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Pérter Conoultants. Inc.
128 ARGYLE ROAD
ARDMORE, PA. 19003

2150965383 PCI-TR-323

CALCULATION OF GAMMA SKIN DOSE FOR 2*Na SKIN
CONTAMINATION INCIDENT

1.0 EXECUTIVE SUMMARY

1.1 On March 8, 1990 at 16:05 a skin contamination incident occurred at the James A.
FitzPatrick Nuclear Power Plant in Lycoming, NY. The incident occurred when a technician
inadvertently contaminated a small area on his left thumb pad with a concentrated solution
of #*Na. ‘The contaminated area was determined 10 be roughly a 2 cm x 2 cm square on the
affected digit. The technician was appropriately decontaminated, and the activity ass.yed.

Preiiminary calculation indicated that the skin on the thumb may have been overexposed to
(primarily) £ radiation.

The dose assessment 10 the individual consists of three parts:

1.2.1  Determining the activity on the finger.

122 Determining the § dose component.

1.23  Determining the y dose component.

This report was prepared 10 evaluate the y component of the dose to the tissue below the

contaminated area. It should be noted that since each of the three parts of the dose

assessment were performed independently, this report calculates the y dose relative to a unit
activity (1 uCi) of “Na,

The dose calculations performed for this assessment were performed primarily using the
shielding code QAD-CGGP, a point kernel, combinatorial geometry shielding code using a
geometric progression buildup model. This code is the latest version of the QAD-PS code.
Wwhich has been in wide use since 1967 [Ma 1967). The current version of the code was last
revised in October, 1988 and the documentation updated in March, 1989 [RSIC 1989,

A very conservative (high) dose rate conversion factor for the skin was calculated to be
165 mrad/uCi-hr at a tissue depth of 0.004 cm (4 mgcmz). 156 mrad/uCi-hr at 0.007 cm
(7 mg/em®), 91 mrad/uCi-hr at 0.064 cm (64 mg/em®) and 27 mrad/uCi-hr at 0.500 cm
(500 mg/em?), all averaged over 1 cm?. The input data is enclosed as Attachment 5.1 and the
assumptions used and limitations of this model are discussed in Section 2.3. below.

DESCRIPTION OF DOSIMETRY MODEL

2.1 SOURCE - RECEPTOR GEOMETRY

The contamination was modeled as a 2 x 2 ¢m Square source located at one vertex of a 3 cm
diameter cylinder of water (see Attachment 5.2). The precise geometry is unimportant for
a point kernel model as long as the material and geometry between the source and receptor
are accurate. The source was originally organized as a 20 x 20 array, for a total of 400 input
points. However, the resulting dose rates were found 10 be very dependant upon the grid
coordinates of the receptors due to the small source to receptor distances involved.
Therefore the model was changed 10 a 100 x 100 array with 10,000 input points. The dose
was then calculated to a point on the axis of the cylinder at several depths (0.004, 0.007,
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0.040, 0.0680, 0.064, 0.067 & 0.500 cm) below the source. Additional calculations were
performed to points directly below the kernels 1o check for ripple (see below). Finally, the
dose rates for the subject problem were calculated st 0.004, 0.007, 0.064 and 0.500 cm using
an 11 x 11 receptor grid covering a | x 1 ¢m area at that tissue depth. The arithmetic mean
for the resulting points was used 10 obtain the dose rate averaged over 1 cm?,

VALIDATION OF COMPUTER CODE

As QAD-CGGP is a well established computer code, the bench-marking consisted mainly of
performing a program run with a standard input data set. The output data was identical to
the benchmark data supplied with the code. Additionally, the detailed output data for the
subject runs were compared 10 the input data and the benchmark model for consistency.

ASSUMPTIONS AND LIMITATIONS OF CODE AND MODEL

23.1 The main known linitation of the code is that it was not designed to model
microscopic model geometries where electronic equilibrium is not established (such

as the subject case). Since this results in an overestimate of the dose rates. the
results are conservative.

A minor limitation is that the finger was modeled as a cylinder of water (sce
Attachment 5.2), since tissue is not an available shielding material in the code.

As in all point kernel models, y ray scatter is accounted for using build-un factors
for an infinite absorber. Therefore, effects, .uch as air scatter of y rays back to the
receptor, are not accounted for. However, dus to the high y energies involved (long
mean free path lengths), the uncertainties intioduced by this are minimal.

Finally, there are slight variations in the calculated dose rates at the shortest source
10 receptor distances (0.004 and 0.007 cm) between the receptor points. This was
compensated for by using a large input grid (100 x 100 array) and not placing any
of the receptor points directly under a source point (which greatly exaggerates the
variations). The errors due 10 this were observed to be converging rapidly as the
number of input points increased. For the data included in this report it is believed
10 represent only a few percent of the calculated dose rates. At the 0.64 and

0.500 ¢m source 1o receptor distances this variation was within the uncertainties of
the computational method.

30 RESULTS

31

A summary of the output for the four main runs are enclosed as Attachment 5.3. The peak
dose rate at a point located at a depth of 0.004 cm was calculated to be 165 mrad/uCi-hr.
Peak doses calculated for 0.007, 0.064 and 0.500 ¢m depths were 159, 94 and 29 mrad/uCi-hr,
respectively. When averaged over 1 cm?, the average dose rate were calculated 10 be 162,
156, 91 and 27 mrad/uCi-hr, at the respective depths.
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Attachment 5.1

INPUT DATA FOR QAD-CGGP RUNS

0.004 em RUN

Na-24 Gamma Skin Dose @ (.004 cm Depth

1001 1002 1 1 2 91 12 00 1 10000
37E4 O 0. 0. 0. 0. 0.

