c]ear Fower
p1aﬁts to determine plant conditions in a more &timely manner was identi-
fied. Subsequently, the HNRC issued,1°5 Tor implementation by the
licensees, speciTic requirements in saveral areas fTor improvement of the
capability. "In addition to-the development and implementation of the
upgraded capabilities, the requireménts specified that the 1licensaes
should prepare and have available documentation of the capabilities for
a post-implementation evaluation of cempliance.

Exxon Nuclear Idaho Company, Inc. (ENICO) was contractad by the
MRC's Division of Licensing to provide tachnical assistance For the evzi-
uation of the post-implementation documentaticn in 2 number of aress.
One area was "Postaccident Sampling Capability”, Item 11.3.3 of MURES-
0737.6 It gertains to the ability oF the 1licenseas ta cbizin reaczer
coolant and containmant atmosphere samples and ¢o anaiyze the szmoles
for salected radionuclides and chemical species under aczident
conditions. )

. In order to facilitata the evaluation of the pos;-1npnemen~at1on

documentation, ENICO was requesued7 to evaluaue the appllcao lity of

the chemical and radiological analysis capabilities associated with two

postaccident sampling systems proposeds, for use by several power plants.
(Table 1). The two system vendors are Sentry Equipment Corgoration (SEC)

and Ganeral Electric Compzny (G2). ’

The initial p]an9 called for ENICO- to evaluate the SEC system
only and to perform the evaluation in two ‘phasas. As it was believed
that current tachnology was suitable for radiological analysis, the %wo

"phasas were to be a brief summary report on the chemical analysis proca-

dures and a more detailed report on both the chemical and radiological
analysis procsdures. However, due to manpower "shoriage at ENICO and an
HRC request (o incorporate the GE systam into the evaiuation, an alter-

- . nates approach was taken. The altarnate approach is to: 1) evaluate and

prepare a detailed resort of ~the—chemical groczdurss Yor both the S2C

.
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3 o : : <7 TABLE 1 e -
3 STATIONS WITH PROPOSED USAGE QF SEC
P AND GE POSTACCIDENT  SAMPLING SYSTEM
- I. EENERAL ELECTRIC SENTRY
i Brunswick 1/2 Dresden 1/2
4 Nine Mile Point 1 Quad Cities 1/2
i3 Fitzpatrick Zion 1/2
1 Oyster Cresk 8rowns Ferry 1/2/3
i . ~ Pilgrim 1 Salem 1
: ii" Duane Arnold Kewaunes
3; ¥onticello : Indian Point 2
ke Peach Bottom 2/3 Surry 1/2
§ ‘ . North Anna 1/2 '
) ' Palisades
i
“‘;,: eand GE system and 2) evaluate and document the radiochemicai enzlysis
:.E-. procedurss associated with both sampling systams later., .The dazadlad
, evaluation of the chemcial- analysis procedures is the tapic oFf this
g recort, wiich is limitad to the analysis of reactor coolant sampiss.
3
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3.0 REGUIREMENTS AND EVALUATION CRITERIA FOR THE
CHEMICAL ANALYSIS OF REACTOR COCLANT SAMPLES

3.1- Reaguirements . )

To provide inTormation for the assassment of core intagrity, shut-
down neutron adsorber concentration, and reactor coolant corrosion goten-
tial; licanseas or appiicants for licenses of nuciear power planis are

.requi%ed to establish a capability for the timely collection and chemica}

analysis of reactor coolant samples under accident conditions. Per
NURES-0737 the required c@emica1 analyses for reactor cgolant samples
are boron (PWR only), chloeride, and either tdtal dissolved gasas or hy-
drogen; the measurement of dissolved oxygen iioreconmended in MUREE-Q737
but not required. Per Regulatory CGuide 1.87° the measursment of dis-
solved oxygen, pH, and baron in all plants is required. HURES-0737 also
specified that the analysis could be gerformed by employing a comtination
of pressurizad/unprassurized, diluted/undiIuged grzb samples or inline
monitoring metheds. However, for analysas pervormed by iniine metheds,
a capability to collect backup grab sémples and te provide oarccadures
ior their analysis is raguired. In all casas, the colle;tion o7 grzh
samples for analysis and the inline analysis must be able to be gervormed
with or without the operation of an auxiliary reactor cooiant system,
2.d., letdown. . .

With the excaption of the chloride analysis, the time ailottad for
sampling and on sita analysis of the samples is three (3) hours or less.

. Time aillotted for the chloride znalysis, which can be perforﬁed g7Tsita,

derends aon the type of reactar csolant water and the number oF barriers
between the reactor coclant water and the primary containment syscem.
For plants with seawater or brackish reactcr coolant water or with 2

single-barrier, primary coclant containment system, chioride analysas

are requirsd within twenty-four (24) hours. For other plants the chio-
ride analysis is required within ninety-six (96) hours. -

In addition, the licensees or applicants are reauired &o consider
the radiological hazards associated with the sample collection and anaiy-
ses. The assumptions of a Regulatory ¢uide 1.3ll or 1.412 source
tarm and radiation exposurellimitsl3 of five (5) rem to the whole body

Y
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or seventy-five (75) rem to the extremities of any individual ars to be
used in system design and selection of chemical analysis methcds.

Last, the Tlicensaes or applicants are to provide provisiens for
restricting background radiation levels in the chemical anaiysis.facility
and for insuring the validity and accuracy of the sample analysas. Tnesa
provisicns include such things as sample shielding, adequats ventiiation

_air and filtraticn, proper sample disposal, sample line purging, reduc-

tion of platz-out in sample lines, etc.

The requirements Tor post accident chemical analysis o7 reactor
coolant szamples are presentad in Table 2. '

3.2 Zvaluation Criteria

Tne objective of the present evaluation of cctantial methods {or
the chemical analysis of reactor coolant samoies under gostuleizd zcci-

dent conditions is to detarmine appiicabie grocadures and 20
the most appropriate procsdure for each oF the reguirad znaiyses.

-ty

densi

-l
-1
<

Many factors were considerzd in the evaluaticn of the grogpasad meth-
ods. GCbyiously, ccmpliance with the requiraments of sensitivity, accura-
cy, range, analysis time, radialogical dose ]imitgticns, znd sempie csl-
lection methods were evaluategd. This included comgarisicns of the
advantages (Jower radicliaogical exposures) "and disadvantages ({raducsd
§ansi§ivi~y and accuracy) of utilizing diluted or very small reactor
cooTaﬁt. semples versuys larger undilutad resactor coolant .samples. It
also involved an estimation of the signitTicanc2 of chemical and radio-
logically-inducsd Jinterferencas. QOther ﬁac:aré wnich were considered

are the ccmplexity of the procadurss and the applicability of the fach-
nique to both accident and ncrmal condition usage.

Que to the unavaildbility of information in a numcer ofF insiancss,
factors not considered were specific dasign features of the two sampling
systams. Examples are sampling locatiens, shielding, sampie line gurg-
ing, sampie validity, ventilation, atc.
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TABLE 2

.SUMMARY QF REQUIREMENTS FOR POSTACCIDENT CHEMICAL ANALYSIS
OF REACTOR COOQLANT SAMPLES

Dissolved Gases(l)

i Analysis Capability Boron Chloride Total Hydrogen
” Units (ppm) (ppm) sce/kg scc/kg
f} Requirement
K
¢ Range 0-1000(3) 0-20 0-2000 0-~2060
" , . 0-50c0(4)-
o accuracy(6) ' :
i Percent 5 if >1000 | +10 if >0.58  #10 if >50 +10 i >30
¢ Units *50 it <1000 #0.05 if <0.5 5 if <80 =3 if <39
i, .
ﬁ Sampling
¥athod(7)
2] Inline Optional Optional Cotional Optional
& Grab Sample Reqiured Required Required Required
- l‘ L]
% Analysis
<3 Location .
o Onsite Required Optiona1(8) Required Required
] Offsite Optional Optional Optional Opticnal
7y *
; Sample .o
‘; Collection 3 24(8) 3 3
and Analysis 86
A Time (hours)
%f Radiological (9) (9) (¢) {9)
Iy Exposure
o Limits
i -
R
L3 Notes: _
-3 1) A pressurized reactor cgsolant sample is not regquired iT the
i dissolved gases can be determined with an unpressurized
Ei sample.
SE 2) The measurement of conductivity is not required in MUREG-0737
%? or Reg. Guide 1.97, Revision 2; however, methods to measure
g? conductivity are proposed by S&C and G£. Accordingly, the
V§ measurenent of conduc;ivity has been included in this study.
"3t
% '
N
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¥
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’ . TABLE 2 (Continued)

SUMMARY OF REQUIREMENTS FOR POSTACCIDENT CHEMICAL ANALYSIS
OF REACTOR CCOLANT SAMPLES

Analysis Capability 0xygen cH Conductivity{2)
Units (ppm) (pH units) uS/cm
Reauirsment
; : Range 0-20 1-13 " 1-1000(5)
[ Aczuracy(6) o
N Percent +10 if >0.5 Not applicable + 20
B Units 10.05 if <Q.5 *+ 0.3 it 5 >ph<@  Not Applicable
> s T 0.5 if 5 <pH>9
4 Sampiing
g i Methcd?7)
o Inline , Ontianal Optional Optionai
o Grab Sample Required Required A2euirad
E Anaiysis 7
: Lacation S
Cnsits Reguired Required 2equirad
0ffsita Optional Optional QOptional
. Sempie
P Callection 3 : 3 2
1} and *Analysis
- Time (hcurs)
i Radiclogical (9) (9) (38)
3 ] Exposure
¥ Limits
ga
i':t
. Hotes: .(Ccntinued)
‘?i 3) Boiling Water Reactors |
i "
i i
N 4) Pressurized Water Reactaors i
i 5) The required ranga for measurement of conductivity was &taken
R from rererence 14.
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6) The designation of gpercent accuracy as * 5 if >1000
indicatas the required accuracy fis * 5 percant i¥ the
required measurement i{s greater than 1000 units. The
designation of units accuracy as ¥ 50 iF <1000 indicates
that the required accuracy is *+ £0 measurement units i7 the
required measurement is less than 1000 units. Thne required
accuracies were taken frem references 7.

7) Analysis may be performed with either grab sampling or inline
monitoring methods. Heowever,” for imline _analysis methads
the capability to collect and analyze backup grab sampies is
required. The capability to collect and analyze at least
one sample per day for seven (7) days following the onset of
the accident and at least one sample per wesX until %the ac-
cident no laonger exists is also required.

8) For nuclear power plants which utilizs sazwater or 3rackish
water as a saurce of reactor ccolant water cor whica have 2
single-barrier, reactor coclant coatzinment systsm, &he
chloride analysis must be perfTormed within 24 ncurs; for
other nuclear power plants, the required chlcride analysis
time is 96 hours. The chloride anaiysis may be pervormes
offsita.

