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cedures for calibrating noble gas effluent monitcrs and containment high-rarce
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1ish quidelines for an acceptable proarawd. Dr. Mattson responded by mermorandum -
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staff to the preparation of MR recnvﬂanded quidelines on this subject for
transnittal to the Reninnal Administrators. This task has ncw been corpleted,
cocrdirated with OCL and OIE angd the proposed cuidelines are. nrov1uAd as

an Pnclosure to this ﬂemorandu. : . :
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tion the Regional Adninistrators stild f9e1 the neod for a meeting, we will -
He haopy to nake t“e arrancﬁfents. : ‘
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~. Implementing Pro;edures,for‘2255510737 Item~II.F.1
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cedures for calibrating noble gas effluent ponitors and containment high-range
- radiation monitors described in HUREG<C7374 1tem 11.F.1, Attachments 1 and 3,

~and suggested that representat1ves fron

R and the Reqions convene to- estab-

1ish guidelines for an acceptable progpam. 1 responded by memorandum to you
dated June 18, 1982, in which I conmjfted my staff to the preparation of NRR
recormended gu1de11nes on this subject for transmittal to the Regional Adnin-

istrators. )
and the proposed. guide1ines a

As noted in my June 18 nenor§ dum,
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PROPOSED GUIDANCE FOR -
CALIBRATION AND SURVEILLANCE REQUIREMENTS FOR
EQUIPMENT PROVIDED TO MEET ITEM IIL.F.1

The radioactive noble gas'eff1uent monitors, the pafticuIafe and radfbiqdine

‘'samplers, and the in-containment radfation'monitors described in NUREG-0737,

Item_II.F.l; Attachments 1, 2 and 3;'represent substantial departunesffrom

~ conventional designs and operating concepts in the detection and-measdrement

of plant radiojogicé]_eonditiOns, Tnefnature'and purpose of these monitOrS"

and samplers dictate an approach to calibration and surveillance requirements

“which will differ widely from existing requirements and procedures established

~ for conventional monitors. The impractica\ity of applying exfsting calibra- _

tion standards to these mon1tors was recogn1zed in the memorandum from G. D.

. Brown to R J. Mattson dated April 20, 1982. The proposed guidance addresses

'the pr1nc1pa1 concerns noted relative to;the review of licensee implementing

procedures and provides guidance'on~certain matters pertaining to calibration.

" The attachments prov1de a more thorough discussion of the purpose and funct1on o

of these moni tors and samplers and should pro~1de the necessary gu1dance

to permit development of review and 1n5pect1on procedures.

‘1. Application of ANSI N323-1978 .

“The application of ANST N323-1978 recommendetions as reduinements for
the reviewlof'fixed.anea monitors and eff]dent monitors does not appear.
to be apprppriate.fpr either ndnneI range monitors or for NUREG-O?S?A
monjtors.i While N323-1978 contains~much.wdrth-wh11e gdidanEe of a
general nature, it should be recognized that this standard is speeié

fically addressed to hahd-pdrtabledsurvey instrumentatidn and was never



‘2,_

A1ntended to be who]]y app11cab1e to e1ther f1xed area mon1tors or
'_eff1uent mon1tors. wh11e some form of in- p1ace ca11brat1on 1s necessary

and proper the 1nvocat1on of N323~1978 as the basis for requ1r1ng 1n-

place calibration of area rad1at1on mon1tors and nob]e gas effluent

mon1tors is not seen as a valid use of the standard

-MC 2515 Inspect1on Procedure 84710

MC 2515, Inspection Procedure 84710, was written specifically for monitors
designed to operate at very low concentrationsAof radioactive materials.

We believe this procedure-is not appropriate for use in conjunction with_'

~the NUREG-0737 noble gas effluent monitors. The principa1‘reaSOns for
- - this are: | | |

o ALARA considerations may 1imit the handling of'eoncentrations of -

gamma~emitting‘nob1e gases,/SUCh aS-Xe-133,bin'concentrations'7
SUfficient to perform on-site ca]ibration-of'the'upper ranges of
these mdnitorss Calibration of the_upper‘ranges of some_mode1s
ofvthese monitorsewi11 require the.hand1ing_of'Curievquantities
of radioactfve gas while Other'models will require fhe'hand1ingr
of multi-curie quantities. ‘The handling of such'quantities of
radioactive materfa\ will result in unnecessary extremity expo- .
sures and may result in the uncontrol1ed're1ease of»radioactide

gases into occupied spaces.

o Krypton-85 (Kr-85) gas, -recommended for calibration use by Inspection

Procedure 84710, is not a.satisfaetOry calibration source for the



-~

majority of NUREG 0737 ef fluent monitors which use gamma sen51tive |
detectors. For those NUREG~O737 monitors u51ng beta detectors, Kr-85
s not readily ava11ab1e in concentrations of suff1c1ent strength '

“to be useful in caiibration of the upper ranges.

o The Oniy practicabie means of in~p1ace caiibration'of NUREG~0737
»effiuent monitors in the upper ranges with the necessary radia- -
tion energies is through the use of solid“ sources which is not

consistent with 84710.

o' The reiease of caiibration Qases tolthe envirOnment following
,'conpietionﬂof calibration could result-in a violation of piant',
.technical spec1f1catior . For exampie calibration of a noble
gas effluent monitor with Xe-133 gas at a concentration of 10 uC1/CC
-could involve a tota1 of more than 100 CT of ca11bration gas.‘,The
' instantaneous release of such a quantity of gas could well exceed '

Technicai Specification 1imits.

_ NRR Staff Recommendations for Caiibration of Nob1e Gas Effluent Monitorsf

| The NRR recommendations for calibration of NUREG-0737 noble gas effluent

. monitors would require Ticensees to obtain certain caiibration serv1ces

from instrument vendors or.a]ternative sources.- An acceptab]e approach

calls for a one¥time "type" calibration of a limited number of production~

mode1 monitors using radioactive gases; we consider this to be an
acceptabie alternative to in-place testing with radioactive gases,

4
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pr1nc1pa11y due to ALARA cons1derat1ons Such ca11brat1on wou1d be at N
either the manufacturer 3 fac111ty or a suitable contractor fac111ty and
would prov1de for the use of NBS traceab1e rad1oactive gaseous sources of
appropriate emissive character1st1cs (e.g., Xe-~133 for gamma-detect1ng |
systems or Kr-85 for beta;detecting:systems).at a minimum of.threé.on.—sca1ej |
values separated by not less than‘two decades'of'sca1e (e.g., 10'-5 uCi/cc,
'10'3'uCi/cc,’and io"l_ucf/cc; gases.with htgher_concentrations of radioactive
'matéria] shou1d bevused’df reasonably availab1e5 From the observed system
readouts and using the transfer procedures of ANSI N323- 1978 (Section 5. 1)
‘one or more Laboratory Standard sources cou1d be estab11shed us1ng sol1d
'rad1oact1ve source material hav1ng emissive rad1at1on characterwst1cs sim11ar
'to ‘those of the calibration gas. The-Laboratory Standard sources could then

be used to deve10p Secondary Ca11brat1on sources, which wou1d be used for on-

site in- p1ace ca11brat1on

Ideally, gamma~detecting'NUREG—0737 etf1uent monitoring systems should be
type-ca1ibrated'against a minimum of three different gaseous radionuclides
ranging in energy from Xe-133 -(0.081 MeV) to Xe-138 (1.78/2.02 MeV), and
varying in concentration from 10‘? uCi/cc‘to about iOS'UCt/cc; however, other
than Xe-133, there appear to be no readily avai1ab1e calibration gases with -
the required energy range or with sufficiently'1ong ha1f~lifevto permit use,
‘and none are'avai1ab1eiin sufficient concentration to permit'upper range
caTibration; The only practicable aTternative is the use of soltd sources

such as Cs-137, Co-60;-or Ba-133, placed in‘a'reproducib1e geometry and

'
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‘utiiizing the transfer procedures of ANSI N323 1978 to reiate the resultant B

values to the gaseous caiibration. The curie content of such sources could
be determined by any of severa1 anaiyticai methods by reference to HBS
standard sources. while it can be argued that such a procedure wouid not
prowide direct traceability to NBS standard gaseous sources other than Xe 133

there appearsgto be no.other practicab]e a]ternative.

