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UNITED STATES OF AMERICA 6 February 1984
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD
Glenn O, Bright
Dr, James H., Carperter
James L. Kelley, Chairman

In the Matter of

} Dock -
CABOLINA POWER AND LIGHT CO. ) B M o

(Shearon Harris Nuclear Power Plnne. ;
)

Units 1 amd 2) ASLBP No. 820-%68..01

Joint Intervenors' Response to Swmary and Uodate to
Disposition on Joint Contention IV - DiscOSerV of J.1.
Thermoluminescent Dosimeters on Joint IV

This response 1s filed under an extension of time agreed to

When not reach®,Judpe Kellev was left a message about this agreement.
by Applicants' attorney B&XtOTHAFbr the convenience of the Board

and parties, we address herein the Staff's "Respcnse" (which in our

PDR

PR
°

opinior 1s just another motion for summary disposition) received
I11-6-8L, insofar as possible; further response to 1t will be filed
within the time sllowed by the WRC rules.

We would resp ectfully call the attention of the Board, the
Apolicants and the Staff to the proncsed rules on "improved personnel
dosimetry processing™ L9 FR 1205-1211, January 10, 1684. Please
consider these resvonses to be uprdates of discovery on Joirt IV,

First, contrary to both Avvlicants'and Staff affidavits, the
Commission states that ",,. the NRC recognizes that some licensees
use pocket ionization chambers for the purposes of recording the offici-
al whole body dose of individual employees and that this 1a an
acceptabls method of providing dosimetry sc»vices in apeordance
with (section) 20,202 of the NRC regulations™ (49 FR 1209) (Undate

to Staff Interrogatory 19 on Joint IV: such personal ionization
monitors exist and are available and NRC says they comply with !ts rules)
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(Update to Applicants! InterrogatorxAIv-l(a) and (bl: If accuratelv
calibrated, the Commission says that pocket ionization chambews
can be used for officially recording whole body doses to individuals,
See 49 FR 1209; These instruments are - n_ecessary hecause
of the unreliability of data from TLDs which reauire leb processing
to be read. NRC states, 49 FR 1208, that in their most recent tests,
"Six rercent of all models of dosimeters fa’led every category
attempted and L)% passed every category attempted ... 50% of all
models subgitted for testing did not successfully pass all
categories for which they were tested. The highest overall passing
ratex ... was 94% for high-energy photons in the protection dose
range, and the lowest passing rate of 55% was acrlieved Tor low-
energy rhotons in the orotection dose rance.

"An alternative method of examining the overall performance
of dosimetry processors would be to examine the pe=formance index,
P, of each of the dosimeters irradiated without regard to S,
When the reported dose estimate 1s cormared with the delivered dose,
78% of the dosimeters tested during the third round were within
+ 304 of the correct delivered dose. When the individusl results
are evaluated using criteria of * 507 of the correct delfvered dose,
89% of all processed dosimeters meet this criterion ... NRC considers
that imorovement on the vart of most EM dosimetry processors 1s
needed ..." We reconfirm our resnronse to Joint Iv-2(b) that + 30%
1s not accurate enough to ensure ALARA (how can you know the dose
i1s as low as can be achieved if you don't know what the dose 1s8?
The range of pnlus or minus 304 1s a snan of 60% of the revorted dose,
Notice that NRC, 49 FR 1208, confirms that most dosimeters don't
meet all criteria for accentance (56% don't)s and that 11% of
processed dosimeters don't come within 0% of delivered dose

and 22% are outside the plus or minus 30% range in the 3d round



e Vables 45,53 o5 go- 42 of NUREE/CR 256/
of NRC tests, Joint Intervenurs also note Table 8 of NURNG /CR 2801

which shows that In test #3, L% of dosimeters were not within :90%

tolerance 1imits (5% ir test #2 and 9% in test #1); 6% in test 3

were not within + 70% #x (8% in test 2 and 1L% 4n Test 1), Page
fuer cotes tog e Hromm

