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A Western Stress, Incorporated radiographer and his assistant were
performing a series of radicgraphic exposures on & recently repaired
300,000 gallon waste water storage tank at the Circuit Foi) Company,
Bordentown, New Jersey (Attachment 1). The WSl radiographer was also

the Radiation Safety Officer for the company's field office in Pennsauken,
New Jersey.

The area on the tank being radiographed was the perimeter of a weided plate,
approximately 10 feet high and 12 feet wide, at the base of the tank. The
radiographic apparatus being used was a Tech=Ops Mode! 920 camera with a
14=foot source guide tube. The tource in the radiographic camera was

B0.5 curies of Ir=192 (manufacturer's activity, 99.8 curies on September 12,
1990). A tungsten collimator was positioned on the source guide tube
end=cap, which provided about 95% attenuation. The source guide tube
end-cap and attached ccllimator was clamped to & stand that was magnetically
mounted to the exterior surface of the tank wall. The stand was moved
along the weld for each sucressive exposure. The radiographic camera
remained on the concrete pad for each of the exposures. A second stand

and clamp was used for the exposures at the top of the weld. The middle
section of the source guide tube was clamped to this stand so that the
weight of the source guide tube ftself would nct pull the magnetic stand
off the side of the tank. The drive cable and crank was extended around

the perimeter of an adjacent tank. Thiity-five exposures were planned

with each exposure approximately 45 seconds in duration.

After cranking out the source for the sixth exposure, the radiographer
heard a crash and saw that the magnetically mounted stand, which teld the
collimator and end-cap, had fallen from the side of the tank and was lying
on the concrete pad. The source guide tube end-cap with the collimator
had been approximately 10 feet above the concrete pad for this exposure.

The radiographer attempted to crank the source back into the camera, but
found that the drive cable could only be retracted a short distance. He
then looked around the tank and noticed the guide tube was looped. The
radiographer then dragged the camera back by pulling on the drive cable
housing in order to straighten out the guide tube. After straightening
the guide tube, the radiographer was able to fully retract the cable, and
consequently thought that the source was in the camera. Subsequently, the
radiographer removed the chain around his neck that held his two 200 mR
self=reading pocket dosimeters and his TLD badge; and laid the chain and
dosimeters near the crank handle,







Source Recovery

Two Amersham Corporation employees from the Burlington, Massachusetts
office and their recovery equipment arrived at the field site shortly
after the NRC inspectors. The lead recovery individua) discussed the
incident with the radiographer to determine the exact location of the
source. The Amersham personnel, NRC inspectors and the radiographer then
returned to the incident scene to evaluate the proposed recovery method.

Radiation levels were determined to be approximately

500 mi11irem (mR)/hour near contact with the bags of lead shavings and
0.5 mR/hour at approximately 20 feet from the bags. The radiographic
camera was recovered and positioned in a staging area set up outside the
immediate radiation area.

The Amersham personnel removed the guide tube and tested the radiographic
camera with a dummy source chain to verify that the camera was still in
proper working order and could be used for recovery of the source. A
plan was devised to grasp the source with a long-handled tool and insert
the source chain into the camera. A series of 2" x 4" boards were used
to make a small stand for inclined placement of the radiographic camera
s0 that the opening for the source chain was at an approximate forty-five
degree angle. A 10-foot long pole was obtained for removal of the bags
of lead from atop the source. The lead recovery technician placed a

200 mR self reading dosimeter on his collar and one on his waist to
accompany his whole~body film badge. Film badges were placed on each
wrist and ring dosimeters on either hand. Once the radiographic camera
was positioned near the lead hags, the second Amersham technician movec
the two lead bags with the poie. As soon as the source was uncovered, he
backed away. The lead technician grabbed the source chain with a
six-foot long remnte handling tool and fed the source chain intc the
radiographic camera. The source was only exposed for approximately ten
seconds during the recovery. The two recovery personnel received
exposures of 72 mR and 2 mR for the entire recovery operation. The
exposure rate was observed to be 16 mR/hour at about 60 feet from the
source.