© As envisioned by the NRR staff, calibration of NUREG-0737 effluent monitors
-wouidvthen be based on a one—time “type“ calibration using a radioactive~gas
'traceabie to NBS; _Subsequently, all oroduction units would be ca1ibrated |
against Laboratory,Standardfsolid sources,.with traceability to MBS.
Secondary.Caiibration Sources”wouid:be’furnished.by}the yendor to the = -
‘ 1icensee,'who_woqu.then‘conduct,.or contract‘others to cOnduct; a]i:subse~ |
quent in-biace calibration testsiwithithese solid sources. These in-piace
caiibration'tests wouid.be performed after system installation and at--
designated intervaisvin;accordance with Plant Technical Specifications. It
is'suggested‘that some fonn of periodic confirmation or verification of cali-
bration source vaiues be made;a.part of surveii]ance_procedures‘(e.g., re-

calibration of sources every two or three years).

It should be noted that the use of solid sources in'sufficient strengths to
permit calibration of the upper ranges of these monitors may pose ALARA
problems in the handling and use of the sources during calibration. While

“the level at which calibration poses these problems is design specific, any

o e = e e S OBt e
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»discussioh of accebtab1e surveillance procedures shdu1d penmit éa1dbration

of the affected ranges by apprOpr1ate e1ectron1c s1gna1 subst1tut10n if

occupat1ona1 exposures are unacceptably h1gh

»In-Conta1nment H1gh-Range Rad1ation Mon1tors

',wh11e NRR recogn1zes the des1rab111ty of per1od1ca11y demonstrat1ng that a de-

. tector w111 properly reSpond to-a rad1at1on source over the fu11 des1gnated

range, the program outlined in NUREG-0737 for test1ng and ca11brat1on of these -
monitors should prov1de;adequate assurance that ‘the monitor is funct1oning
accurately for its intended pufpose'whi1e'ma1nta1ning:doses to workers ALARA.

NUREG-0737 sbecifies ih-p1ace calibration using a radioactive source at one

.’po1nt on the decade below 10 R/hr. This shou1d assuhe proper'functiohing of

the detector. To requ1re in- place test1ng at over 10 R/hr 1s not cons1stent
with ALARA considerations. NRR recommends, as an acceptab]e alternative, that
the 1iceneeet require type-testing at sufficient'points’to demonstrate |
linearity thrdugh all SCa1es dp to 106'R/hr.to verify the monitor design
thaiaeteristics.; NRR further_recommends that Ticensees specify that each

production detector be tested at levels of’approximately 103 R/hr todassure

'satisfactory response to high 1eve15 of radiation. - Testing ofAeach prbductibn

detector at over 10-3 R/hr is viewed as-uhwarranted'wheh'the costs, time, and

probability of damage to the ihstrdment from hand1ing are considered.

NUREG~0737 recommends e1ectronic ca1ibratiqn'by signa1:subétitution for all

decades above 10 R/hr, Sueh substitution involves the injection of DC sigha1s



(simu1at1ng detector response to rad1at1on) 1nto the system for the purpose of
system ca11brat1on Ca1ibrated DC current generators shou1d be spec1f1ed by

the monitor vendor and shou1d be ava11ab1e from commerc1a1 supp11ers. See

Attachment IV for further d1scuss1on of e1ectron1c ca11brat1on.

_Particulate and Radioiodine Sampling from Effluent Gas Streams

Some 1icensees have expressed concern over sampling 1ine losses of radioactive

- particulates and jodines relative to their propdsed'sampIing equipment in~

stallations to meet the criteria of Attachment 2, Item II'F'l of NUREG~0737
NUREG-0737 references ANSI N13.1-~ 1969 for des1gn gu1dance for these samp11ng
systems. Informat1on 1n the Append1ces to ANSI N13 1- 1969 predicts severe .
losses in lines leadrng.from'effluent sampling points to eff1uent.samp1e

collection stations.

In a recent draft of a proposed rev1sion to- N13 1- 1969 the append1ces have
been deleted and determination of samp11ng 11ne losses is suggested to be

accomp11shed_by actual tests of systems or full- sca1e mockups rather than by'

'ca1cu1ationa1 methods While NRR does not normally endorse a pre11m1nary draft

'of a standard undergo1ng rev1s1on NRR would accept empirical data on samp]ing

line losses based on actual tests of either the'insta11ed system or a full-
scale mockup of the system in lieu of calculations based on ANSIAN13.1-1969

appendices.

A mbre_complete discussion of sampling line losses and loss eya]uation appears o

in Attachment 11.



6. Deviations from NUREG-0737 Criteria

FNRR is revwewing requests for deviations from the. criteria in NUREG-0737
Item II F 1, Attachment 1 2 and 3 and documenting its findings in SERs. -
Recent discuSSions by the staff. w1th vendor representatives licensee
.representatives and reSident inspectors however, 1nd1cate that preViousiy'
undocumented dev1ations to NUREG~0737 requirements may exist at -some plants.
| Examp]es of deViations 1nc1ude excessive sen51t1vity of response to variation
in photon energy of the nob]e gas effiuent monitors produced by at least
two -vendors and the use of protective shieiding‘by licensees to cover 1n-_f
containment radiation»monitors, which eftectiveiy blocks the réQuired res-

ponse to low-energy gamma radiation.

Summary Recommendations

NRR recommends that OIE either substantiaiiy revise MC 2515, inspeCtion'Procedure
84710, or consider preparation oi.a seoarate inSpection procedure or'temporary-
instruction for NUREG-O737.itemss'The suggested guidance in NUREG-0737, coupled
with this memorandum-and attachments; should proyide'the,needed bases to initiate
.action; NRR staft wiii be available for any.needed consuitation.or additional
input. As noted in the June 18 memorandum from R. J. Mattson to J{_T.,Co]iins,
 NRR plans no post~imp1ementation review. ‘The nature of the‘eduipment and plant-
specific installations is such that an audit type review by NRR of licensee design
proposals is not an appropriate form’of review. it'was the NRRAposition at"the -
time of.NUREG-O737_issuance'that the most effective form of review is an onsite
inspection " conducted by personnel experienced in the field of radiation monitoring |
instrumentation and weii-briefed on the de51gn of systems prov1ded by individual

‘eMOm.r
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. - ATTACHMENT 1 ) |
. PURPOSE AND FUNCTION OF_GASEQUS EFFLUENT MONITORS FOR_ACCIDENT CONDITIONS

Effluent monitors~proV1ded’for norma1 reactor'operating'conditions have historir |
cally been required to'detectxand measure trace concentrations of fission product .
noble gases which-have~undergone substantiai”diiution-and radToactive decay inﬁ.
traversing a tortuous ‘path from theTr p01nt of or191n 1n the fue1 of the reactor
core to the f1na1 pOTnt of release. The radTatTon detectors (sensors) in nonmal-
'range eff]uent monTtors are usua11y beta rad1at10n detectTng devices designed to

function in the range of radioactive effluent concentratTOns from 10 6

1072 uCi/cc. The Tower end of the. usefu1 range is determined by natural radio—

uCT/cc to

"~ activity background conSTderatTons and rad1at10n from non—eff1uent sources w1th1n
the p1ant which 11m1t the sen51t1v1ty to those concentrat10ns of rad10act1ve |
noble gases which are: stat15t1ca11y deferentTab1e from background contrTbutTQns
(Beta rad1at10n detectTOn 15 utilized to anTmTZe the effects of varyTng back-

ground levels of gamma radTatTons produced by reactor 0perat10n)

Recent developments in computer-based monitors pennTt background subtractTon and

-7 uCT/cc however, rela-

can extend the range of sen51t1v1ty to approx1mate1y 10
-t1ye1y few of these monitors areJTn ‘service. The pr1nc1pa1'rad10act1ve noble gas
radionuclides present in normal pTant eff1uents are Xe-133 andee-135, with traces
: of Kr-85 also present.l With each of'these_radionuc1ides emitting a beta oartic1e
in the energy range from 0.241 MeV, each nuclide Ts.readily detected and the use

of a beta detector permits a direct correlation betweenvobservedicount rate and

gross radionuclide concentration.



,‘The nob]e gas effiuent monitors described 1n NUREG~0737 Item II F 1 Attachment 1,

are spec1fica11y de51gned to operate at much higher concentrations of nob]e gases

They are intended to function_under severe-credible accidentvconditions and to

‘detect and measure'nobie gas concentrations which may have undergone essentiaiiy |

.. zero decay in escaping from. their p01nt of origin in the fue1 of the reactor -core;

however, a piant s monitoring system must a1so be abie to function under a variety

' ofaacc1dent conditions.. For exampie,_the,monitoring system shou1d be capab1e of

- detecting and measuring the mix of radionuclides which could be encountered from

a. reiease at Eero decay and also that'which would'be-present severai‘days later

or at any 1ntermed1ate point ‘in the accident sequence " The fundamentai technicai
probiem in this requirement 11es in the change of energy spectrum with time and |
the unav01dab1e variations in energy response of the available detectors ‘Designs

shouid incorporate detectors with minimum sen51t1v1ty to energy variation.-

’Beginning immediately after reactor_scram the'principa1 noble gases in accident-

~ related releases--on the basis of reiatiye concentration and energy--will be Kr-88

and Xe- 138 which have high emissive energies between 1 0 and 2.5 MeV The high
energy gamma radiations of these short- lived nuc11des dominate gaseous releases

until about 8 to 10 hours after shutdown, when the principal nuclide becomes

Xe-135, with a half-life of about 9 hours and an emissive energy of about 0 25 MeV.‘

At 2 to 3 days. following the acc1dent, the dominant nuciide,becomes Xe~133, with

a half-life of 5.3 days and an emissive energy of 0.081 MeV.

