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t. Name and address of hcensee 2. Date of mspection
'

Mallinckrodt chemical Works october 20-23, 1970
! Mallinckrodt/ Nuclear
| Box 10172,14ebert Field A Type of inspection Reinspection

~

St. Louis, Missouri 63145 4. to CFR Part(s) apphcable

| 20 and 30
I L License number (s), issue and expiration dates, scope and conditions (including amendments)

24-4206-1 10-8-58 10-31-60 Reinspection #18

Amenday.;.. No , 25 10-14 68 10-31-73
(amended in entirety)

Amendment No. 26 7-14-69 10-31-73

Am ndment No. 27 6-6-70 10-31-73
.

I
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|
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|
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6. Inspection 6ndmgs (and items of noncomphance)

Tha only items of noncompliance observed or otherwise noted as a resulc of this
intpection are as set forth below ,

l

10 CFR 20.105 " Permissible Levels of Radiation in Unrestricted Areas"
i

i(b)(2) - in that radiation levels on the roof of a building located '

in an unrestricted area north of the licensee's facilities
were such that, if an individual were continuously present,
he could receive a dose in excess of 100 millirens in any
seven consecutive days. (See paragraph 49 of report details.)

10 CFR 20.201 " Surveys"
g),- in that surveys were not conducted of incoining waste received

from customers to determine radiation levels or contamination on
the waste packages. (See paragraph 27 of report details.)

1),),- in that radiation level surveys were not conducted on the roof
of Building 100 above the solid active waste room to determine
compliance with 10 CFR 20.203(b). (see paragraph 48 of
report details.)

7. Date of last previous inspection B. Is " Company Con 6dential" informanon contained in this report? Yes O No QG
(Specify page(s) and paragraph (s))

April 15, 1970 g

W($ h b' "'|DisTalst! TION:
,

Division of Compliance . dqar..C. Ashley.....

RaelytionSiocesmghf//, ,,[[h,,,,,Headquarters (orig. & 2 cys)
Approved by. s M. Allan, Senior RadiationA. Ciambusso, CO HQ (1 cy)

..SPfeia11st, _ Region,,III,_ . . _ ,
'/ eo m-a. .mmL. Kornblith. CO HQ (1 cy)

R. H. F.ngelken, CO HQ (1 cy) November 12,g,1970_ ,,, ,,, ,_

me. a ,, e

If addmonal space is required for any numi ered item above, the continuation may be extended to the reverse of this form unmg foot to head
!

format, leaving sufficient margin at top fx bindmg, identifying each item by number and noting " Continued" on the face of form under,

i+-mi.4 .- - --==
[ appropriate stem.

I secommemoarsons smot:Lo se art resta in a stramara covrasuc uruosamorm

| 9701270178 970123
| PDR FOIA
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6. inanneeiam a w i--a (and i e - of - -- -- t a ==--) . (cant < ")

10 cra 20.fra " Caution Signs, labels, and Signale"
M - in that the radiation area en roof of Building 100 above the

solid waste room was not posted with the eenventional radiation
eyebol in the colors of assenta (or purple) on yellow and
the words "Cautism (or Danger) - Radiation Aree." (see
paragraph 48 of report details.)

10 cpt 20.206 "2astruction of persammel"
fal- in that an individual working in a restriated area was not

adeguately tastrusted in the preeautions and prosedures to be
used to miniatae sapesure to acessacrations of sedienstive
asterials. (see paragraphs 42, 43, and 44 of report details.) .

I

10 Cpt 20.401 " Records of Surveys, andiation Hemitorias, and ptsposal"
jgl- in that records showing the radiation espesures of all individuals

for when perocanal acattoring is required under 10 Cpt 20.202
were not in all eases asintained. (See paragraph 34 of
report details.)

10 cra 20.405 " Reports of Overeuposures and Essessive Levels and Consentrations"
fg), - in that the estremity overosposures of two individuals during

the 2nd Calendar Quarter,1970, as evidenced by wrist film hadge
results, were not reported to the Commaission as required. (See
paragraph 32 of report details.)

"Besords"10 Cpt 30.51 -

in that records were not maintained to show the kinds and-

quantittee of radioactive asterials contained in vaste received
free customers. (See paragraph 26 of report details.)

in that records were not adequate, in all cases, to show the-

klads and quantities of radioactive material waste transferred
to a comaarcial waste disposal assaoy. (See paragraph 24 of
report dotatie.) |

Linamas Candition 15 !

in that radiation level surveys were not conducted by an individual
|

i

-

as required by paragraph 1Y.B.1. of the licensee's Realth J
physica procedures Manual contained la application dated
October 1, 1968, and referenced in this sanditim . pailure to
perform these surveys resulted in a wrist overexposure. (See
peregraph 45 of report details.)

l

- _ . - ____ _- - - - - - -_- - -~
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i
'

DET&IL8

| GEERAL IEFORIETI(5

9. This was an ammounced reinspection of this byproduct material program
conducted en October 20-13, 1970. Mr. Don Soldan, Radiation Safety
Officer, was contacted in September and was advised that this inspection 4

would be conducted same time near mid-October 1970. |
i

|
l 10. Dr. I. A. Fulgrabe, State of Missouri Department of Realth, use notified

of this forthcoming inspection on October 15, 1970. The inspector was
unsec=taated.i

1

11. The following licensee personnel w'ere interviewed and supplied the
information contained in this report:

Mr. Frank A. Schottelkorb, Director of Operations
Mr. Marvin L. krray, Manager, Administrative Services
Mr. Richard L. Holgate, Manager, Manufacturing
Mr. Mont G. Masun, Plant Engineer
Mr. Donald W. Soldan, Supervisor, Health Physics, Radiation

Safety Officer, and Chairman, Radiation Safety Committee

In addition to those persons listed above, various other individuals
were interviewed during vists to various parts of the licensee's
facilities and discussions regarding the licensee's program. All
information contained in this report is presented la substance unless
otherwise indicated. j

i

12. Reinspection No.17 of this byproduct material program was conducted on
April 13-156 1970. No itmas of noncompliance were noted as a result of
that inspection.

13. Rainspection No.18 of this byproduct material program was conducted on
October 20-23, 1)70, and is the subject of this report.

14. Reinspection No. 18 was limited primarily to a review of the following
items:

a. Organisation and administrative control.
b. Facilities.
c. Waste disposal.
d. Persorskel monitoring.

e. Reported overeuposures,
f. Independent measurements.
g. Management discussica. |

ORGAEXEAT10M AED AMINISTRATIVE CONZRDL

15. Dr. Werner Wahl has recently resigned from the position of Director of
Operations for this byproduct material program to become a Vice
President with Amstehan/Searle Corporation. Dr. Wahl has been replased
by Mr. Frank A. Schotte1korb. Mr. Schottelkerb has been the General
Manager for Mallinskrodt Chemical Works' Diagnostic Product Division.
It is noted that Mallinckrodt/Euclear Division is part of this
Diagnostic Products Division. A corrected and current orbanisational
chart under the Director of Operations is attached to this report as
$xhibit A.