9) The radiation exposures. ta any individual invoived in the
collection and analysis of reactor coolant samples under
accident conditions may not excssed I rem to the wnoie bedy
or 75 rem to the extremities.
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. The evaluation critiaria used in“the study were:

' 1. Analysis Time - As the time required for sample collection was
not specitied by SEC or €Z, it was assumed sampie collection
could be pertormed within one hour. Accordingly, an ugper limit .
of twWwo hours was allottad for sample analysis; chemicai anaiysis
procedures which required two hours or less for analysis were
satistactory.

-

A

ey e _wE e
-

2. Sensitivity, Range, Accuracy - Chemical procedures wnich” encom-
"passed the entire measurement range with the required accuracy
_ Were considarasd adequata. To cover‘ the Tull range o7 measure-
' mept as required, sample dilution methods were considered
satistactory. ' .

P9, W SR
Seal wade —xm

3. Radiological Exposurs Limits, Sampie Size - Rzdiclegicz] exzo-
. sure to any individual is limited to 5 rem t3 the whoie bSedy
and 75 rem to tha extremities during the collection znd znalysis

of reactor coslant samples. Under the assumption of Regulatary
‘ Guides. 1.3 or 1.4 rzleases of Tission products to the reacic
, coalant, ca'iculated14 dosa ratas Trom reactor coolant samoies

w
o st i A Aot e 7 A A

&

are nominally 140 R/h/g at 10 cm.with 2 one hour decay. Main-
tenance of radialcgical axrcsures within accaptable limits re-

«

e e e e————

quires tha usage of sarety factors such as: snielding, distance,
exposure tima, sample dilution, wvery small undilutad -sample, .
and/or inline monitoring. )

i i v s gt
5

‘T'ne chemical analysis gprocadures, including dissclved gases,
proposed by GE -and SEC make use of inline monitoring, very small
undiluted samples, and remota dilutions of the initial reaczor
coolant sample. Tne diluted reactor coolant samples are usad
for subsequent "hands-on” ana1ys1'_s: -Hith the axcasticn of the
subsequent hands-on analysis, this study did not evaluata the
radiological hazards associated with the zbove methods. It was
assumed that"aédequate shielding and/or remote operation would
‘ minimize radiological exposurses to gersonnel. In regard to the

subsequent analysis of dilutad reactcr cooiant samples; oni
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estimates o7 radiological exposures czuld be made as they are
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5.

not only a function of the-amount of reactor coolant in the
sample, but also depend on the techniques of the analyst and
the design ot the analytical facility.

The method which was established.to lessen exposure is to limit
the amount of reactor czolant in the sample taken for analysis
to 0.1 mi. The basis vor this criterion is the knowledge that
dosas to the extremities will be the limiting factor for hands

‘on chemical procedures. For example, calculatad exposures to

the extremities, using the above value of 140 R/h/g of reactor
coolant at 10 cm, will exceed the 75 rem limit by a fagtor of
almost two for a two hour exposurs to a 1. ml sample. It would
require approximataly {ive hours of continuous exposure to ex-
ceed the dose limits for a 0.1 ml sampie. It is realized that
the limitation to a 0.1 ml reactor coolant sampie size is ccn-
servative as axposure time will, in reality; ce less than twe
nours and techniques to raduce ?he exposurss will .probably be
employed. Haowever, to allow a sufficient margin of safety, a
0.1 ml reactor coolant sample was considered an accentzble size
sample in this study. In a final evaluztion of accentable sam-
ple sizes, larcer samples may be germissible, but all facters

. must be considered.

Complexity, Routina/Accident Usage - Two other critaria which
were usad are.the cemplexity of pérformance of the pgrocadures
and the applicability of the procedures to both routine and
accident condition usage. The " procedures were assigned low,
medium, or high levels of ccmplexity based primarily on the
nurber and nature of manipulations invalved in the procedure.
Procadures with appliczbility to both routine and accident con-
ditions were considersd more satistactory than procadures ap-
plicable to accident conditions as the use of noaroutine proce-
dures can create confusion and causa arrors under aczident
conditions.

Chemical and Radiologically~Inducsd iInterverencas - Tne release
of large quanities of both radiocactive and nonradioactive fis-
sion products will result in high radiaticn {ields and chemical-

.
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T, .
o I ly signiticant levels of various ionic -species in the reactor
_’i coolant. Both the radiation and ionic spacies can interfere
w_.i'i:h the accuracy of chemical procedures usad to analyze reac:or
‘ ) coolant samples. In the selection ¢ an approgriate chemicai
- analysis method, these matrix eftacts should be considered. In
this study a chemical procedure was considerad unsatisvactory
. if the interferencas cause the accuracy of the procsdure *o
ff exceed the required limits. Tne evaluation incliuded a review
’ of available test data and professicnal judgements based on
i t .past experiences of personnel involved in the review.
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4.0 EVALUATION OF CHEMICAL PROCUOURES FOR ANALYSIS
OF POSTACCIGENT REACTGR COOLANT SAMPLES

. O
2% e sddaratariae

: ' In the evaluation of the applicability of chemical procazdures for
analysis of postaccident reactor coolant samples, ENICO studied the chem-
istry of the proceduras, compared their capabilities with NURES-0737
requirements and the established evaluation crifsria, and ranked the
procedures in order of appropriateness. Some of the proceddres are simi-
lar to ones used at the Idaho National Engineering Laboratory (INEL);
this experience added to the data base. '

Presented below in Section 4.1 is a summary of the sample collection
and chemical analysis procedures proposed by S2C and @£ and a caneral
‘51" outline of the tasting program conductad by SEC and GZ. This is Followed
by a presentation of ENICO's evaluation of the procadures. included are
brief descriptions of the procsdurs methodology ind the advantages zand/er
disadvantages of each procadure. Las%t, the overall evaluation of :the

P
=i ot
e

=4
Faawf o gt

ﬂ individual procadures are summarized for a given type zanalysis.

-

o 4.1 SeC and GE Sampole Callection. Racommended Anzlvsis Methodsloav znd
% Chemical Procedura Evaluation Proaram

¥athods Tor analysis of rpostaczident reactor coolant samples orc-
E:‘" " . ) - -1 - Y -« o - .

X ‘ posed by S"(Il5 and Gals 19 include inline- monitoring and lzboratory

anglysis of grab samples. For inline monitoring, sample s:treams ars
diverted either continuously or intermittently thrdugh inline sanscrs.
For laboratory. analysis, the réaczor coolant grab samples are diluted
inline before transfer to the laboratory or directly to an analytical
instrument. Either diluted liquid or dissolved gas grzb samples can he
obtained. To aobtain liquid samples, 1:100 dilutions of 0.1 ml reactsr
coolant samples are typically pertormed; Tlarger initial dilutions or

2%

14

*‘} sacondary dilutions of the initial dilution can also be pervormed. To
i‘i obtain a dissolved gas grab sample; thirty (30) to seaventy (70) milli-
i*“:‘ liters of pressurized reactor coolant are isolated, the sample is depres-
‘f: surized, and the dissolved gasas are purged into a gas halding chambder
*?f with an inert gas. One milliliter or larger aliquots of the dilutad
‘1, sample are analyzed following dilution with the inert gas to a known
‘”’« pressure.
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procadurss.

-

The chemical procedures associated with the proposéd methods are

TABLE 3

either conventional or modificaticns of caonventional chemical aﬁalysis
A summary of the methodology, including chemical analysis
procadures, recomrended by SZC and suggested by GE is presentsd in Table
. 2. Net included in Table 3 are other methods detailed by SE2C and GE;
this information is included in saction 4.2.

SEC AND G REACTOR COOLANT ANALYSIS METHGDGLOGY
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SYSTEM
ANALYSiS VENDCR
Boron SeC

ci
Chloride SEC

GE
Diséaived SEC
Hydrogen Ge

Dissolved SeC

0xygen . Gg
£H SEC
Ge

'Cbnductivity sczC

&

SAMPLE
TIPE

Grab

Grab
Inline, grab
Inline, grab

Grab

iniine
Crab,

Inline
Grab

Inline
Inline

ANALYSIS

METHOD
Fluoroborats
Zleczrade
Spectroghotaomeiric
(carminic acid)

ton Chromotography
Turbidimetric

Gas Chrcmotcgragny
Gas Chremotcgrazhy

*SI Oxvgen Analyzer
Gas. Chromotagrachy

aH probe
nH parer

Conductivity Celil
Conductivity Ceil

-

LV

- Mt
el u n
A aiha s ik K s e, 2o St i

Yo
[
¥ Plaasd = asz

fitadee b latlliins § ¢ Sair e e

f&‘
4
H
)
H)
|

N .o - -
~ o) A LT waenApre M. I
. Yo T v N




i “ -
PRSIV R
Fonesert

K

, .
&g e ae A e W RE Lws
v b et
ORI L

e

Sew
<
o,

AT

- A
Y v
!

22

&l

"
12X oas.

Y o
i e L3

P
-
em .

«

G2V aos Cre s s s

piien's

| yma e -

N

Chemical procedures .
ment and testing program conducted by Nuclezr Utility Services (NUS) for
SEC. In the study.the reccmnended'mgthods and’ several other chemical
ana]&sj; methods were evaluated in the laboratory to identify chemical
interferendes due to sample matrices, to determine operatiohai charac-
taristics of instrumentation, and to measure the sensitivities, ranges,

"and accuracies of methods. Employed in the study were simulated post-

accident reactor coolant test samples. They contained, in addition to
the chemi&al species of intarest, high-yield, stable fission products
and appropriate concentrations of chemical additives anticipated to Gce
present in the reactor coolant following an accident. The study did not
include actual measurements of possible affects of high radiation fields
on the procedures; however, it did include the results of a survey of
personnel with prior experience in the analysis of samples with high
radiation fields and a literature review of erfects of hich irradiation
on differsnt materials.

Chemical proéadures suggested by GE, excent those coincidental %o
the SZC testad methods, are not the result of destailad laboratory test
ing. Tne only testing of the procedures is relatad to the effects ¢
high irradiation of the samples. The suggestad proczdures were salected

Primdrily cn the basis of simplicity, stzbility and avaiighility of re-
agents, minimum radiation exposure, and likelihood of czusing contamina-’

tion problems.l8

4.2 Chemical Procedure Descriotijons. Advantaaes/Disadvantzages znd

Evaluation Surmaries i

In the selection, recommendation, and/or sugcestion of chemical
procedures for ‘analysis o postaccident reactor ccolant, SEC and GE con-
siderad a total of twenty-saven (27) pracedures. The chemical procedurcs
considered by the two vendors are shown in Table 4; also noted in the
table are known procadures in use at the INEL. As many of the procedurcs
are similar or identical, they have been grouped together, as apgropri-
ate, in ENICO's evaluation of the procedures. Presentsd in order belaw
are the eva}uatigns of the boron, chloride, hydrogen, oxygen gH and con-
ductivity measurement procsdures.
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¢ TABLE 4 . .
CHEMICAL ANALYSIS PROCZDURES CONSIDERED BY SEC AMD GE

CHEMICAL

ANALYSIS YENDOR PROCEDURE
: goren SEC Fluorooorate salective jon electracds
, SEC Curcumin Spectrorhotometric
. SEC Plasma Spectroscopy :
‘ SEC Borconmetry*
- SEC Digi Chem Analyzer Mannitol Titration
" SEC, GE Carminic acid Spectrophotometiric
A i SeC Ion chremotography*
Wl SEC Manual Mannitol Titraticn=*
s . ez Conductivity oF 8orcn Solutions
o Chloride SEC ‘Ion Chromatography*
o SEC Selective lon Electrode.
o . SEC Mecuric Nitrate Titration
i SEC, G= Thiocyanats Specirogpnotcmatric
! €s Silver Chloride Colormetric
! Gz Conductivity oF Caloride Soluticns
Hydrocen ] Ge, ScC Gas Chromatograrhy
Oxygen ez Gas Chromatograrchy
. SEC YSI Oxygen Probe
oH Gz pH Parer
- Gz Conductivity
| SEC pH Probe*
i .- Conductivity . SEC, GE Conductivity Calix

* Indicatas a prccadure that is in use at the Idaho Chemical Pracassing
B Plant (ICPP) or the Loss of Fluid Test Facility (LGFT) at the INEL.