Noble gas effluent monitors should be capable of maintaining on~scaie readings'and

providing data on_effluent concentrations through the entire accident sequence.
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“The simplest and probabiy most'accurate means‘of providing'infonmatiOn-on effiuent

concentrations on a non- energy sen51t1ve baSis would be the detection "and measure-'

ment of the beta activ1ty of the effiuent gas. W1th the upper range capabiiity of
105 uCi/cc specified in NUREG-0737 for certain reiease pathways existing beta
detectors (c1rca 1979) d1d not have suffic1ent dynamic range capaCity and SO most

,.vendors went to gamma radiation detection as the on1y v1ab1e aiternative

. The detection of the gamma radiation from the‘severai nuclides which comprise theiv
most'significant portioniof‘thednoble'gas release is compiicatedhby~the variables
_of'emissive energy and short ha]f-]ife of some ot the nuclides. The practicalities
.of deveioping a‘gamma-detecting monitor which would read-out or‘be interpreted in
terms of UC1/CC of specific nuciides were such as to 1ead the NUREG- 0578 writing

group to put forth another concept - the so- cailed Xe 133 equ1va1ent

A given volume of.a'radioactive noble gas produces»a.certain absorbed radiation
dose in.space which is defined by severa1 factors, among which are the mass,energy'
absorption coefficients, the concentration'in uCi/CC,:the gamma‘energy, the reiaf
tive freduency of .gamma emission, the yolume'ofbspace occupied by‘the gas, density
of theigas; etc. The principai differences in radiation dose between a given
concentration of Xe-133 and the same concentration of Xe 135, for exampie lie 1n

- the reiative abundances of the characteristic gamma emisSions and their emiSSive
energies. With Xe-133 having a 0.081 MeV gamma in 37% of the disintegrations and

Xe-135 having a 0.25 MeV gamma 91% of the time, and ignoring the slight difference



| in the mass energy absorpt1on coeff1cient Xe 135 shou1d produce the h1gher rad1aei
vt1on dose by a factor of . . 4 _ _ ”
| | (0‘ 25 Mev): (o 91) _ 0.2275 S 76

eV 7y © .08 T |
Kr- 88 on the other hand, would produce a st111 ‘higher dose by a factor of_

(2.4)(0. 35) + (0.18)(2.19) + (0. 14)(1 55) 1.45 =48
0.0299 T 700/ Y

For a gamma detector hav1ng an essent1a11y linear dose rate response 1n either R/hr
or rad/hr, there is a potent1a1 "mismatch" varying from about unity (for Xe- 133m)
to a factor of about 80 (for Xe-138) "This was recognized early in the discussions .

1ead1ngvto the NUREG—0737 requirements.

The proaected source term ratios at any given point in t1me can be ca1cu1ated and
a table can be derived re1at1ng detector read1ng to an equ1va1ent in Xe- 133 act1v1ty

in terms of dose (Xe-133 equivalent).

An alternative'which is consistent with the needs of NRC in detennining the effects
of effluents on the p0pu1at1on is the measurement of noble gases w1th readout in
terms of MeV per second or some equ1va1ent un1t Such a parameter could be used

in determining offsite doses in a more d1rect manner than is now possible



DATA SOURCES'

TABLE 1~ 1 :

| CALCULATIONS -- RELATIVE ENERGY RELEASE RATE FOR

A TYPICAL CORE INVENTURY _

7

; Attachment I

Cur1e values from AEB/NRC Acc1dent Source Term Abundance and Energy values are

from the Rad1o1og1ca1 Health Handbook (HEN 1970 ed1t1on)

Reactor. Power

Time Since Reactor_Shutden:

Nuclide

Xe-133
. Xe-135

Xe-138

Kr-88 -

Kr-87 -

Xe-135m

Xe-133m.

3800 MW
Zero
Ci ",d/sec
2.14x10% 7.9x10%
206108 7.5x10%8
1.8x10 8 6.7x10!8
1.22x108  4.5x10!8"
8.9x107  3.3x10'%
s.9x10 7 2.2x10t®
5.26x10°  1.9x10!’

0.

o

e o o ©ee oo

Abundance

37

.91

o o N

MeV

0.081

.78
.02

.19
.55

. 527
.233

© 2.4x10
1.7x10%¢
1.6x10°7
6.6x10

.57 2.9x10

6.2x10

MeV/sec
17

18
19

18
18
C 17

9.2x10

15 -



ATTACHMENT 11

_ DRAFT STAFF POSITION ON DETERMINATION OF
| AMPLING LINE L0S
, REoUTﬁEﬁEﬁT§7ﬁ?TﬂﬁﬁxrU737"‘Tﬁﬁr11'F 1

" INTRODUCTION

Abseht_a }eprésentative sample and analysis of the radioiodine content of

‘plant gaseous effluents, the. operator. of a'nuc1ear power p1aht in which a

"~.nuc1ear accident has occurred is faced with the a1ternat1ve of ca1cu1at1ng

_projected offs1te doses to the p0pu1at10n which may be based on extreme]y

'conservat1ve assumpt1ons or rap1d1y obtaining rad1at1on measurements in the

f1e1d. Thevrequ1rements of-Attachment 2, Ttem II.F.l, of NUREG-O737, were

promulgated to assure that é'pjant_operator WOUld have the eababi1ity, under

, accident conditions; t0‘obtain and ana1yze samp1es of his geseous plant ef- '

fluents wh1ch wou1d be suff1c1ently representat1ve of the actua\ d1scharge
cond1t1ons to permit a rea11st1c ‘assessment of prOJected offs1te doses to the

popu1at1on.

The staff recognizes that the collection of a "fepfesehtative"'sempTe of

radioaetivelparticulatee and radioiodine from a p1ent gaseous effluent streamu'

is subject to a number of problems or difficu]ties; not the least of which

is the tendeney>f0r both radioaetive particuiates and'radioiodines to deposit
'“ptate-OUt“ in traversing long sample ¢o11ection tubes or pipes. iAlso of

concern is that wh11e rad1o1od1ne is typ1ca11y discussed and treated as though

it is a gas or vapor it actual]y ex1sts in the plant atmosphere as both a

gas or vapor and as a part1cu1ate aerosol. - The relative proport1ons of the o



11

' pérticu]ate-and gaseous forms of -fodine vary with such factors as age and
| ambient‘temperature and are not reodily predictabTe; especiaTTy under accident

- conditions.

DISCUSSION

1. L1censee S Proposed Systens

S The NRR staff has rev1ewed subm1tta1s from several 11censees concerned
with samp11ng capab111t1es of proposed des1gns for partwcu1ate and rad1o-
' ‘1od1ne samp]wng systems to meet the criteria of Item I1. F 1, Attachment 2,.
| - of NUREG-0737. The 11censees are concerned that the proposed des1gns,v
- which typ1ca11y 1nc0rporate 1ong hor1zonta1 sample runs in order.to meet
'the dose cr1ter1a of Attachment 2, may have 1nherent prob1ems of sample "
‘depos1t1on and p1ateout wh1ch cou1d affect the va11d1ty of . any samp1es

obta1ned through use of the samp]lng system. _

Installation detail drawings'indicate horizontal runs as long as 50 to
100 feet and vertical drops of'aporoximéte1y150 feet with a total length
v'of approXimeteTy 100 to 150 feet. The sample lines infeach case are

therma]]y—insu1ated and ereiheat-traced. Recommended standord installa-

tion prectices are specified, such as requiring bends in sample tubing_
to be of as 1ar§e a bend radius as practjcéb]e, avoiding sharp bends,
the use of smooth-wa11fstain1ess-stee1 tubing, and orovision'for,heatQV

tracing.