0
2 of NUREG/CR 289, showing this entire table is appended to this
T2 Roard o (JRC DOcke ting ¢+ Servie., We essume

response/discovery undaté%’ This performance is ridiculously? 5;;;;"
bad. You can obviously be off more than 90% above an actual d:a%d,
but it's hard to get more than 90% below the actual dose, 1007 é;ﬁic
below being the 1imit beyond which common sense indicates the "gngif
result must be in error (1.e. showing a negative radiation dose), :
CP&L states (affidavit in suvnort of surmmary dis~ositfon at 9)

that thev are processor number 187 in NUREG/CR 2891, On page 18
thereof, the |P/ + S ("performance", see ». vii of NU®FG/CR 2891
defining Table 3 thereof, which p,18 1s part of ) for nrocessor
187 in category V Beta is shown to be 0,3063, i.e. over 309 error.
Moreover, this was with a less stringest error-measuring criterion,
lP!* S lcss than or equal to L, instead of the criterion1P3+ 2S leess
than or equal to L that was used in previous tests (see p.L of NURFG
/CR 2891)., Examining neges D.2l and D.25 of FUREG /CR 2891, we f4nAd
(1ine 1432, p, D24) that in the accident xcategory 1D, Iﬂ + 25
is wbove 307 (.3701: 0,111dius 2 x ,1295), the L or 1imit cwriterion.
Thus CP&L passed this category because the;g; terion had been
made less stringent, allowing them to take [ + S, below the Limit,
Moreover, (1line 1433) the dosimeter w!th the highest P, «28LY,
is the Lighest dose (337.90 mrem). Mamm that's nearly 30% exrror
by itamself.

Further, NURDG/CR 2891 says L is 0.” for low doses, e.g.
30 mren (p.h}.’gét::qihBB. col. L thereof, shows P of 0.20L48
for a dosimeter with a dose reading 17.85 mrem. It also shows 609‘0[
a P of =.3057 (more than 30% error on minus side), column 11)wa!05v“’m
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These errors violate the criterion given in CP&L's affidavit
of S.A, Browne at p.11 (error 1limit of 30% for doses between
10 and 500 mrem) also. Similar violations of thet 1imit are
found in line 1448, p.D-25, witk & P of .k3L19 ‘n col 2 for
a dose of 155 mrem, and a P of ,3517 !n col. § for a dose of

; P 1s the percent error in renorted dose vs., actial p.L N/c® 2R01)
250 mrennq Surely CP&L has not been forthcoming or accurafe \‘*quﬁhOV
in 1ts resmonse to discovery, and in its affidavit, by saying \)(ﬂ

there 1s no evidence of errors thct violate annlicable standards,
Compare answer to 16(c)(!) and (41), 8/1/83 by Apps.

or so it would appear to Joint Intervenors.4 We belleve these P"°
errors violate ALARA and mk show a "we do onlv whet thne rules
C fhorwise, fluy'd Seek mire Gecuys,

make us Ao" attitude byCPAL for low-level radiation, Joint %
intervenors tolieve that accurate measurement of low-level
radiation doses 1s essential to protect the health and safety

not only under current rules (cf. WRC at L9 PR 1208 sunra)
of nuclear workers, especlally if low-level radiation is ——
found to have more serfous effects than NRC and CP&L now belileve,

END of this discovery undate.
We note that NRC is proposing (L9 PR 1209) to recuire

processors of dosimeters to pass a qualificsetion for N etional
Bureau of Standards accreditation (NVLAP procedures of 15 CFR 7b),
At pvage 1210, NRC goes on to say thet testing for th's will begin
in January 1984. Joint Intervenors believe that this contention
1s not a collateral attack on this rule proposal (since the proposed
rule came out about & year and a half after the cortention was gilven
to the Board, the provosed rule may attack the contention), but 1s
in fact consistent with i1t. Given that this vule 4s to be contfdered
within the next few months and that CP&L has not vwet met 1ts
requirements (they've apnlied: Browne affidav't at 1.5, item 5),
i1t would be premature to rmule out this content!on until this

rule i1s acted upon. We would alsc cite the points from the

NUREG/CR 2891 and NRC notice of pronosed rule (leid out

ebove)
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as reasons why CP&L's moticn for summary disvosition should be

denied, NRC has found, 4% FR 1206, that "there is a need
to evaluate the performance of personnel dosimetry processors ,,."
and that there is a need for "improvement on the nart of most
dosimetry processors ... (including) corpetency requirements”
49 FR 1209.
Update to discovery: Joint Intervenors note, re IVil(a)
and (b), that Aoplicants' own affiant Browne says (p.l of affidavit
in surport of motion for summary dispositinn) that "SR®Ds are
knocked off-scele very eas!ly by drooning or bumping them and
are insensitive to beta radiation."” That's clearly a nroblem
with the self-reading versonal dosimeters (SRPDs) that can
make them comp . etely unsuitable to check the TLD readings with,
that mekes them very error prone, etc, Re Applicants' Iinterrogatory
IV-f(e) we reconfirm, see above answer and former answer to TVal(a).
Avplicants' effiant Brownzg, affidevit at p.R 6, item 8, says
that SRPDs can be used to estimate dose to a worker who lost a
(We belleve S¥PDs ars significantly less accurate than TIDs.)

