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Cor,:olidatled Edison Company of New York. Inc.  
4 ivi\c Place, Now York. N Y 10003 
Telchomne (212) 460-3819

January 20, 1977

Mr. James P. O'Reilly, Director 
Region 1 
Office of Inspection 
U.S. Nuclear Regulatory Commission 
631 Park Avenue 
King of Prussia, Pennsylvania 19406

Dear Mr. O'Reilly: 

On October 19, 1976, Con Edison submitted a technical 
report concerning an extremity exposure event which 
occurred on May 24, 1976 during the replacement of the 
fixed incore detectors at Indian Point Unit No. 2.  
This incident has been reanalyzed using Monte Carlo 
shielding techniques and detailed activation analyses.  
The enclosed technical report describes the methods and 
techniques used in this reanalysis.

Should you have any questions or 
matter further, please call me.

wish to discuss this

Very truly your 

William J. Cahill, Jr.  
Vice President

/

111230551 770120 
PDR ADOCK 05000247 
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'EXTREMITY EXPOSURE INCIDENT DURING 
FIXED THIMBLE REMOVAL PROCESS - DOSE ESTIMATION 

USING MONTE CARLO TECHNIQUES AND DETAILED ACTIVATION'ANALYSES 

Summary 

By letter dated October 19, 1976, Con Edison reported to the NRC, 
based on point kernel type shielding calculations and conservative 
activation analysis, that the extremity exposure incident of 
May 24, 1976 resulted in an estimated (gamma) radiation dose of 
some 7.5-9 rem to the hand of the exposed individual. Because 
of the inability of point kernel type methods to accurately 
predict gamma fluxes at distances close to the source, and the 
consequent uncertainty associated with use of this technique, a 
reanalysis of this incident was performed utilizing Monte Carlo 
techniques. In addition, activation analyses were performed 
using the Oak Ridge National Laboratory (ORNL) code ORIGEN, *to 
estimate, as accurately as possible, the actual activation 
source strength of the thimble.  

The (gamma) radiation dose estimated by these calculations is 

10.8 rem to the hand.  

Introduction 

Monte Carlo calculations were selected for calculating the radi
ation dose per source photon because of the "exact" nature of 
the solution provided and the ability of this technique to 
consider the actual geometrical configuration of the situation.  
These calculations were performed for Con Edison by Mathematical 
Applications Group, Inc. (MAGI); a copy of the report submitted 
by MAGI to Con Edison is attached as Appendix 1. Source term 
recalculation was-performed subsequent to the Monte Carlo 
calculations; consequently, the MAGI report presents estimation 
of dose on a per source photon basis by energy in addition to 
an estimate of the dose based on the preliminary, overly con
servative source strength-previously used.  

The ORIGEN Code was selected for use in the activation calculations 
because of the suitability of this code for treating the highly 
time dependent irradiation history of an operating reactor and 
the separate presentation by source (i.e., fission products, 
materials of construction, or actinides) of the generated nuclides.  
Thus, the concentration of isotopes produced by activation of a 
stainless steel thimble can be listed separately from those pro-
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duced in fission and directly retrieved for use in estimating 
gamma source strengths.  

Discussion 

Appendix 1 describes the model and techniques used by MAGI to 
perform the Monte Carlo calculations. A further description 
of the use of and inputs to the ORIGEN code will be presented 
in the section together with the details of the results ob
tained by merging the Monte Carlo and ORIGEN results.  

A. Irradiation History 

The power operating history of the Indian Point Unit No. 2.  
reactor was compiled from the Unit No. 2 monthly operating 
reports from initial power operation in 1973 to March 30, 1976, 
the date of shutdown for refueling. Total MWth-hrs produced 
during the different months were divided by the number of 
hours the generator was on line to obtain the average power 
level in thermal megawatts during the period under consideration.  
Offline days during an interval were considered as occurring 
during their actual dates, or,where more convenient, at the 
start of the subject interval. Outages of less than five 
days were not considered. Table I presents the results of 
this compilation, which can be seen to consist of thirty 
irradiation (or outage) intervals.  