. fStaff Gu1dance in I1.F. 1 Attachment 2 ,,"

Table I1.F.1-2 of Item 11 F.1, Attachment 2, C'ltes ANSI N13.1- 1969 for
v guidance on‘representattve samp11ng The aspect of representattve : d
'sampiing-of primoipa1'c0ncehh toklicensees is the N13.1 gu1dance “for
- quant1f1cat1on or determ1nat1on of sampling line losses or depos1t1on :
' occurr1ng over 1ong runs. of sanp]e system tub1ng Long runs are used
w'in the sample system to de1iver the samp\e to a remote 1ocatton where
sh1e1d1ng and d1stance prov1de the requ151te control over rad1at1on

exposure to sampltng personne]

The guidance on‘samp1ing'1fne 1oss ca1cu1atiohs in ANST N13.1-1969
appears in Append1x B, which addresses three forms of samp11ng line
loss or depos1t1on (1) Gravity Depos1t1on, (2) Brown1an Diffusion; and

(3) Turbulent Depos1t1on

Of the three'fohms.of sampling line loss, Turbu1ent‘Deposition is the
_ mechan1sm most 11ke1y to be of importance in detenm1n1ng sample line
Tosses 1n’the proposed samp11ng systems. However due to the complexity
of the mechanism of turbu1ent.depositiom; it is probab1y‘the least under-
stood and 1east quantifiable mechanism of deposition and, therefore, the
most difficult to predict'by calcu1ationa1 methods.when designing a-

sampling system.-

Table B3 of ANSiVN13.1~1969, while prowiding limited data for vertical

samp1ing lines, can be considered to be applicable to a turbulent-f1ow



ASamp1ing line with both'horizonta1 and vertical components Table B3'
'lwou1d seem to- ind1cate that 1ong sampling 11nes are not pract1cab1e where

part1c1es over about 6 m1crons are invo]ved

'"Gaseous effluents from‘most'nuclear_plant effiuent pathuays_can'be.des—
cribed as comparative1y free'of particulates, whi1e_such particu1ates
as may be‘present are usuajly of sma11»size:(i.e., 1ess'thanf5.microns
diameter) as.the'resu1t of upstream fi1tration. ”In'some‘piants balmoSt

all potent1a1 sources wh1ch could contribute radioactive particu1ates

- to the plant 3 gaseous eff1uent stream are f11tered through one or more o

stages of HEPA f11trat1on Such part1cu1ates as m1ght be present 1n

such a stream would tend to be very sma11 1In what is perhaps the more

__typ1ca1 case, a s1ng1e plant main vent d1scharge may cons1st of a m1xed"

bag of HEPA charcoa1 filtered air from potent1a11y rad1oact1ve areas,
rough1y filtered air (1 e., as through a fiberglass "furnace" f11ter)
from non~rad10act1ve work areas, and unf11tered_a1r from sources,such R
as a.EWR turbine building. What happens in the mixing of such sources |
is that small radioactiVe particulates from the radiation'areas—;perhaps
.starting as sub—micron or even mo]ecular-sized‘partic1es~~tend to ‘
agglomerate with each other and with the Iargervparticles from the
unfiTtered “clean” areas thus'forming relatively large (i.e., greater
than 10-20 microns) radioactive’ part1c1es which then become subject to

depos1t1on in sample 11nes.



'Considerations in Determinatipn of Line Losses By Deposition

App11cat10n of the guxdance 1n Tab1e B3 of ANSI N13.1- 1969 to samp11ng
of a nuclear p1ant gaseous effluent stream, wou1d Tead one to the con-
»c1us1on that long. samp11ng Iines are not pract1cab1e because ca1cu1ated
.1osses~might we11 approach 100%. That ‘this is not str1ct1y true is
1nd1cated in recent d1scuss1ons u1th persons hav1ng extensive field

‘ exper1ence in nuc1ear p1ant samp]ing work. In several undocumented ‘
cases, samples of var1ous types of p1ant atmospheres and plant eff1uents
4were taken through samp11ng Yines rang1ng in 1ength from about 50 feet |
- to abuut‘300 feet. In each case, part1cu1ate samp1es adequate to serve;
the purpose at‘hand_were drawn through these samp1e lines Wh11e some
’samp1e l1osses were ohserved'at the;time; 'thepresu1ts_being sought~were
. 1arge1y qua11tat1ve in nature (e.g., isotopic idéntifitation) rather |
than quant1tat1ve and no efforts were made to determ1ne the precise -

extent of these losses.

The foregoing leads us'tp theltentative'cpnclusion that the’guidance of
Appendix B of ANSI N13.1-1969 may not be wholly valid. ‘We note a clue
to this in Section B4 of Appendix B, which points out that the data is

for dry, clean tubes and does not consider such factqrs as re-entrainment. .-

- The staff is of the 0p1n1on that re-entra1nment or re-suspension may well

be a s1gn1f1cant factor in detenn1n1ng actual’ sampTe 11ne 1osses In_
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particu1ar, stich behavior may be’more 1ikely to'octur.inla-continuops1yf

o operating system where equilibrium conditions have been established,

" rather than in a systemhwhioh is used’infrequent1yaor 1htermitteht1y..

’fA-samp1ihg system could be designed‘to.utilize enhanced'entrainmeht»by:
_:1ncreas1ng system f1ow If on1y a 11m1ted voTumetr1c f1ow is des1red

- at the sample co11ect1on po1nt the samp]wng f]ow cou1d be split, w1th :
- one portion go1ng through the samp1e co11ect1on device and the other
,fportlon being bypa;sed around the sampler, thus ma1nta1n1ng the flow .

conditions,enhancihg the entrainment‘characteristic.'

Current Status of Staff Gu1dance

. The staff is aware that a rev1s1on “to ANSI Ni3.1- 1969 is be1ng prepared

“by a current]y active ANSI work1ng group However, the expected dates
of complet1on and pub11cat1on are not known. The staff has seen a pre-

11m1nary draft which de1etes the gu1dance on samp11ng from stacks and

on samp11ng 11ne losses (Append1ces A B, and C of ANSI N13.1-1969). In

lieu of the de1eted guidance the draft revision of ANSI N13.1 recommends

that either the the actual sample de1i9ery system or a fuj\-sca\e mockup .

" be tested experimentally to”detenmine,the,extentjof'samp1e 1oss.

The staff endorses the”proposed approach of making actual system tests .
to determine 11ne losses. At the same t1me the staff is not prepared

to either recommend a spec1f1c test method or endorse any given test



"“'method asybeing’acceptable to the staff. Therefore the staff w111 be
frecept1ve to proposa]s for techn1ca11y sound test procedures for deter- d'

~m1n1ng sample 1ine losses forvboth partlculates-and 1odine vapors.>

It shou1d be emphasized that the staff's principal.concern in estabfishe
ing the criteria of Item I1.F.1, Attachment 2, was the quant1tat1ve -
f-'determ1nat1on of the rate at which radio1od1nes can be re1eased from the
~plant in gaseous eff1uents under acc1dent cond1t1ons. Rad1o1od1ne is
usually cons1dered to be in a gaseous or vapor form, while this 1s
-partially true, it also appears in s1gn1f1cant fractlons An part1cu1ate,
forms under certa1n cond1t1ons and therefore any dlscuss1on of samp]ing
‘must cons1der the co11ect1on transport and retent1on of both the |

lgaseous (elementa1 and organ1c) and part1cu1ate forms.

Under normal reactor operating conditions' the-fohns of radiofodine ob-
served in plant atmospheres and plant gaseous effluents are: (1)'theb
.e1ementa1 form of iodine, wh1ch appears as the two~atom molecule, 12,
and which can ex1st at normal ambient temperatures (50°F to IOQOF) as
either a gas or adsorbed on a solid (particle);'(Z) possibly the
hypoiodous acid form; HOI, as a vapor or gas;'and (3) the organic form,
,usUa11y~assumed to be CH3I. Historically, for design basis accident
.Fana}yses, the_staff»has‘assumed’iodine species distributﬁon to_be 5%

particulate, 4% organic, and 91% elemental.
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. in'the‘dnitia1Are]ease'of iedine frdm irradiated'fue1 in either nonna1
| Teakage or in the accident case, the staff is cons1der1ng postu1at1ng -
Ethat most of the iod1ne re1eased 1s in the form of ces1um iod1de (Cs1).
Cesium 1od1de while being nom1na11y a so1id hav1ng a me1t1ng po1nt of
about 620 C, is very soluble in either hot or cold water and as a resu1t
most of the 1od1ne re1eased from fuel as ces1um iodide tends to stay in. v'_v
so1ut1on, however, aerosoIs cou1d be generated from steam 1eaks such as’ H

a h1gh pressure primary coolant leak to atmosphere

L POSITION |
_In view of all of the variables which can be introduced in the sampling of
particulates and'radioiodines,_especia11y_in 1ong runs bf'samp1e'co11ection

tubing, a definition of "fepre5¢ntative samp1ing“ acceptable to the staff for

. Ifem iI.F.l, AttachmentAZ, only, is proposed as follows: "REPRESENTATIVE B

~ SAMPLING: The obtaining of the best.nracticab1e samp1e, a;cdmpanied by the
app1itation to analytica1 nrocedures of such empiriCa11j-detenmined Yine 1dss
or line depos1t1on correct1on factors as may be needed to obta1n results. |

" which can be considered conservat1ve order-of~magn1tude" approx1mat1ons

of the actual concentrations of particulates and rad1o1od1nes in plant

'uaseous eff]uents under accident cond1t1ons
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The des1gn of systems for the samp11ng and analysis of rad1o1od1ne should".:

take into cons1derat1on the mu1t1 faceted. nature of 1od1ne Both fi]tra-

~t1on (for part1cu1ates) and adsorpt1on (for gases and vapors) samp11ng
media shou]d be used for the co]]ect1on of 1od1ne Samp1ing 11nes shoqu
be designed to minimize TOSses due to deposit1on of part1cu1ates and -

,shou1d be heat traced to minimize: p]ate-out or depos1tion of 1od1ne

| 'vapors on wa11 surfaces by m1n1m1z1ng temperature changes and e11m1nat1ng

_co1d“ spots.