TLD "with only slightly less accuvracy"., Vet he's also said that
the SRPDs are not sensitive to dbete radlation, which can be
a substantial comoomnent of the dose to & worker in & nuclear

This aoplfes to Interrogatory IV-7(a) also, as an uvndate,
plant, (end of update)

Argument vs. summary disvnosition: Aoplicants' own affiant
says SRPDs are not sensitive to beta radiatior and are error-prone,
Thus, the lack of real-time monitoring from TLDs is a problenm,
Browne's affidavit savs (pn 7-8) that the individuals working
in the prlant have a current dose reading that devends on the
SRPD between times the TLDs are read, But he admits the SR®Ds

rediation

are insenstive to betﬁdand can be thrown off-scale by be‘nz bumped, (n.5'

Is it reasongble to believe all workers will alwavs knowk when their



wbe
SRPDs ge: bumped? Browne's statements about beta survevs when
SRPDs are used are onlr vague generalities, There is no reason
to believe SRPDs will give an accurate real time dose, and TLDs
do not, ams the contention states.
.10 item 12

Browne asserts ghat Joirt Intervenors have not specified

condit’ons of exvosure, radiat'on tyne, energv, dosimeter design,

and irradiation geometry. (We do address error levsls and

Inaccuracies above, citing the Comm!sslior itself as well as

NUREG CR 2891)., But Joint Intervenors think that that's CP&L's
under all exvosure conditions, peombtries etec,
problem: to maintain ALARA,Aaccurate records are needed,

Inaccuracies of plus or minus 504 avre Just not accertable. Mirus
go% means the dose 1s only half recorded,

ro_wne falls to address the Commission's observatior (# L9 FR 1205)
that "Personnel dos!meters annear to be canable of Providing
consistently accurate informat’on on the amount of rediation

received, provided the dose recorded bv the dosimeter 1s above

the detect’on threshold, e.g. sbout 20 mrems for photons,"

Thus, exposures of up to 20 mrem could go undetected multiple
times , even if dosimeters wer processed accurately end conslistently
and irterpreted correctly (as the NRC notea s reculred for
adequate dose estimates, 49 FR 1205),

In sum, there are two kinds of errors that ere important
even if every condition Browne claims is met, were met: doses
under 20 mrem not being recorded, and errors on individual dosimeters
which are elther large negative values, or fall outside tgeiESBS; or
* S0% the rules recuire. We have a case of & whole class of CP&L
dosimeters with errors or vlus or minus 30% (see above re NURMG/CP 2891
Annendix D). The ¥kinds of errors we allege, and the percentages,

are real, Browne and the NRC give the verdentages: NUREG/C® 2891

shows errors. An individual dosed bevond safe 14mits, or unknowingly
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dosed, is in trouble. With errors of + 50% as Aoplicants assume 1s OK,
the cumulative dose of &n individual is & blur, not an accurate
number, We believe ALARA means what 1t says: As Low AS Reasorably
Achievable, To lower the exnosure, vou've got to know the exposure,
We have pointed out apove instances of CP&L's violating the criteria
for exposure recording :ccuracy Browne himself cuotes or states,
(see e.g. end of vpage 2 and beginning of p.li ebove)., Staff's gergument
("pesnonse" of 17-3-8l at 2=3) is defeated by this dats,
Pinally, Joint Intervenors protest that Anplicants and

staff misinterpret our position on pressurized fonizaetion monitoring.
The contention says "Applicants shiould be required to use
portable pressurized fonizat'on monitors in radiation hazard

areas to c orroborete the exposures tnd‘ceted by TLDs." We believe
that the use of areaxm monitoring to back up personal dosimetry