4.2.1 -2orcn Analysis Procadures

; 4.2.1.1 Fluorobgrats Selective Ion Electrode (FSIE). In
e the FSIE chemical analysis procedure, the. boron contant of 2 sample is
: determined by the measurement of the concentration of the :tetrafiuorcbo--
rate ion. In addition to the sensing electrode, which contains 2 mem-
7} brane with a selective tetraflucroborate icn exchanger, a single junction
j reference electrode (KCa/saturatad AgCe) and a conventional miliivol:
‘ meter with a2 relative millivolt mode are reguired. ‘ ’
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The procedurs requires precise laboratory techni-
ques; care must be exercised to add the reagents to the standards or
samples in sequence and to perform measurefnenfs at préscribed times. In
the analysis procedurs a standard and a sample are analyzed simultanecus-
ly. In‘itiaﬂy, 1.0.m1 of saturated sodium fluoride is added to 5.0 ml
of the standard, and then 0.5 ml 10 ¥ sulfuric acid is addsd (the sodium
fluoride and sulfuric acid converts boric acid to the tatraflucroborate
ion). With the addition of the acid to the standard, 2 timer is started;
five minutes later the same reagents are added to 5.0 ml of a previously
dilutad sample. At eight minutes the electrodes are inserted into the
standard solution which is being stirred; at ten minutes the millivelt
response is adjusted to correspond to a specific valua on a ore-
established calibration curve. )

The millivelt response For the sample i35 recorded
2t fiTieen minutas and related %0 the pmm boron 7rom cthe calibration

‘curve. .

To minimize radiologic2l hazards 1.0 ml szmples and

. standards can be analyzsd by the above corocadure with the use oF cor-

respondingly less sadjum fluoride and sulfuric acid. In addition, the
analysis can be performed by using only 0:3 ml of the ariginal 5.0 i
or 1.0 ml of sample taken for analysis. Tne. analysis using 0.3 ml is
performed statically in microdishes.

There are ‘\fwo types of calibraticn curves. One for
the 5.0 mi and/oqr 1.0 m1 sampies analyzed by immersion oF the electrcdes
into a stirring solution, and one for the 0.3 ml samples analyzed by im-
mersion of the: electrodes in the microdishes. The calibration curves
are established using the same techniques employed For the samplas; the
calibration curves are valid only for the pair of electrodes used to
establish them. Calibration curves are estimated to be valid for six
months; however, frequent use of the electrodes shortens their 1ife.
Accordingly, routine checks of the calibration curves arz recommended to
maintain their 'currentness. Approximately a total of one hour is re-
quired, to generate new calibration curves for both large and small
samples.
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Numercus latoratery t'ééts were carried aut with
| simulatad postaccident mairix samples to identify chemical interferencas
‘ to the FSIE procadure. No sample matrix effects were absarved when. the

procedure described above was followed. '

The advantages of the procsdure are its wide mea-
surement range and accuracy, the small sample sizes required,:he lack of
chemical interferences, its adaptability to routine and accident condi-
tion usage, and the short analysis time required.
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The main disadvantage of the procedure is its rela- .
tive ccemplexity, which will necessitate well-trained analysts and fre-
quent usage of the procedure by the analysts in crder %0 retain their
familiarity with -it. Another limitation oFf the grccedurs, -undar  the
assumption of a minimum initial sample dilution of 1:100, is the inabili-
ty of the procedure to measure boron lavels in nighly rac’ioac:iv.e reaczer
coolant below fiTty prm. Howe'/e;', *n ENICO's opninicn, this is not a
sericus limitation as under dccident conditions the concantracion cf
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boron in the reactor coolant should be much higher than ity gem; and,
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i¥ it isa't, conTirmation that boron lavels are Fifty pom or abave ig

surTicient inTormation to determine the need for subsequent caorrsctive
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agcetions.
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The FSIE analysis procadura has nct been $asts
with hign radiation field samples; however, ENICO does hot believe- ir-
radiation associated with highly radioactive samples will sigciificantly
a'lteg the applicability of the methed.
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4.2:1.2 Curcumin Scectrochotometric. The curcumin spectro-
phot:netrié boron analysis method is based on the measurement of a red-
colored product, rosocyanine, formed by the reaction of boron and
curcumin. TE) perform the measurement the 1.0 ml diluted sample and

standards, wnich are amalyzsd concurrently with the samples, are mixed
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with 4.0 m1 of curcumin; evaporatad to dryness; dissolved in 95 percant
. isoprepyl aleshol to a total volume of 25 ml; and transierred to 2 1.0
. cm spectroghotcmeter cell. In the spectrophotometsr, 2 Bausch and Loms
Spectrenic 20 or equivalent, the percent transmitiance of the sample and
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standard are measured at 540 nm. A calibration chart is prepared from
the standards, and the concentration of the boron in the sample is dester-

, »

mined from the calibration chart. . .

-

The curcumin spectrochotcmetric procedure was labo-
ratory tested by SEC/NUS. In addition to sample matrix effact studies
using samples containing selectad nonradicactive fission nroducts and
chemicals anticipated to be present afier an accident, experiments were
performed to optimize the 'precision, _accuracy, and required analysis
time. ’

The advantages oF the procedure are its wide mea-
surement range, its agcura&y, the small sample size rzguired, the lack
of chemical intarferences, its utility under accident and routine condi-
tions, and its relative simplicity. The disadvantages of the procadure
are the long analysis times required and the necessity %o generate cali-
oration curves at the same time sample analyses zre periormed. The later
is considered a disadvantage' as z signivicant amount of time could be
wastad if a satisfactory calibration can not be obtained the Tirst Zime.
Another limitation of the procsdure is the inability to measure lavels
of boron levels in reactor water below twéngz pcm.  However, as noted
abave, ENICO dces not consider this a major limitaticn as required cor-
rective act%on,can be made basad on the know]gﬁgg of boron concantraticns
of twenty ppn or more. ' '

The effects of higﬁ radiation fields on' the proce-
dure’ have not been’ determined. In ENICO's judgement, the accuracy or
sansitivity of the procadure would not be compromised; but this needs to
be confirmed before the procadure is usad.

- . N
- 1

4.2.1.3 Plasma Spectroscopy. The analysis of boron by
plasma spéctroscopy is achieved by vaporization of the sample in & plasma
jet and analysis of the atomic emission spectra which is generated. The
boron resonance wavelength of either 249.7 or 242.8 nm is used. Readout
of the unknown is compared to standards. Five milliters of a diluted
reactor coalant sample is require&. One- millilitar of the sample and
assaciated radioactivity is completely vaporized and released; the other
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Tour milliliters are collectad in a waste container as condansed spray
droplets. Tne required analysis time is fifteen to thirty minutes.

B No specific laboratory testing details were pro-
vided; howaver, it was indicatad that limited tests were performed on
simulated reactor matrix solutions with satisvactory reoroducibility and
acecuracy. ine measurement range associated with the procedures also was
not provided; however, a lewer detection .limit of less than 1 ppm boron
is reportad. With this sensitivity and appropriate sample dilution, it
appears the measurement range would be sufficient to cover the mezsure-
ment range required. .

Thé advantages of the orccadurs aré its apparant
simpiicity, time required for analysis, and small sample sizes. .

The disadvantages oF the procadure are the Tack of
suttficient laboratory testing and the radioactivity_re!easas assgciatad
#ith it. It is assumed that appropriate design modivications could be
incorporated to circumvent this latter deficiency; but the design must
include faatures to collect all tha radicactive relezses, not meraly to
contain them in a fumehood, as is done with the existing désign. High
radiation fields will not af¥ect the applicability of the procacure.

4,2.1.4 Boroncmetrvy. The analysis of boron by boroncmetry
is based on the attenuation of a collimated neutron beam by a soluticn
of boron betwesn the source ‘of neutrons and the detector., Tne .nsutren
count rate.frcm the detector tube is converted dirsctly. to boron concan-
tration on the readout electrometer or pulse counter. Californium-28
or plutonium-berylijum are typically used as sourcaes of neutrons. Zoron
trifiuoride (BFB) tubes or fission chambers are two types of dataczors.
Althouch 8F3 tubes have been reported o operats satisfactorily in
gamma-ray {ields up to 100 R/hr, later boronmetars use fission chambers
as they are virtually insensitive to gamma-ray fields.
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I Boroncmeters typica11y employ relatively 1large
volume samp1es, 1-2 Tliters or more. Accordingly, massive shielding of
the sample station and separation of the sample station and readout in-
strumenation is required for accident' condition usage. As the detectors
are Sensitive to other sourcss of neutrons, location of the detectors
within the plant should be considered, and the detectors should be ic-
cated away frcm these sources.

The sensitivity of boronometers is on the order of
1 ppm boron with a useful range of 5000 ppm or more.

Calibration of baronometers can be performed stati-

cally or by flowing s‘.andards with a variety o7 boron concantrations
past the detector.

Although no laboratory tasting was gerformad an the
effects of sample matrices, no chemical interferencas are anticipatad.

The advantages of boron analysis by boronometry are
the continucus readout oF the borcn concentration, the wide mezsuremen:
range with or without sample dilutions, the applicability of the method

.to routine and accident use, and existence of proven boronometers.

The disadvantage of the method is the use of large
volume samples, which couid creata maintenance problems should a fFailure
occur during an accident. However, the impac% of such an aqczurrencs
could be minimized as a backup boron analysis capability ysing arao
sampies is required for inline monitoring methods.

.o As noted above, high .radiation fields will not

af‘eft the performance of boron analysis performed by borsnometry.
4.2.1.5 Qigithem Analyzer of Manual Mannitol Titrations.
The procadure for boron znalysis using either the DigiChem Analyzer ar

manual titrimetry methods is, in principle, the same. Mannitol is added
to the sample to form a boron mannitol complex; hydrechloric acid is
added to initially adjust the pH of the solution to 4.4; and the sample
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is titrated to the end point (pH 8.5) with sodium hydroxide.- The boren
content of the sample is derived from the volume of sodium hydroxide
titrant used and comparision to standards data.