I

i

{
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16. As noted on the organisatiemal chart incladed as Exhibit A, k. Som W.
Seiden, as Supervisor of Esalth Physics, reporte direstly to
Mr. M. L. Iharray, u== agar, Administrative Services. k. Ibarray, in turn,

reports directly to k . Schotte1korb, the asw Directer of Operaticas.
Also noted so Exhibit A are the names of Jeunes Broun, u=""per of Research,
and James Woods. Director of operations for Radiaak -iaale. Although
Messrs. Brous and Woods are not orpa=8==*iens11y loosted under the
Director of Operations, they are responsible to k . Sebottelkorb
insofar as this licensed program is concerned. Both Reseassh and
m.aa h-ea=1 Sections are physically loseted withis the lisensee's
Maryland Esights, Missouri, facilities, and all hyproduct material work
performed teder those two sections,are performed under this linease.
By the same token, Exhibit A also includes the operations lineup for the
Carlstadt, New Jersey, facilities of Mallinckrodt/suelear. Although
oramassationally loested undar k. Schottelkerb, the Carlstadt fasility is

Ioperated under a separate ABC license.
l

17. The organisatiemal chart innleded as Exhibit A identifies the sis members j

of the 11aamsee's Radioisotope Safety Committee. This ocamiittee meets
appromiantely two times per year, as needed. The committee is set up such
that emy member of the committee may call a meeting at any ties to resolve
any spesial problems which may arise within his particular area.
Although the committee meets only appresimately two times per year, Mr.
Solden meets with Mr. Murray every Tuesday and Friday of each week for
the purpose of discussing radiatica safety. In addition, the Esaith
Physics Department submits a monthly health physics report which is
distributed to all department managers and supervisors involved with the
use of byproduct materials,

i
18. Realth physica precedures have been written in the form of the Realth

Phystes Procedures Mannat dated October 1, 1968, and submitted to the
Camaission as part of license application ca that date. Other health
physios procedures are given to individuals by their supervisors through
the Besith Physics Department. Please see paragraphe 42, 43, 44, 45,
and 46 for further information regarding health physica procedures and
instructions.

FACILIIIB

19. Bimes the last previous reinspection, the licensee has purebased
adjesent property for the purpose of espansion of operations. Stase
the anguisition of this aar property, the 11eemsee's land site is now
apprami==saly four times greater then it was prior to the purehase of
the psoporty. Located on the new property are two build 1 ass, one of
whiah is a 15,000 sq. ft. sonorete block buimme which is omtrently
undergoing modifications ty the licenses. When the modification operations
are completed (scheduled for Jeouary 1, 1971), the building will be
hasun as the Customer Service Center. This Customer Servise Center will
also be known as Building 300. Spen complettom. Building 300 sill house
the entire Order Department, moet of the Order Preparation Departmaat,
all of the Shipping Department, and most of the Receiving Departesat.
In addittee, the building will beve office and other usable spaces,
imeluding storage in the rear area. The primary byproduct material uses
desismated for Building 300 will be the filling of orders of prepsekaged
radiophareneouticals as received from the present facilities. This
function will be similar to that of a brameh office receivine prepackaged
single dose questities from Maryland Enights. The order filling
prepackaged headling sostian within this Building 300 is being modified
to be within solid concrete bloek walls and it will consist of a room
temperature storage area, a refrigerated storage area, and an order
ft111ag area. No spesial ventilation, such as hoede or glove bemos, will

_____ _ _ _ _ _ _ _ _ _ _ _



_ . _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . - . . _. ~ _ _ . . _ . _ -_ _ _ _... _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ . . _ _ _ _ _

J

l
.

i

-5- unilinskrode chemical Works
License No. 24-4206 1

!
! October 20-23, 1970
i
't

|

t' he installed in this location. Realth physics procedures being written
; for this asu building will include the requirement that all bottles be

enclosed within secondary saatainers at all times. Other procedures are,

;

j being writtaa to headle any other unforeseen accidental dropping of a
j bottD.

20. laested 1-malately west and ecumented to Bailding 300 is a sesend
!

building kasus as M 1 ding 400. Building 400 is of lightweight sometruc-
tima and is 9500 sq. ft. La stae. It is plassed to use Building 400
for storage of miseellaneens material.;

t
: 21. h original north half of the liseasee's esta knilding has been
j redeetpated as Building 100 while the neuth of that facility has been
j designated as Sn11 dias 200. Buildings 100 and 200 are sammested on the

~

upper er asia floor only.
.

t
32. Solid radtemative waste storage and handling facilities will be dioeussed

j
: la paragraphs 28 and 29 of this report.
i
! ti4STE DISPGE&L

| 33. All liquid active waste goes to retention ta=ha. ha a sipal is
received acting that one of these tanks is full, the contents of the taakI

j are air jetted for minias purposes and sa aliquot of the tank contents '
j

ta removed. A total activity analysia is made followed by taotopie
analysis for iodine 125, iodine 131, and aeroury 203. N renaistas;

I activity of the total, which is not imeladed La the iodine and moreury
enslyses, is assigned to sold 198, which is the meat meet restristive MpC.

J
j h rees1ts,of these analyses are used to deterstaa the amount of sentained

eestants whieb eaa be dumped on that particular day, based en the knemaj water usage of the famility from the water *=pa=v meter readings. h
{ 11aensee's 11gaid motive waste records indicate that one dump is made;

| appressantely every three weeks. Durias 1970, a total of 623.345 us of
I activity had been diseberged from the tanks through October 14, 1970.
i

i
24. The liseases tressiere all of his solid active waste to Busteer Begineering

|
Corporettom. Durias 1970, the 11eensee has treasterred a total of 5900

i emble feet of solid active weste to Euclear hage=ma-tas. h oe tsenefers
j

have eesurred on 22 separate dates through geptember 29, 1970. A waste
treasier record la the way of a standard form teoued by the waste, N

! diepeeal asemey is maintanand for eneh solid active waste transfer.
!

11aansee's record of this transfer is a second or third earben espy of the
i standard form. In some cases, the notations regarding the misaber of

ouries in eneh package or the isotopio content of a particular peekage4

1 is either tee faint to read or is missing altogether. h liseasee
J representatives were advised that failure to maintain semplete records

of tressfer sometitutes - amata - a with 10 CFR 30.51 in that the| record does not always indicate the tootope or quantities of radioactive
i| materials treasterred to another lieanaes for waste disposal purposes.
! Isotope notations which were seted on the forms Laclude iodine 131,
j carboa 14. Dold 198, merwary 203, selenium 75, and molybdenum 99.

; 25. Aseerding to the licensen's solid active waste transfer records, thef

~ ===h radiation levels acted at the various outgoing paskages rense
1 op to S R/hr at the surgese and 800 mr/hr et three feet from the
j peebase. These radiation levels are withis the provisions of Department

of Transportation Bagulattens 49 Cpt 173.393(j).
!

$.