A0 098 09 094 09 09 08 08
084 08 08 078 07 07 072 07
068 066 D64 062 060 058 056 054
052 050 048 046 044 042 040 038
€036 034 032 030 028 HDw 024 022
020 018 016 014 012 010 008 006
004 002 000 002 004 006 008 010
012 014 016 018 020 022 024 026
028 030 032 034 036 038 040 042
044 046 048 050 052 054 056 058
060 062 064 066 068 070 072 074
076 078 08 08 084 08 08 090
092 094 09% 098 1.0

0.0  0.0002

10 098 09 094 09 .08 .088

084 082 078 07 074 072

068 066 062 060 058 -0.56

052  -0.50 046 044 042 040

036 034 030 028 026 -0.24

020 018 . 004 012 010 008

0.4 002 002 004 006 008

012 014 018 020 022 024

028 030 034 036 038 040

044 046 : 050 052 054 056

060 062 0.66 070 072

076 078 : 0.82 086 088

092 094 \ 0.98

-o 0
t—r-'.—r--—r—r-'.—‘r—.—-.-gﬁg

P e G et e e et b B et e e

P B et B o i i g
- ottt ot ot ok okt
P e e e e e e e -

1
1
1
1
1
L.
1,
1
\
1
1
1
1
1

P e e e e b et Bt e e e
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Attachment 5.1
INPUT DATA FOR QAD-CGGP RUNS

Bt s ek Gk ed Gl ek e et et et

0 Square Source on Cvlinder
RCC1 0 0. 0. 0. 0.
1.5

END

& 1 1

END
1
1
11 1 8
WATE EXP
0.1119 0.8881
137 275
1.3685 2.7503
0.00154 0.00182
i !
10-3.0
1.0-1.74  25-30
MeV/iem*2-sec
0.0 0.0041 0.0
0.1 00041 0.0
02 00041 00
03 00041 00
04 0041 00
05 00041 00
0.0 00041 0.1
0.1 0.0041 0.1
0.2 0.0041 0.1
03 0.0041 0.1
04 (0.0041 0.1
0.5 0.0041 0.1
00 00041 02
0.1 0.0041 02
02 00041 02

R e T

Page 2 of 10

PCI-TR-323




Porier Conoultants. Inc.
120 ARG YLE ROAD
ARDMORE, PA. 19003

215-096-5383 PCI-TR-323
Attachment 5.1

INPUT DATA FOR QAD-CGGP RUNS

00041 02
0.0041 02
006041 0.2
0.0041 03
00041 03
0.0041 03
00041 03
0.0041 03
0.6041 03
00041 04
0.0041 04
00041 04
0.0041 04
00041 04
0.0041 04
0.0041 0.5
0.0041 05
00041 0.5
0.0041 05
06041 0.5
0.0041 05
0.0 0.0

1
]
l
l
1
1
l
1
l
1
1
1
1
1
1
1
1
1
1
l
1

0.007 em RUN

Na-24 Gamma Skin Dose @ 0.007 cm Depth

1601 16002 1 1 2 91 12 00 1 1000 0
37E4 0. 0. 0. 0. 0. 0.

(10 098 09 094 092 09 08 08
084 082 08 078 07 074 072 07
068 066 064 062 060 -058 -056 -0.54
052 050 048 046 -044 042 -0.40 -0.38
036 034 032 030 028 02 024 -022
020 018 016 014 012 -010 -008 0.06
004 002 000 002 004 006 008 0. 10
012 014 016 018 020 022 024 026
028 030 032 034 036 038 040 0.42
044 046 048 050 052 054 056 0.58
060 062 064 066 068 0.7 072 074
076 078 080 08 084 08 08 0%
092 094 09 (098 1.00

0.0 0.0002

10 098 09 094 .09 .09 -0.86
084 .08 08 078 07 -0.74

068 066 -064 .062 060 -0.58

Page 3 of 10




.

Porter Consultante. Inc.
© 128 ARGYLE ROAD
ARDMORE, PA. 19002

P

0.52
0.36
0.20
0.04
012
0.28
0.44
0.60
0.76
092

o.——-————n.——-—-——-—-——-——————.—.———-————

0

0.50
0.34
.18

0.14

&
S

cooee
£32%%2

st e ek et G Gt b g G e Pt B gt b et e e e et et et Bk e e e

RCC1 0

END

Z1

END

1

I B |

1.5

1

8

P G e e e e e S e e

P e e et g e e b e e e —

INPUT DATA FOR QAD-CGGP RUNS

.48
0.32
.16
0.00
0.16
0.32

Square Sou

0.

1

B e e —

P e e g e e

.46
.30
.14
0.02
0.18
0.34
0.50
0.66
0.82
0.98

Q.

St e e b e et e e e

Pt b et e e Gt e e e e e -

Attachment 5.1

44 042
028 <026
012 <010
0.4  0.06
020 022
036 038
052 054
068 0.7
084 086
1.00
i 1
1.
1. 1.
1. 1.
1. 1.
1 L
L. 1.
1 i
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
L. 1.
1. 1.
1. L
1. 1.
: ¥ 1,
¢ L
1. 1.
L. 1
- ¥ 1.
L L.
1. L

0.

rce on Cylinder

0,

.40
0.24
<0.08
0.08
0.24
0.40
0.56
0.72
0.88

S e e e R e e e e

e e . e e S et o e

ye
=
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0.38
0.22
.06
0.10
0.26
0.42
0.58
0.74
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Porter Conoultants. Inc.
1285 ARGYLE ROAD
« ARDMORE, PA. 19003

2158965353

INPUT DATA FOR QAD-CGGP RUNS

WATE EXP
0.1119 0.888)
1.37 275

1.3685 27503
000154 0.00182

1 1

1.0-3.0

1L0-1.74 2530
MeV/iem*2.sec

0.0 00071 0.0
0.1 0.0071 0.0
0.2 0.0071 0.0
03 0.0071 0.0
04 00071 00
0.5 0.0071 00
0.0 0.0071 0.1
0.1 0.0071 0.1
0.2 00071 0.1
03 0.0071 0.1
04 0.0071 0.1
0.5 0.0071 0.1
0.0 00071 02
0.1 00071 0.2
0.2 0.0071 02
03 0.0071 02
0.4 0.0071 0.2
0.5 00071 02
0.0 0.0071 03
0.1 00071 03
0.2 00071 03
0.3 0.0071 03
0.4 00071 03
0.5 00071 03
0.0 0.0071 04
0.1 0.0071 04
0.2 0.0071 04
0.3 0.0071 04
04 0.0071 04
0.5 00071 04
0.0 0.0071 05
0.1 00071 05
02 0.0071 05
03 0.0071 0S
0.4 0.0071 05
0.5 0.0071 0.5
0.0 0.0 0.0

3
=

.—..—.o—.——u—.—_——-.-—.—.n—.———._——-—-—-—..——-.—.——-‘—n—-——

-1

4
=4

OOOOOOOOOOOOOCOOOOOOOOOQOOOOOOOOOOOO

Attachment 5.1

w/g

OCCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOQOQOOCOOOQOOOQOOOOOOOOOOOO

0 0 0
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128 ARGYLE ROAD
ARDMORE, PA. 10003
2158965383

INPUT DATA FOR QAD-CG/P RUNS

5.1.3 0.064 em RUN

Na-24 Gamma Skin Dose @ 0.064 cm Depth
2 9
0.