The differance -in the two prbcedures is obvicus;
one employs hands-on techniques and the other employs remote analysis.
The remote_analysis is periormed. automatically with the DigiChem Ana-j
lyzer. It mekes use of a microprocassor Tor sample and reagent dispens-
ing, salution mixing, and concentration measurements. fhe analyzer auto-
matically calculates the boron content and outputs it on a computar-
compatible tape. Analysis Hy the analyzer can be performed continuously,
semicontinuously, or in the batch mode. Separation of the sensing ale-
ment and the readout device is required to eliminatz radiation effects
on the system electronics; the sensor and’electrcnics can e saparatad
by at least twenty-five fest without degradation oF the signal.The analy-
sis _times arz seven minutes with the zutomatic _apalyzer zand lwenty
minutes for the hands-on methods.

A total of two hundred micrograms of borcn is re-
quired Ter analysis with either the automatic or mznual procedura. Ac-
cordingly, the required sample sizes derend on the concantratien in :he
-sample. For example, under the assumption that 0.1 m1'of reactor coolant
is an upper limit for the reactor coolant sample size, the initial con-"
centration of boron in the reactor coolant would have to be two thousand
ppm or greater to provide sufficient boron for analysis. The two thou-
sand ppm reprasants the lower limit of detection for 0.1 mi samples and,
as a result, precludes the usage of the hands-on mannitol titration pro-
cedure usage on accident condition samples. However, it. does not pre-
clude the use oF the DigiChem Analyzer for accident conditions as larger

samples can be callectad and analyzed remotely.

In fact, the OigiChem Analyzsr has been iaboratory
tested on standards, with and without the presencz of gotential inter-
ferences; accurata, precise, intartersnce free results were obtained.
The meas;xrament range of the procadure for a 4.0 ml sample is 50-5000
ppm boron, which could be extanded dewnward by the use of larger samples.
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The advantage of the automatic mannitol titration
procaedure is its relative simplicity, remote operational characteristics,

utility under routine and accident conditions, and wide measurement’ ‘

range.

The only apparent disadvantage of the procedurs is
the potential maintenance dif7iculty which might occur during renlacesment
of sensing elements under accident conditions or rapid renair of the
microprocessor. However, as backup capabilities to analyze boron samples
are required for inliné sample methods, the DigiChem analyzer should
meat all measurement requirements. . g

The effects of high radiation fields have not been
tested. ENICO feals that the effects grobably will not be sigcnificant;
however, this should be confirmed.

4,2.1.6 Ion Caromatoaraony (IC). An ion chromatogracn oper-
ates on the principle of salectivé retention and alution of icnic sgecies
on and Trom ion exchange media. It basically consists of & saparztor
gqumn and eluent, a supprassor column, a canductimetric detactor, and a
readout device. To perform an analysis for anions, such as boratas or
chiorides, the sample is first passad throuch the separator column - .an
anion exchange medium which retains the anions and replaces them with
another anion from the exchange medium. The retained anions are then
selectively removed frem the-separator column with the eluent, ncrmally
a dilute salt solution, and passed througn the ‘suppressor column. In the
suppressor column - a cation exchange medium - the anions are convertad
to their acid forms which pass unretarded to the conductimetric detactor,
The conductivity o+ these dilute acid solutions is a {uncticn of the
anion concantrations in the sample.

The time between samplie injecticn and the aprearancs
of conductivity peak for a particular anion derends on the sample sizs,
the physical size of the columns, the types of exchange media, and ths
types, concentrations, and flow rate of the eluent. As a rssult divier-
ent anions in a single sample can be saparated and analyzed by proper
selection of parameters. .
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In the development of an jon chromatographic procé—
dure Tor the analysis of boron and/or chloride; SEC/NUS studied varigus
coembinations of e{uents, separator columns, suppressor columns, and sam-
ple injection loop sizes. Initial testing resulted in a method which
used a scdium tetraborats eluent and was applicable for chloride analysis
of postaccident reactor coolant samples (cf Section 4.2.2.1). However,
the analysis of boric acid solutions with.the procadure shcwed inconsis-
tent results. C ' !

Additional. development and' testing by O0ianex, the
&

manutacturar of the jon chromotcgraph used, resulted in a procesdurs
the simultaneous analysis of boren and chloride using a single sampie.

or

In the tast program a modivTied Dicnex Mcdei 10 Icn
Chromatogrash was usad. The modifications included two 4 x 2850 mm senara-
tor columns, a2 3 x 250 mm suppressor column, a twenty cm (0.042 =i} sem-
ple injection 1loop, and a sadium cardonata/sodium nydroxide/mannical
ejuent. An additcnal requirement identified was the need oFf 3 zatien
pre-coiumn to remove excass base and convert borates to boric acic pricr
to loading nighly basic samples into the injection 1ccp;‘ With 2 twenty-
five percent pump stroke, the necessary times for the boron and chlioride
peaks to zprear following injection to the sampling loop ara respective-

ly 5-6 and 9-10 minutes. .

To consistently obtain satisvactory results, peri-

odic washing and/or regeneration of the suppressor and pre-columns is -
necassary. 1ne pre-column requires regsneration after the analysis of .

every two to three samples containing 0.4 M sodium hydroxide. The re-
quired frequency for washing and regeneration of the supressor columns
was not statad. However, based on the frequency notad in the inital
chloride analysis development work, estimatsed frequency for regeneration
is every four hours oF continuous operation. Tne need for this is indi-
cated by an erratic basaline on the readout device, The reguired fre-
quency ftor washing the supprassor is once daily or prior to each
rageneration.

-
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If column washing and regeneration are not required,
the analysis time is' forty minutes. If column washing and regeneration
are required prior to analysis, the sample analysis time is apcroximately
two. hgurs. Neijther case includes system calibration time, which is
Tifteen minutes.

The IC procedure for s1nu] caneous chloride and borcn
analysis has been laboratory tested using simulated postaccident reacter
coolant samples, stable fission products, caustic, cocling water impuri-
ties, and normal reactor coolant chemical additives. No sample matr1x
effects were observed within the specified measurement range.

Tne advantages of the procsdure are its adaptabiIity
to remote operation, the large chloride measurement range, the simplicity
of creration, small sample sizes, potentially short sample analysis time,

- &nd the lack o7 chemicz2l intarferencss.

) Tne disadvantages of the procedure are the jack of

a surf1c.ent measurement range Tor horon, the need of 2 sre-column for

basic samples, and the need for column washes znd regeneration which
might lead to long analysis times.

The effects of large’ irradiations associatad with

hichly radioactive samples nave not been evaluatad. However, based on a

) 11terature study of radiation effects on ‘the comgonents of the IC and on

e e ia i amer sy
i
- i

)T rrapen

limited laboratory tests used to determine the efvects of 0-200 oem hy-
drogen peroxide in samples, no radiological effects are anticioated.
The 11terature showed that cation resins begin to degrade at approxi-
mately 10 rads and tﬁat the elec.ron1c ccmponents are resistant &o
exposure well above 10° rads. Both levels are well above those
anticipatad to be encountered by the IC during analysis of samples. '

4.2.1.7 Carminic Acid Spectrochotometry. Two orocedures
were presantad for boron analysis with carminic acid, one by SEC and one

by GE. Tne one %resanted by Gz was detailed; it was develoged by HACH
Chemical Company'o_ and closely follows an ASTM procadure. 21 The

25
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procedura presentad by SEC was only an outline. Since both methods were.
similar and the HACH procedure had a slightly larger measurement range,
only the HACH prbcadure is discussad.

The HACH procadure is very simple. Firs:t the
carminic acid in preweighed tabiet form is addad to 75 ml of sulfuric
acid and mixed; then, 35 ml of the prepared solution. is added to 2.0 mi
of the sample, blank, and/or staﬁdard. ATter the desvelopment o7 the
color, 20-30 minutas, 25'ml of the solution(s) is transferred to spectro-
photometric c21ls and the percent transmittanca is measured at 605 nm
with a Bausch and Lemb Spectronic 20 spectrobhotmeter, or ecuivalent.
The measurement_rangé is 0-15 prm boron without sample diluticn and 0 -
saveral thousand pom boron with sample dilution. Thne total anaiysis’
time is approximately 40 minutes.

The procedurs has not been tested For gecstaccicant
reactor ccoiént sample chemical matrix effects; it nas besn test2d for
affects of high sample radiation fields. At the maximum anticipat

source term, 8 X 103 rad/h for a 0.1 ml reactor cgsolant sample nzlq 8
to 25.0 ‘ml" the efTacts of irradiaticn should be ecquivaient to no mo
than 5 pom boron. Tnis would rasult in negligible error wnen compared

to leveis of boren in postaccident samples.

.

Q.

3
(5]

_The advantages of the procsdure are the smail sampie
sizes required, the w1de measurement range, the adaotab111ty to routine
and accident conditions, and the simplicity.

Tne disadvantage is lack of laberatory tasting with
pastaccident. chemical matrix samples. .

"4,2,1,8 Conductivity of Boron Solutions. A GE specificztion
requires the Standby Liquid Control System (SLCS) at 8WR's to be filled
with a solution of borax and baric acid at a ratio of 1.028. G£ oproposad
that, in the event the SLCS were actuated, the boren. concentration in
the' reactor coolant could be estimated from canddﬁtivity. G2 testad the

27
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hypothesis with a 1.028 borax to boric acid solution by varying the boron
concantration between 5.4 and 201 ppm boron. The calibration curve was
linear between-10.3 and 201 ppm boron.

This suggests that, with sample dilution, the boren
concentration of reactor coolant can be determined by conductimetric
measurements. However, ENICO believes that under accident condition
there are too many other variables which could affect the conductivity
of the reactor coolant and cause erronegus measurement. Accordingly,
the approach is not considered to be appl1cah1e for measurevent of boron
concentration in reactor coolant. .

4.2.1.9 Summary and Conclusions for 3cron Analvsis

. Procedures. The results of ENICO's evaluation of
ﬁotentia] chemical analysis procedures and methods for postaccident reac-
tor coolant sampie boron analysis are summarized in Table 3. Included
are the measurement ranges, sensitivities, accuracies, analysis times,
sample sizes, and analysis methods. Also noted are the complexity o7
the procadures and the existence, basad én actual tasting and/or grofes-
sional judgements, of known or anticipatad chemica]_gr radiological in-
terferences. Finally, the app]jcabi?ity of the procedure to routine and

"accident condition use is indicated.

.