After recovery of the source, the Amersham personnel again ensured that
the radiographic camera was operating properiy so that the source could
be safely transported. The connector end of the source chain was pulled
through the radiographic camera and the red safety flag was observed to
drop into place, securing the source chain in the camera. An examination
of the connector end of the drive cable and the connector end of the
source chain revealed that the connector ball had been sheared from the
end of the drive cable. The connector ball was still lodged into the
connector end of the source chain and was able to be recovered by the
Amersham personnel. It appeared as though the fall caused the connector
ball to break off. The recovered piece was returned to Amersham's
offices for examination.
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Routine Radiation Safety Requirements

Compliance with routine radiation safety requirements were also evaluated
as a result of this reactive inspection,

AG. E. Smith & Associates Mode] GS2000 survey meter was being used by the
radiographer for exposure measurements., This instrument has a range of
0=1000 mR/hr and was last calibrated on August 14, 1990 and was due for
calibration November 14, 1990, The personnel dosimetry being used by the
wS1 personne) included a Landauer whole body TLD badge and two 0=200 mR
self=-reading pocket dosimeters. The radiation response of the two
self-reading pocket dosimeters was last evaluated on June 12, 1990. A
Landauer TLD badge was assigned to the radiographer and was routinely
exchanged on the 5th of each month, The TLD being worn had been exchanged
on or about October 3, 1990, The areas where radiography was being
performed were conspicuously posted with radiation warning signs and
ribbons. A survey at the exterior surface of the radiographic camera
indicated an exposure rate of 24 mR/hour with the source installed.

No violations were identified, )

Dose Evaluation

The primary exposure to the whole body and the extremities of the
radiographer occurred during the time period in which he grasped the
source guide tube end-cap, removed the collimator and unscrewed the
end-cap, thus revealing the source. The NRC dose evaluation is limited
to this time period.

Inftia) estimates for the 'ength of time that the source was held and the
length of time the radiographer was in the source vicinity indicated that
a regulatory overexposure may have occurred. The initial time estimated
for source handling was 45 seconds to 1 minute, The inspectors requested
the radiographer to re-enact his action pertaining to the source guide
tube end cap and collimator removal. In the re-enactment the radiographer
rapidly removed the tape from the collimator and slid the collimator from
the end cap and tossed it aside. He then unscrewed the end cap. The *ine
estimate to unscrew the end-cap after removal of the collimator was
approximately 10 seconds.

The activity of the Ir=192 source on October 5, 1990 was B0.5 curies. The
specific Gamma constant for Ir-192 is 0.48 R/hour for a 1 cu-~ie source at
a distance of 1 meter. The exposure rate from this source is thus

38.6 R'hour at 1 meter (Attachment 3). An inverse square correction for
the exposure rates at various distances also appears in Attachment 4. An
inverse square correction for the exposure rate at one centimeter yields
386,000 R/hour or 107 R/second.



The distance from the source to the whole body was estimated to be

11 centimeters based upon the re-enactment., The exposure rate at

11 centimeters 1s 3190 R/hour or 0.886 R/sec. Consequently, the exposure to
the whole body is estimated to be 0.886 R/second times 10 seconds or 8.86 Rem.

The exposure to the e«tremities (right hand) 1s estimated to be 107 R/second
times 10 seconds or 1070 R since the right hand was approximately 1 centimeter
from the source. The one centimeter approximation is based on the
observations during the re-enactment and a measurement of 0.7-1.0 centimeter
for the radius of the source guide tube end cap.

Since the inverse square relationship may not hold true at close
distances, this estimated exposure to the hand was compared to empirical
TLD data from a similar dose evaluation performed by the NRC on

November 23, 1976 involving the . .ttsburgh-Des Moines Steel Company. In
this case, TLDs had been placed at the end of a source guide and exposed
to a 93.7 Curie Ir=192. The dose rate was measured to be from 4920 to
7590 Rad/minute; or from 4230 to 6530 Rad/minute, if corrected for an
80.5 Curie source. These dose rates correspond to an exposure rate
between 70.5 and 109 Rad/second for a 80.5 Curie source. A ten cecond
exposure would then yield doses of between 705 and 1090 Rads, which
compares well with the estimated exposure of 1070 Rem.

The finding that the dose equivalent to the whole body of the radiographer
exceeds 3 Rems per calendar quarter is an apparent violation of

10 CFk 20.101(b§. The finding that the dose equivalent to the extremities
(right hand) of the radiographer exceeds 18.75 Rem per calendar quarter is
an apparent violation of 10 CFR 20.101(a).

Exit Interview

An official exit interview was not held at the completion of the
fnspection. The inspectors discussed the event with the radiographer
following recovery of the source. Further, the Corporate Radiation Safety
Officer met with individuals from NRC Region I on October 11, 1990, at the
Region 1 ~ffice to provide information obtained during his dicussions with
*he radiographer. A transcription of the radiographer's statement to the
RSO was provided to Region I at this time (Attachment 2).

An exit interview concerning this event was held with Fred Frongillo
(Corporate Radiation Safety Officer) on Occober 23, 1990 via a telephone
conference with John R, White (Region 1) and Charles Cain (Region IV).
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