100 1
37EA
-1.0
.84
-0.68
0.52
0,36
0.20
0.4
0.12
0.28
0.44
0.60
0.76
0.92
0.0
-1.0
-0.84
.68
-0.52
-0.36
0.20
0.04
0.12
0.28
0.44
0.60
0.76

=
S

ettt e o T —

100 2 1
0. 0.
098 .09
082 08
066 -0.64
050 048
034 032
.18 -0.16
002 000
014 016
030 032
046 048
062 064
078 080
094 096
0.0002
098 .09
0.82 -0.80
066 064
050 <048
034 032
0.18 -0.16
002 000
014 0.16
030 032
046 048
062 064
078 080
094 096
L 1.
L. 1.
1. 1
L 1.
L. L
1. 1.
L. 1
L 1.
1 1.
L L
L. 1
L - #
L. 1.
L

1
0.

Dl el e I S —

0.94
0.78
0.62
.46
.50
.14
0.02
0.18
0.34
0.50
0.66
0.82
0.98

0.94
.78
-0.62
0.46
<0.30
.14
0.02
0.18
0.34
0.50
0.66
0.82
0.98

B - " — — — . ot

Attachment 5.1

1

0.92
0.76
<0.60
0.44
€0.28
0.12
0.04
0.20
0.36
0.52
0.68
0.84
1.00

0.92
0.76
-0.60
0.44
-0.28
0.12
0.04
0.20
0.36
0.52
0.68
0.84

—
B — 8
- . - - . . - . . . - .

2 00

0.90

0,74
-0.58
0.42
0.26
0.10
0.06
0.22
0.38
0.54
0.70
0.86

.90
0.74
0.58
-0.42
0.26
0.10
0.06
0.22
0.38
0.54
0.70
0.86

el e IS —

0.

).88
0.72
0.56
0.40
0.24
0.08
0.08
0.24
0.40
0.5
0.72
0.88

-0.88
0.72
0.56
0.40
0.24
0.08
0.08
0.24
0.40
0.56
0.72
0.88

Bt . — .t s

Page 6 of 10

1000 0

-0.86
0.70
0.54
0.38
0.22
0.06
0.10
0.26
042
0.58
0.74
0.90

-0.86
0.70
-0.54
0.38
0.22
0.06
010
0.26
0.42
0.58
0.74
0.90

PCI-TR-323



" Porier Conoultante. Inc.
128 ARGYLE ROAD
ARDMORE, Pa, 19003

215-006-5383 PCI-TR-323
Attachment 5.1

® INPUT DATA FOR QAD-CGGP RUNS

—

l
!
l
1
!
1.
1
1
1
1
1
1

—
—

Square Source on Cylinder
0. 0. 0. 0.

o
=]

WATE EXP
01119 0.8881
137 275

1.3685 2.7503
0.00154 0.00182

1 1

1.0-3.0

1.0-1.74  2.5.3.0
MeV/iem*2-sec

0.0 00641 0.0
0.1 0.0641 0.0
0.2 00641 0.0
0.3 0.0841 0.0
0.4 0.0641 0.0
0.5 0.0641 0.0
0.0 00641 0.1
0.1 00641 0.1
0.2 00641 0.1
0.3 0.0641 0.1
0.4 0.0641 0.1
0.5 0.0641 0.1
0.0 0.0641 0.2
0.1 0.0641 0.2
0.2 00641 0.2

i el I I T ——
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128 ARGYLE ROAD
ARDMORE, PA. 19003
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514

Na-24 Gamma Skin Dose @ 0.500 cm Depth

INPUT DATA FOR QAD-CGGP RUNS

03 00641 02
04 00641 0.2
0.5 00641 02
0.0 00641 03
0.1 0.0641 03
02 00641 03
03 00641 03
04 00641 03
0.5 00641 03
0.0 00541 04
0.1 00641 04
0.2 00641 04
03 0.0641 04
04 00641 04
0.5 0.0641 04
0.0 00641 05
0.1 00641 0.5
02 00641 05
03 0.0641 0.5
04 00641 05
0.5 00641 05
00 00 00
0.500 em RUN
1001 100 2 1
3764 0. 0.
1.0 098 096
084 082 -080
008 066 064
052 050 048
036 034 -032
020 018 -0.16
004 002 000
012 014 0.6
N28 030 032
044 046 048
060 062 064
076 078 080
092 09 096
0.0 0.0002

1.0 098 -096
084 082 -080
068 066 -0.64
052 050 048

— bt e e e e e e e e
CCOoO0O00OOCCOOOCOOOOOOOO

1

2

0.

0.94
-0.78
0.62
0.46
030
-0.14
0.02
0.18
0.34
0.50
0.66
0.82
0.98

-0.94
-0.78
-0.62
-0.46

Attachment 5.1

cooCcCoOO0oCcCoOCcCoocOoCc oD OCOO
cCOoO0OooCOoOoOCcCCcCoOOOOO0O0COOCOOO

0 0

9l
0.
-0.92
<0.76
0.60
-0.44
-0.28
0.12
0.04
0.20
0.36
0.52
0.68
0.84
1.00

0.92
-0.76
-0.60
-0.44

0

1 3.0 0

0. 0.

0.90
0.74
-0.58
042
0.26
-0.10
0.06
0.22
0.38
0.54
0.70
0.86

<0.90
0.74
-0.58
042

-0.88
0.72
-0.56
-0.40
0.24
-0.08
0.08
0.24
0.40
0.56
0.72
0.88

.88
0.72
-0.56
0.4

Page 8 of 10

1000 0

-0.86
0.70
0.54
-0.38
0.22
-0.06
0.10
0.26
0.42
0.58
0.74
0.90

-0.86
-0.70
-0.54
-0.38

PCI-TR-323



Porter Conoultants. Inc.

