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Report of Anparent Radiation Overexposure at Engelhard Industries,
Inc., D. E. dakeneace Division In the Period from June 13 to

‘June 25, 1960,

On July 7, 1960, Engelhard Industries, Inc., D. k.

Makepeace Division was

Informed via telephone by Nucleonics Corporation of Americe, its regular

film badge processor, that film badge readlngs

Nuclear Department showed exposures of 15 rems wnd 23

respectively.

of two (2) employees in the

rems of beta radlation,

‘The Atomic Energy Comnisslon, dew York (peratlons Office,

was informed of thils event on July 8, 1860 by telephone and telegram, in

accordance with regulations,

The two employees involved in the overexposurs

o

worked on thej iy

LYB). o

closely with him and is

dosage of radiatiqn ex
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week period of 80 millmrenm of oeta & 3"ﬁ
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received 130 millirems of beta. -

Previous cumulative exposures for the year 186C
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-~ 1,845 millirems
- 4,035 millircems

arz as fcliows:

3908 millirems beta-gamma
55645 ml1ilirems beta-genma
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Repart of Apparent Radlation Overexposure
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The_melting schedule for this two week period during which the over-
exposure occurred has been brokén down by shifts and = compleﬁe'break-
down is attached as éisupblemeﬁt td'this report. (Exhibit A). The total
_ number 6f melts during thls period is as follows:
 First shift - 11 melts
Second shift « 18 melts
Third shift = ‘7 melts
This represents a somewhat above averags‘malting schnedule for a two wesk
u period but seems insufficiently increased to account for exposures of this
magnitude, A complete melting‘breakddwn for the two month pericd beginning

April 18th is attached. (Exhibit B).

Qur melting operations are carried cut in either of itwo furnaces, one, a
vacuum induction type furnace and the other, an airvindnction fuarnace. '
In the case of the former, it is éometimcs necessary for the melters_and
helpers to enter the vacuum furnace shell for cartain periods oF time 1n
order to facilltate the removal of crucibles and molds. or for certaip
éleaning operations., Normally, this time which'is spent Inside the ﬁacuum
furnace is held toa minimum, due to the fact that fairly high lLevels of
radiation are féund in the furnace chamber after a meli, A weekly furnace
clean Ing program has béen in operatlion for a number of'months in order that
the amount of removable contaminstion inside the furnace be held to a
ninimim, This cleaning is not done by either the melturs or helpers out by

other versonnel employed in the Nuclear Department on = rotating basis. We

have not to date found excessive expcsures tco any of the personnel Involwed

in the furnace cleanlrng operatlons.

\\A.From”the_q}taahedusupplement, Exhibit A, it is svident that_ihé majority

I - .



Revort of Aparent Radiation Overexposure
Pajge Three

furnace which 1s not large enouch for gnyone tc onter, and thercfore, offers
much le ss chance for exposures of any magnitude, All of the melts which
wére made ln the air furnace in this period were enriched uranium éluminum
alloys, the}largest charge being 20,000 grams and the highest alloy being>

25% urm iun,

Upon the receipt of the film badge report from our prosessor, the two men
involved were immediately removed from t he melting area and_transferre..co
jobs which would not expose them éo radiaticn., The men and their helpoery
were questioned at length in aneaffort to deternline whsther any unusuél
circumstances took place in that period, which mighﬁ account for the high
exposure on film badges. The results of the questloning wsre negative,

A urine sample was taken from t1e two exposed men and submltted for
analysis. In additlion, blood Lests and physical examinations were also domne.

The results from these tests are attached. (Exhibit C).

On June 28th,'as a part of our regular urinanalysis progrem, a numﬁar of
urine samples had been sent to our supplier, Controls For Radietion, Inc,
in Cambridge, ilassachusetts, includlng the t:o meWterc! and their helperst,

" This was done without knowledge of the exposure which these men s:9 assumed

to have had, The results of this analysis are ds f ollows:

“@ﬁ; ”fﬁiﬂﬁffwf?]%lOS x 10™% . micrograms per milliliter of total uranium..
¢ff; ' {%168 x 10°2 . microgfanm per mlililiver of total uraaium.
;,f{f i _106 X 10'5 ‘.micrograms % T millilitér of total uraniw
;»{3 1.4 x 1670 micrograms per milliliter of total uraniu

These values represent guantities of uranium that are well below maximum
tolerance levels., It is obwious, therefore, that ar a‘y eXPosure d&d accur,

it was not accompanied by internal deposition of uranium,
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Page Four - -

in an effort to. determine the cause of the radletlon exposure, succeeding
melts were honifored by Health Physics pefsopnelo The results_bf th.cse
monitoring opéraﬁions showed very low radiation levels (less thah 5 mr;
per hour). These surveyé were made of alr melts since the vacuum furnace
was not used during this period. However, the vacuum furnace wss éiso

surveyed and found to have no readings in excess of 2 mr, per hour.