.

k

1 |
i

i

_ . ._ _ _ _ _ _ _ _ _ _ _ _
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26. Mr. geldes stated that as a service to their austomers, the licensee necepts
miseellaassus bypredest enterial waste from their customers. Assording
to goldea, appremiantely 27 subio feet of this misse11anoeus unste
une received aesh week from sustomers, some of this miseellamoons waste
being returned to the 11eensee from their sustomers was observed on the
needing desk during this laspection by the taspestor. Many of the
eerdbeard bones did not contata any inferestion as to the sentants of the
paakaas, nor was there any information as to the sentents of the package
en the shipping papere, which constitutes manaamalianae with 10 3130J1
in that records of receipt of this miseellanoeus waste were Landequate
to determine the isotope or quantity of radioactive materials contained
la the waste paakages being received. Also resolved frem easteners are
spent er unused molybdenum 99/technetim 99 generators (kows). The
liseasee representatives advised that the normal weekly kom returas are
averaging appromientely 60 at the present time. The itsensee reclaims
the usable parts of the returned kovs for future use. The licensee's
record ressrding these returned kows includes the customer's name,
the original quantity of the molybdenian 99 when shipped, and the lot
number.

37. In addition to not knowing the isotope or quantity of radiometive
material contained la the miscellaneous waste packages being ressived
from eastomere, these waste packages are not surveyed for radiation levels
or w amation spaa receipt, which caustitutes mennems11anse with
10 CPR 20.201(b h

28. The returned kewe are takaa to a basement roen at the west and of building
100, ubere the hows are diamentled and parts segregated. A solid block
seesrate save has been built for this popose. A spill tray is placed
en the cave'end the kow is set in the tray. Centanianted portions and
the kaw itself are removed from the lead shielding of the generator and
placed in an 8" s 8" opening in the top of this solid senerete block
eave. Beneath this opealms is a stainless steel drum. All parts of the
kaw which are not supposed to be contaminated are surveyed and placed in
bemos for ultimate disposal. The person dotag this work wears plastic
gloves and uses 18" tongs to remove the various parts from the how. All
reusable parts are surveyed for radiation levels prior to removal from
this roen. It was noted that one of the licensee's ta-bouse air sampling
stations is located in this room.

29. All of the licensee's solid active waste including that which was received
from the sustomers is headled and stored in the high level active waste
storage room or within structures loosted within a fenced.ia area
outside the nortineest sesser of Building 100. In this fenced-ia area,
the liaansee has three solid unete storage structures. One of these
structures is a tin building known as the block house. The north well of
this block house is shielded with solid concrete 24" thick and 5' high.
Ttse other structures made of solid comerate blocks measuring
6' x 12' s 41/2' high complete the solid waste storage facilities.
It is in these facilities that the liesasee packages his solid waste
and stores the waste awaiting pickup by the comercial waste disposal
agency. The licensee representatives indicated that they hoped to be
able to move most of these waste storage facilities to an inside location
after Building 300 has been put into use, thereby making more room
within Buildings 100 and 200. At the present time Mr. Soldan advised
that they have three or four plans under consideration as to where this
weste storage will be moved.

30. It was indicated that Buildings 300 and 400 will not be used for storage
of radioactive waste in the foreseeable future.

|

_-
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PER M IEMI19tIRC

31. The licensee utilises the E. 8. Isodeuer film hedge service for both whole
body and wrist exposure asuitering. At the present time, there are 46
isotope workers on a weekly schedule and 67 administrative and supervisory
people on a monthly schedule.

32. During the sesend salendar quarter of 19 besiastag with the won of
April 6,1970, two isetepe workers, namel and

showed wrist badge espesar 15.77 gem 19.1 res, ;

roepestively. The licensee has questioned the validity of these film i
'

badge readings. As a result, the' licensee has not reported these wrist
badge exposures se evereuposures. The 11eensee has saadmeted studies )
in as attempt to show that film badges esposed to low energy gamma such (

las 77 key of mereury 197 should have a smeh lower espesure indiaation
from that which is reported by the film hedge supp11 lie

indiaated that if this were true, the wrist badges of
would show mch less than the 18.75 rem extremity exposure limit as set
forth in 10 CFR 20. During these studies, the licensee has been in
contact with the 1. 8. Landauer Company on numerous occasions to clarify
this matter. As of the time of this inspection, no final conclusions
beve been drawn. The licensee representatives were advised that any
film hedge result which exceeds the exposure limits as described in
10 CFR 20 must be reported to the Commission withia 30 days follaulag the
receipt of knowledge that the film badge esseeded the limit. In
addition, the licensee representatives were advised that in a case such
as this, the 30-day report could include an explanation of possible
invalidity of the data and an indication that studies were being performed
to verify the matter. The licensee representatives were, therefore,
advised tha's the failure to make a 30-day report of the apparent wrist
exposures received by Genova and Mille seastitutes asaseme}iance with
10 Crt 10.405fa). In a letter to the Division of Camp 11aase, gQ
Eendgmerters, dated October 21, 1970, the licensee submitted sa
explanaties type report regarding these wrist badge supesures and
esposures of 2 of their perseasel assigned to the Carlstadt, New Jersey,
fea111ty (program conducted under separete license). In the October 21,
1970 report no inforestion is given as to the identity of the perseas
receiving suposures or the amount of the espesust s. Open questioning
during the inspection, Mr. soldan advised that he would re-submit this
report to inslede all inforestion required by 10 CFR 20.405(a) and
will furnish a report regarding this matter to the individuals in writing
pursuant to 10 CFR 20.405(b). Soldan also advised that in each of these
two reports, he will include the licensee's feeling that the total
amount of the esposures are probably not valid with an indication that
further information would be forthcoming upon their evaluation of the
matter. Copies of the results of some of the licensee's evaluations and
correspondence with R. 8. Landover and internal correspondence regarding
this matter is attached to this report as Ruhibill.

33. During the third calendar quarter of 1970, Isotope

Technician, received a wrist e of . 2 res. Of t a total,

40.03 rem was received while e us 32 in a glove bom during
the week of July 20, 1970. e exposure e reported to the

Cameission pursuant to 10 CFR 20.405(a). matter is discussed
farther in paragraphs 45 and 46 of this report.

34 A revise of the licensee's film badge reports as received free the
film badge su er showed that no information is given for technistans
6 and for the week of Joe 22 through 28. Also, the

licensee had on hand for inspection the film hedge reports for all
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!

persons for the week of geptember 21 through 27, however, no report was
en hand for inspection for any person for the week of september 14

i through 20, 1970. The licensee was advised that failure to have on hand
i for inspection the results of all film badge results for those persons

where personnel monitoring is required constituted acasemm11anse with
10 W R 20 A01(a). During the inspection, Mr. soldan contaeted the
film badge supplier, who, in turn, advised that all missing exposure*

data would be sent to the licensee.;

35. A review of the film badge reports for persons on a g exchange
,

basis for 1970 showed the highest whole body exposure reesived by any one
]person on this schedule through August 31 was 3.32 rem while the .

hisbest wrist badge exposure received by any one person through August 31
was 9.66 ree.

36. Forme ABC-4 and equivalent Forms AEC-5 are maintained on all personnel.

37. The licensee occasionally uses part-time workers from a commercial
manpower organisation. Each of these temporary employees are assigned
dosimeters. For each of these temporary employees, a card entitled,
"femporary Assignment of Personnel Monitors,'' is filled out and shows
the persen's name, social security number, date of birth, and date of
assignment. A review of these personnel sonitoring cards indicates that
these temporary employees receive less than 100 millirse in any one
week.

38. All iodine workers have their thyroid coated normally once per day,
before beginning work. Bowever, the person or persons assigned to
work with or around the iodine capsule machine are thyroid counted every [</
two hours during that k assignment the t the day. During the

week of J oe 15. 1970 eoeived an excessive
thyroid burden. This exposure was re to the Commission in
accordance with 10 CFE 20.405(a). Further information regarding this
esposure is presented in paragraphs 42, 43, and 44.

