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Geometry of Event

Time of Exposuire

Relevant Information from Personnel Interview

Estimate of Exposure - Gamma

VII. Estimate of Exposure - Beta
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On January 18, 1984 a Health Physics Technician identified a white
plastic bucket in the CRD Repair Room with a notably high dose rate on
contact with the outside of the bucket. The rex t.d measured contact

dose rate on the surface of the bucke: was 1l0R/h

an attempt to reduce exposures to personnel working

3

the HP Tech decided to identify, segregate and transfer the source(s) of

chese radiation levels to a

technician removed the suspected source:
the bucket by hand,
the lead pig. During this
measurement of 10R/hx
essentially in contact
that dose rates appeared to
the source to survey instrument decreased
dose rates to the individual's fingers mig
instrument reading, Therefc.e an
instituted to determine the

ct dose rates, exposu

1ng extremity exposure.

investigation indicate
Rem
exXpx
hand
taneously,

Rem.




II.

The appropriate extremity exposure to assign for this incident is
4.56 Rem gamma with negligible beta contribution due to the thickness

of the gloves worn during the incident.

QUANTIFICATION OF SOURCES

In an effort to accurately determine the contact dose rates several
tests were performed. First the radioactive chips were retrieved from
the lead pig and individually placed in true contact with a TLD chip,

The time of exposure was carefully measured and the location of the mutual
chip relative to the TLD chip was carefully maintained, The sonrce chip
and receptor chip were truly in contact except that two intervening layers

of plastic and one layer of cotton were used to simulate the technician's

gloves.

Each source chip was exposed to three different TLD chips for known time
periods (except for chip #7 which was exposed only twice), Exposure times
were all greater than 5 minutes thereby minimizing errors in time measurement.

Each TLD was read out in a conventional manner.

The raw results of these measurements are contained on attachment A and
the coirected (background subtracted) and averaged results are contained on

attachment B.

In addition, to assess any beta dose contribution and to verify the energy
of the gamma radiation a Ge-Li analysis of a fraction of one of the source
chips was also performed. The results are presented on attachment C. These

results confirm the assumption that Co-6) comprises essentially all of the




activity contributing to the exposure. The results also serve to identify

the maximum beta energy present as 0.314 Mev. which has a smaller range than

required to penetrate the 95 mq/cm'2 thickness of the gloves and dead skin

layer (see attachment D).

Although the HP Technician remembered handling only 3 to 5 separate chips
during three different transfer movements, 8 chips were found in the shielded
container. To ensure a thorough evaluation, dose rate measurements were made

on all 8 chips (the two smallest chips were taken together

hat the sources
shown in attachment E.
small when compared with the size of the probe or sensitive volume O
13

tional survey instruments.

As a result, dose rates considered to be "contact" as measured by a survey
instrument, underestimated the true contact dose rate by a
to 55 with 55 being the case for the smallest source
To obtain accurate tact dose rate measurements
dimensions comparable to the source and with no
was placed in true contact w
dosimeter chip, 1/8
true source-receptor geometry

of cot




TIME OF EXPOSURE

Due to the unusually high dose rates an accurate estimate of the exposure
time was vital in assessing dose. The individual who actually handled the
radioactive chirs participated in a time-motion study per formed under accu-
rately simulated and controlied conditions. The individual wore a respirator
and 3 pairs of gloves during this study and recreated the physical arrange-
ment of pertinent objects (source bucket, extender survey instrument and lead
pig) as accurately as possible. The individual repeated his physical motions
during the period in question ten times during this simulation. Each series
of motions involved the movement of three simulated source chips from the
source bucket, to the survey instrument and into the lead pig. The results
this time-motion study are presented 1n attachment G. The average

of contact exposure to the source chips was 8.02 seconds.

RELEVANT INFORMATION FROM PERSONNEL INTERVIEW

The Health PI ¢s technician involved in the exposure was interviewed on
several occasions. He was able to identify from pictures with cor
confidence, those chips he had handled on the day of the incident.
tified the chip moved on the first motion as either chip #3 or #7 (both
have similar shapes), on the second motion as either chip #2 or #4 (alsoc
similar in shape) and on the third motion as chip #5 (actually two small chips).
He guite sure of the physical locations of the source bucket, survey
instrument and lead pig since he had pre-planned the activity to limit
He was aiso confident about the p 1 and duration of his motions.

hough he had originally reported dose ra
chip(s) as measured by his survey

allowed the meter to stabilize at




served the meter needle "heading toward 300R", at which time he threw the

source chip(s) into the lead pig.

The technician stated that he had no reason to believe that the lead pig
was empty when he started putting chips into it. Therefore some chips must

have been present in the pig from some prior activities.

ESTIMATE OF EXPOSURE - GAMMA

The final exposure estimate considers the highest credible contact
rates, the time of contact exposure and number of chips moved. Since the
techr.ician was able to identify the chip moved on the first motion as pos-
sibly being either of two chips, the chip wi
considered. The same situation occurred fo

moved on the third motion were positively

of

Gamma contact dose rates on each chip moved (the last two small chip
considered as one) were multiplied by the time of contact (less than 3

on each move) and added, to obtain the total contact exposure as follows:

Indeed, even if the 1in
found the lead pig (whi

received no more tuan 10.