Sampling 11nes should be as_short as pract1cab1e consider1ng such
Timiting factors as amb1ent rad1at1on from duct1ng or, p1pes leading to
.the d1scharge po1nt and rad1at1on from other 1tems of plant equ1pment
in the vicinity. The point of sample co11ect1on-shou1d be chosen w1th

cons1derat1on be1ng g1ven to routes of access by sampling personne]

such that a sample can be retr1eved and analyzed without 1ncurr1ng personnel

~radiation doses in excess of 5 rem- whole- body exposure and 75 rem to the

extrem1t1es.

When sampling line losses calculated in accordance with the appendices
of ANSI N13.1-1969 show deposition approaching 100%, an alternative

determination of sampling 1ine'1ossesvfor particuIates~canvbe obtained

by test of samp11ng lines using the actua1 aeroso]s encountered 1n nonna1'

plant operation, or, preferably, by using test aeroso1s such as sodium

chloride with particle sizes in the range expected to be present under
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-accident conditions. In situ or full- sca1e mockup test results w111 be .
acceptab]e to the staff 1n 11eu of data or values determ1ned by ANSI N13 1 1969

" methodology.



' ATTACHMENT 111

CORRECTION'FOR'SAMPLE-CONDITIONS (AIR AND GAS SAMPLING)'

In the c011ect1on of gaseous rad1oact1ve eff]uent samp1es whether for use in
noble gas effluent monitors, in part1cu1ate or iod1ne samp1es or in grab“

samples for analysis, there-are-certajn correction factors to be cons1dered.

ffA monitoring or samp1ing'system extracts a contdnuousvor;discrete sample of air
from a duct, vent or stack by us1ng a ser1es - connected str1ng cons1st1ng of
a sample intake probe or nozzle a sample de]1very or tranSport tube a part1cu1ate
filtration assemb1y, an jodine adsorber assemb1y, a noble gas detect1on chamber,
- a flow measurement dev1ce and a pump or-a1r-mover. Each component from the

. entry po1nt of the samp1e nozzle down to the entry port of the air mover,_
contr1butes a degree of res1stance to the f1ow of air through the str1ng ; this
resistance to flow appears as a serles of pressure drops across each component,
_w1th the total system pressure drop be1ng the sum of the component pressure
drOps. At the nob]e gas detection chanber and at the flow measurement dev1ce
the difference in pressure between the gas space and the external atmosphere |

may be from 1 to 15 inches of mercury (partial vacuum).

The measurement of the'radioactivity'of the gas flowing through the detection
chamber must be compensated to reflect the redUced pressure of the chamber
ire1at1ve to the pressure at ‘the po1nt of sample intake. For examp1e if the .

~ internal pressure of the detection chamber is 18 1nches of mercury (12 inches

" below standard atmOSpher1c pressurevof 30 inches of mercury), there is a reduction.
of 40% density beﬁow that found at STP and a correSponding‘reduction in the

'quantity of radioactive gas in the'chamber.' Since calibration of normal range -



: ndh\e'gas deteétion'(senSOrs)'is~usua11y.done at,atmospheric'pressure using -

Kr-85 gas, 1t“is essentia1 that'Ticensees either'prOVide means for automatiCaily o

correct1ng both ca11bration and operat1ona1 readouts for the reduced pressure

fcond1t1ons encountered in system operation or estab11sh procedures by wh1ch the :

application of appropr1ate correct1on factors can be assured Current'mode1s :

of effluent air mon1tor1ng_systems prov1ded by maJor vendors are known to

incorporate such correction factors and some models also include automatic

temperature compensation features.

The measurementuof sample flow rate in systemspsuchtas described aboue’is of no

-consequence for ndb]e gas determinations but can‘be the»source of errors on the
- order of 10% to 50%in the ca1cu1at1on of releases of part1cu1ates and 1od1nes 1f

no compensat1on 1s prov1ded for the measurement of actua] gas flow at reduced

pressure.

- One of the simplest and most commonly used gas f]ouvmeasurementbdevicesvis the

~variable area’f1ow’meter,‘common1y known as the rotameter. While the rotameter

is quite accurate when used at'atmospherfc pressure; a rotameter ca]ibrated'at
atmospher1c pressure will not read correct]y at e1ther h1gher or lower pressure,

unless properly. compensated 1t is often 1ncorrect1y assumed that since the

~ the rotameter funct1ons on the bas1s of mass f1ow per un1t t1me ‘the observed

reading under either pressure or vacuum w111 be correct in terms of standard

| volume f1ow-rater, This assumption has been shown to be invalid (D. K. Craig)?.

Cra1g, D.K., The 1nterpretat1on of Rotameter Air Flow Read1ngs, Hea]th Physics.
Pergamon Press 1971. Vol. 21 (August) ppP. 328-332




~ Pressure correction factors for specific rotameters are available from the

variOusdmanufacturersvas_part'of the instruction_manuais:suppiied'nith equipment. -

Data for'one typical rotameter shoWs a 35% deviation between indicated'scaie_

. readings at a tLP of -12 1nches of mercury and corresponding measurements made
:at standard atmospheric pressure.- Such a dev1ation -~ if uncorrected ~~ wouid ‘

result 1n ca]culation of effluent a1r contaminants that wouid be low by a |

corresponding value.

It is not enough,to'calibrate a sampling system‘rotameter at some_specific_
operating pressUre (e.g. ; ~10 in. Hg)‘because this does noticonsider such
operating variables as the 1ength of sample run, variations in AP caused by
,variations 1n fi]ter media manufacture, and Operationai variations 1n AP across
a particuiate filter resuiting from dust loading Variations 1n the length of -
sample run can make a difference of about 1 to 3 in. Hg in tota1<samp1e line
:pressure drop. Given a fired design.fiow rate, Variations in pressure drop aCross
filters from different production’batches.may'vary siigntiy but this is usua]1y:»
a‘minor'factor, Of potentially greater significance iS'the-increase in pressure"

drop across a particulate filter caused by dust 1oading.

In extreme cases; increases in pressure drop across a fiiter of 5 inches Hg, or
more, have been observed. Some'media, sucn as'membranes, are more“susceptibie to
dust 1oading‘than others; giass fiber‘media ior eiampie 'accomodate réiatiue]y
Yarge dust Toadings w1th comparatively small 1ncreases in pressure drop. - Such
changes in pressure drop produce changes in the 1ndicated flowrate, as measured .

by a rotameter, which are not reflected on the rotameter sca]e.
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_ CraiQFCites an_examp1e:invp1ving dust bui}dup'6n>a‘fi]ter where.APlincreased‘from

5.9 4n. Hg to 10.7 in. Hg while the rdtametervfloat reading was kept'constant,-»The

initial flow rate waslmeasured at 5.08 1/min and the'endvf1ow rate was 4.02 1/min,

Assumjng the change in flew rate was constant, the true mean value would have

been 4.55 1/min. A determination of total volume f]ow‘madeFOn the assumptiOn p"

that the 5. 08 1/m1n 1n1t1a1 va1ue prevailed over the ent1re sampling period

would have been 11. 7% too h1gh wh1le a1r contam1nant concentrations obtained

'usjng the initial f]ow rate would have been too 1ow.by the same percentage.-

‘Manufacturers of samp11ng/non1tor1ng systems are aware of the f1ow~measurement

discrepancies just d1scussed Current systems prov1de built-in compensat1on
of air f]owrate 1nd1cat1on for operat n at 1ess~than atmospher1c pressure

through the use of pressure and temperature transducers and computer software

algorithms. Older ana1og'systems mayﬂrequire.app1ication of manual correction

factors for given conditions of AP and flow. . Instruction manuals provided to

x]icensees by the vendors of older sampling/monitoring systems describe the

procedures for making the necessary corrections.