1{s standard health ohysics oractice; end that prescurized

fonization monitoring 1is gaoprooriate because 1t 1dentifies specific
radlonuclides present, reads fairly fast, and is vortable and

can record data. Pressurized icnization monitors for high

dose rates, e.g. at plant effluent stacks (radiologlcel effluent
release poibts) do exist, contrary to Staff's statements at P.5

of II-3-84 "Mﬁ.‘la“{’ge P.I. gonitor picks un the contaminants
in the air which :in contribute to internal dose, and which are

(by disintegrating) delivering external dose by beta end garma
rddiation. The use of & PI monitor tlus strengthens redietion

(see Staff "ResP" .c)

prctection for workers., If they only weigh 23 pounds and can

be put where workers are working, they can back up the TLDs.

gtaff seems to say (p.5 4%1d) thev can measure uo to 100 megarads

an hour, which is consistent with what we understand of plant

stack P.I. monitors. However, the 100 MR number mav be a type,

We submit that Staff admits 100 megarads unless thev correct &ny

error in this number.
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For the above reasons, summary disvosition shou1j2£2éz on Joint I;AJI7
Further discovery update to Staff: Interrogitory lé: See 19 FR

1205~11 as cited ebove; see also NUREG/CR 2891, e.g. Table_s L,5 & 7,

and as cited above. Int 15 See NUREG/CR 2861, 1Int 16: See NURFG/

CR 2891, though 1t doesn't aovear to deal with manufacturers exnlicitly.,

Check also NUREG/CR 2892 & citat’cns by Aopliceants' affiant Browne, p.9,

his affidavit re summary disp.; In‘errogatory 17:lwe eti1ll don't

know what "generation" means. but see agsséAgz g;;rls dosimeter test

errors and failures to meet, e.g. 309 error between 10 and 500 mremn,

etc. We 4lso note that "A performance testing vrogram, by itself,

w!ll not determ!ne whether the processor actually treats ite

routine client's dosimeters with the same comnetencv eccorded to

dosimeters received from the PTL"(NRC's test contractor)(L9 FR 1208)
Glso recommesdetin 3 p Y1, MUIRES JCR 228G

i.e. the tests CPi&L had, thev evié@ntlv knew were & dest, A bdlind

test of an outfit that processes its own dosimeters is basically

impossible. Thus, CP&L's results may be extra-careful so far,

but still had plerty of errors, e.g. those cited s bove from NUQFsﬁﬂZBQl.

Interrogatory 18: Staff cited a 23 1b, nortable, un to 100 MR/hr

device, Block affidavit of II-3-84, p.5, but didn't identify 1t.

We belleve it could do the jfob., You muct know its identity, he's

your emnloyee. Interrogatory 21: see above undates. Interrogatory 22:

See above updates, here & elsewhere in this response /discovery update,

to Apps and/or to Staff. Interrogatory 23: see discussi‘on of

Applicants' affiant Browne's statements re this re SRPDs, pp 5-6 supra.

2-6-3Y 1
SHOT LIST of PACTS TN DrE*TTEon Jovwr mv (W (Il

L. The contention speaks for itself as to what 1t says. CR/

2, Panasonic TLDs wouldn't meet tha IP(+ 2S<L criterion in NURFG /2891
(e.g. 1ine 11832 p.D-2L thereof, cited on p. 3 above) ‘n accident
conditions,

3. Harris TLDs are shown to violgate the 30% error criterfon for

radiation between 10 mrem abd 500 mrem, see oo 3=li above, and the

criterion of 0,2 fer below 20 mrem, see v,3 above.

L. SRPDs aren't sensitive to beta and can be mede useless by bumming,

There is no assurance evervy bump w'll be detected. Vet workenrs will work

based on exvosure levels "allowed" by SRPD readings betweer TLD readings,
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5. Apnlicants' cormuter-based dosimetry system incmorvorates
the problem stated in item L4 above,

6, Personal ionization monitors can be carried at all times,
(see 49 FR 1209, last column, bottom). They're pocket meters,

7; Portable pressurized ionization monitors weighing no more
than 23 1lbs, with a range up to 100 M3/hr, are available,