) RGYLE ROAD
ORE, PA. 19003
8383

INPUT DATA FOR QAD-CGGP RUNS

036 034 03
£020 018 016
£H04 002 000
012 014 016
028 030 032
044 046 048
060 062 064
076 078 080
092 094 09
8 1. ¥ 1
i 1. 1. 1
1. 1. 8 1
1. 1. 1 1
1. 1. 1. 1
1 1. 1. 1
1. 1 L 1
1. 1. 1. 1
8 L. 1. 1
1. 1. 1. 1
1. 1. 1. 1
8 1. 1. 1
1. 1. 1. 1
1. 1.

L 1. 1. 1
% 1. L 1
1. 1. 1. 1
1. 1. 1. 1
1 1. 1. 1
1. 1. 1. 1.
1. 1. 1. 1
L. 1. 1. 1
1. 1. 1. 1
L 1. 1. 1
1. 1. 1. 1
1. 1 1. 1.
L 1. 1 1.
0o 0 Square

RCC1 0. 0.

1.5

END

- G

END

1

1

348
WATE EXP

030 028 026 024
014 012 010 -008
002 004 006 008
018 020 022 024
034 03 038 040
050 052 054 056
066 068 07 072
082 084 086 088
098 100
1 1 1. 1
1. 1 1 1
1. 1 1. 1
1. 1 1. 1
1. 1. 1. 1
1. 1. 1. 1.
1. 1 , 1.
1. 1 1. 1
1. 1 1. 1
1. 1 1. 1
1. 1 s 1
1. 1 1. 1
1.
1. 1. | 1 1
1. 1. 8 1
1. 1 1. 1
1. 1. 1. 1
1, B 1. 1
1. 1. 1.
1. 1. . 1.
X 1. 3 1
1. 1. 1. 1
1. 1. 1. 1
1. 1. 1. 1.
1. 1. L
1.
Source on Cylinder
0. 0. 0. 30

Attachment 5.1

Page 9 of 10

022
0.06
0.10
0.26
0.42
0.58
0.74
0.90
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Perter Conoultants, Inc.
128 ARGYLE ROAD
ARDMORE, PA. (5003

216.896-5382 PCI-TR-323
Attachment 5.1

INPUT DATA FOR QAD-CGGP RUNS

0.1119 0.8881

137 275

1.3685 2.7503
0.060154 0.00182

1 1

1.0-3.0

1.0-1.74 2.5-3.0
MeViem®2-sec

0.0 0.5001 0.0
0.1 0.5001 0.0
0.2 0.5001 0.0
0.3 0.5¢01 00
0.4 05001 0.0
0.5 0.5601 0.0
0.0 0.5001 0.1
0.1 0.5001 0.1
0.2 0.5601 0.1
0.3 0.5001 0.1
0.4 0.5001 0.1
0.5 0.5001 0.1
0.0 0.5001 0.2
0.1 0.5001 0.2
0.2 0.5001 02
.3 0.5001 0.2
0.4 0.500% 0.2
0.5 0.5001 0.2
0.0 0.5001 03
0.1 05001 03
0.2 0.5001 03
03 0.5001 03
04 0.5001 03
0.5 0.5001 03
0.0 0.5001 04
0.1 0.5001 04
0.2 0.5001 04
03 0.5001 04
04 0.5001 04
0.5 0.5001 04
0.0 050601 0.5
0.1 0.5001 05
0.2 0.5001 0.5
0.3 0.5601 0.5
04 0.5001 0.5
0.5 0.5001 05
0.0 0.0 0.0
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GEOMETRIC MODEL USED FOR QAD-CGGP INPUT
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1.0

3.0

Attachment 5.5

PRELIMINARY RESULTS OF NON-CHARGED PARTICLE EQUILIBRIUM
DOSE RATE CALCULATIONS PERFORMED BY THE UNIVERSITY OF

WISCONSIN MEDICAL PHYSICS DEPARTMENT USING THE EGS4
MONTE-CARLO COMPUTER CODE

In the body of this report it is acknowledged that the dose rates calculated represent conservative estimates of the
actual y dose received. This is mainly due 10 the fact that the computer code used 1o perform the calculations assumes
that charged particle equilibrium exists in the absorber materials. In fact, due to the extremely short source 1o receptor
distances involved in the subject incident. this is not a valid assumption. A review of current literature revealed that
there was no simple approach to correcting this limitation.

As part of the review effort, PCI contacted Dr. Herbert Attix, author/editor of several noted texts on dosimetry. Dr.
Attix, who is currently on the faculty of he University of Wisconsin (UW), referred us to one of his associates,
Dr. Thomas R. Mackie to provide asssistace. Dr. Mackie, a medical health physicist, is actively engaged in work related
this problem. Dr. Markie indicated that they had a computer code available, EGS4, that could be used 10 perform the
desired calculations.

EGS4 is a Monte-Carlo code developed at the Stanford Linear Accelerator Center which can be used 1o describe the
transport of y rays and the resulting scatiered electrons through material. The code has been ported to a Sun®
workstation at UW and required run times in the neighborhood of 12 hrs. 10 perform the desired calculations.

The preliminary results of the UW calculations indicate that the dose at 0.005 om depth is ~15% of the dose at
0.200 ¢m dcrlh (13.32 mrad/uCi-hr at 0.005 cm vs. 68.6 mrad/uCi-hr a1 0.20 ¢m). Table 1 is a printout of the output
data (in 10" *Gy/em®Ais.) and Figure 1 is a plot of the resultant data. These preliminary results indicate that the y
dose rate calculated by QAD-CGGP at 0.004 and 0.007 cm may be high by a factor of 10 when charged particle
wquilibrium is accounted for.

Page 1 of 3
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REPORT OF BETA-GAMMA DOSIMETRY ASSOCIATED WITH
CONTAMINATION OF A WORKER'S THUMB AT THE
JAMES A. FITZPATRICK NUCLEAR POWER PLANT

INTRODUCTION

On March 8, 190, Worker P inadvertently contaminated his right glove and cross contaminated &
4 cm* area of the skin (vad) of the left thumb with **Na.