As all but one of the procedyres met or axcesded
the cr1terxa for raqu1red samoIe size, radiological exposurss, measure-
ment range and accuracy, and analysis times; the selection 2nd ranking
of the procadures in order of applicability were basad to a degres ¢n
the complexity of the procedure and the iaboratory testing which had

been performed. If two procedures had similar complexities or amounts

of laboratory test%ng; other factors, like time of analysis, were con-
sidered. Inline analysis procadures were ranked lawer fhan grab sampling
procedures with similar qualiTications as the capability to analyze
backup grab samples is required for inline methods. Last, anticipatad
maintenance problems or potential contamination were considered.
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FEATURES OF PROPOSED ANALYTICAL PROCEDURES FOR BCRON

TABLE 5

Mathod Fluoroborate Curcumin ?lasma
Feature Electrode Spectophotometric Sgectrescopy
RANGE (ppm)
Direct Analysis -0.5 - 6.0 0,2 - 2.0 0-<1.0
With 1:100 Dilution 50-600 © 20-200 0-<1Q0
With 1:1000 Oilution £00-6000 200-2000 0-<1000
With Gther Dilutians 50-6000 - 20-6000 ‘0-6000
>1:100 (2) . ) -
Accuracy (%) +30 if B = 50 413 +20(3)
(B in ppm) . #10 if 8 > 300
Sample and/or
Analysis Method?
Inline No No Mo
Grab Yes Yes Yes
Arnalytical Backup
Required? . No No o
Sample Callection Method  -- - --
Sample Analysis Method -~ - -
Sample Size (ml)
0ilutad A?a1ysis Sample 1.0-%.0 1.0 C.25
© Actual gc{4)” 0.01-0.05 0.01 £0.3C6
Analysis Time (min) 20 .-120 30
Procadure Complexity Madium Medium ° Low
Chemical Interterences? No Ho Unknown
Tested Yes Yes Limited
Anticipated - -— No
Radiological Effects? Unknown Unknown Unkncwn
Tested ' No No No
Anticipated No No No
‘App]icaéion
Routine Yes Yes ‘fas
Accident Yes Yes Yes
29
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TABLE SﬂYContinued)
FEATURES OF PROPOSED AMALYTICAL PROCEDURES‘FOR BORON

1) The range of measurements using neuiron adsorpt.on is basead
on boron densitcmeters used at the Idaho National hng1ne°r1ng

Labaratory.
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Mannitol
- Titrimetry
¥athod Carminic Acid (Manual or Digi- Ion
Feature. Spectrorhotometric Chnem. Analyzer) Boronometsr Chromatograghy

RANGE (ppm) : : .
Direct Analysis 0-10.0 50-6000 0-5000(1) £00-6000
With 1:100 0ilution 10-100 Not appropriate 0-500,000 Not appropriatzs
With 1:1000 Dilution 100-1000 due to Tack 0-5,000,000 due t3s lack of
With Other Dilutions 0-6000 of sansitivity  0-5000 sensitivity
>1:100 (2) .

Accuracy (%) +15(3) 5 %8 +8
8 in ppm) . :

(Sample and/ar

Analysis Method?

Inline. No fes fes Yes

Grab Yes No No Ho
. Analytical Backup Yes, For

Required? Mo fes, For Iniine inline Mo
" Sample Collection Methoed  -- Available ., Available -

Sample Analysis Vethod - Hot Specitied Hot Sgecitied --

Sample Size (m1) 2.0 4.3(5) 1000-2000  0.04 _

01 luted Anaz i'ts Sample  0.02 1-2 10-20 0.04(3)

Actual RCl? . ‘
't Analysis Time (min) ag(6) 5-30 continuous  20-120(7)
| Procedure Complexity Low Low - Med ium
* < Chemical Intarrerencas’ Unknown No Unknown No
Testad No Yes No Yes
Anticipatad No - No -—

Radiological Ef¥scts? No . Unknown Ho ~ Unknown ‘
Tested Yes No . yas No .
Anticipatad - No - No x

Application Yes Yes(8) Yes o (9)

Routine Yes Yes Yes No
Aczident
Notes: )
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With dilutions greater than 1:100.the upper "1imit of the
measuremant range can be extended to ten-of-thousands of
ppm. However an upper 1imit of 6000 ppm is noted as measure-
mants above 6000 pgm are not required.

In the orocadure presentad the uncertainty of the methcd was
not included; based on professional judgement the uncersainty
has been estimated at #20 percent.

The actual volume oFf, reactor coolant usad in the anaiysis
was determined Trem a 100-7old diluticn of 0.1 mi oFf rezcior
caolant and the volume of diluted sample required for the
analysis. . .

Que to.a Tlack of sensitivity for boron, typical szmple dilu-
tion of 1:100 o7 -0.1 ml reactor coolant samples is not aooro-
priata. Consequently, baron analysis of grab samples can not
be made with the procadure. However, the procadure has suf-
ficient seasitivity to analyze chloride in diluted grah sam-
ples (sse sections 4.2.2.1 and 4.2.2.3). .

Two porocedures were ogresanted for boron analysis with
carminic acid, one by SEC and one by GE. The anaiysis time
speciiisd by GE and SEC were 40 and 20 minutas, rasssczively,
he difference in- times is the numder of minutes recuired
tor cooling Following carminic acid addition and <or coicr
develomment. As GE had tested the grocadurse ane SEC hac
not, 40 minutes is assumed to be correct. .

Tne actual bgrcn analysis &time is Torty (2G) minuta
ever, during continucus operation a column wash/regen
equilibration cycle is raquired avery four hours. A
ly, an analysis could require approximately two nours.

The manual mannitol titrimetrv is appropiate for routine u
only as the methcd lacks sensitivity to analyze smail razct
coolant samples; the manual method is commonly used at S4WR
under normal conditions. The DigiChem Analyzer methed
applicable "to routine: or accident cendition usage as
method uses remote analysis of Jarger reactor czola:
samples.

T e . O
b v f

v cr
o §

Tne 1ion chromatographic proczdure is not aopropriate for
routine or accident condition usage due t3 insurfTicient san-
sjtivity. If “the Jlower detecticn of 500 pm baron were
deemed to be sufiiciently sensitive, the procadure wouid %a
appropriate for accident condition use only.

31

Brs Y -

E 21 seprmscy € e 3wy 5N L] s g




Listed in order of appropriateness is the result of
ENICQ's evaluation of the boron analysis procedures:

1. Fluorchorate Electrode l

2. DigiChem Analyzer Mannitol Titrimetry
o 3. Curcumin Spectrophotometric
4. 8oranometer
. . i 5. Carminic Acid Spectrophotemetric
. . 6. Plasma Sgectroscopy
i . 7. TIon-Chromatography

It should be emphasized that the order of ranking
i5 bhased on pregently available information only. With adaitipnal tast-
ing the order could change. For example, with confirmation that thers
. are no chemical intarferences to the carminic acid specirophotcmetric
i method, it would be ranked at or.near the top due tc ease of usa. Liks-
” wise, madiTications to the plasma speciroscopy instrument, wnich wouid

insure containment of volatilized radiocactivity, would improve its rat-
. ing. Last, contirmaticn of tha existence or nonexistance of radiolcgical .
= ' interferencas could aiter the order of ranking. m
4.2.2 (hloride Analysis Methods .
. 4.2.2.1 Ion Chromatograshy (IC). Oescribed in Section
4.2.1.6 was an ion chromatographic procedure'%or the simultaneous analy-
- . is of boron and chloride. Included in the description were the columns,
L Sample sizes, eluent, and operational characteristics required for satis-
factory analysis of bcron and chloride in a single sample. o

] The measurement range, accuracy, sample size, and
analysis time for chloride analysis with the procadure are respectively
0.1-2000 ppm, * 10 percent, 0.04 ml of undiluted reactor ccolant, and
40-120 minutes. The procedure, which has besn laboratcry tasted, is
applicabie for routine and accident condition use. t can also be usad
as an inline monitor or for analysis of grab samples.
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The advantages of the érocedure are the measurement
range for chlerides, normal and accident usage, small sample sizz, the
lack of chemical interferences, remote operability, simplicity of apera-
tion, and potantially short analysis time.

Tne disadvantages of the procedure are the lack of
a sufificient measurement range ¥or boron, the required column washes/
regenerations, which increasas the analysis t}mcs, and the need o7 a cre-
column for basic samples. Another unknown is the lack of data on the
potential afTects of hichly radioactive samplas.

Sentry Equipmeént Corroration aiss developed and
tested ancther ion carcmatographic procedurg for chioride analysis. The
proczdure can not be usad for boron analysis; hcwever, it is very similar
to the boran-chloride analysis described pravicusly. The procadurs usas
a 3 x 250 mm separator column, 2 5 x 250 sm suporesszor column, 2 scéium
tetraboratz eluent, and a2 0.04 ml sampls. The procaaure dees nct us2 2
pre~-column. 7o obtain satistvactory results the columns must te washed
and regenerated. Washing frequency is once daily or prior o =2:ch
regeneration. :

. Regeneraiion irequency is one every Tour hours

(&)

=
3]
1Y)
Q
-4y

pahtirucus oreration. A n1gh erratic basa]1ne, a change in the &3
the appearanca of the chloride geak (normalij six minutes), and/cr a
change in the peak height for the standard indicate a nesd Tor.
regenaraticn.

The tetraborate IC procadure has been tasted in the
Ianorator/ with simulatsd samples of fissicn oroducts and chemical addi-
tives. Spec1a1 laboratory tasits were performed to detarmine the si¥acts
ot morpholine, hydrazine, ammon1a, and natural and _synthetic oils. The
only effect observed was due to oils, which caused a grogressive i0-30
percant increase in the chloride resgonse and a memory efiect. Hcwever
as the memory eftect can be eliminated with column washing and regenera-
tion and as the increase in chloride geak height is azassociatag wits
longer elution times, the eftTect is not considered signivicant as it can
be datactad and correctad.
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Uaboratory tests were also performed with the te-
traborate IC procedure to determine its ability to measure fluoride and
fodide. The data indicated that the fluoride elution time was 1.5

- minutes and that measurement of fluoride is possible down to 25 ppm (+i0

'percent) in the prosence oT tewer than 100 pmm boron. Attempts to mea-

sure fluoride in the presence of higher concentrations of boron were
unsuccessful due to peak overlap. The ijodide measurements indicate that
jodide could- not be detected at low concentrations (0.5 ppm), and at
high' concentrations--(up-to 100 ppm) small responses were obsarved. The
jodide data indicates that iodide will not interfere with the{tetraborate
IC chloride analysis method.

Tne-advantages and disadvantages of the tetraborats
iC procedure are essantially the same as the ones srasented zbove for

the boron-chlioride IC pracedure.

4.2.2.2 Socecific Ion Electrode (SIE). Tne procedure for
chloride "analysis by SIE is very simple and rapid. The pH of the solu-
tion- is adjusted to 2-4 and the SIE and a referenca electrode are im-

"mersad in the solution -and the miliiveit respense is reizted to the chlo-

R e L

e

ride concentration.

Tne investigative studies perfcrmed-by SEC/NUS em-
ployed a Graphic Controls Ultra-Sensitive Solid Stats Chlaeride Zlectrode

'(Moée1 PHI ¢1100) "and a Graphic Controls double-junction reference alec-

trode (No. GC 54473). In the procadure 1.0 ml of nitric acid was added
to 1C0 ml of samplie to adjust {he pH. The measurement range detsrmined
with standard chloride solutions was 0.01 to 35,0G0 ppm chioride.