ViI. ESTIMATE OF EXPOSURE - BETA

The thickness of the rubber and cotton gloves together (88 mg/cmz)
along with the thickness of the dead skin layer (7 ng/cmz) limited beta

exposure to insignificant values. |



TACHMENT A

¢ EXPOSURE DATA

Time-On

171880

146730

135510

10:

10:

11 :f

(1)

(2)

Two

Control




ATTACHMENT B

CORRECTED EXPOSURE DATA

et Dose Net Timc NDose Rate

_(Rem) (Sec) (Rem/Sec)

.487
0.450

503 Rem/sec

Average

1211 Rem/hr)

218690
102689

21886¢€

Average

Average




ATTACHMENT B

CORRECTED EXPOSURE DATA - Page 2

Dose Rate

Average

Rem/hr)

Average

" AVERAGE VALUES Of




DECAY TIME (MIN)
‘CALIB CURVE #...
DILUTION FACTOR.
DEAD TIME (X)see

ATTACHMENT C

Ge-Li Analysis of a Chip

(+-KEV=1.5, #51G=1.5,» #SMOOTHS=1)

SAMPLE DESCRIFTION..! CRD SLIVER
CCERP OFERATOR.e¢esses MITCHELL
DATE & HOUR SAMFLED.:

DATE & HOUR ANALYZED: 1-26-84,1418

COUNT (YES/NG) 7 Y

SET 1/0 DEVICE TO REMUTEs FRESET TIME TO © O
COLLECT TIME (SEC) 7 1000

NOW COUNTING

COUNT DONE

!10000'00‘0.0.0'.'0.0."0.0000’l"..l..'.l0000000000'0.000.'!00'00'00-

GAMMA SFPECTROGRAFHIC ANALYSIS
CHANNEL NET AREA(COUNTS) ENERGY(KEV: ISOTOFES

1055.17 321, 488.1%

1445.53 399. 667 .21 I=~132
1662.66 3468. 766.76 NE-95
1714.51 3735 790.52

1809 .65 3767 834.14 NE-9B'KR-8B+MN-354
1876.19 411. 864.64 C0-58
2165,33 412, 997.14

2848.06 72521. 1172.48 C0-60
2895.64 62839, 1331.67 CO0-60
3498.83 a7 1607.80

3821.87 65, 1755.62 LA-142

00.0.000.00‘0'00000000‘000.000000"0'000'000.04.000."0000'0.'0.000.00

RADIONUCLIDE ANALYSIS
COLLECT TIME (SEC)Y..! 1000
ISOTOPE ACTIVITY  an 2 SIG

i S A A4 TEFEFE~OSHEAEAMFL - 1.17702E-03 ( 77.04
MN-54 3,:7 1.69374E-02 UC/SAMFL +- 1.48626E-03 ( 8.77
CO0-60 ?‘ 3 4,.44102E-01 UC/SAMFL +- 3.49146E-03 ( 0.79

LR B O 0'0000000'0000"000000."0‘000‘0'l..o..."."‘.‘!'t"..‘000

ISOTOFF THEORETICAL MEASURED DIFFERENCE

NE-935 765.79 766 .76 0.97
MN-54 834,83 834.14 ~0.69
CO0-60 1332.49 1331.67 -0.82

STANDARD DEVIATION= 0.83

."0.‘0‘.0'.001..0.....0'0000000'0000'00.0'0‘0.0"0‘0000000!0000000000

b




ANALYSIS OF THICKNESS OF PROTECTIVE GLOVES

Rubber Swatch (16 in? = 103.23 cm?)

4003.60 . wadt
103.23 cm?

Cotton Swatch (13.75 in? = 88.71 cm?)

98889 = 10.02 mg/cm2
88.71 cm?

Thickness of Dead Skin Layer = 7 mg/‘.m2

Net thickness of protective layer = 38.78 X 2 + 10.02 + 7 = 94.58 mg/cm2




ATTACHMENT E

}‘«\j’?‘ﬂk-"?‘if%'ﬂ‘ AREAS AND VOLU

* Totals for two
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ATTACHMENT F

MEASURED GAMMA DOSE RATES

2

Contact Dose
Rate with
Extender - R/hr

90

110

75

100

15

70

50

Actually the two smallest chips

3

Contact Dose
Rate with TLD

R/hr

1811
2819
1818
2434

828
1454

1325

taken together.

| &

Ratio
302
20.1
25.6
24.2
24.3
55.2
20.8

26,5

Smallest Chip
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ATTACHMENT G

RESULTS OF TIME-MOTION STUDY

2 pairs of Rubber Gloves January 25, 1984: 3:15 - 3:45 approx.
1 pair of Cotton Gloves
Face Mask
Net Sec. for
Run # 3 Moves
1 .72
2 7.37
3 8.33
4 8.05
5 7.69
6 8.08
7 8.46
8 7.97
9 8.33
10 8.17

X = 8.022 sec. S = .355 sec.
Min = 7.37 Max = B.46