Independent verification of calibration of a flow rate measurement system can be

‘ accomplished hy placing a ca1ibrated rotameter in'series'at'the samp1e intake

end of the system and compar1ng readings of the system rotameter under various

system pressure conditions w1th those of the ca11brated rotameter, S1nce the
verification'rqtameter operates at esSentia1ly_ambient pressure, the only

corrections needed for the calibration procedure'are the correction for altitude
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'and ambientfpreSSUre (reTative to standard) and a sma1T correction for temperature ,
(the latter 1s on1y necessary for hwgh precxs1on work -~ the error in assum1ng

a standard cond1t1on of 70°F is 1ess than 5% for the temperature range 24°F to 116 F

wh1ch encompasses most p1ant effluent streams)
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ATTACHMENT 1V

CALIBRATION OF CONTAINMENT HIGH RANGE MONITORS

L1censees have stated that 1t is d1ff1cu1t to obtain pu1se generators w1th the
' necessary range to perform full sca1e e\ectron1c response tests of the e1ectr1ca1

_‘circuits of the conta1nment high range monitors.

[Tab1es:1, 2 and 3 show sensitivity of monitors from three vendors as follows:
 General. Atomic= 1.07x107'1 amps/R/hr*
Kaman Science =-1x1071! amps/R/hr

=11

Victoreen Instrument Co. = 7x10° amps/R/hr

! For an exposure rate range of from 10° to 107 R/hr, the range of a current
source required to perform full scaTe electronic response would be:

General Atomic: 1.07x107%}
-11

amps to 1.07x10’4 amps
amps to 1x'10'4 amnsv_.
-1

Kaman Science: 1x107 |
Victoreen Instrument Co.: 7x107 " amps to 7x1074 amps

The Keithley Model 261, as described in Fignre 1, has an output of from 10'1'1 amps

, t0‘-1.1x1'0'4 amps, which should cover the range for the General Atom1c ‘and Kaman
_Science.instruments. Although V1ctoreen is deve1op1ng a current source to encom- |

: pass the range of their instrument, we note the Keithley Mode1 225, F1gure 2, as

well as the Keithley Model 261;'cou1d be used to satisfy the range of .sensitivity

- of the Victoreen system. Kaman states that they have a eurrent source in the

'range_of‘interest built into their system,

*Based on the average response to the x and gamma rays source used for the'anaTysis.,
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From the above; it appears that there are e1ectronic devfces avaifabje'to'perform '
fu11‘SCa1e response tests of the high range radiation monitors' e1ectrica1'circutts.
For examp1e the Genera1 Atomic catalogue for th1s 1nstrument spec1fica11y states
that the aforement1oned Ke1th1y current sources pro~1de a source for 1nstrument

sensitivity check.

A concern of the Reg1on 1v memorandum was: "Is it necessary to per1od1ca11y demon- '
pstrate that the detector will proper]y respond to a radiation source over the

des1gnated range (10 R/hr)2".

It is our pos1t1on that e1ectron1c checks by s1gna1 subst1tut1on us1ng ‘a ca11-
brated current source wou]d be a satisfactory me thod of demonstrat1ng that the
system e1ectron1cs would respond to radiation f1e]ds-over thevrange'of 10 R/hr
to~107 R/hr. Using:a radiatjon.source_to»show that'the ionizatiOn,chamberris
reSponding Commensurate1y over the entire ranée‘is not justifiab1e because'of _
pract1ca1 cons1derat1ons in rad1oact1ve source size requ1rements and the rad1at1on
dose that would be rece1ved by personne1 hand11ng such sources. S1nce the 1ow- _
ranges (< 10 R/hr) are required to be checked w1th a radwat1on source in accor-
dance with Table 11.F.1-3, the 1ntegr1ty and operab111ty of the 1on1zat1on chambers

w111 be satisfactorily assured.

The final concern was: Shou1d procedures 1nc1ude ca]culat1ons for conwert1ng
moni tor readings (R/hr) 1nto concentrations (uC1/cc) for dose assessments?".
TMI Action Plan item 11.F.1 does not reqUire a 1icensee to convert'monitor dose

rate readings into concentrations of radioactive material.




With respect to the apprOach for the regiona1'review of Item'II F 1 instrumenta-
tion, we suggest that 1nspect1ons to verify that 11censees meet the cr1ter1a of
'Attachment 3 of Il F 1 take ‘the same approach as used in routine preoperat1ona1

inspections of FSAR comm1tments regard1ng area rad1at1on mon1tors.- We suggest

" that the inspections audit the basic elements of II F.1, Attachment 3, 1nc1ud1ng;

(1) »Determ1nat1on that the detectors are located in containment so that they
are capable of measur1ng a representat1ve" dose rate 1ns1de containment.
| (2)vh;Ver1f1cat1on that the 1nstruments have been ca11brated pr1or to 1nsta11a-»
tion in accordance w1th Tab\e 11.F.1-3, (NUREG-0737)'
(3) ,Ver1f1cat1on that they are capable of be1ng ca11brated in situ, in
| accordance w1th Table 1I.F.1- 3 (NUREG~O737) at Tow ranges (<10 R/hr)
’(4)" Verification that they w111 be e1ectron1ca11y checked on ranges >10 R/hr n

. to-assure ca11bratron integrity at the high ranges. -

Inspection and acceptanceiby the'Regions of each of the above items'and the
criteria of I1.F.1 would belcompatib1e with our position on how II.F.1 should

be reviewed for acceptability.




‘ 3
. ! :I .
ol Sy e w oS di e b ‘_".'"’:"""".I""\"_-—J et SN NIIAY fj‘-‘L__ SLIDYnTTIITILY rolbag —;TT-.' - oL o7z
EENERAL ATOMIC COMP;\kvb
P.O. EOX B 628 L
SaN DIEGD. CALIFCRNIA §2138
(714) 455300 . o o S _ :
~ HIGH RANGE RADIATION MONITOR
TYPE CALIERATICH REPORT SUiMARY
. ABSTRACT FRGH E-115-339 {PRELININARY)
SOURCE = . CENERGY  DOSE RATE . -~ RESPONSE
. | (R - (A/R/HR)
Co-60 (RADCAL) T .66 ©1.06 x 10-1
€0-60 (R-S) S 1a7assEy - 102 | 1.16 x 101
Co-60 (SALK) | - 4x103 1.1 x 1071
- _. N 3 x 104 11.03 x 10-1
Cs-137 . 662 KEV B 1.13 x 1071
| S R 2 1.08 x 10-1]
S5 1.07 x 10-11
‘ | 2 x 10 1.01 x 10-11
XRAY 70 Kev (EFF) 3.7 - 9.14 x 10712
- - 117 KEV (EFF) 1.5 1.39 x 10°
167 KEV (EFF) - 1.9 1.015 x 10°1!
| o 210 KEV (EFF) 1.4 1.013 x 10~
LINEAR © ~ S | S
 ACCELERATOR 4.5 mev (av) - ~5x106 1.3 x107
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v ODATE {appriOvVEn

;::]

'RATING CHARACTERISITIC

Gamma Flux .
- Operating Range

® 2 kV and 80% Saturation .

-_Gémma_SensitiVity‘
Voltage Range
Live Zero, 123
Energy Response

‘Source

/IRONMENTAL CONDITIONS
A‘Vibratfon

Horizonta]

102 to 207 R/nr
108 R/nr
1 x 1071 anp/R/hr

400 to 1,000 Volts Minimum

2 x 10 11 amp +20%

1) +20% for ‘the range of 100 KeV to

3 MeV

Curve A, Figure-l

-60%

LN

Vertical Figure 2
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_ ' DETECTOR - MODEL 877
RADIATION DETECTED: Photons

" RANGE: 10 R/h to 107 R/h. Corresponds to over 10°
"Rads/h of surface tissue dose from mixed radiation.

ENERGY RESPONSE Wlthm 20% from 80 keV thru'~

2 MeV. .
SENSlTlVITY -Nommal-?-x-! O'-'-Lampslﬂﬁh

CALIBRATION CoGo at approx 300 R/h, 35 R/h and .

- 12 R/

DESIGN CRITERIA Fulfrlls> NRC Reg Guide 197
~ Meets NRC Reg. Guide 1.89 and |EEE 323 (1974)
Request latest test report. _ _

CONSTRUCTION: Hermetically sealed, starnless steel
outer surfaces. Contains no active: electronlcs lon

© .. chamber type with 1 atm. of air.