Porter Consultants, Inc. (PCI) was requested on 3/12%0 to perform an independent, in depth evalua-
tion of the dose o the worker's left thumb due 10 the * Na contamination incident. On 3/1320 M.
Sykes of PCI performed & preliminary review of the initial on-site dose calculation. Mr. $.W. Portes,
Jr, CHP, was requested to personally assess the situation and arrived in Oswego late on 3/1380,
Early on 3/14%0 Mr. Porter initiated an independent time and motion review of the circumstancss
before, during, and following the March &, 1990 contaminating event. Mr. Porter then coordinated
the preparation of special “Na calibration standards for recalibration of all instrumentation utilized
in the dose assay. Mr. Porter personaily calibrated the specific survey instruments utilized for the
dose assessment.  All documents generated by J.A. FitzPatrick Plant associated with this contamina-
tion incident (through 3/15/80) were carefully reviewed by Mr, Porter.

EXECUTIVE SUMMARY

2.1 Our most accurale dose assessment for Worker P is 16.335 rads § and .728 rads y (1ot of
17.06 rads per em®) 1o the live tissue of the skin of the left thumb. This is the highest square
centimeter dose 10 an area just under 64 mgfcm2 of stratum corneum (dead skin). A special
series of computer runs were performed to determine the gamma portion of the dase
(Reference 1). The beta dose was calculated by both the Cross (Reference 2) and the
VARSKIN (Reierence 3) methods and indicaied agreement 1o within a few percent.

The NRC on site inspection team (O'Connell and Chawaga) requested that the dose be cal-
culated at a depth of 0.007 em (7mg/cm®). This dose is 48.2 rads § + 0.57 rads y 10 vield a to-
tal of 48.8 rads per cm*®. For this contamination incident, it is biologically and anatomically
inappropriate 1o calculate the dose 1o an area below only 7 mg/em* of stratum corneum.

This dose 10 the skin of the left thumb is well below the threshold for any observable skin ef-

fects (Ref. 4). Medica! personnel verified this by observing no first or second wave erythema
(reddening of the skin) on Worker P,

The best estimate of the thici ness of the dead layer of the skin is ~64 mg,/cm2 for the reasons
given in Paragraph 3.5

There was no significant absorption of **Na through the stratum corneum as demonstrated
by the lack of *Na in both the whole body counts and the urine radiobioassay ( Attachments
7.11, 7.12 and 7.13) Refer 10 paragraph 3.5 of this document for further information con-
cerning penetration of “NaNo‘ thiough the stratium corneum.

The most probable cause of this incident is a combination of worker error (not strictly fnllow-

ing procedures), and incomplete worker training (failure to instruct workers concerning mag-
nitude of hazards involved with the procedure).

Page 1 0of 6
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RECOMMENDATIONS

271 Review lessons learned from this incident with all operational and appropriate sup-

port personnel. (This includes 2 review of what should have been covered in the
ALARA Pre-Plan Moeting for the **Na Feedwater Flow Test.)

All Health Physics and Chemistry Professionals snd Senjor Technicians should at-

tend a Professional Enrichment Course concerning # hazards and associated J assay
and dosimetry.

The Skin Dscontamination Procedurc Personnel Decontamination RPP.2 of
3/6/89) shouiu be revised 10 include the ro airement 10 obtain medical permission to
utilize agents other than soap, ware" and « ., .al scrubs (i.e. Potassium
Permanganate/Sodium Bisulfate or stronger solu.. .. The "Medical Assistance"

section should encourage the person having difficulty in decoutaminating 1o obtain
medical assistance.

REVIEW OF THE CIRCUMSTANCES CONCERNING (HE CONTAMINA-
TION INCIDENT

3l TIME AND MOTION STUDY

Mr. Porter interviewed Worker P, and then performed a time and motion study of the con-
taminating event 10 independently verify all of the times involved associated with the ex-
posure of Worker P. A ““Na NO, solution vial, identical to that utilized on 3/8/0, was given

1o Worker P for the time and Motion Studies. The results of this debriefing are contained in
Attachment 7.1,

INTERVIEW OF H.P. TECHNICIAN (WORKER B.A.) PERFORMING ASSAY AND
CHEMICAL DECONTAMINATION OF WORKER P's LEFT THUMB

A lengthy interview of the H.P. Technician who performed the assays brought out many facts
that were not completely documented at that time. At Mr. Porter's request, this Technician

(Worker BA) documented all the points discussed in Attachment 7.2. This document in-
cludes two very helpful diagrams.

AREA OF CONTAMINATIO™ ON LEFT THUMB

The determination of the total area of contamination was performed by Workers JS and MM.
Attachment 7.3 resulted from debriefing these men. This documents the method and results
of this survey (a 2 cm by 2 cm area of contamination on Worker P's left thumb pad).

Page 2 of 6
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DOSE ASSESSMENT WORK SHEET

The Dose Assessment Work Sheet (Attachment 7.4) reflects all of the dose assays discussed
in Attachments 7.1 and 7.2. This work sheet has been revised many times as better informa-
tion became available. The most significant amendmerts were the survey meter specific
calibration constants for & 2 cm x 2 cm “Na source and the point kernal calculation of the
gamma dose.

ESTIMATING THE STRATUM CORNEUM THICKNESS OF WORKER P's LEFT
THUMB AND DISCUSSION OF UPTAKE VIA SKIN ABSORPTION.

351 Dr. David D. O'Brien, Jr. estimated that the stratum Corneum for Worker P 10 be
between 60 and 67.3 mg/cm® gfier decontamination efforts. Refer 10 Attachment
7.10 for a copy of his letter.

352 The lack of any detectable **Na in the bloodstream (whole body counts)
demonstrates that there was no significant absorption of *Na through the stratum
corneum. The minimum detectable quantity of ““Na with a whole body count is 2
nanocuries. This is less than 1/1500 of the original *Na on the left thumb. Refer to
Attachments 7.11 and 7.12.

353  The lack of *Na absorption through the stratum corneum to the blood stream is fur-
ther demonstrated by the lack of any ““Na in Worker P's urine. The urine sample
was @ composite taken from 2100 hours on 3/8/20 10 0600 hours on 3590 ’nd in-
cluded the early morning voiding. The MDA for **Na is approximately 2 x 1074 Ci/ee
of urine for the 25 minute count utilized in the Liquid Bioassay count of Worker P's
urine (Refer 1o Attachment 7.13).