With the above measurement range, the SIE is- ap-
plicable to routine use only as approximataly 10.0 ml of rezctor coolant

sampie, diluted to the 100 ml1 sample analysis size, would be required to
detect 0.1 ppm chloride. Furthermore, the method suffers frem inter-
ference of other halogens. The interference problem possibly can be
solved by a combination of selective oxidation and solvest extractions;
however, at presant the SIE is not applicable to postaccident chloride
analysis dus to the relatively large samole size required.
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Conceivably, * the SIE could be  adapted to remote
-operation; but, as noted, the chemical intarference problem must be

solved. OQverall, the method is not a good candidate.
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- 4.2.2.3 Jurbidimetric. Colorimetric. Titrimetric and
. Spectrochotmetric. General Electric and SEC/NUS
evaluated or suggsstzd a number of other candidate orecedures for cnlo-
ride analysis. All are basically hands-on methods; however, one (titri-,
metry) could be -adapted %o remote inline analysis. Tnere has baen
Timited or no laboratory testing of the proceduras by SZC/NUS or GE in
‘regard. to their appiicability ta analysis of reactor ccolant samples
with potential fission product or chemical interterances. However, based
on the judgement o7 personnel at ICPP .who have prior .experience with the
same problems on similar procedures, it is anticipated that
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3 or other halogens will intarfere with all the procadures pressnied in
3 this section. Futhermore, due to the relatively large size reactor cgol-
; ant samples required for analysis, 2-30 mi, use of the: pracadures <or

hands-on analysis is prohibited under accident conditdens. Acczrdiaaly,
the procadures are not applicable to analysis of pastaccicdaent sampies
without further testing, modification, and develogment, cor withcut remoa
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For informational ‘gurpcses, each -oprocedure  is
driefly outlined below. o '
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Turbidimetric and Colorimetric

Tne turbidimetric and colorimetric procadures are
very similar. Six drops of concentratad nitric acid are added to the

- e, s
Py o

meter- or equivalent is recommended, and for coiorimetry a Coieman Nesho-

s

‘g‘ sample, 12 ml1 for colorimetric and 25 ml for turbidimetric; the percent
‘g transaittance is recorded; seven drops of 1 N silver nitratz are addec;
g and the precent transmittance is recorded again. The difTearenca between
u% the two recorded measurements is related to the concentration of chloride
‘ég by the usa of calibration standards. For turbidimetry & HACH Turdidi-
B

Colcrimetar, or equivalent, is recommended.
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) Spectrochotometric }
f ) The spectrophotometric procedure presented is also
simple and commonly used for chloride analysis. It involves the mixing’
of 10 pl of fTerric ammonium sulfate solution, 5.0 ml of mercuric thio-
cyanate methanol solutiocn, and 25 ml of sample. Tais is followed by the
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measurement of the percent transmittance at 463 nm in a 10 cm spectro-
photometric cell.
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] . Titrimetry _

at The titrimetry method is based on the formation of ..
a mercury complex, diphenylcarbozone-bromphenol bilue, and mecurous |
chloride. The end-paint color develogment occurs whenmercurcus ions are

in excess of the chloride. In the-procaduré 25 ml oé sample, 1-2 ml of
diphenyl-carbozone, and a few drops of the bromphenol blue indicator are

mixed. Tnhis is followed by the addition of mecuric nitrate. The quanity

of mercuric nitrate added is a function of the chloride concantration.
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%{E 4.2.?.4 Conductivity of Chloride Solutions. For 2 diluta
‘33 solution of an.ionic species the specific conductance, X, in uS/cam is
3 given by: :
) k = 10°AC * (4-1)
e, * .
f = where A is the equivalent conductivity and C is
i the concentration of the jonic species in solution in electrolytic egqui-
i valents. When ‘the conductivity of a solution is due to saveral ijonic
‘5” species, the specific conductance of the solution can be exgressad as
&N the summation oF the conductances of each of the separats ionic species: .

k=10° § (r.c,) (4-2)

where li and Ci are respectively the Tlimiting
equivalent ionic conductance and concazntration of the individual species
in solution. Values, which are a&ai1ab1e in handbcoks, oF the equivalent
conductance of differant ionic species can be used to calculate the con-
ductivity or, alternately, the concentration of the ionic species pro-
yided the ionic species concentrations are known or the conductivity of
the solution is known. T
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The pi:oposed procedure utilizes the above technique
for estimdtion of upper limits of chloride concantration in. postaccident
' . reactor ccolant samples. ENICO agress such a technique is applicable for
estimation o7 upper-limits of chlaride or other jonic sgecies in solu-
tion, Sut doas not believe the technique meats the intent of the NRC ra-
quirement for chioride analysis. For example, chloride concentrations
calculatad frem the conductivity of postaccidant solution will, in all
i probability, be in excass of the 0.1 ppmm limitaticn due to the presence
of Tission products, high-radiation fields, and/or other chemicals. As
a result, corrective actions will be’ taken or, mores 1ikely, accurate
analysis of chloride concentrations will be made. Initial accurate de-
terminaticns will preclude undue concern and/or unnecessary actions.

. eaem s

L 4,2.2.5 Summary and Conclusion of Chlaoride Analvsis

Procedures. At presant thera is cnly one apoliczbis
method +vor chloride analysis of postaccident chioride analysis: ic
chromatograghy. The other procaedures evaluated- are not aapropriatz dus

e}

}

i

3

% to the large sample sizes required and known or anticipated chemicai
f. . interferencas to the grocedures. The results and featurss of th

i

|

]

:

i

i

w

groca-
dures evalqatad are shgwn in Table 6.

The chemical procaduras have not 2een rinkad in
order ai applicability. Of the methods not presently abplicabie, the
specitic ion electrode and the titrimetry methods appear to have the
most potantial due to.adaptability- to remote use, i.e., reduction of
radiclogical exposures. Their use, howéver, will decand on alimination

= ot chamical intarferencas, such as other halogens. Limitad investigative
work was pertormed by SEC/NUS to eliminate the chemical interferencas.
Their tzchnique, winich ENICO believes has good potantial, was salective
oxidation - solvent extraction. Consequently, with additional tasting
and daveloment one or more of these procadures could be adaptad for
postaccident use. SpecitTic procaduraes proposad in the future wiil re-
quire evaluation as they become available.. )
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4,2.3 0Dissolved Hvdrongen and (Oxycen . .
4.2.3.1 Gas Chromatoaraohy (GC) - Hvdrcgen Analvsis. A gas
chrcmatogragh consists of a sample injection loop, a chrematographic
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column containing a media such as charcoal or molecular sieves, a thermal
conductivity cell, and a meter-readout device. The thermal conductivity
cell, or detector, has two, matched hot wire filaments. -Two strezms of ‘
carrier gas, e.g., argon, are supplied to the GC from a common saurce.
One, stream {lows directly past one of the: filaments; the other strazm
. flows thrcugh the GC column then to the second hot wire filament. ’In
the absence of a sample, the two filaments reach thermal equilibrium
(constant resistance) and no detactor output is obsarved. Upon injection
of 2 sample into the GC column, non-equilibrium between the twa filaments
is created due to the different thermal conductivities of the gases
eluted from the GC column to the sample stream filament. The thermal
conductivity imbalance generates a detector output.
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As the different constiéuents o7 a sampie are eld%ed
from the GC column at different and specific times, the observed detector
outputs can be attributed to the individual component of the gas sample.
The magnitude of the outputs are proportional to the concantrations of
the difTerent gases in the sample. Quantification of the concenirations
‘is &chieved by compar1sxon oT the detector outrut of samp]es and
standards.
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The GC suggested by GZ is a 3asaline Model 103C, or
equivalent. Tne Model 1030 is a nncroprocnssor controTled instrument
with thermal conductivity detac~ors. It is equ1pped with a gas condi-

T e PR
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Lioner, an automatic retention- time indicator, and thermal conductivity
peak integrator. The suggested GC column is ten feet-of 1/8 to 3/15
inch tubing with SA moIeCJlar sievas. The carrier gas (helium) flcwrats
" and pressure are 30 ¢m /m1nute and 15 30 psig; the suggestad column
temperature was 30-50%C.
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Although a Fisher Model 1200 Gas Chromatogragh was
used in the SEC/NUS development and testing proaram, SEC/NUS also sug-
gests Baseline GC, or equivalent, for piant applications due to its
larger measurement range. Specific GC columns and operational parzmetars
were not given by SEC/NUS. It is assumed the specifications will be
similar to thosa notzsd by 6Z. Many combinations of columns, carrier gas
flowrates, and temperatures have besn usad succasstulily in the past.
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. ‘ FEATURES OF PROPOSED ANALYTICAL PROCEDURES FOR CHLORIOE
- Specific
Mathod Ion Ion
feature Caromatography Electraode Turbidimeiric

¢ RANGE (ppm) *

i * Direct Analysis 0.1 - 100 0.010 - 35,000 0.¢2 - 10
With 1:100 Oilution 10 - 10,000 Naot Applicable Not Applicable
Overall Rangs 0.! - 10,000 due to lack due to lack

of sensitivity of sensitivity
Accuracy (%) .

(C1 in pem) +15(1) + 20 + 30(2)
Sample and/or
Analyvsis Method

Inline Yes Yes No

Erab Yes ies Yes
Analytical Backup; .

; Requirad? Yes, For Yes, For Mo

" geample Collection Inline Inlina(4 -
C s Method - Available Available -
i ample Analysis lMethed ot Spacivied Mot Specitiag
Sample Siza (m1)
04 jutad Analysis Sample’ +0.04(6) 100 25,

Actual RC v0.04 ~10(7) 5{7)
Analysis Time (min) 40 - 120(8) 15 20
Prccs&ure Complexity Medium Low. Low
Chemical Interferances? No Unknaown Cnknewn

- Tastad Yes Limited No

A Anticipatad - Yes Yes

*1  Radiological Effects? Unknown Unknown ves

g Tested No No Yes(9)

o Anticipated No No -
Application

g Routine Yes Yes Yas
Accident Yes No No

-

'

¥
L
»
.




FEATURES OF PROPOSED ANALYTICAL PROCZDURES FOR CHLORICE

TABLE 6 (Continued)

Specirognotemetric

Colorimetric jitrimetric
5 RANGE (ppm)
i Direct Analysis 0.04 - 10 0.1 - 10 0.62 -10.0
i With 1:100 Dilution Not Applicable Not Applicable Not Applicabie
% Cverall Range - due to Tack due to lack due to lack
I . otT sensitivity o7 sensitivity of sensitivity
£ -
X Accuracy (%)
11 (CX in ppm) + 25(2) + 20(3). + 20(3)
LA .
i Sample and/or No Yes No
. Analysis Method fes Yes Yes ’
{3 Iniine
1 Grab
‘ Analytical Backup No Yes, For o
i Raquired? - Intine(5) -
T Sample Collection Available -
=1 ¥athod Not Specified
"y Sample Analysis Method
M sample Size (ml) 12 100(8) 25 _
1 - DiTuted Analysis Sample 2.4(7) s0 5(7)
‘1 Actual RC
i Analysis Time (min) 30 20 20
: Procedure Cemplexity Low " Léw Low
Chemical Interferences? Unknown Unknewn Unknown
Testad - . No No No .
Anticipatad Yes Yes. No
Radiological Effects? Unknown Unknown Unknown
Testad No No No :
Anticipatead Yes No Yes E
Application Yes No Yes ;
b Routine No No No !
B Accident :
3 Notes:
Eﬁ 1) The accuracy of the IC measurements is + 15% in the 0.1 to A '
1y 1.0 ppm chloride range and is + 253 for higher concentra-
o tions. B8y calibration at higher concantrations, the accuracy
1 can be maintained at * 15%.
i )
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The uncertainties were estimatad from calibration curve data
presented in the associated documentation.