. DIMENSIONS: 31.75 cm (12 5”)H x 22.86 cm (9")w
x 25.4 cm (10”)D.

WEIGHT: 8 Kg (1‘8vlb_s.). Shipping wt.:

READOUT - MODEL 876

METER: Six decade, Iogarlthmnc panel mounted 10
cm (4”) span, 90° arc. v

RANGE MAGNIFICATION: Function »-switch allows
choice of any two consecutive decades of operational
range to be put across full scale.

DESIGN CRITERIA: NRC Reg. Guides 1.29/1.100 and
IEEE 323 (1971). Request latest test report.

CONNECTORS: All back pane!l mounted. Signal input
from detector, type BNC. High voltage output to
detector, type BNC. Alarm output, 26 pin MS type.
Recorder output, computer output battery input, 10
pin MS type. AC power input, 3 pm MS type.

ALARM FUNCTIONS: Two separate radiation alarms )

plus a failure alarm, each with an associated front panel
light and closure output from a Form C, 5 amp. normally
energized relay..
manual or auto reset. - Each radiation alarm is set
~ behind front panel, at any point on the range. De-
_ pressing radiation alarm indicator hght causes meter to
__indicate set point.

VICTDREEN IN

A Shee (mrDe ovier anon Sotney,

S e s s St i e e g g T ——

above 60 keV.-

16 Kg (35'lbs.) '

‘ . meter.

Radiation alarms offer choice of

10101 WODDLAND AVE » CLEVELAND, OHIO 44104
» Phone: (216) 795-8200 « TWX: (B10) 4218287

* TEST FUNCTIONS: ECS test is pushbutton and auto-

matically initiated. ‘Checks electrode configuration and
electrical operation of detector, cable, polarizing voltage
application and detector output measurement function.
Each successful check lights green light until next check.:
Unsuccessful test extinguishes green Ilght and initiates
failure relay closure : :

‘Channel test pushbutton allows user to mject a srgnal-

greater than full scale into the meter/alarm circuit. Tests »
alarm actuanon mcludmg relays, panel hghts and meter

: curcun..

RECORDER OUTPUT 0- 5V standard Other output
levels available upto 10 V.

‘COMPUTER OUTPUT Addmonal and same as record-
~ eroutput. : .

POWER REQUIREMENTS 120 V 60 Hz 0.2 amp.
240 V, 50 Hz is available on- specral order. 22 to 32V
DC auxiliary power, 0.6 amp. max. can be optionally -

connected to the unit and wrll be utlhzed when AC

power is not present _
DIMENSIONS: 13.4 cm (5.25")H x 21.6 cm (8. 5")w |

' x394cm (15.5”)D.-

WEIGHT: 9 Kg (20 Ibs.) Shlppmg Wt 16 Kg.v(35 Ibs.)

AVAILABLE ASSOCIATED EQUIPMENT

MODEL 879 OPTICAL ISOLATOR: Isolates Class 1E-
equipment from associated ancillaries. '

RECORDER: Various types can be furnished to record
rates of change of radiation level with time as a para—
Recorder operation can be initiated by “‘on
scale” radiation ‘level. '

MODEL 878- 1 5 TERMINATED RADIATlON PROOF
CABLE: Tested as. termlnated and connected to be

. consrstent with detector test crrterla

MODEL 876-1-55 DUAL COMPARTMENT CHASSIS:
Accommodates 2 Model 876 Readouts or a Model 876
Readout/Model 879 Isolator combination. Tested to
meet Reg. Guide 1.29/1.100 seismic qualification. In-
cludes flame barrier. : e

‘Litho In UWS.A. . $-001679

S e e i i e iy



* Models 260 and 261 Sources

60

vMo.del 260 |

Nanovolt Source

00utpﬁt from 10-*V to 1.11\’
© Accuracy from +0.25% to
+0.75%

©Less than 10nV absolute thermal

emfs

. The Model 260 Nanovolt Source is
| a secondary standard for

nanovoltmeter and’ m)crovoltmeter
calibration. It can also be used as
an accurate voltage source for
potentiometric ‘measurements
and/or zero- suppress:on

‘ ‘ .
\

\.‘ :oo NANO\/OLT sOouCE

Eo
OOG

Three front panel dials determine
the output voltage, from 1nV to
1.11V. Separate low-thermal bind-
"ing. posts provide outputs of
nanovolts, microvolts, or
millivolts. The binding posts are
located inside a compartment
which may be enclosed, so that:
thermal emf variations due to am-
bient air currents may be .
minimized. :

 Thermal emfs are less than 10nV

‘after 1 hour stabilization; the out-
put changes less than 2nV for a
1°C step change. This extremely
stable performance is acheived by
using only copper components in
the output circuitry. Circuit

ground and chassis (power line) . ..
- ground are connected to scparate

binding posts, which may be con- -
_nected by a “link”. Thus, the entire
circuit may be connected to

ground at the most _app‘ropriate' o
. point for any given situation.

Calibration cerhfxcate is furnished
including temperature and date of
calibration. Certification traceable
to the National Bureau of Stan-
dards is also avaxlable

| "Model 261

Plcoampere Source

® +0.25% -accuracy at 1077A,
+0.7% at-10' X 10" A

© Designed for use in cahbrahng
feedback ammeters and
electrometers.

. The Model 261 Picoampere source

is a secondary standard for calibra-
tion of picoammeters and elec- »
trometers. It is a “passive” source,
consisting of a selectable 0 to 10V
voltage in series with a specially
selected and tested hi-meg resistor. |

" This circuit.is designed for use in

calibrating feedback picoammeters
and electrometers in the FAST -

~mode. Since there is no feedback
loop controlling the output

voltage, there will be no.interac-
tion between the source and the
ammeter

ST T e

T s g vy L. e )

Current oﬁlput is-10- "‘A .to’ 1. lvx.-

10'A. Accuracy varies from
+0.25% =1 digit on 10-.and
higher ranges, to £1.6% *1 dxg:t"
on the 10" range. Long-term ™

stability is better than £0.15% per
. month (typ:cally +0.05 to +0 1% -

_per month) on the most sensitive
ranges, beyond 3 months after
calibration." :

Cahbratxon mamtams stated -ac- .

) curacy for 3 months.

The instrument may also be used =

as-a decade resistance standard,
'havmg +0.02% accuracy at 10°Q,
+0.1% accuracy at 10* and 109, .

. and £0.5% accuracy at 10°

‘through 10'*Q.

The characterization of the hi-meg
resistors is based on a 10-year

Keithley program “of collecting data

_on these components, and on in-
“dividual time stability

_measurements of each resistor. -

A calibration certificate’including
range resistor valués, temperature

" coefficients and temperature and’

date of calibration is furnished
with each Model 261. Certification
traceable to the National Bureau of
Standards and recalibration are
also optionally available.




"Models 225 and 227 Constant Current Sources

* Modél'zzs .

-0 3-dial set_tability" from 100nA to

- 100mA, plus trim adjustment’
© Voltage compliance from
10V to 100V

© 500V floating capability

© AC modulation input

The Keithley Model 225is a true’
. _current source with full scale
~.- ranges of 10-7to 10~ A, capable
_of outputting currents from 100pA
“to 100mA. Resolution and stability
are both within 0.02%. For ranges

of 10~ through 10-° A, the output

is regulated to within -+0.05% on

" the 10-7A range. This regulation

~ can be maintained over the 10V
to. £100V compliance limits. Noise
is less than 0.01% of full range.

“Qutput current is adjusted using
‘three calibrated in-line switches. A
fourth in-line dial provides con--

* tinuous adjustment with 0.02%

resolution on each current range
except 1077 A. '

‘o g ) - ~
. - - ~_ .
/ e — ~.
- e e an e s ememae e o e
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The output voltage is determined
by the voltage required to force
the selected current through the
device under test. The maximum
output voltage is set by a front
panel control. As this compliance
voltage is exceeded, automatic
crossover from current mode to
voltage limiting protects the.
device. connected to the input.

62

A ]nght on the front panel indicates ..

perahon in the voltage -limiting
mode '

When necessary, the 225 can be

floated up to 500V off ground.

, Chénge in output current is only 5
" ppm of full range per volt.

A modulation input may be used - ‘

to modulate the current supplied

by the 225 with a sngnal from SOH:z
. to 500Hz. - :

Model 227 )

© Up to 1A, 50W regulated output

© Current output is voltage
programmable

© Optionally programmable range
and comphance limit

. The programmable Model 227 cur-

rent source delivers accurate,

‘'stable, high-power current constant -

over full-scale ranges of 1 to-
1000mA, with adjustable com-
pliance voltage. The 3-digit in- -line
readout of the Model 227 enables
the current output to be set to

_-within 0.005% of range, with a

full-range accuracy of 0.62%.