8. Such monitors can be put almost anywhere p_eonle are working.
9. Such PI monitors can identify individual nuclides present

in & work erea,

10. Portable ionization monitors cen have recording equipment
attached to them to measure integrated dose,

11. Avplicants' pencil dosimeters (see 8/1/87 response to J.I.'s
discovery at p.16) are accurate within + 10%, which is better than
the TLDS 1imit (as claimed by Applicants) of # 50% in most cases
and + 30% in accidents or high dose conditions,

on exposures,
12. ALARA requires accurate information, + 50% errors in exposure date

i‘%".‘ldu‘éé‘ﬁﬁ?":SﬁS??ﬁé"rﬁ‘{é%)té’ni%"%i%.gﬁ‘e’f“é'gi:%L‘er“é“%eﬁiﬁﬁiaem
are irmortant and that test "Results &lso indiceted that the whole

body or whole body and eKin dose received bv occupationally exposed
personnel may often be considerably different from thet recorded," (1bid)
14. NRC has proposed tightening the rules for dosimeter vrocessing
performance beyond that of ANSI N13.11 by requiring NBtional Bumreau
of Standards accreditation of processors. (L9 FR 1205-1211, esp atl209)
15, SRPDs are not sensitive to beta radlation, which means that

wher they are used to back un TLDs, no beta record would be avallable,
without PI monitoring or other added backup, leading to the problem

of beta dose beiny Aiffer:nt from that recorded (ctted by N®C LO FR

1206).
16. The requirements of 10 CFR 20,207(e)(1) and(?2) canrot be met

effectively without dose assessment more accurate than *+ £0% as to
the amount actually recelved, unless the recorded exnosure is set as
measured exnosure plus maeximum error range, as Joint Intervenors pronose,
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Table 3 continued.

NUREG /CR 2851

198%-

Redistion X :-1 c-::- ll::y " L 9-:1 tXray _'P"" "'2: d
Categoriss  Accident  Accident  Shallow  Deep Camme Beta Shallow Deep Shallow [ Beut rom
Dosimeter
Code Wumher
182 0.5024 0.1335 0.1005 0.5300 0,3693 0.0891 0.1%02 0.0526 1.7)45
183 0.0627 0.8957 0,8006 0.0931
184 0.541¢ 1.2909
185 0.1297 0.0919 0.1631 0.1881 0.1196 0.0831 0,1723 0,2052 6.1710 0.0843 0,1908
186
187 0.2406 0.1052 0.1041 0.1228 0.0614 0.3053 0.0583 0.159% 0.1640 0.1060
188 0.9237 0.6027 1.0367 0.6499 0.2434 0.3791 0.8830 0.6737  0.5767 0.3368 0.9632
189 0.235% 0.1608 0.3993 0.6199 0.2607 0.3423 0.3385 0.2740  0.4060 0.3176 0.2012
190 0.5470 0.5344 0.1708 0.5538 0.3569 0.3696  0.4432 0.3985 0.1453
191
192 0.3187 0.1155 1.4558 0.5534 0.2076 1.4168 0.6948 0.3518 0.7508 0.4031 0.6550
193 1.9733 0.7837 3.0410 0.0966 0.0499 0.1220 3.3129 0.1167 0.1235 0.1860 0.3201
194 1.0326 0.5363 1.4322 1.0703 0.0652 0.2883 1.6137 0.3667 0.1670 0.0818 0.1844
195¢
196 0.2982 0.2348 0.3628 0.4340
197 0.3867 0.1307 0.4789 0.4493 0 1022 0.1111 0.3294 0.2391 0.1173 0.1225 0.6939

81
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I.
II.
III.

IV,

VI.
VII.

VIII.

study.
Test f1*

S/78 to 10/78
Radiation Test Categories Number Passing
Accident, low-energy photons i 23%
Accident, high-energy photons 61 46%
Low-energy photons 35 14%
High-energy photons 62 77%
Beta particles 42 60%
Photon mixtures (III&IV) 42 56%
Photons (IV) plus beta particles (V) 40 45%
Photons (IV) plus neutrons 30 487%

Average weighted by number of dosimeter types 48%

w NUREG/CR 287/

Table 4. Summary of the number of dosimeter types
category and the passing rate

for all three

#Note: The test categories for Tests #1 and #2 were
Test #3. The results from Tests f1 and #2 have been regr

that participated in each

tests of the pilet

Test #2* Test #3
11/78 to 4/79 11/81 to 4/82
Number Passing Number Passing

37 39% 42 55%
53 62% 51 822
34 53% 53 55%
54 87% 64 94%
39 69% 57 862
36 65% 54 59%
39 47% 56 84%
29 66% 47 72%

62% 75%

defined differently than for

compatible as possible with the categories defined for Test #3.

oupcd to be as
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Table 5. Summary of the number of dosimeter types that participated in
Categories III through VII c¢f Test #3 and the passing rate
among this group of five beta-photon categories in the
protection dose range.