39. Another isotope worker showed a thyroid burden during
the week of August 3-9 23.14 x .1 ue of Lodine 131 La the thyroid.
It we determined that had received a diagnostic capsule
from his physician on usust 5, 1970. In the licensee's records is a

of a le ter submitted to the licensee, at their request, from
doctor to effect. subsequent weekly thyroid counts for
owed the thyroid burden had decayed to

ses than 1 x 0.14 ue du g the week of september 7-13, 1970.

40. A review of the licensee's thyroid counting records shows that no
other persons have received an excessive thyroid burden since the last
previous reinepection.

41. Urine saagles are collected free isotope workers on a routine monthly
schedule. These samples are analysed for carbon 14 or iodine 131. The

.

licensee uses an in-house MFC for carbon R of 377 d/a/a1 and for |
iodine, 222 d/m/al. The highest single sample for carbon 14 has shown .

2.93 x the licensee's MFC while the highest iodine 131 urine sample |
Ihas shown 1.787 x the licensee's MFC. The quarterly average for all

urine samples is a small fraction of the licensee's MFC.
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kg70RTED OF M'

42. Ir a letter dated July 16, 1970, the licensee reported an excessive iodine
thyroid burden to one employee, as evidenced by thyroid sounting, during
the week of June 15, 1970. As the July 16 letter indicates, the iodinea

uptake occurred sometime be wean 7 a.m. and noon can June 18. During this
,

j inspection, the individual questioned
regarding this matter. advised that uring the hand

j operation of preparing filling ine 125 sodium iodide diagnostic,

capsules, she put her head in the hood, on one eecasion, where the work
,

was being done to be able to att read the contente in a graduated

syringe. In addition tated that at one point she added
! stabilising material to some iodine 125 biochemical grade on o

beachtop maar the hood. It was stated that the reas hadd

I her t oid counted at noon after having it counted once in the morning
was tha ound herself cont ain9ted when routinely surveying
herself upon enving the production area at lunchtime.

i

43. supervisor and rtment ger advised d st no specific
i structies hAd b. rior to the time of the
1 incident but theti s had extensive isotope handling

experience in var; e e Production Department. Following the'

| incident involvin all production workers were teinstructed
as to specific rad on refety problems regarding all jobs. During
this inspection, the AEC inspector reviewed the iodine 125 sodium iodide
capoule batch sheet which is a detailed step-by-step worksheet for asking
iodine 125 capsules. It was noted that this hatch sheet did not give
any radiation safety instructions for this particular operation. Mr.
Marvin Murray, Manager, Administrative Services, advised that all
isotope prodedures have a similar batch sheet which is fo11 cued by the
person performing the procedure. Mr. Murray advised that as a constant
r=4ader, a cover sheet giving specific radiation safety instructions
to the employee will be attached to each batch sheet for all isotope
procedures.

44. The licenegg is in noncosolhe with 10 CFR 20.206(a). in that an
individual Atorking in a restricted area was not adequately
instructed 1 the precau'tlons and procedures to be used to minimise
exposure to radioactive materials.

45. In a letter dated $6ptember 4, 1970, the licensee reported to the
Commission a wrist exposure of 40.03 rea to one employee for the week
of July 20-26, 1970. As stated in the September 4 letter, the
licensee received this exposure information by telephone from the film
badge supplier on August 7, 1970. Of the total 40.03 rem exposure,
39.32 rem was due to beta. The exposure resulted from a spill of F-32
on one of the giova box gloves during the production of chronic
phosphate 32. The first indication that a radiation problem existed
was at the end of the day of the occurrence when the Production
Supervisor made a routine survey of the area and detected the gross
contamination on the right hand glove box glove. The contamination was
cleaned the following day. During this inspection, the person involved,

e interviewed and he stated that he realised that he
id not make periodic surveys during his work with the P 32 on that day

lika he know he was supposed to. This constitutes noncamplianse with
License condition 15 which references procedures contained in ;
application dated October 1, 1968. Paragraph KY.3.1 of the licensee's
Realth Physics hecedures Manual, dated October 1,1968, states, "All
individuals working in radiation areas perform radiation level surveys
at periodic intervals during each work day in the particular areas in
which they are working."

._
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|

| 46 Followin wrist exposure, the licensee has made up survey
' saknowledgement caras which have been placed is all specifia work arean,

This card requires the individual worker to acknowledge that he made a
his work area at the beginning and at the end of each workday.
tated that although the card shows that he has to acknowledge|

' ese surveys at the beginning and and of the workday, he has been told
i that he must make several surveys throughest the workday. g ace isp

available on this survey acknowledgement card for health physics
/persoonel to make independent audits of these surveys. ~

.

IEREFIEDIET ME&SM <

-.

47. Using a licensee Fortable survey instrument, with a range of up to
200 nr/hr, the waste storage area outside of the Building 100 and the
roof of Building 100 were surveyed durin8 this inspection. The maximum
radiation level noted within the outside weste storage area was 6-7 mr/hr
at the surface of the unshielded tin roof of the block house. The
radiation level at the surface of the solid concrete block walls lining
the three storage areas was less than 0.5 ar/hr. On the roof of the
high bay section of Building 100, the air handling system and filter
housings serving the east half of the hot cell (gold 198 and
molybdenum 99) showed a radiation level of 80 sur/hr at the surface and
between 20 and 30 nr/hr at three feet. Also on the high bay section
of the roof, the air handling system and filter housings sarving the
west half of the hot cell and all iodine handling areas within the
building, including moreury 203, showed a radiation level of 200 ar/hr
at six inches from the charcoal filter and between 70 ar.d 80 mr/br
at 1g" from the charcoal filter. Please note that the charcoal filter

is madwiched 1etween two absolute filters. The radiation level at the
north edge'of the high bay section of the roof was between 4 and 6 mr/hr.
The well mounted ladder leading up to that high bay section of the roof
was posted with a conventional radiation symbol in colors of magenta on
yellow background and the words, " Caution - Radiation Area."

48. The regular roof area which serves the remaining portions of the building
was surveyed and the area just north of the high bay section, which is
directly over the solid active waste storage room within the building,
showed a radiation level of 15 mr/hr at the roof surface and 10 ar/hr
at approsimately 3' above the roof floor. The north and of this roof
area she9ed a radiation level of 9 mr/hr at approximately 3' above the
roof level. This portion of the roof of Building 100 and an attached
wall ladder were not posted with any rodtation area warning signs, which
constitutes nonc.ono11mnce with 10 CFR 20.203{).). It is noted that a
person must climb gig, wall ladder and pass this point in order to gain
access to the high boy area, which is posted. Also, the licensee is
in noncomo11ance with 10 CFR 20.201(b) in that surveys have been
inadequate to deterair.e the need for a radiation warning sign on the roof
area above the solid active waste storage room.

49. As part of the Commission's Independent Measurements Pro.; ram, a TLD
station was set up on the roof of a building in an unrestricted area
immediately across a driveway which runs along the Itcensee's north
boundary fence. This is known as location #1, Bennett Box Coceany. The
results of the T1b measurements for the 30-day period between April 11
and May 11, 1970, showed a total of $36 nr. Five hundred thirty six (536)
er over a period of 30 days is equivalent to 0.75 ar/hr continuous for
the entire 30-day period, which constittans nonccinoliance with
10 CFR 20.105fb)(2). in that radiation levels on the roof o( the

i

!