354  Another fact that reinforces this point is that virtually all the **Na was removed
within 2% days. The total stratum corneum exfoliation time for the thumb pad is in
excess of 20 days (Ref. 5). If significant penetration of the #Na into the 64 m;/cm2
of the stratum corneum had occun' , then the decontamination could not have
been complete in only 2% days.

355  The horny layer of the thumb pad is practically impervious 10 low molecular weight
elecirolytes such as NaNO,(according 10 Dr. A, Kleegman, Professor of Research
Dermatology, University oﬁPA Medical School) (Reference 11).

40 PREPARATION OF CALIBRATION STANDARDS AND SURVEY INSTRU-
MENT ASSAY FOR LEFT THUMB CONTAMINATION OF WORKER P

4.1

SPECIAL CALIBRATION STANDARDS
It was necessary to prepare two special *Na calibration sources that closely approximated

the geometry of the contaminated left thumb. (Refer to Attachment 7.3.) One source was
prepared on a round 2.5 cm diameter thin filter paper (4.9 cm®). The other source was

Page 30of 6
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prepared on a 2 cm x 2 cm square thin filter paper. A thin filtar paper standard is preferable
10 a metal planchet because it more closely resembles the hackscatter properties of the skin.
The sources were given a preliminary y spectrometry assay using an HPGe detector system on
their day of preparation (3/14/0). Refer to Attachment 7.5. It became apparent that a spe-
Clal assay geometry needed 10 be established at a reasonable distance away from the sample.
Thus, a 10 cm distance from the detector geometry was established on 3/15480. Both “*Na
calibration standards were then counted, and the activity corrected for decay back 10 the time
that all the assay instruments were calibrated with each of these two sources. The assay of
both sources is 2.06 4Ci of “*Na on 1900 hours of 3/14%0. Refer 1o Attachment 7.6.

Calibration of Survey Instruments Utilized to Assay Thumb

Since the actual geometry of the 2 em x 2 cm **Na contaminated area was somewhere be-
tween a square and a circle, it was decided 10 manufacture two sources (one round and one
Square), and 1o calibrate all assay instruments with both sources. The calibration of both the
RSO-50 and the RO-S lon Chamber Survey Meters was performed on 3/1480 by §. W,
Porter, Jr. and G. J. Vargo together. Subsequent counting of the two Calibration Standards
(Attachment 7.6) showed both sources 10 be 2.06 Ci at 1900 hours on 3/1480. This data al-
lowed accurate calculation of the spec ‘ic response of the RSO-50 (Attachment 7.7) and of
the RO-5 (Attachment 7.8). The digi..' response of the RO-S open window was averaged
over 20 measurements, and the closed w," 1ow (which fluctuated less) was averaged over 10

measurements. The response of the two ion .- “mber survey meters utilized in the initial as-
says of Worker P, are as follows:

RSO-50 = 34.0 mrad/uCi-hr. at 18" open window
RO-S = 41.6 mrad/uCi-hr. at 12 open window

The GM Tube Frisker (HP-210 Probe + Ludlum 177 Ratemeter)was calibrated on 3/14/0
with excessive dead time (100,000 ¢/m) at the distances needed (contact and 0.5 inches)
Thus, this calibration was delayed until 3/2080 1o allow enough decay for a reasonable
calibration, unaffected by detector dead time. The calibration factor for the HP-210 Frisker
1§ approximately 600,000 ¢/m/uCi (calculated on the basis of Attachment 7.9).

CONCLUSIONS
1 The effects of 17 (or even as much as 49) rads 1o a small area (4 sz)lo the live skin of the
thumb is radiobiologically insignificant. This was demonstrated by the lack uf any medically

observable effects (as per Dr. O'Brien’s observations). The threshold for skin erythema is
200 to 300 rads for a human with very radiosensitive skin (Reference 4).

There was no systemic uptake of *Na into Worker P's body as demonstrated by both the
Whole Body Counts and the Urine Radiobioassay (Attachments 7.11, 7.12 & 7.13).

The most likely dose to the live skin of Worker P's left thumb is_17.03 rads (beta and
gamma)/em® at 64 mg/em® depth. The choice of a target area of 1 ¢m* for averaging dose to
the skin, although current as to regulatory guidance, is highly guestionable biologically. The
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newest (February, 1990) draft recommendations of ICRP (Reference €), which is a revision
to ICRP 26, recommends averaging dose over 1) cm® of skin for non-stochastic effects. For
stochastic effects, ICRP recommends averaging dose over the entire skin (Reference 6),

The choice of measuring dose at 64 mg/em® comes from both the observations of Dr. O'Brien

(Attachment 7.10) and the statement of a research dermatologist who specializes in skin ab-
sorption (Paragraph 3.5.5)

The beta dose calculations at 0.064 cm depth (64 mg/em®) from **Na deposited over 4 cm? of
skin agree very well between the Cross methodology (Reference 2) and the Varskin Code
(Reference 3). The gamma dose calculations at depths less than electronic equilibrium (~0.5
¢m) are subject 10 some of interpretation. The assumption of electronic equilibrium in the
QAD-CGGP Code (Reference 1) yields a conservatively high dose at depths iess than 0.5 em,
The PCI dose calculations were run utilizing a source of 200,000 point kernals 1o smooth out

point 10 point variations. The SLAC code EGS-4 was run so that lack of electronic
equlibrium is taken into account,
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Porter Consultants. Inc.
128 ARG YLE ROAD
ARDMORE, PA. 19003

215-896-5353 PCL-TR-324

REPORT OF BETA-GAMMA DOSIMETRY ASSOCIATED WITH
CONTAMINATION OF A WORKER'S THUMB AT THE
JAMES A. FITZPATRICK NUCLEAR POWER PLANT

Private communication between Dr. Kleegman and . W. Porter, Jr. on 32280
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Porter Conoultants. Inc.
128 ARGYLE ROAD
ARDMORE, PA 18002

2150968383 PCI-TR-3"%
Attachment 7.1
3/14090 SWP Notes
REBRIEFING OF WORKER P
(H.P. Tech, 6 years of H.P. experience at FitzPatrick Plant, Nuclear Navy ELT for 6 yrs.)
Contaminating Event
16:05 hours on 3850
Personnel Rosimetry
Ring TLD on inner ring fingers of both hands, plus & Panasonic 4 element TLD on chest next 1o &
direct reading dosimeter (DRD).