Number of
Dosimeter Types That: Dosimater Types Percent
passed all categories attempted* 34 49%
failed at least one category attempted* 36 51%
70 100%
attempted and passed all five categories 17 39%
attempted but did not pass all five categories 27 61%
YA 100%

#Note: Some processors chose to participate in a few, but not all, of the
five beta-photon categories.
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Table 6. Average biae, |P|, and precision, S, terms at each depth of
each category for Test #3.

Number of
Dosimeter
_____Radiation Test Category ' Depth Types Average |P| Average S
I. Accident, low-energy photons Deep 42 0.2327 0.1879
II. Accident, high-energy photons Deep L ) 0.0872 0.1217
III. Low-energy photons Shallow 53 0.3342 0.2825
III. Low-energy photons » Deep 33 0.2352 0.2218
Iv. 9igh-energy photons Deep 64 0.0741 0.1321
v. Beta particles Shallow 57 0.1890 0.1431
V1. Photon mixtures (III&IV) Shallow 54 0.3065 0.2963
VI. Photon mixtures (III&IV) Deep 54 0.2104 0.1889
VII. ¢hotons (IV) plus beta particles (V) Shallow 56 0.1699 0.1418
VII. Photons (IV) plus beta particles (V) Deep 56 0.1172 0.1992
VIII. Photons (IV) plus neutrons Deep 47 0.1457* 0.2326*
Average weighted by number of dosimeter types 0.1887 0.1936

#Note: The average bias for Category VIII changes to 0.1388 and the average
precision changes to 0.2257 when 0.18 is used for the ratio of photon
to neutron dose equivalent rates for moderated californium-252 (see
Table 11). The average bias and precision terms shown above are based
on the ratio of 0.30 actually used for Test #3.
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Table 8. Performance of individual dosimeters {rradiated during
the three tests of the pilot study.

Dosimeters Within the Indicated
Tolerance Limit for P (Eq. 1)

Tolerance

Limit Test #1 Test 2 Test #3
4+ 102 272 37z 42%
+ 30% 622 732 78%
+ 502 78% 86% 89%
+ 70% 862 92% 947,

+ 902 91% 95% 56%
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Table 7. Dosimeter types that showed the worst test results in each
category for Test #3.

Dosimeter i No. of Dosimeters
Category Code No. [Pl + s P s With P < L
1 193 1.9733 0.7988 1.1745 o
154 1.2386 0.6042 0.6344 0
194 1.0326 0.6406 0.3920 3
11 193 0.7837 0.0928 0.6909(2) 0
188 0.6027 -0.4337 0.1691 °F 2
: 0.53€3 0.4706 0.0658(2 0
111 123 3.2830 1.3097 1.9733 2
193 3.0410 2.1249 0.9162 1
105 3.0338 1.7315 1.3023 4
v 169 0.8551 -0.0729 0.7822 14
115 0.6632 0.0497 0.6135 14
126 0.6625 0.4259 0.2366(2) 7
v 192 1.4166 0.8700 0.5466 0
203 0.9154 0.7884 0.1270(2) 1
183 0.8957 0.7901 0.1057(2) 0
VI 193 3.3129 2.8667 0.4463 0
139 3.1979 0.6938 2.5401 14
115 3.0229 0.8099 2.2131 -
VIl 168 3.3777 0.7165 2.6613 14
161 1.5481 0.8661 0.6820 5
158 0.9984 0.6419 0.3565 5
VIIl 182 1.7145 0.6519 1.0226 10(3)
173 1.6222 0.0965 1.5257 14
184 1.2909 0.1686 1.1223 14

D rpe pass/fail criterion is |[P] + S < L where L = 0.3 for Categories I and
il and L = 0.5 for Categories III through VIII,

(2)Tb¢l¢ dosimeter types show small preci:ion terms (S < 0.25) and large,

but correctable, biases.

(3)This dosimeter type showed excellent test results for the firat two test
months but a large bias for the third test month.