In order to.detormine the amount of exposure %o which Films. “would be

subjected by eiﬁher(drbpping or resting on pieces of uranium metél fqr long

periods of tlme, two new film badges were dellberately exposed to pieceé

of uranium for pveriods of 8 and 24 hours, respectively. These films wsre
then sent to our processor, Nucleonlcs Ingorporathmzof'Amarica, whers they

showed exposures of 3 rems and 10 rems, resvoctively.

In attempﬂing to determine the bossibi,ity whici existed for the accidental
6r deliberates exposure of the £iln badges, the film badge handling
procedures were reviewed. At the time of the awparent exposure, film
badges were kept in an_open rack by the guardls stetion et the entrance to
the Nucleaf Depa ritment. The badges were ﬁicked up by <he workers in the
mornin;; and déposited on the rack wher leaving either at lunch time or at
the end of the 4 ay. Normally, there is & s ecurity guard present from

7 ao.mo t0 5 pome After 5 pemM., the night guerds make-ﬁourly rounds and,
thereforé,_the rack contaihing the film badgg; is svaillable to any one
within the Nuclear Depariment. At the end of ezch two weeik period, badges
are collected by Tlealth Physics persomnel who then insert fresh £ilm within
the holders. The holders are replaced on‘tha veelr and the old {1lms sent to

the processor, via our shipping department 1n our Attlsboro Plant,



Repart of Avparent Radiation Overexposure
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We havé received word from Nucleonics that they are in the process of
recalibratiné the two expoéed £ilms and hope tc have revised reéuits very
shortly. Theée will be forwarded to the Ato@ic Energy Commission, New York
Operations office. They also indi cated by pﬁohé that the wo films were _
exposed from the back, indicating bhat the holders qad been revsrsed from
the narmal positione This is con51stept with what we would expect sinca

the melters wére in the habit of Wearing their badges on the inside of their
shirt packets in order o pre#ent any contamiﬂatipn cf the hadges,

As a result of the incident and our *nvestigﬂciOﬁ. vig have arrivod et
several'bourses of agtian to prevent & recccurreace at some futuve date.

Ve are in the process of-pﬁocufing additional survey instruments and alsc
personnel to use them. It is our intention to increase cur number of
radiation survéys; espeéiélly ﬁith regéfd to arcas wnheve high levels might
be éxpected, such as the furnace area, Theaa will be recorded for -ermenent

record and to aid in reducing sxposurs limits befors they becoms excessive,

Our film‘bédge control will be réviewed so that badges reméin in a locked
cabinet and will be handed to the woarkers by the guards,_ In fhis vay,; we
will be able to account for all of our badges and at the séme time, prevons
the possibility of any misuse by unauthorized ﬁersonso_

COHCLUS LONS

The only two possibilities which exist to explain this occurrence would

seem to be that elther the men were exposed %o s xtremely high radiation
levels or the badges were exposed to these high levels in some manner,
The pertinent factor in relation to the incident seems to lis in the

fact that vhile theH:wo meltéré‘Showed high exvosures, to radlation, each
S _ .

- - T e ek M ve man msnam



Report of @Eparent Radiation Overexnosure
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:)xperience in the oast that due to the almost equal amount of time- soent in
and around the rurnace by both melter and helper, their exposures should be
of a similar magnitude with the helper's usually being grcater than that of
the melter. It, therefore, seems quite inconsistent with prior data that

this was a true exposure to the melter and not fo the halper on each of two
b)(6)

e ——

different shifts, In addition the badges of the melter end helper on the

0e) during this two week nerlod showed no exposure whatscever, indicating

that if a true exposw e 4did occur, it was_restricted-tothebx@

Results from urinalyses, blood tetts, and physical exeminations show no
abnormalities to be found insofar as the physical conditlon of the two

men 1s concerned.