TLD left hand 51 mR
(chip wet) dried in dessicant for 1.5 days

TLD right hand 1.2 mR?
(chip wet) drivd in dessicant for 1.5 davs

chest TLD (30 mR prior) 50 for job (Total of §0).
DRI was § mR (The walls of the DRD absorb essentially all # radiation from **Na.

dsec at 1.5 RMr
gives approx. 1.2 mR while capping **Na vial with right hand

Overall Timing After Contaminating Event

3880
16:05 (within 1 min. of contaminating event) - exit work area.
16:10  went through portals - alarm
16:11  finished with HP 210 probe - alarmed for Jeft hand.
16:13  shower (pocket of pants contaminated, socks contaminated), minor contamination at hand
fingers
1625 shower, hand decon
17:15  decon numbers at %" from detector

RIS
06:15  Frisked - RO-5 S$/N 69 - by self (Worker P)
10:00  Frisked - RO-5 S/N 69 - by H.P. Supvsr J.S.
12:05  Frisked - RO-§ S/N 69 - by self (Worker P)
15:00 Frisked - RO-5 S$/N 69 - by self (Worker P)

31080
all measurements by self Worker P Decons with #1 Ivory bar soap.

SFnl, ,)z .
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Porter Conovltants, Inc.
188 AKGYLE ROAD
ARDMORE, PA. 19000

R — PCI-TR-324
Attachment 7.2
31580
WORKER P'S CONTAMINATION INCIDENT of 3880
Incident Recall by Worker B.A. (x6738)
Incident began 16:25 hrs.
Commenced initial survey and encountered several probiems;
The cross contamination of my left hand from the frisker handle. My left hand palm was con-
mmfo 1800 cpm at this time. | just put gloves on 10 continue the survey and deconned

NOTE:At this time the H.P. shift technician N. §. and the H.F. rechnician covering the job, P.D., commenced
& detailed survey of all applicable areas involved in this event.

The level of contamination required that | vtilize an RSO-50 (serial number 616) instead of
the hand held frisker 10 complete the survey.

Surveyed the clothing and found multiple conts mination locations (See attached figure).
Instructed Worker P 1o remove pants, shoes, and socks.

Performed a survey of the skin un Worker P's left thigh.

The dose rate on the skin exceeded the dose rate on his pants.

Instructed Worker P 1o remove all of his clothing. Finger rings taken for decon 1625-1630
hrs.

Performed a survey on the skin of his whole body using the hand held frisker, excepting those
areas where the frisker was off scale. The RSO-50 was used for those cases where the frisker
was off scale.

The results are as follows 10 the best of my recall:

Area 1 Worker P's left thumb 120 mrad/hr open window uncorrected, 4.0 mr/hr closed win-
dow. To about 50,000 cpm on the finger tips of the left hand.

Area 2 Worker P's right finger tips and thumb were contaminated to about 12,000 cpm.

Area 3 Worker P's left thigh 20 mrad/hr open window (uncorrected), 1.7 me/hr closed win-
dow

Area 4 Worker P's left waist about 4,000 cpm.
Area  Worker P's left mid chest about 6,000 cpm.

There was no facial contamination.
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188 ARGYLE ROFD
ARDMORE, PA. 19503

' 2i6a05- 8080

Attachment 7.2

This survey was brief and only 10 obtain an overall picture of the total extent of the contamination. |
felt that at this time (1630 10 1635) that an initial decon should begin immediately. These initial con-
tamination readings were taken at about 1/8° from the zot.e of contamination. While Worker P was

in the shower, | deconned my left palm and verified that the decon area and frisker was not oua-
taminated.

The first shower was completed at about 1640 (cool water and soap the decon agent)
Results after the shower as follows:
All main body contamination was deconned 10 less than 100 cpm (areas 3, 4, 5 of attached figure).

This was verified by having Worker P use the portal (hands out outside the portal) with H.P. Super-
visor J.S. and myself being the hands.

No noticeable change on Worker P's hands at this point.

At this time 1645 10 1700 hrs, Worker P deconned his hands with soap, water, and soft nail brush. Be-
tween the three washings no appreciable drop in dose rates on the hands. Major contamination (area
1) was still at about 80 mrad/hr open window uncorrected using the RSO-50. Worker P's hands prior
10 decon start were very reddened and chapped from working out of doors at home and still looked
that way. The only exception was that the callused areas were softening up.

At about 1810 hrs. with HP. Supervisor J.S. reading PDP-11 (DOSE ASSESSMENT) to me, |
switched the instrument for dose rates to an RO-S with ' collar in place (serial no. 69 used) 10 be
able 10 use the procedure correctly. To survey Worker P's thumb and verify the dose rate at **, 1 had a
second person (J.S. or T.B.) verify the distance was properly maintained. The dose rate was 48
mrad/hr open window (uncorrected) and 1.7 mr/nr closed window. The finger tips of the hands stayed
about the same. But | did not think 1o shield Worker P's thumb s0 these results were questionable.

From around 1830 to 1930 hrs. Worker P soaked his hands in a solution of saturated NaCl solution to
attlempt an ion exchange. During the process | periodically checked his hand with no evident change.

The solution in the beaker did have a dose rate of 20 - 30 cpm by frisker when this attempt at decon
stepped.

AL 1930 10 2030 hrs. with no evident results from previous decons on the hands, | used the unshielded
probe from an E-530 10 locate the main dose area of Worker P's left thumb. This area (see figure) of
skin was in good condition and after discussing it with Supervisor, decided 10 decon the area using
Potassium Permangenate and Bisodium Sulfate. After completion of this decon process, the skin was
in good condition and the dose rate of 40 mrad/hr open window (uncorrected) with the RO-S5 at ",
With this minor decrease, considering the half life of the isotope and the potential chemical damage

to Worker P's thumb, we stopped the decon attempts. At 20:30 hours, 2000 to 3000 ¢/m remained on
tips of right finger.