. NURee [che 2%4)

Category VIIl. The six calibration dosimeters were irradiated simultaneously to
500 mrem of neutrons and to a corresponding dose equivalent from the photons
from californium-252 assumed® to be 0.30(500 mrem) = 150 mrem. Once &

determines the correct response factor for their dosimeter to the
moderated californium-252 source using the six calibration dosimeters, de-
termination of the dose delivered to the 15 test dosimeters should be trivial.

3. Pass Fail Criterion

The Standard has elways required (see Page 4 of the Standard) that &
performance incex be calculated for cach dosimeter by:

P= __“_“ - H (Eq. 1)
where: p = performance index
H'= reported dose
H = delivered dose
For each group of test dosimeters, the average performance index, P, and its
associated standard devciation, S, are calculated.
The pass/fail eriterion for the draft of the sandard used for Tests #1 and
#2 required that:
Pl + 25 < L (Eq.2)

where the tolerance limit, L, varied from about 2.0 for low doses (30 mrem)
to 0.5 for high duses (10,000 mrem) in the protection range and was a constant
0.3 for accident doses above 10,000 mrem. Between Tests #2 and #3, the
pass/fail eriterior was changed to:

Pl + s <L (Eq. 3

ppendix e 23) of the Standard, the photon to neutron dose equivalent
ratio was stated to be 0.30. At the conclusicn of Test #3, this ratio was found
to be 0.18. The effects of this ratio are shown in the RESULTS section of this

report.
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APPENDIX D

Test #3 data for all processors that reported
doses before the end of the pilot study.

Each depth of each category requires three lines (example shown):

Line 1: Processor code number (101)
Category number (1)
Depth §D = deep, S = Shallow) z)
Type of dosimeter (TLD) SJZQ )
? (-0.2313) 0) ' { *é(’” (
$ (0.0909)
|P| + s (0.3222)
L (0.3000)

Line 2: Values of P for 15 test dosimeters. AP
value of 99.9999 is the code for a voided

dosimeter. (-0.3102 -0.2791 - 0.3937...}

Line 3: Values of the delivered dose for 15 test
dosimeters. (24,28 122,08 21.19...)
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Table 1. Alphabetical listing of the 56 processors that participated in
Test #3 and that reported their doses before the end of the pilot

study.

Argonne National Laboratory

Arkansas Power and Light

Atomic Energy Industrial laboratories

Battelle Pacific Northwest laboratory

Bethlehem Steel Corporation

Bettis Atomic Power Laboratory
.‘:‘lurcau of Medicine and Surgery

> carolina Power and Light Company

Charleston Naval Shipyard

Consumers Power Company

Duke Power Company

Eberline Instrument Corporation

Florida Power and Light Company

Harvard University

Health Physice Northwest, Inc.

Houston Lighting and Power Company

ICN Pharmaceuticals, Inc.

Kansas Gas and Electric Company

Knolls Atomic Power Laboratory

Lawrence Livermore National Laboratory

los Alamos National Laboratory

Mason & Hanger, Inc.

Monsanto Research Corporation

Naval Research Laboratory

Wew England Nuclear Corporation

NLO, Inc.

Northeast Utilities Service Company

Nuclear Sources and Services, Inc.

Oak Ridge National Laboratory

Omaha Public Power District

Pacific Gas and Electric Company
Pacific Radiation Corporation

Portland General Electric Company
Portsmouth Naval Shipyard

Power Authority of the State of New York
Public Service Electric and Gas Company
Radiation Detection Company

Reynolds Electrical and Engineering Co.
Rochester Gas and Electric Corporation
Rockwell Internationzl

R.S. Landauer Jr. and Company

Sandia National Laboratories

Southern California Edison

Teledyne Isotopes

Tennessee Valley Authority

Texas Utilities Generating Company
Three Mile Island Nuclear Station
Union Electric Company

Tnited States Air Force

United States Army

Idaho National Enginsgring Laboratory
United 3tates Testing Company

Virginia Electric Power Company
Washington Public Power System

Welex

Yankee Atomic Electric Co.
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RECOMMENDATIONS

The following recommendations are offered to help the NRC and other
interested organizations to continue the momentum begun in 1975 to develop &
nationally recognized testing program for personnel dosimetry processors.

1. A dosimetry testing program needs the backing of one or more regulatory
agencies. The management that ultimately controls the funding of a
dosimetry processing unit within an organization responds favorably to
requests to improve quality when regulatory pressures are exerted. We
recommend that a mandatory testing program b established based on the
experiences gained during the pilot study.