We propose, therefore, to‘discount this reportesd exposufe from ¢t he
cumulative records of the two men since we fezl that this was nct a t rue

exposure, Further, we intend to restore these men bo their jobs on the

' B)(6) { '}
melt in; furnace ’§s of Septemoef 12th, an :; of' September

26th unless we are . advised otherwiss by the Jicensing Division. These dates

w11l mark the end of & “two ﬁsﬁfb\ggij;hree month period of non radiation C

b)(6) . _

exposure work: for respectively. We feel that the :6
Nom—— : s - .

further precautions which will be taken regarding radistion surveys and

£ilm badge control will prevent repetition of any similar’occurrence in the

future.
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13" - 6/25 ‘
D
1 : : v
¢ LELT DATE CHARGE WT. U WT.
L ig-Al 6/13
P iMg=Al 6/13
Mg=Al 6/14
. Mg=-Al 6/14 _ v
. U-Al 6/16 20,000 gms. 2600 gms.
U~Al 8/17 20,000 gms. £600 gms.
U=-Al 6/17 20,000 gms, 2600 gms,
U~Ho 6/22 350 1lbs, 340 1lbae
U~Al 6/23 20,000 gms. 260C gms.
U-al . 6/23 20,000 gms. 2600 g
U-Al 6/25 75368  gmse 1850 pms.
oXer T le/1B - 6/25
MELT DATE CRARGE VT, U WT.
Mg=-Al 6/13
‘Mg~Al 6/13
Mg~Al 6/13
- Mg-Al 6/13 o
- U~Mo 6/14 60,000 gris. 54,000 gns
U=io 6/15 60,000 gms, 54,000 gms.
. U-Al 6/15 11,000 gnms. 1820 gms,
 U~Mlo 6/16 0,000 gms. 54,000 gma.
© . U-Al 6/17 20,000 gms, - 2600 gme.
. U=-Al 5/20 10,000 gms. 600 s .
© UeAl 6/20 20,000 gms, 2600 gma,
© U-Al 6/20 20,000 gms. 2600 gma,
. U-Al 6/20 £0,.C00 gms. 2600 zmy.,
C U-AlL 6/21 20,000 gmse 2600 gms e
 U=Al 6/22 5,000 gms. 580 gmse
U=Al 6/23 5,000 gme, - B5BO gms.
U=AL 6/24 11,000 gmse 1820  gme.
U-lio 6/24 60,000 gmse 54,000 pms. 2
N

TURNACE

Alr
Alr

" Al

Alr
Alr
Alr
Alr
Vacuum
Air
Air
Air

FURNACHE

27 S O SR

Aip

Alr

 Aip

Air
Vaculim
Vacuun
Alr
Vacuum
Alr
Ailr
Air
Air -
Air
Air
Vacuum
Vacuum
Ay
Vacuum
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b)(?)w :

MELT DATE
U=-Al 6/14
U-Al  6/15
U~ifo 6/17
U=-Al 68/20
U-llo = 6/21
U~-Ad 6/22
U=-Io 6/23

CHAKGE

12,000
5,000
60,000

10,000
350
1.0, 000
350

>/1;3 - 5/25

‘\.' T °

8ns o
gnms,
gns.
gne o
lbs.
gms .
lbs,

conttad

U WT,.

2900 NS
550 gms,
&4 ,000gme ,
500 gms,
340 1bs,
600 gns,

340 lbs,

EX

{
|
§

ENR ICHUENT FURNACE )
939% Air 3
93% Vacuum |
25.6% Vacuum |
93% Air !
Depl. Vacuum \
93% Air
Vacuum

Deplo

-



Pages 11 through 18 redacted for the following reasons:

(b)(4) and (b)(6)
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EXHIBIT

P.O.No. A-12455

1 C“

controls for radlatlon

tNC.

130 ALEWIFE BROOK FARKWAY: - CAMBRIDGE 40 MASSACHUSETTS

UNIVERSITY 4-8280

UORINALYSIS DATA RXPORT

Lot No.2

Subscriber:

Engelnarc Ind.

nc.