The uncertainties are based on professional judgement. °

Tne SIE method could be adapted For inline use.

The titrimetry procadure could be used as the inline method
by employment of a technique similar to the DigiCaem Analyzer
methed for boron analysis.

Tne ion chromatograpghic grocedure uses small (v 0.4 al)
undiluted reactor coolant samples. .

OQue to insutTicient sensitivity, smaller reactor csolant
samples are inappropriate for these methods.

The titrimetry precadure has suffiicient sansitivity :o mea-
sure 0.1 pon chlorids; ncwever, 50 ml ¢f reac*or coclant is

required. The methcd is now in usa zt LCFT at INEL.
Limited radiclogical effect testing was cerformed by &£ cn
the turbidimetric_ grocedure. At the maximum zanticinatad
dose rata, 8 x 10° rad/h in a dilutzd 25 %1 samoie (0.1 =%
diluted o 23 ml), zan ecuivalent resgonse of 1.2 som oF
chloride was calculated {rom measurement cata.

]
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The sample collection procedures for dissolved gases.
proposed by ScC]NUS and GE are similar. The GE procedure involves the iso-
lation of 70 m1 of pressurized reactor water, the qepressurization of the

sample into a 20 m1 gas holding container, and the transferral of ali-

quots from the gas holding container to 15 ml septum bottles. The 15 ml

septum bottles are transferred to the laboratory for GC analysis and/ or

further dilution. In the laboratory, gas tight syringes are used to

take 1.0 m1 aliquots from the septum bottles for injection into the GC.

The procadure emp]oysaﬂenry's Law and a tracer gas, which is injected

into the sample prior to depressurization, to detarmine sampie yield.

The sample collection prccedure of SEC/NUS involves
the iso]at1on of a 30 mi pressurizad reactor water sample, depressuriza-

tion of the sample,.the quantitative transferral oF the-dissclved gasas
into a 300 m1 gas holding cylinder via an argon gas purge, and the pres-

surization of the 300 ml cylinder to atmospheric pressure with the argon .

purge gas. From the 300 m1 gas holding cylinder small sampies, Q.25 or

- 1.0 ml are injectad remotaly into the GC for analysis.

Following collection oF the dissolved gas samples
the time required ror GC analysis is less than t°n minutes.

. The measurement range reportad by SEC/HUS is based
on extansive laboratory studies and is app11cab1e for 25-23,000 pmm hy-

" drogen for a 1.0 ml.dissqlved gas sample. The dilutions .associated with

the sample collection procedure and the 30 .ml sample used For deores-
surizatfbn create a range o7 0.5 - 20C0 cm3 of dissolved nydrogen per
kilogram of reactor coolant. The accuracy of the measurements is *+ 10
percent.

Ganeral Electric did not report a measursment range;

however, an estimate of the Tower limit of detection was mentioned.

Their estimate of the lower detection limit, based on limited laboratory
studies, s 0.1 volume percent or 1000 ppm for a 1.0 ml dissolved gas
sample. ENICO believes this detection 1imit is a factor of ten or more
high and that the actual detection limit will be similar to the one maz-
sured by SEC/NUST—i=e., 100 prm or lower. IFf such a detaction limit is
verified by GE, ENICO estimates the measurement range of the GZ gas
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chromatograph method for dissolved hydrogen in reacter water will be
«0,1-2000 cmd per kilogram ofT water. Tne estimata is based on the
O relative size of reactor watar samples taken for analysis and the rela-
' " tive volumes of the gas holding cylinders of the SEC/NUS and Gz 'sample
coHect‘i‘on systams.

3,

. .
3 Iemimemee et AW

The advantages of the GC methods progosed by the
. tWo vendors are sutiicient measurement ranges, the application to rou-
tine and accident usage, the simplicity of operation, and_the .selectiv‘e
2 ' measurement oF hydrogen, not total gases. Tne advantages oF the SEC/NUS
] method over the GE methed are the extensiveness of 1aborato;'y tasting
performed by SEC/NUS and the remote analysis capability of the SEC/MUS
systam. The latter advantage is quite significant as ca]culatsdl4
.“  dosa rates due to noble gasas associatad with the dissalved gasas in
i unit. volumes of reactor water are in excess of 10° R/h at one centi-
f, metar. As a result the dose ratas associzted with the GC samples, zven
with dilution, are potentially. a Tew R/h and will raguire more cauticn
for hands-on analysis than remotz znalysis.

. : The disadvantags of the GC method in generzl is
* relatad to maintanance of the instrument; however, this is not considered

sjgnificant as GC's are generally very dependable. Another limitztion
ov the methed is the lack. of labcratory _tes;s on the erffecis of hign
radiation Tield on the procadurs; however,' there are no anticinatad
effacts. . . . .

" 4.2.3.2 Gas Chromatocrachv, Yellow Sorinas Anaivzer -
Dissolved Qxycen Analysis. As described in the

®
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previcus saction, difTferent constituents in a gas sampie are senmaratad ,
in a GC column due to their characteristic diffusion ratas through a
medium such as charcoal, malecular sieve, etc. As a result GC lends ) f
itself to the simultaneous determination of oxygen and hydrogen {rcm the
analysis of a single sample.
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Ganeral electric proposad to use this technigue for
‘ dissoived oxygsn analysis, i.2., simultanasus measurement of hydrogen

and oxygen in a single sample. Tne sample ccliection grocadure, instru-
mentation, and associated equipment proposad are identical to the cnes _ ;
< described above. ~ Specific measuramega’&“ranges werse not ogrovided by Gz, ‘
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) ENICO's estimate of the measurement range is i
to 400 pmm in the reactor coolant. The basis of the estimate are the
ralative ther'na‘! conductivitieszz (detector: responses) of oxygen and
hydrogen and the hydrogen measurement range estimated for the G2 system
in the above section. This estimated oxygen is-inadequatz for gostacci-
dent analysis of reactor coolant samples as the sensitivity of the pro-
cedure is insufficient to measure below 1 ppm dissolved oxygen. However,
before the' 6C procadure is precluded Trom postaccident application, it
should be experimentally verified that the sensitivity of the GC method
is inadequate. i

Sentry Equipment Corporation proposed an inline
monitor 7Tor postaccidant determinations of dissoived cxyéen in reactor
coolant. The instrument salected and laboratory &tasted was a“Yellow
Springs Instrument (YSI) Model 54 Oxygen Analyzer. The sensing probe,
which contains a semipermeable memdrane, i.s remotely located from %he
meter and output device. The probe holder was redesigned to minimize
Tluid volume and asscciated radiation exposure. Calibration of the
system is achieved with an oxygen saturated demjineralized watar source
The actual oxygen content of the standard soluticn is detarmined from
the temperatures of the water and a solubility chart relating dissolved
oxygen to water tzmperature.

Laboratory tests veritfied that there were no intar-
ferences due to hydrogen in .solution or variations -in sample flaowrata.
One problem observed duri;xg the tests was a pin hole in one 0T the probe
mesbranes. This resultad in erratic results. Replacement of the tem-
brane correctad the problem.

Laboratory tasting also verified that the accuracy
(+ 5%) was sufficient to measure 0.1 ppm dissolved oxycen. The measure-
ment fgnée was linear between 0.1-7.85 ppm oxygen. Cencentrations above
7.85 ppm oxygen were not laboratory tested. It is anticipated the mea-
surement range will be valid up to 20 ppm oxygen; however, this neads
verification.

<

Provided the measurement range c¢an be demonsirate

the YSI ‘Analyzer is applicable to postacgident

to be 0.1-20 ppm,




-
-

R applications. The Model 54 Analyzer Tlacks sufficient sensitivity for .

routine use. SEC/NUS proposad a Rexnord Analyzer for routine usz
(sensitivity-peh) or alternately a Model 56 YSI Analyzer with recorted

‘ higher sensitivity. Tne routine condition monitor will be installed in

' rarallel with the' accident condition monitor.

The advantages of the YSI oxygen monitcors are the
remote operzbility, simplicity, and potentizlly adequate measurcment
range. '

t

The disadvanta_ge of the systems is the time, 1-4
hours, required tor the system to reach equiiibrium areer ths internal
porticns ov the sensing probe are exposad itc ajr. 3asad on a review of
the litarature on the eivects of irradiation on the compcnents of She
sensing' prcbe, no radiolegical efvects are anticipated. The n=axisum
dose anticipatzd to the different ma-emais o7 censtructicn in the 2rshe
i is ,04 rads; the minimum dosas causmc damage to the materizls was
raported at 105 rads.
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. 4.2.3.3 Evaluatien Summary oF 9issolved Qxvasn and Hvdracan
{
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Analysis. Tae gas chromatographic methods procased by SEC/NUS For dis

soived nydrogen znalysis is applicable to postaccident samsle analvs

it has sufficient sansitivity, accuracy, and ringe oF messursment
(0.:~‘.-2t}‘00‘c:n3 ﬁydrogen per kilogram of reactor coolant, = 10 %). The

measursment range associatgd with the GZ method needs &3 be verifvied.

After completing collecticn of .the dissolved gas sample, the analysis

time is tan minutss or less. The SEC/HUS sample handling has an advan-

tage over the GZ procadurs due to its remota mode aF sample handling.

Precautions shculd be taken when manually handiing the dissolved gas f
samples due to the potentially high radioiogical Fields. The GC method !
is applicable to routine conditions also. Radiological interferencas to
7 the GC method are not anticipated. :

The GC method progosed by Gt or dissolved oxygen
analysis appears to lack suificient sensitivity for required measursment
of low (<0.1 ppm) concentrations of oxygen. Without further tzsiiag
to demonstrate the c3pability of the method %to measurse the low c¢oncan-
tration, the GC method for oxygen analysis is not appliczbie to fpost .

38 accident sample analysis. .5
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The inline oxygen monitor proposad by SEC is appli-
to postac*wdent ana.’(ys1s provided inTormation is available- to

verify its ability to measure dissolved oxygen over the entire range of
0.1-20 ppm. At present the measurement.range has besn demonstratad to
be valid between 0.1 and 7.85 pmm only.

In ENICO's opinion, the proven measurement range is

sufTicient as the intent is to measure the absence of oxygen, not necgs-
sarily the presence. If NRC does not agree, additional laboratory
sj.udies need to be performed to extend the measurement range.

7o meet all NUREG-0737 requirements, licensses which

usa inline method for analysis must have a backup capability to obtain
. grab samples and to perform analysis geriormed by the inline monizer.
Dissoived oxygen analysis by hands-on tachiques will require dilutad,

pressurized samples or techniques to collect the gases (oxycen) srom

" Tiquid sample. Conventmna] methods, eg., Winkler, or nands-cn znalyvsi
can not be used due to the large sample sizes required and/or a 1 ck 2

[ 1]

IA

-

=0

sensitivity. Altarnative methods must_be identified.