2. Many processors participated in more categories than they actually
thought necessary (e.g., the two accident categories and the categories
involving low-energy photons). This was done partly in the belief that
their regulatory agency will eventually require such participation. We
recommend that guidelines be developed for the test categories required
of generic types of processors (e.g., nuclear power plants, commercial
processors, etc.).

3. The spirit of the development of the HPSSC Standard and the subsequent |
pilot study would be violated if the primary goal of processors was to pass
e testing program with little or no regard for the relationship between
test results and the needs of radiation workers being served. We
recommend that processors and regulators accept that different algo-
rithms may be required for testing and for routine use.

4. The HPSSC Standard was not intended to be used to test direct-reading
dosimeters.* However, it seems reasonable not to exclude these
important dosimeters from testing and accreditation. An increase in the
testing fees for direct-reading dosimeters would compensate the testing
laboratory for the additional work required to prepare the dosimeters for
:rradiation and to read them after irradiation. We recommend that the
testing laboratory be permitted to process (by following written pro-
cedures supplied by the processor) as well as to irradiate direct-reading
dosimeters.

5. The HPSSC Standard was not intended to be used to test extremity
dosimeters.* However, the comments made above concerning direct-

¥New standards are currently in an early development stage for direct-reading
and extremity dosimeters. Until the standards are completed (circa 19&5), the
procedures in the current Standard could be modified to permit testing of these
two types of dosimeters. This would provide & valuable data base for the
development of the standards for these two types of dosimeters.
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reading dosimeters apply to extremitv dosimeters as well. We recommend
that (he testing laboratory be permitted to accept extremity dosimeters
for testing and accreditation.

Categories III through VII represent a substantial test of a processor's
ability since the type of radiation used for each dosimeter is not reported
to the processor when the dosimeters are returned by the testing
laboratory. A processor could defeat the siguificance of the Standard by
passing one of these categories at a time (the type of radiation would then
be known), or by retesting only in those categories failed. We recommend
that, for Categories III through VII, a processor be accredited only in those
categories that were passed simultaneously.
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Tests #1 and #2 are still evident in Test #3. These are incorrect
calibration factors, dosimeter variability, clerical errors, and poor
calibration for accident doses.

l\ 5. The four primary reasons for the poor performance of some processors in

6. The best processor performance is observed in Category IV, high-energy
photons in the protection dose range.

7. The worst processor performance is observed in Categories 1, III, &énd VI
which use low-energy photons. This is probably due to the fact that low-
energy photons have large conversion factors from expcsure to dose
equivalent, and that many processors have not yet developed or edjusted
algorithms to deal with the response of their dosimeters to low-energy

photons.
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The results obtained from some processors (military and private industry)
were slightly better than the results obtained from other processors when
comparing the performance of individual dosimeters (see Table 10).

Measurements made late in the pilot study showed the ratio o photcn to
neutron dose eguivalent rates from the moderated californium-252 source
is actually 0.18 instead of the value of 0.30 used during Test #3. This
correction in the ratio affected the pass/fail results of only cne out of the
47 processors that participated in Category VIII (see Table 11).

CONCLUSIONS

The following conclusions are derived from the data produced from Tests

#1, #2, and #3 of the pilot study, and from five years of discussions with
dosimetry processors.

1.

The HPSSC Standard shown in Appendix A is generally not a difficult
standard to pass for a competent processor. It represents an acceptable
measure of minimum performance, and is an appropriate basis for a
regulatory program to aceredit dosimetry processors.

The five-year pilot study of the HPSSC Standard has encouraged
processors to devote considerable attention to proper calibration and
quality control procedures. It has also developed a commonly accepted
terminology (e.g., shallow and deep depths and the use of dose equivalent
insteau of exposure) which has helped standardize personnel dosimetry
among most of the processors.

Much of the success of the pilot study and the improvements seen from
Test #1 to Test #2 to Test #3 are due to the increased perception by most
processors that a mandatory testing program is imminent. Many
processors responded to the mouniing pressures of a pending mandatory
testing program by making significant imprcvements in iheir dosimetry
system. Without the implementation of a mandatory program, further
improvements are doubtful.

Although the tolerance limits in the HPSSC Standard represent & minimum
level of performance, the results of Test #3 suggest that many processors
can achieve bias, |P|, and precision, S, terms of less then 0.1 each for test
dosimeters.
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