.E.Makepeace Div,

Route 152

Mass.Attn:

Mr.N.Veis

Ui

Plainville,

Type of Analysis:
FLUORCMETRIC

\ %%@WWJ é/M/@ g

e ™ Result In |Date of |Vol,
“Sample ug/ml Analysis|{ml
l | -
-2
i <1.0x10_7 17/18/60 | 20
2. 1.0x10 7/18/60 | 20
3. 1.6x10 . |7/18/60| 20
4. <1.0x10 7 |7/18/60 | 20
5. <1.0x10.° |7/18/60| 20
5. r.4x10_ 2 |7/18/60 20
7. 1.4x10_ 0 {7/18/60 | 20
8. 1.2x10_3 |7/18/60 | 20
9. 1.2%10_3 17/18/50 | 2¢C
10. ]| 1.6x%i0. 7/18/60 | 20
1. L4x10“f3 7/18/60 | 20
12. 1.4x10 ~, |7/18/60 | 20
13. <1.0x10 7 |7/18/50| 20
14. <1.0x10,~ |7/18/60 | 20
15. 1.6x10_3 |7/18/6G | 20
16. 1.2x10 5 17/18/60 | 20
17. 1.4x10 7. 17/18/60 | 20
18. <1.0x10,~ 17/18/60 | 20
19. 1.4x10_3  |7/18/60 | 20
20. 1.2x10_3 |7/18/60 | 20
21 3.5x10 - |7/18/60 | 20
2. 1.4x10_5 |7/18/60 | 20
23. 1.2%10 7/18/60G | 20
T e
Remarks:Nos. 3, 10, 17 & 20 Submitted bY’-ﬁéiaiflééi;iza&,ggcr__
in to Miss Jchnson

results called

A.S.Lovine,Dept.Head
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REFER TO FILE
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) /./)077)'(444- Q%M/f/. . ﬁ/.f/(jﬂ 70
60,126

surust b, 1960

Mr. <. . ,anlun, Manaver
Eiw-lenard industries, Ince
e . Makepeace Di-Ziion
. “Piainville
el

A -
~n YL, T e
a8 3&CHTS e LYl

. _
Dear Mr. Janhams

nclosed 5 3 repor. by our industrial hrolenist,
Mroo oo e Cnﬂpron on a vigit made Lo vour Dluﬂt
om Jaly 17, 1, wﬁ%d Mr. helson of the atomic

; “ner-v Jcrriission,

hir probiem of rnexpiainable,..i~h <ilm-badve-
readin. ‘s has becn encountered accas onall'c in
oLier nlants, «nd we have no sat.sfactory answar
to tids nroblem, In connection with your cases
I have noied a report fron another paiant in w.'ch
”)“VP”S, enca~ed in similar operations, who wear
Tilm b o heir wrists shoved nigh Leveis,
indi cuhhnr a pogs’wie.nd tnoexposire ' Iin close
sontact srivh the crucibles nised o melting
uranitm, Jhether cr not tris Iindinr we 1l have
nearing on yo.r cases ©5 nol ciear,

!
dervey il sikins
irector

IR o8
mne.



EXIBIT B
- | | b
60.126 | | E*
July 27, 1960
TO: Dr. Elkins
FROM: Mr. Comproni :
"~ SUBJECT: Englehard Industries, Inc., D. E. HMakepeace Division, Plainville
PERSORS Mr. C. A. Canham, Manager

INTERVIEWED: Mr. Horton Weiss, Radiation Safety Officer
DALE OF VISIT: July 19, 1960

Accompanied by Inspector Paml Nelson of the Atomic Energy Commissiom,
a visit was made to this plant to investigate a high.-film-badge-exposure incident,

During the visit it was learned that two film bad-es showed

excessively high doses of beta radiation on the date of July 7. The[®® = ]
meE '

__Dfilm-badee showed an exposure of twenty-three rem of beta radiation,
. TherbXQ film-badge showed an exposure of fifteen rem of beta
radiation,  IHis exposufe is now in the process of being investizated by the company.

telephone, that the badge for the
badge for the[0)® g
respectively, oince this was at the—ehd—ei—oheworking daj,

waited until the next day, iday), to check the aref

vacation at this time RICRINEINES taken off the job onr¥riday

daye Subsequextlfd)6)" " [ jFesE—on vacation for one weeke Urine samples were
taken on June 28-.1o3 —GFanium analysis, which is done at 3-month intervals,