- _ - _ _ _ - - - - _ _ - - - _ . . __ . _ . . - _
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1

! building north of the licensee's property line and located in an
- unrestricted area were such that if an individual were seatinuously
l present in the area, he could receive a does in eacess of 100 er is any
! seven consecutive days. A copy of the results of the Tla's for the
j period January 9 through July 18, 1970, are attached to this report as
1 M.

numamer nxacusaxam;

i

; 50. The new Director of Operations for this licensed program, Preak A.
Schotte1korb,was not available for interview en the last day of this

} inspection (Ostober 13). As a result, a monas-t dieeussion was
j held on October 22. These items which were meted derias the inspection
! up to that ties were discussed. In addittom to Mr. Schotte1korb, those
j in attendence at this meeting were Richstd Belaste, Mmmager of

Mansfacturias Mr. Marvia lestray, Manager of Administrative Services,;

i and Mr. Donald Soldan, Supervisor of Esalth PhyeLes.

I $1. Each of the items of nommempliance noted durias this inspection up
to the time of this meettag were summarised individually. Corrective

; action regarding each of the items of concompliance which had bem stated
,

earlier in the taspection were reiterated at this time. Regarding the#

1 11eensee's film badge problems with their current film badge supplier,
i in this ease,1. 8. Landauer, the licensee representatives advised that
', they are serisuely thinklag of evitshing film badge suppliers and are
i negotiattag with one or two different suppliers at the present time.
4

52. The forms in which the results of an Asc inspection any take were
dieeussed with Mr. Schotte1korb during this managesset diseuestaa

,

meeting. This included Form Aac-591, Form ABC-592, and Form Aac-417.
precedures. In conclusion, Mr. Schotte1korb was advised that thet

! Licensee may expect to receive further commaanication from the Commission
a regarding the results of this inspection.
!

| 53. The items of neanoepliance noted as a result of independent measurements
i en the roof of Building 100 and interviews with previously reported
| overeuposed personnel, which took place en October 23, were discussed with
; Mr. Schotte1korb by telephone subsequent to the inspection. Also

discussed were specific radiation safety lastructions to be attached;
to production batch sheets.; -

i Aste h tse
j Exhibits A thru C-2

i

,

i
|
1

I

!
!

|
4
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Mr. R. S. Landauor, Jr.
R. S. Landauer Jr. & Company
C1cnwood Scienco Park
Cicnwood, Illinoin 60425

>

Daar Bob

I am returning to you the film holders which we found to be
missing one or moro lead filtors. Wo do need replacement holders.
A list of the defective holders is enclosed. J

The devico used to check tho holders conuicts of a compartmented ,

dual source container (one of our standard Icad safen), loaded
with approximately 15 me of 11g-203 (279 Kev) and 3 mc of I-125
(32 l'cy) in flamo scaled glass ampulos. Two k inch holcs in
the safo lid pprmit the low energy gamman to beam through the
aluminum filters and the high oncrgy gamman to beam through the
lead filtors. A detector mounted above the device measures thetransmission of both gamma beams, simultaneously. A fixture on
tho safo lid pcrmits exact positioning of the holders.

The absence of cither aluminum or lead filters results in anincrease in the count: rate. A set of data is onclosed for your
information. .The readinga varied from +10 to -9 %, including
a 0.95 error of + 2 % for counting statistics. The deviation
from badgc to badge is then about +B % to -7 % from our " standard"
badgc.

Ono " odd ball" turned up while checking our holders. The count-
rate was only 43% of the " standard". Upon opening the badgc,
wc found throo 1 cad fillcrs and only ono aluminum filter. This
holder is oncloscd for your inspection. .

ExHIBI T B-I*
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tir. R. S. I,andauor, Jr.
July 2, 1970

;
' Page Two

Wo are in the process of exposing somo film with* holders having
both load filtcra uinning. I hope those will hoJp you inter-

the films worn by Itudon and Daniels at Carlstadt, whoseprctholdors woro missing both Cront and back load filtors. It is
|
' urgent that wo have somcLhing to toll the Commission before tho

thirty (30) day reporting period clapses.
Thanks again for your cooperation.

! Sincerely youru,

MALLINCKRODT Clll;MICAL WORKS
MALLitiCKl(ODT/ NUCLEAR

8&c (|Y1% ~'
Donald W. Soldan, Chicf
Radiological Protection Officer

DWS:cm

onc. 2

cca Dr. W. !!. Wahl
M. L. Mu,rray
M. G. Macon

.

*
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# #\ July 16, 1970

Mr. R. S. Landauer
R. S. Landaucr, Jr. & Company
Science Road
Glon Science Park
Glenwood, Illinois 60425

Dear dob:

The most recent phase of our exposure study has been completed. All
tho films havo bcon sent and should have boon received by you. 'A

mastor list is attached to thic lotter which relates the film dato
and number to the specific exposure conditions. I have not sent this
master list along with the film because I did not want your personnel
to be influenced by such prcknowledge.

29
The exposed experimental badges are dated Juno 36 and July 6 and are
numbered 8001 - 8024, 0101 - 0124 and 8201 - 8224. Please have these
films developed and road out as quickly as possibic.

We hevo not yet received the bfficial film badge reports for the end
of tho quarter. Ilowever, according to telephoned results, two of our

-4 # ex remities exposure,emnloycos hav. exceeded the regulator
has 20,470 and has 19,140.

roccived 11.9 rems for the weckly period starting 5-25-70.
I strongAy suspect that shc was wearing one of the wristbadges with
the lead filtors miscing that particular week, although I have no means
of proving this. Could you personally inspect that particular film wit!
this possibility in mind? Ilcr principle exposure that week was from
119-157 (77 Kev) and Tc-99m (140 Kov) as per etion schedulo

records. We havo no wrict exoosure data for as measured
by pocket chair.bor. was restrict from urther exposure
during the wock of Junc 8 upon receipt of the May 25 exposuro by
talophono.

Ip' inciple exposure during the quarter was to 11g-197, asr

ndicated by reported filmbadge results. gg

Continued -
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.- 16, 1970

'/ j,"n, S. Landauer !

u, s. .Landaucr Jr. & Company
scienco Road
Glen Science ParkGlenwood, Illinois 60425

FILMBADGE FILMBADGE PERFORMED POCKET CHAMDER

DATC EXPOSURE Hy-197 PREP EXPOSURE (1)
i

----

4/6 320 no
140 + 340 (2)

4/13 2,650 yes
----

4/20 400 no
----

4/27 2,300 yes
----

5/4 400 no
358

5/11 3,490 yes
----

5/18 1,150 no

5/25 1,700 yes 70 (3)
270 f

6/1 5,700 yes FAS----

6/8 1,030 no

6/15 0 g restricted ----

6/23 0 from further ----

----

6/29 0 exposure |

TOTAL: 19,140 |
|

(1) Two additional pocket chambers worc issued to the individuals !

assigncd to producc Hg-197 Chloromerodrin. One pocket chamber j
was attached to the wrist band of the filmbadge and the other
was attached to a wristband worn on the other hand.