The 227 has a continuously ad-
justable compliance voltage hmxt
which can be easily set from ap-
proximately. 3V to 300V on the

~ 100mA and lower ranges. The

1000mA range compliance is
similarly adjustable from approx--
imately 3V to 50V. This com-

" pliance voltage limit can be preset

‘\
i
A

using the convenient front-panel
meter as a guide. This meter also
indicates current and voltage out-
put levels under load.

Other features include excellent

“output current regulation, low out-
- put noise, low output capacitance

(with correspondingly high output
impedance at high frequencies),
fast programming ability and a
buffered rear-panel voltage

-momtor output.

The output current may be deter-

~ mined by the voltage applied to
_the VOLTAGE PROGRAMMING
input; 10V corresponds to full
. range output.

Using the 2271 programming op-
tion, range and compliance limit
may also be programmed, and cur- -
rent output may be programmed

. by a resistance or a voltage level.
" The option also includes a “com-
“pliance limit” flag. :

The 227 has a true blpolar current

-output that can be modulated,

allowing operation as a true AC
constant current source. The out-
put can be floated up to +500V

- off chassis ground, with less than 5

ppm of full-range change in output
current per volt off ground.
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S “April 20, 1982

! MEMORANDUM FOR: R. J. Mattson, Director, Division of Systems Integration, NRR -

THRU: ' John T. Collins, Regional Admjnistratbr; Region 1v§§ﬁ347
FROM: o " Glen D. Brown, Chiéf, Téﬁhnical’Program Branch, Region IV
© SUBJECT:  ~ IMPLEMENTING PROCEDURES FOR NUREG-0737, ITEM II.F.1 -

This Region is in the process of reviewing licensce implenenting procedures
for the noble gas effluent monitors and containment high-range radiation
monitors described in NUREG-0737, Item ]1.F.1, Attachments 1 and 3. As a _
result of these initial reviews, several prob]em areas have been identified E
regarding established guidance for an acceptable program for these o
instruments. Under normal operating conditions, this Region has usually
required that 17censees satisfy the recommendations of ANSI-N323-1978 for
fixed area monitors and effluent monitors. ANSI-N323 recormmends that
instruments be calibrated with radiation sources over the range of the
instrument at approximately 20% and 80% of full scale and be within
+20% of the known value. The following is a discussion of some of the

- concerns: ' - o BRI '

¢

- 1. Noble Gas Effluent Monitors- R ) o

MC 2515, Inspection Procedure 84710 requires the inspector to verify that
eff]uent monitors are calibrated over the entire range with a radioactive
source traceable to the Na{1ona7 Bureau of Standards. Licensees norma]]y
calibrate noble 92sc monitors by filling the sample chamber with various

~ concentrations of Kr For pre-TMI instrumentation, concentrations
between about E-05 uCi/cc - E-02 uCi/cc were 'equ1red to establish
calibration points at 1/4, 1/2, and 3/4 of the full scale range.
NUREG-0737 now requires monitors with an upper range capacity of
E+05 uCi/cc. Some of the problems involved with NUREG-0737 noble gas

effluent monitors 1nc1ude
.Availability of 85kr in concentrat1qns of E+05 uC1/cc
:,W1]] full range gas ca11bratwons be yoquw»ed’

.ALARA considerations assoc1ated with hand]1ng E+05 uC1/cc
calibration sources. . .



‘plans to initiate a post-implementation review of NUREG-0737 items.

R. J. Mattson B S -2-

'Conta1nment Hggh Ranoe hon1tors

NUREG -0737 acknow]edges the d1ff1cult1es of perform1ng 3 fu11 range
calibration of the containment monitors. "As such, the NUREG only .
requires a radioactive source calibration at oné. decade below 10 R/h-for
installed monitors. This establishes a calibration point at about
0.00001 percent of the full scale range. = An electronic response test of
the electrical circuit is considered acceptable for ranges above 10 R/h.
Some. of the concerns with the conta1nment mon1tors 1nc]ude :

U £ 1t necessary to per1od1ca]]y demonstrate that the detector will
properly respond to a radlatmon source over the des1gnated range
(E+07 R/h)? : _ .
-Licensees have stated that it is difficult to obtain pulse
generators with the necessary range to perform fu]] scale electronic .
response tests of the electr1ca1 c1rcu1t - . .

.Should procedures 1nc]ude calcu]atlons for convert1ng m0n1tor S
lead1ngs (R/h) 1nto concentrations (uCi/cc) for dose assessments7'

Discussions wwth other Reg1ons indicate that a uniform approach has not

been teken regarding the review of Item I1.F.1 instrumentation. . With
some licensees, it appears that the review of installed 1nstrumentatidn~_

~and implementing procedures is followed closely as part of routine

inspections. These reviews show that certain licensees have expended a
considerable effort in establishing a comprehensive program. However,
workload demands in some Reg1ons are such that only limited reviews have

" been poss1b1e

The above concerns have been dwscussed with Doug Co]]1ns, RAB and Dave -

Verrelli, ORAB. From these discussions, it is our understanding that NRR.
e

assume that this review will include participation by Regional personnel.
Before such a review is started, it is suggested that representatives

from NRR and the Regions convene for the purpose of establishing guidelines
for an acceptable program. Items that should be discussed include:

:.Technmca] Specifrcat1oh requircments
;Survei11ance_frequencies for checks, tests, and'ca1ihratidds_

~ .Compliance with ANSI. standards, NRC Inspect1on ptocedures,
_Regu]atony Guides, etc. A



R. J. Mattson . -3

cCo

.ALARAvcbnsidératfons' .
'.Ca]ibrétion sources |
.E]ectron1c response tests
.Dose assessment 1equ1rements -

;Per1od1c ver1f1cat1on of fu]] range detector response

;Acceptance Cr1ter1a

After guidelines are established, this information should be made

available to the 11censees and 1nc]uded in MC 2515 1nspect1on

~ procedures.

_ : o rown, Chlef .

Techn1ca1 Program Branch .

egional Administrators

Denton, NRR
.-DeYoung, NRR
. Houston, NRR
. Taylor, It
Grimes, IE

R
H
R.
R.
J
B
C Hackney, RIV

PRZTExow
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MEHORANDUM FOR: -John T C0111ns Reoional Adm1nistrator, Reaion IV

“FROH o . Roger J. Mattson, Director
: . Div1sion of Systems Integrat1on

_'SUBJECT:_-' < IMPLEMENTING PRQCEDURES FOR NUREG-0737, ITEM-II.f.] o

~ This is in response to your memorandum and request for assistance dated .

. April 20, 1982 and your reminder of May 24, 1982. Please be assured that,

- in spite ‘of the fact that we had not yet acknowIedoed your request, we are . -
preparing a more detailed response to the specific inspection concerns you
identified in connection with the Noble Gas Effluent Monitor and Contain--

" ment High Range Monitor requirements of NUREG-0737. Phil Stoddart of the
Effluent Treatment Systems Branch has the lead for preparation of NRR recom- -
mended guidelines for the post-implementation inspection effort associated
with these Action Plan items. In this capacity he is coordinating with the -
Radiological Assessment Branch in this ‘Division, with the Division of Licen-
sing, and with the Division of Emergency Preparedness, and the Division of -

- Engineering and Quality Assurance in OIE. We have set June 30, 1982 as a

. target date for transmittal of these recommended guide11nes to you and to
‘the other Regional Administrators. If a need for a meeting with Regional

"representatives still exists f0110w1ng our transn1tta1 we w111 be happy to
make the necessary arrangements

At this time, however. I wou]d like to cTarify some matters referred to in -
your memo. First, although NUREG-0737 specified a January 1, 1982 implementa-
tion date for these items, enforceable implementation dates are being worked

-~ out by DOL for each 11censee separately and ‘are to be identified in confirma-
tory orders. Second, the post-implementation review has always been understood
to be an OIE initiative as part of the inspection process. It has been our
understanding, however, that NRR assistance would be provided in the develop-
ment of the relevant 1nspect10n modules, and this {s the technical effort we
have now resumed pursuant to your request. Third, the matter of Technical
Specifications associated with these {tems is a separate and distinct, follow-
up, activity with the lead 1n DOL “He ant1cipate that this task will be inf-
t1ated during FY 83, - _‘ _ . ‘

Roger J. Mattson, Director
Div1s1on of Systems Intecrat1on :

cc: VStello Req1onal Adm1n1strators -
EGCase I, 11, 111,V
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