Mr. Weiss surveyed the furnaces, tables, crucibles, and molds on
Friday morning, and the highest beta-radiation-rate obtainable was 20 mr/hr, By
calculation, the company determined that the highest-possible radiation-rate in
the center of the furnace is 400 mr/hr. ' The Atomic Energy Commission was notified
on Friday, July 8, and the workers were questioned, to determine whether any
unusual incident had occurred during the previous two weekse The company could not
determine that any uvnusual incident had occurred, and no excessive radiation-rates
could be found upon monitoring the area svbsequently. The film badges are processed
on a wo-week basis, so that the high exposure to these badges could have occurred
any time during the previous two weeks, All film badge readings of employee expo-
sures prior to tnis date, from January 1, 1960, ware well below the maximum allowable.
In fact, the melter's helper usually has a slightly-higher film-badge result than .
the melter himself, This is explained by the fact that the helpers load the furnace
and are in more close contact with the uranium,

The results of the urinalyses of the melters were telephoned to the
campany in advance of the regular results and are as follows:



£1e

-2 -
-2 -
b)(6) URANIUM per liter
' 1.6
1.6x30-3
0-3
1°hx10-3
1l.2x

The melting is done in one of two furnaces, One is a regular open-
air furnace, and the second is a vacuum furnace operated inside a vacuum chamber,
This unit is called a Kinney melting unit. Most of the metal is handled in the

open-air furnace.

~ Three shifts are employed. lowever the third shift does not perform
as much of the melting work as the other two shifts, 411 employees, working on
these units, are required to wear film badges, However they are worn by clipping
them inside tne shirt pocket. In this position, the badge faces the man, thus the
radiation must pass through the pocket cloth as well as the back portion of the
film-badge holdere. According to the supplier, this can reduce the true reading by
a factor of approximately twenty-five percent,

Since depleted uranium gives a high beta-dose rate, the company
exposed a badge for eight hours to depleted uranium and a badge for twenty-four
hours to depletved uraniume The details of this exposure were noti discussed;
however, the result for the 8-hour exposure was 3R beta and the 2h~hour exposure,
10R beta,

The mecical program of control for this company includes a pre-employ-
ment and terminal blood test, annual physicals, and quarterly vrinalyses for uranium.

All radlation workers mustA,,gx_Illgm‘gdges at all tlmes when ln the hot area.

| =\

' .~ The time required to load the furnace is now two minutes, whereas it
formerly required ten minutes. The opemator must enter the vacuum furnace for this
period of time and guide the uranium into the crucible as it is lowered by chain-fall
into this unit, Formerly it was carried in by the operators by the plece and required
a somewhat-longer loading time, thus extending the exposure time,

The crucibles are cleaned in a hood which is exhaust-ventilated, and
a Plexiglass shield has been provided to reduce the beta-radiation exposure, This is



-3 -
done whenever necessary, usually on a weekly or monthly basis. The vacuum chamber
is cleened wsekly by washing the interior walls,

A monthly supply of Ffilm hadgee “s received at the plant and changed
biweekly under the supervision oi lazel Johnson, technician. Thev are placed on a
rack on Lhe cuard's degk at the entrance tc the not arsa., Ivery two weeks they are
brought Lo the Attleboro-plent shipping denarument and from there returned to the
supplier. #iss Johnson notes any cdamage to the hadres or visible contamination,

EBach worke. picks up a cadge upon reporting for work and leaves the badre wiih the
ruard upon leaving the area. Under the present system, it ig possible f{or the worker

to keep nisg btadye overnighty and durine the guard's absence the badres are left unsuiardad,

_ Cne~hundred-fifty badges are used on a biweekly basis, and the company
will provide a locked cabinet at the guard's desk, and tne handiing of the badges
will be supervised more closely. Ths badges will be worn oubside the garment in the
future, ‘ :

It is generally feli, by all parties concerncd al this investigailon,
that there is a strong pesgibility of the misuse of the film badres, resulting in
these nigh-exposwre readings. As a resuit the company plaris to maintain a new,
stringent propram of contrel over the badyges, and to zcquire an ionization-tyre
instrument, tc make beta measurements ineide the furnace, t¢ positively determine the
levels of rediztion within this unit,

MG os