Rcadings ;

i

woro taken at coveral steps along the 28-stop production pro-
Valucs recorded under the Pocket Chamber Exposurecedure.

heading arc total cxposure in mr. The exposures to the right
and left hand vero approximately equal.

The.Chloromorodrin procedure was performed twice this week by .

(2) 140 mr was due to a run made on 4/15 aborted atThe f dano 340 mr was duo to a complete 28-stop run per orme- up 4*.

on 4/16.
this week.(3) Only steps 24 through 28 were performed by

Picaso note tho'following from the above tabulated data:
|relato in time with Hg-197

1. periods of high reported expos ire co
Chloromorodrin production by

trolate in time with no
3 Periods of lower reported exposure

Hg-197 Chloromerodrin production b
didThe averago wockly exposure during periods when3.

not produco Ug-197 Chloromerodrin was 660 mrem, as reported by
filmbadge results.

Continued -
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j$,q(j.Landauor, tandauer J r. & Company

[;y%,incaRoa1n Sciencu Park,, ,

alenwood, Illinois 60425'
g,

If the conucrvativo a r mption is made that, in addition to any
exposure from ug-197, received one rem of exposuro from
har other dutics, an estimate of the exposure due to lig-197 as
measured by filmbadge results can be mado. This allows us to
mako a comparison of exposure to !!g-197 as measured by filmbadge
and pockot chambor results.

DATE TILMBADGE POCKET Cl!AMDER RATIO FD/PC
47T3 1650 480 3.45/11 2490 358 7.06/1 4700 270 17.4
TOTAL 8840 1,108 8.0

It would appear that the contribution to extremitics exposurs from
Hg-197 as measured by filmbadge would be cight times as great as
measured by pocket chamber.

Wo have also chocked the calibration of all our pocket chambers
against a Victorcen Radocon-555 and a Victorcon R-Motor using I-l''Tc-99m and 119-197 gammas. Theso two Victorcon instruments were
also used to datormino the exposure to tho 8000 series experimental
filmbadges sent to you.

You montioned in your July 7 letter that you would await further
information from me before taking any action on evaluating the badges
worn during the last quarter ending July 5 by two individuals at our g;(Carlstadt facility. All the information I have is as follows:
During the week of June 8, a telephono report was received at
Carlstadt for the films dated May 4 and May 11. Tho exposure reported
for Rodon was 1120 mrem for the May 4 badge. A suggestion was made
that perhaps tho high reading was a result of missing lead filters in
tho badge. Mr. Do M- oc- 1 adges at that time and found thatthe badges worn by nd uring the entiro quarter were
indsod missing bot toad filtors. These badges were removed from

|servico at that timo. I do not know if the filters worked loose during
the quartor or if they were missing since the start of the quartor on
April 6. Both of these individuals work only with Xo-133, Tc-99m
and Mo-99/Tc-99m in equilibrium. Wo have not received any written
reports to dato on exposures for Carlstadt personnel since April 6.
The exposures listed under the Filmbadge heading below are all tole-
phoned results. Ploano note that the total filmbadge results differ
from tho total pockot chambor results by a factor of 4. Individual

,

results vary from a factor of 2 to a factor of 9. |

Continued -
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26, 1970

[[,'/* g.
S. Landnuar*,/ s. Landauer Jr.

& Company \1~ scienco Road
clon scienco Park
G2cnwood, Illinois 60425

EXPOSUR

FILMBADGE
DATC PIL?tDADCC POCKET Cl! AMBER RATIO PB/PC
4/6 ----

65 ----

4/13 260 140 1.9
.4/20 290 127 2.3

4/37 270 112 2.4 C4c5/4 1120 225 5.0
5/11 730 173 4.2
5/18 920 150 6.1
5/25 490 ;

56 8.8
6/1 260 116 2.2
6/8 240 153 1.6
6/15

98 1.----
----

6/23 ----

70 ----

6/39 ----
92 ----

SUDTOTAL 4580 1252 3.7
TOTAL ----

1577 ----

Continued -
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Landauoro.

. j, Landaucr.Jr. 6 Company
g..soncoRoadv2cn Scienco Park

.

Glenwood, Illinois 60425
|

SI

FILM 3ADGE POCI'CT CHN4 DER RATIO FD/PC
DATC PII. Mil ADGC

-- -95-- -4/6

4/13 570 112 5.1

450 121 3.7
4/30

330 69 4.8
4/27

360 104 3.5
5/4 i

600 123 4.9 (

l5/11 $$A b

5/18 G70 75 8.9

5/25 130 05 1.5

330 112 2.9
6/1

6/8 160 S4 1.9
|

6/15 150 48 3.1
|
l

----
37 1----6/22

----
49

6/39 ,----

SUDTOTAL 3750 933 4.0

- - . -1114----
TOTAL

/
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1970 f.c hg,

u. S. Landauor
,.,' 's . Landa ue r J r . & Company
scienco Road
Clan Scienco Park

, '/ Glenwood, Illinois 60425
i

l
Dased upon our discussions when I visited you on June 26, the ,

cdditional information contained in this lotter and the results of the
experimental badgos, I trust vou a ow in sition to reevaluate i

tho extremity badges worn by an f m our St. '

Louis facility and the body dges worn by
from our Carlstadt facility.

I do not plan on submitting ovoroxposure reports to the Commission for
those individuals before you have had an opportunity to reovaluato
the films and unloss the final values aro in excess of the regulatory
limits.

Your suggestion that TLD's be added to several wrist and body badges to I
indopondantly obtain additional exposuro information is an excellant
one. I am most oager to sco the results.

Incidentally, wo found that two of the special badges to which the
TLD's woro tapod woro missing filters when we roccived them. Wo

'

removod the TLD's from those badges and tapod them on good badgos. |

On the basis of your filmbadge results, indopondant of our pocket
chamber data, I restricted six individuals from further exposure for
a total of 40 wcrking days of lost timo during the past quarter. Fivo

|
3 additional individuals woro limited in what particular jobs they could

i

perform also because of high reported filmbadge exposure.

I am confidant.that the steps you have taken will help resolve the
~

difficult interpretation problem when films worn under actual ex-
posure conditions are compared to films calibrated under the NSF
" ideal" conditions.