(signed) B.A,
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DOSE ASSESSHENT:

Poricr sultants, Inc.
§12% ARG OAD

Attachment ! .4

RES TECHNICIAN Na-24 CONTAMINATION EVENT

t1/2 15.03 hr
lambda 0.046 1/hr
te 21.64 hr

Dose Varskin Gamma @ 0.007 cm Varskin Gaama € 0.064 cm

Constants: 2.205 0.156 rad/uCi-hr 0.747 0.091 rad/ucCi-hr
DT Cum O% GHM Ion Ch Instrument

Date Time hr hr mrad/hr cpm Act uCi uCi-hr Used
03/08 16:05 MA NA NA NA MA
03/08 16:25 0.35 0.3 120 3.531 1.18 RSO-50
03/08 17:15 0.83  #5 90 2.649 2.21 RSO-50
03/08 18:1¢C 0.92 2.1 48 1.154 1.06 RO-5
03/08 19:30 1.33 3.4 48 1.15¢ 1.54 RO-5
03/08 20:30 1.00 4.4 40 0.961 0.96 RO-5
03/08 21:00 0.50 4.9 34 0.817 0.41 RO-S5
03/08 22:00 1.00 5.9 ©.780 0.78
03/08 23:00 1.00 6.9 0.745 0.75
03/08 24:00 1.00 ¢ £, 0.712 0.71
03/09 01:00 1.00 8.9 0.679 0.68
03/09 02:00 1.00 9.9 N.649 .65
03/09 03:00 1.00 10.9 0.620 0.62
03/09 04:00 1.00 11.9 0.592 0.5%
n3/09 05:00 1.00 12.9 0.565 0.57
03/09 06:00 1.00 13.9 0.540 0.54
03/0° 07:00 1.00 i4.9 0.515 0.52
03/09 08:00 1.00 15.9 0.452 .49
02/09 092:00 1.00 16.9 0.470 0.47
03/0° 09:390 0.50 17.4 18 120,000 0.433 0.22
03/09 10:30 1.00 18.4 c.413 0.41
03/09 12:05 1.58 20.0 14 80,000 0.336 0.53
03/0° 13:00 0.92 20.9 0.321 0.2%
03/09 14:00 1.00 21.9 0.307 0.31
03/09 15:00 1.00 22.9 0.293 .29
03/09 16:00 1.00 23.9 0.280 0.28
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03/09
03/09
03/09
03/09
03/09
03/09
03/09
03/09
03/10
03/10
03/10
03/10
03/10
03/10
03/10
03/10
03/10
03/10
03/10
03/10
03/10
93/1i0C
037190
03/10
93/10
03/15
03/16
03/190
03/10
03/10
03/10
03/10
03/11
03/11
03/11
03/11
03/11
03/i1
03/11

17:00
18:00
19:00
20:00
21:00
22:00
23:00
24:00
01:00
02:00
03:00
04:00
05:00
06:00
07:00
08:00
09:00
10:00
11:00
12:06
13:00
14:C0
15:00
16:00
17:60
18:00
i9:00
20:00
21:00
22:00
23:00
24:00
01:090
2:00
03:00
04:00
05:00
06:00
07:00

1.00
1.00C
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.900
1.00
1.00
1.006
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

24.9
25.9
26.9
27.9
28.9
29.9
30.9
31.9
32.9
33.9
34.9
35.9
36.9
37.9
38.9
39.9
40.9
41.9
42.9
43.9
44.9
45.9
46.9
47.9
48.9
49.5
50.9
51.9
52.9
53.9
54.9
55.9
56.9
57.9
58.9
59.9
60.9
61.9
62.9

Attachment l 4
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Porte msultants, Inc.

126 AaRc ROAD

AR i St Attachment 7.4
2158965353
03/11 08:00 1.00 63.9 0.934 0.03
03/11 09:00 1.09 64.9 0.6 6,000 0.014 .01
Ultimate Decay [D(0)*1.44T] = 0.312
uCi-hr = 21.867 using ion chamber data
Ion chamber calibration data
oW CwW net BCF
RO-5A #69 77.8 2.8 75.0 2.9
RO-5A #108 77.0 2.9 74.5 2.9
RSO-50 #617 44.0 2.0 42.0 4.0
RSO-50 #602 60.0 2.0 58.0 3.6
Na-24 counting standard
Counting time 03/10/90 19:25 32942.80
Sampling time 03/10/9%0 19:25 32942.80
DT 0.00
Correction factor 1.00
Measured ac*ivity 2.125 ucCi
Corrected activity 2.125 wuCi
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Porter Ce o Itants, Inc
12% ARG YLE
;\uxmnml,t"‘"3 Attachment .

215 896 5353

Ion chamber correction factors obtained 03/14/90
RSG-50 S/N 616 Uncorrected mR/uCi-hr
Source-Cham Dist oW CW ow CcwW

0.125 in 70 3 34 1.5

0.500 in 55 2 27 1.0
Round source 0.5 in Square source 0.5 in RO-5
OW mR/hr CW mR/hr OW mR/hr CW mR/hr S/N 69

86.2 2.1 85.6 2.1 0.500

86.2 2.1 85.5 2.2

86.7 2.3 84.8 2.1

86.5 2.2 85.2 2.1

86.4 2.2 84.9 2.1

86.6 2.2 84.7 2.1

86.7 2.3 84.2 2.2

86.7 2.3 85.0 2.2

86.8 2.1 84.5 2.0

86.0 2.0 84.6 2.3

86.8 84.8

86.9 84.2

86.5 84.8

86.4 84.2

86.3 83.9

87.1 83.6

87.1 84.8

87.7 84.1

87.8 85.3

87.0 84.8

87.5

X 86.8 2.2 X 84.7 3.1
2.06 uCi 2.06 ucCi
42.12 mrad/uCi~hr 41.11 mrad/uCi-hr

Average Instrument Response 41.61 mrad/uCi-hr
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po sultants. Inc. ’
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715896 5353

Cumulated activity 21.867 uCi-hr

Depth Beta Ganma Total
cm rad rad rad/cm”2

0.007 18.216 3.411 51.628
0.064 16.335 1.990 18.324
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