3:'.2.4 Conductivity and oH

4.2.4.1 Conductivity. Baoth SEC/MNUS and GE grogoss she usa

of inline monitors for medsurement of conduc 1v1ty. Their propesad c<on-
ductivity meters have measurement ranges of 0-300 uS/cm and 0-iCO
; uS/cm, respectively. The proposed probes have conductivity 'celis with
" 0.1 a1 cell constants; they are located remote to the metars. The inline
probe taested by G= was a standard, ccmmercially available one, and the

probe

tested by NUS used a modified probe holder designed to minimize

fluid volume., The actual call volumes were not specified. The accuracy
associated with the measurements was not specified ‘either; hewever, highn
. accuracy for 0-2 uS/cm and decreasing accuracy for higher conductivi-

tias was notad.

HUS .

Laboratory tests were performed by both GZ and SEC/
The GE tests involved measurements of the conductivity ofF watar

flowing first through a conductivity cell under irradiation and then
throuch a second in-series conductivity ¢211 not under irradiation. The

irradiation fields were varied betwesn 1.3 x 104 rads/h t6 9.3 x 1@

S

"
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: rads/h. GE also made static (no flow) measurements with the above ar-
.f .rangement.' Finally, GZ perTormed ccnductivity measurements on a 10 ppm
M; ==ch10r?de solution with (9.8 x 109 rads/n) and without irradiation and
. ‘ with and withcut flow through the cells. The SEC/NUS 1aboratory testing
was limited to establishing the operability with a flowing sampie stream,
the effects air bubbles in the air stream, and the effects of hydrogen
peroxide on conductivity measurements. SEC/HUS also conductad a iitera-
ture review for potential radiaticn effects to the components of the
sensing prébe.
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The results of GE tests on the two in-series cells
ndicatad that the cell under irradiation and the one not under irradia-
jon gave the same results and that the conductivity oF the solutica
increased from 0.1 uS/am to 0.65 uS/cm as the irradiaticn intensity
was increasad. Tne causa for the increase in conductivity is unkncwn;
i however, it abviously is dus to the generation oFf an unknown csnductive
species. The hypothesis that the unkncwn species is hydrogen peroxigs

B S

gy

!
I |

is not supportad by the chleride saolution tests performed by €Z and zhe
N hydrogen peroxide tests pertormed by SEC/NUS; i.2., the conductiviity did
*. not change with the addition of chloride - added to decrezsa the cene-
: rated species - or with the addition of hydrogen peroxide directiy to
the Tiowing straam.

" Further results of the SEC/NUS tests show that the
% monitor is applicable to a flowing sample sireazm and that the - presanca

—
ctr
M
-
“-r
oy
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. oF air bubbles at five percent of the watar volume dces no%t a
accuracy oFf the measurements. ]

 afeb e
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The litsrature review indicatas that the resistancs
oTf the probe components ts radiation exposure exceeds tha anticipated
radiation does by a factor o one hundrsd or more.
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A The advantages of the methed are its utility under
¥ accident and normal condition, its resistance to radiation damage, the
i remota operational mode, and its simplicity.

:ii

Tnere are no apparent disadvantaces even though the
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5 conduczivity of water solutions increasad with dncreasing radiaticn
V4 . . . o= . - .
,%’ dosas. . Tnis cbservation only implias thHat the meniter was .crerating
. 47 .
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Tyt properly as its resporise’ incieased with an increase in the conductivity

b of the salution. |
” A backup method for measurement of conductivity of I |
arab ‘Samples was not notad. However, there are commerciaily available

portable conductivity meters which are appropriate for this purpose.

- 4.2.4.2 pH. To investigate methods of determining pH under
postaccident conditions, SEC/NUS evaluated an industrial grade inline pH
probe and a sealed, permanently-filled reference electraode. The vertical
probe holder, medified to minimize fluid volume, prevents. entrapment of
air bubeeé.‘MA double 0-rin§ seal is used to prevent leakage. The prcbe
can be calibrated in place by injection of buffer solutions (pH 7 and
10) into the sample loop. The probe output is recorded on an industrial
grade meter mounted in a remotely located instrument panel.

Soww L T
- o Y. -
ot o Wt

NS
.

¢ s sy, Ay
- s

..

- ve

(F s Testing of the pH moniter was performed‘to detar-
“{i mine its applicability to a flowing sample siream and %o evaluzte the
. effects o air bubbles in the liquid. 0ata indicated the pH monitor is
“not aftected by vayiations in Tiow or by the presancs oF air bubbles.

i The opt1num operating tamperature rance oT the pH
{, ' probe is 75-80°F r; the maximum temperature and prassure “are 125% and
100 psig. With constant control of the pH probe at a given temperature
i . within the .optimum operational range, the accuracy and measurement range -
3} . will cowply with NRC requirements, 1-13 = Q. 3 pH units.

Smw <4

. As inline pH monitors. have been usad reliably for 2 i
nusber. of years in the chemical and nuclear industries, there ars no ‘
apparent disadvantages. The advantages are the application fo accident -
and routine use, the remote operab111ty, the simplicity, and the suffi-

cient measurement range and accuracy.
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To fulfill all NUREG-0737 requirements, however, a
backup capability to measure the pH of grab sample must be provided.
With the proprsed grab sample collection systems, this will require cH
measyrements or diluted reactor coolant samples. ENICO anticipates that
pH's measured in diluted 'samples cannot be used to accurately detsrmine
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the actual pH oF the raactor water. For example, basad on & 1:."3..00 dilu-
tion of a 0.1 ml reactor csclant sample with dejonized water (pH 7.0),
the estimated pH of the reactor coolant water determinad frcm the ane.ﬂy'-
* sis of the diluted sample could be in error by 2-7 gH units. Tnis takes
into ‘2ccount the results of dilution only and not the presence GT other
constituents which can affect the pH. Accordingly, ENICO does nct re-
ccrmengd the use of diluted grab samples for measurement ofF reactor
coolant pH.

General Electric Ccmpany suggested the use of nH
paper for measurement of pH in reactor watsr., In conjunciion with this
idea, a series cof laboratory tasts were performed to determine the
fects of high irradiztions on the accuracy of the method. The pH pager
was immersed in soiutions with oH 2.8 and 10.0 and irradizted fFor :en
minutes (1.5 x lOs rads) in one study and one minuta (1.5 x 105'

[}
=1,

—

rads) in another study. Tne colors cf the soiutions wers cmplateiy
Jestroyed in the ten minuta test and signiticantly altered in “ha one
minuta test (0.3 pH unit shitt).

To compensate for, this efvect, GE suggestad :has
the prucedure be modiTied to decrease the expesures tc the pgH pacer.
The suggestion was to moistan the pager with a drop or twe of s
instaad cf total immersion of the pH parer m "the se:zple saluti
proposed =uditied proczdurs was not demonstraued to be successf 1.

ENICO does not beiieve the £H pazer method is sat-
isTactory at cresant dus to the irradiaticn effects sbserved. [ts futurs
aprcabi“ﬁty will dacend on the additional testing and the develomment
o7. a technique to collect a small, undilutad reactor coolant samgcie and

to perfors the measurement in a radiologically safe manner.

Caneral Electric’ also suggestad that the conducti-
vity of a solution is a potential method %to ensurs that the g4 o7 cthe
reactor ccolant is within certain accsptablie ranges, i.e. 5.6 %o 8.5,
ENICO does not balieve this technique mests the NRC intent as the con-
ductivity or the reactor coolant can gpossibly vary aver & large range
under aczident conditions and cannat be usad as an 1nc1c:.t'.c'x 97 pH with
the regquired accuracy.
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. 4.2.4.3 Summary*o?' Conductivity and oH Analvsis Methods.
The method. proposed by SEC/NUS and GE is applicaé?e for measurement of
* the conductivity o7 reactor coolant water. It includes an inline con-
ductivity cell.with a remote readout meter. A backup capability to mea-
sure the conductivity of grab samples was not noted by SEC.or GE. This
backup capability can be provided with commercially available, portable
conductivity metars for analysis of grab samples. Alt tarnataly, a backup
d ) capability, with NRC's concurrence, would be a second, independent inline
BN ' monitor which could be put into service upon the failure of the first
3 monitar. The monitors ara applicable to accident and normal conditions.
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_ _ Although there was an increase in conductivity of
Ep: test solutions with an increase in radiation exposures, the nf.eft was
not due to monitor component fajlure. It was a result of an increase of
the conductivity of the test solution. It is unknown if the increase in
conductivity of the test solutions was inherent to the sxserimental csn-
ditions or whether one should anticipate the generation of a conductive
sgecies in postaccident reactor coolant water.
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‘At present the only proveh methods which has satis-

- w— e

- tactory accuracy and is applicable to measursment of pH under accident

cand1t1ons are inline monitors. The usa of pH pager is not applicable
due to 1nac*urac1es causad by hign rad1at1on f1eIds. The 'pH paper method
may be app]1cable with further testing; however, the method will require
the development of techniques. for the remota addition of small reactor
coolant samples to the pH paper and for the remota comparison of the pH
mpaper calers with standards.

- e
B L L P e e
. - s B
- e —p—a | s

The pH analysis of diluted rezctor ccolant samolas
is not reccrmmended due to the potential inaccuracies of the measurements.
'hg only altarnative for a backup ana1jsis capability is the use of two
indepandent inline monitors; one in seryice and one in sta ndby.
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£ The pH inline monitors are applicable to both acci-
, dent and reutine use. There are no, anticipated radiological effects.
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BASIS FOR RADIOLOGICAL EFFECTS ON SEC/GE CHEMICAL PROCEDURES
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Method/Analysis Radiological Effects  Anticipated Basis
Titrimetric/Chloride Unknowin No Chemistry of the procedure and SEC leterature review of
. radiological effects on pH probes.

Spectrophotometric/ Unknown Yes Chemistry of the procedure.

Chloride .

Gas Chronmatography/ "Unknown Ho Hature of measurement method and prior use of GC to

Hydrogen to analyze relatively high activity samples (+0.5R)

Gas Chromatograph/Oxygen Unknovin No Nature of measurement method and prior use of GC to

) analyze relatively high activity samples (mO:SR)

Yellow Spingsjﬂnalyzer/ Unknown Ho SEC literature review of the radiologlcal effects on

Oxygen | the materials of construction of the sample probe.

]

Conductivity Meter/ Ho - Laboratory tests by GE, the SEC literature review of

Conductivity the radiological effects on materials of probe con-
struction and the SEC personnel interviews of in-
dividuals with prior experience with similar measurements.

plt Paper/pl Yes -- Laboratory tests performed by.GE,

pil Probe/pil Ho - Literature review by SEC of the radinlogical effects on

the materials of probe construction, SEC personnel in-
terviews with individuals with prior experience with
similar measurements, and comon use of pi probes in
high radiation fields.
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