\ Sincerely yours,

MALLINCKRODT/ NUCLEAR

DL#'

Donald W. Soldan, Chief
Radiological Protection Officer

/mt
1cc: M. L. Murray

Dr. W. !! . Wahl
T. C. Carr
A. J. Virgona

4
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EXP;ia:L .azu. ,2. . v- .'
#

Dateel July 6 (iiigh Exposure)
Dated June 29 (Low Exposure)*

(1) (2) (3) (1) (2) (3)
mrem f mrem prem

8001 250 8002 2270 8003 W 8101 1150 8102 19500 8103 4020arem mrem mrem

8004 300 8005 2260 8006 270 8104 2150 8105 21300 8106 4020

8007 190 8008 2230 8009 280 8107 1230 8108 19100 8109 2120
8110 1850 8111 17500 8112 2050

I:g-197 8010 230 8011 2250 8112 340 Hg-197

(77 Kev) 8113 290 8114 2500
8115 420 (77!:er) Bill 1530 8114 20600 8115 3370

S116 320 8117 2200 8118 310 8116 2200 8117 17500 8118 1600
1520 mrem 8119 1850 8120 23200 8121 2080

280 8120 1600 8121 400
8122 310 8123 2800 8124 300 8122 1730 8123 23700 8124 19500 as 195e"150.5 mrem 8119

Ave. 1711 Ave. 20300 Ave. 4845 255. i
Ave. 348

8202 4020 8203 1020Ave. 271 Ave. 2263
8203 180 8201 900

8201 160 8202 450
- 8206 150 8204 1100 8205 4300 8206 1050

8207 120 8208 430 8209 170 8207 990 820e 4020 8209 9208204 170 8205 430 '

Tc-99a 8210 150 8211 460 8212 210 Tc-993 8210 800 8211 2300 8212 990

180 8214 460 8215 150 (140 Kev} 8213 800 8214 3800 8215 1280

8216 790 8217 3800 8218 910
(140 7.ev) 8213

8216 100 8217 440 8218 170 1112.5 mrer:'
150 mrem 8219 120 8220450 8221 186 8219 770 8220 3800 8221 1230

8222 160 8223400 9224 160 8222 820 8223 3800 822; 1250

Ave. 172 Ave. 871' Ave. 3730 Ave. 1081
*

Ave.145 m *440 8001 1190 8002 1280 6003 1190
8103 1508101 170 810217o 8004 1320 8005 1290 8006 1070
8106 1808104 170 8105180 8007 1220 8008 1420 8009 1050
8109 170
8012 180 I-131 8010 1070 8011 1230 8012 10508107 190 8108200

(365 Kev) 8013 180 8014190 8015 170 (365Eev) 8013 1370 8014 1130 8015 950
I-131 8110 200 8111210\

x 8016 190 8017180 8018 160 8016 1100 8017 1190 8013 980

172 mrem 8021 160 1525 mrem 8019 890 8023 1050 8021 920
8019160 8020190

Rn 24 170 .Rn*2 1100 8023 1080 8024 1030
8022 200 8023200 Ave. 1157 Ave. 1208Ave. 167
Ave.182 Ave.190 f r:3ve. 1030All sets of badges were suspended in a circular array equidistant |

,

a source suspended from the center of the circle.g, fixed in planes perpendicularBadges with all four filters intact;$ (1) to lines f rem the source to the badges.p.' fixed in planes per'pendicular i

Badges with both Icad filters missing; t

(2) to lines from the source to the badges.
g allowed to rotate randemly around(3) Badges with all four filters intact; - .'k' the long axis of the badges.

.

.
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EXP!nI::::. .aL 33C:3 CalE 1waT'

Deted July 6 (Hich D:posure) ,

Dated June 29 (Low Exposure)
.

(1) (2) (3) (1) (2) (3) ,

8001 1.7 8002 15.1 8003 3.1 8101 0.8 8102 12.8 8103 2.6

8004 2.0 8005 15.0 8006 1.8 8104 1.4 8105 14.0 8106 2.6

8007 1.3 8008 14.8 8009 1.9 8107 0.8 8108 12.6 8109 1.4
8110 1.2 8111 11.5 8112 1.3

lig-197 8010 1.5 8011 14.9 8112 2.3 Hg-197

(77 Kev) 8113 1.9 8114 16.6 8115 2.8 (77 Kev) 8113 1.0 8114 13.6 8115 2.2
8116 1.4 8117 11.5 8118 1.1 |

3116 2.1 8117 14.6 8118 2.1
8119 1.9 8120 10.6 8121 2.7 8119 1.2 0120 15.3 8121 1.41520 + 74

151 + 7%

8122 2.1 8123 18.6 2124 2_; 0 8122 1.1 8123 15.6 8124 1.3mrem
mren

Ave. 2.3 Ave. 1.1 Ave. 13,4 ave. 1.,

8201 1.1 8202 3.0 8203 1.2 8201 0.8 8202 3.6 8203 0.9Ave. 1.8 Ave. 15.0

8204 1.1 8205 2.9 8206 1.1 8204 1.0 8205 3.9 8206 0.9 |

8207 0.8 8208 2.9 8209 1.1 8207 0.9 8208 3.6 8209 0.8

Oc-9 9 . 8210 1.0 8211 3.1 8212 1.4 Tc-99a 8210 0.7 8211 2.1 8212 0.9

(140 Kev) 8213 1.2 8214 3.1 8215 1.0 (140 Kev) 8213 0.7 8214 3.4 8215 1.1
0.8

8216 0.7 8217 2.9 8218 1.1 8216 0.7 8217 3.4 8218
111113 1 7% 8219 0.7 8220 3.4 8221

150 17% 8213 0.8 8220 3.0 8221 1.2 l1

mre n Rm 1 1 8223 2.7 8224 17 "f"" 8222 0.7 9223 3.4 c???
Ave. 1.0

. Ave. 1.0 Ave. 2.9 Ave. 1.1 Ave. 0.8 Ave. 3.4

8001 0.8 8002 0.8 8003 0.8 e

8101 1.0 8102 1.0 8103 0.S

8104 1.0 8105 1.0 8106 1.0 8004 0.9 8005 0.8 8006 0.7

8107 1.1 8108 1.2 8109 1.0 8007 0.8 8008 0.9 8009 0.7

I-131 8110 1.2 8111 1.2 8012 1.0 I-131 8010 0.7 8011 0.8 8012 0.7

N' (3657.sv) 8013 1.0 3014 1.1 8015 1.0 (365nev) 8013 0.9 8014 0.7 8015 0.6 .

8016 0.7 8017 0.8 8018 0.6 |

8016 1.1 8017 1.0 8018 0.9 1525 i 7% 0.6 8020 0.7 8021 0.6
8019 0.9 8020 1.1 8021 0.9 8019~ 71 mrem 0.7 go 3 0.7 gcy: 0.7172 +

BC22 1.2 8023 1.2 8024 1.0 8022

1.1 Ave. 1.1 Ave. 1.0 Ave. 0.8 Ave. 0.8 Ave. 0.7mrem

All sets of badges stere suspended in a circular array equidistant fromAve.

a source suspended from the center of the circle.
fixed in planes perpendicularBadges vith all four filters intact:(1) to lines from the source to the badges.b #

|fixed in planes per'pendicularD Badges with both lead filters missing; '

1 (2) to lines from the source to the badges. !

allowed to rotate randorly aroundg .

four filters intact;
d

(3) Badges vith all' the long axis of the badges. '
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TO: M. L. Murray
* !

PROM: D. W. Soldan .

Proliminary Report - Exposure Studies
!

Initial exposure studies performed early in the quarter with
R. S. Landauer filmbaducs and.Mallinckrodt/ Nuclear pocket
chambers showed that under "idcol" exposurc conditions the ,

|
*

two types of devices gavo ensentially the same results over |a rango of energics and cxposurcs. These results wore very l

perplexing in that when the devices were worn by personnel
under actual exposure conditions, the results woro widely
divergent. Certain generalities were drawn from the avail-

-

able information. |

1. The filmbadge results f or Production Department personnel
|woro more divergent f rom pocket chamber results than for .

other departments.
I

2. Thoso production personnel working with low energy gamma
emitters had the highest divergence of results. (The pocket
chamber values ranged from a low of 45% to 65% of the film-
badge results.) .

3. The filmbadge results for personnel working with low gamma
energios woro annotated high energy on the written reports.

4. Good agreement between filmbadge and pocket chambor results
worc found for personnel principally exposed to high
energy gamma cmitters. (The pocket chambor values were
75% to 95% of the filmbadge values).

5. The reported cxposurcs woro, almost without exception,
gamma exposures rather than bota exposurcs.

6. Occasional inexplicably high gamma exposures were reported.
(The filmbadge results woro 3 to 4 times higher than
the pocket chamber results.)

7. When exposed under " ideal" conditions (with a film in a
j plano perpendicular to a line drawn from a point source,

|

Es tila a- B-il
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M. L. Murray
.

July .7, 1970 Preliminary Itcport - Exposuro StudiosPago 4%o

to the badge) the f ilmbadge results were in good agroc-
ment with pocket chamber values indopondent of gamma

.encrgy.

Ono possible explanation for the above contradictory results| was that under actual exposure conditions the area under the
| load and aluminum filters was being exposed to low energy

gammas entering the badge from the edges or top of the badge,
thus not being stopped by the filters. This would rosnit ini

little differenco in darkoning of the filtered and unfiltered
arcas of the film. Such an exposure would be interpreted as

The calibrationhaving been duo to high cncrgy gammas.
factor for conversion from film density units to exposure is

This offcetlarger for high energy than for low energy.
(and ensuing crror) should be inversoly proportional to the
energics of the gammas from the source and directly propor-
tional to the angular deviation from the perpendicular.

A series of experiments were begun to confirm the above
supposition. Two groups of filmbadges were hung in a circular
array approximately equidistant from a source hung from the
center of the circle. !!alf of the badges worc fixed in verti-
cal plancs perpendicular to lines drawn from the source to
the badges. The other half of the badges were alternately
suspended in vertical planes by threads. A fan was used to
used to causo random rotation of those badges suspended by
threads. Iodine-131 was used as a high oncrgy gamma source
for the first experiment. Ono, sot of badges received about

!

200 mrom and the second set about 2 rem. As expected the
rotating badges did road somcwhat higher than the fiacd badges. {

Mercury-197 wss used as a low energy gamma source for the second
,

|

The above cxposures were repeated. The resultscxperiment.of this experiment wcro not available to me before the trip
to Landaucr.

Upon arriving at Landauer, I requested and roccived the experi-
montal results which had bcon calculated only that morning.
As anticipated, the recorded values for the films exposed under
tho " ideal" conditions worc only 63% of the values recorded
for the rotating filmn simulating actual exposure conditions.
This crror was in good agrccmont with the error found betwcon
filmb2dge and pocket chamber results when worn by our personnel.

Add tional calibration data has bcon otrtained on each of ourThe absoluto50 p eket chambers au a function of energy.
exposurcs have buen measured using both the Victorcen R-meter
and the Victorcon Radocon 555 as secondary standards.

,
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M. L. flurray
July 7, 1970
Pago Three Prelituinary Report - Exposuro Studicu

*

Current exposure studies include a repeat of earlier experi-
ments adding Technetiura-99m under more exact conditions to
chock not only relative but also absolute values.'

In addition to the fixed and rotating badges, I am also
exposing badges with missing filters. I suspect that the
previoucly inexplicable spikes which occurred on occasion

I cxpectworo due to filmbadges with missing Icad filters.
that an error factor of 3 to 4 will be demonstrated upon
completion of the current experiment.
The devico described in the July 2nd lotter to Bob Landaucr
has boon'very useful in detecting faulty filmbadge holders.
Approximately 10% of the holders worc found to be defective
and havo been removed from servico. This check has been
added as a permanent step in filmbadge handling procedure.

Sufficient data should soon be availabic to present a strong
caso to the Commission.

N
D. W. Soldan

DUS cm
- .

cca W. !!. Wahl
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M/N TLD DATA (#}

'January - March 1970

Average Not Dose Ave. !!ct Dose Rate
Exposure Period Location (mrad + E) (mrad /30 days)

1/9 - 2/7/ 70 #1, Sennett Box Co. 427 1 26 442

(29 days) #2, Dorsctt Rd. Fire Station <1 -

#5, M/N N Perimotor Fence 90 16 93

#6, M/N E Perimeter Fcnce 412 4.1
| #7, M/N S Perimeter Fence 412 4.1

#8, M/N W Perimater fence 713 7.9 '

2/7 - 3/7/70 #1, Bennett Box Co. 261 1 40 2 79,

(28 days) #2,- Dorsett Rd. Fire Station <4 -

#5, M/N N Perimeter Fence 56 1 7 60

#6, M/N E Perimeter Fence <6 -

#7, M/N S Perimater Fence s; -

#8 M/N W Perimeter Fence <6 -

3/7 - 4/11/70 #J. Bennett Box Co. 272 1 26 233
(35 days) #2, Dorsett Rd. Firs Station No results

,#5, M/N N Perimeter Fence 80 1 5 69
#6, M/N E Perimeter Fenea 312 2.6 I

#7, M/N S Perimeter Fence <2 -

#8, M/N W Perimeter Fence 9+2 7.7 I
l
1

("}The results are the average measured doses to TLD 700 tissue equivalent material
minus the average measured dose at the background location. A "t" test is performed
on the results from the groups of dosimeters close to the plant to determine if their
exposures are significantly different from the background exposure at the 98% confi-
dance level. If a signif t: ant exposure is received by a group of dosimeters, the
statistical uncertainty of the averaga net doqe is also reported. The uncertainty

I
.

is calculated using the formula E = S t d3 + Kst)1/2 in which S is the pooledp
backgroundandNstfieldsampling$ocationdosimeterstandard deviation of the N3 jreadings. The value of t used is the tabulated value at the 96% confidence level

for the appropriate number of degrees of freedom. If the average net dose to a
group of dosimeters is not significantly different from background, the quoted
rssult is <I. i

l
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Averor,e Not Lose Ava, tiet Dose Rate

Exr.0sure Perf od L<, Ation (mrad + E) j = tad /30 days)

4/11 - 5/11/70 #1, Bennett Box Co. 536 1 30 5 36

(30 days) #2, Dorsett Rd. Fire Station 43 -

N #5, M/N N Perimeter Fence 11316 113
#6, M/N E Perimeter Fence <4' .

#7, M/N S Perimeter Fence <3 .

#8, M/N W Perimotor Fence 514 5

5/11 - 6/15/70 #1, Bennett Box Co. 318 1 35 273
*

-

(35 days) #2, Dorsett Rd. Fire Station <2 .

#5, M/N N Perimeter Fence 9512 81,

#6, M/N E Perimeter Fence 313 2.6
#7, M/N S Porimeter "ence 312 2.6
#8, M/N W Perimeter Fence 712 6.0

6/15 - 7/18/70 #1, Bennett Box Co) 381 1 13 346

(33 days) #2, Dorsett Rd. Fire Station <2 .
*

#5, M/N N Perimeter Fonce 7119 65 *

.#6, M/N E Perimeter Fence Missing .

, . ' #7, M/N S Perimeter Fence 3 f, 2 2.7-

,

#8, M/N W Perimeter Fence 812 7,3

'
.
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