For purposes of providing input to ORIGEN, power levels during 
each interval were divided by-the total charge of Uranium 
(87.13 metric tons) to obtain the specific power in MWth/MTU.  
Specific powers (in MWt/MTU) for each of the 30 intervals and 
the duration of each interval were provided as input to ORIGEN.  

B. Materials of Thimble and Fuel 

For simplicity, the material considered to be subject to acti
vation by irradiation was the volume of a single twelve foot 
(= fuel.stack height) length of thimble. The activity of the 
thimble, as calculated by ORIGEN, was divided by six to obtain 
the activity of a single two foot length.  

Table II presents, by region, data taken from WCAP-8141 for the 
initial Indian Point Unit No. 2 fuel loading. These data were 
converted for each Uranium isotope from kg to gm-atoms per.MTU 

and used as input to ORIGEN.



ORIGEN was used to compute the radioactivity of the irradiated 
thimble for the fuel composition and irradiation history out
lined herein. Postirradiation properties were also computed 
for a decay time of 54 days after shutdown, which is when the 
incident occurred. Table III is a copy of part of the output 
of ORIGEN for the case under consideration. This table 
presents by isotope the activity of one twelve foot thimble 
length at shutdown and at times of 5.0 and 54.0 days after 
shutdown.  

C. Calculation of Radiation Dose 

Table 3 of Appendix 1 presents uncollided and total (i.e., 
buildup) doses in rad/hr per source ar/sec for the principal 
photon energies encountered. Since the relationship between 
dose and source ' -energy is approximately linear for the 
case under consideration (see Figure 2 of Appendix 1), dose 
rates per source I for other energies were obtained by simple 
linear interpolation.  

Table IV details the calculations used in arriving at a source 
term, S, in )/sec for the two foot thimble length.  

Table V tabulates the intermediate calculations performed to 
merge the ORIGEN predicted source strengths with the Monte 
Carlo computation of dose per source photon and arrive at 
the total (gamma) dose to the hand. It should be noted that 
all isotopes having less than 0.01 Curie in the 2 foot thimble 
length were neglected, since they do not contribute signifi
cantly to the radiation dose received. For the same reason, 
the 0.143 MEV gamma emitted by Fe-59 and the 0.23 MEV (max) 
internal bremsstrahlung spectrum emitted by Fe-55 were also 
neglected. For the average burnup assembly (16,387 MWD/MTU) 
these calculations indicate a gamma dose of 9.64 Rem. Since 
burnup in the fuel assembly (E-11) containing the thimble was 
somewhat higher (18,340 MWD/MTU) than the core average, the 
estimated gamma dose to the hand, after correction for burnup, 
is 10.8 Rem.



. ATA SHEET 
Pi',EPAREO BY

DATE 
671 

"0ATI ,,I-

............ .. .... .. -, .. ...... .....

... .. .. .. ...  

.........0 ..  

.Q.....I...................... - ... 

•. .1 ...... ..  

:/,.- 3 

7.34 
/7-. 7/3ii.il 

.../ ......... 3J 
... .. ....

699, 3

3~. I~7-
3. ... ..... ..... ... ..... .....  

.......... ........... ..........  

.L L .........  

. ii~

'-/7 

//

.0.

142 

... 7 . ....  

9q.': .

..e ........  

/1:5,a 

l44.  

5-5;.7

I

Volc'

a

/ 9a ~

.. ....  

.. ... .. .... .. .

0o l....

a/30 

6

as-f?

A

'-5 

>1' 

"5-

..0 

0

;~5-:3j 

0 

~i2~

3o-'/10 .........  

A,7?, 547

OIV 
O-P IdFr 4W 0 ': 1 )leg I i I;e 1/111 1 11

...... ...................

.......... .. . .. .. ..  

.. ............. .... t 

.. ... t ........ ... ...

l 0-'7



.ATA SHEET
PPEPARIED BY

DATE 

LoCATIWf- 5ft/, '/ P , .  
L&&'4r 72.

S........ p.. . P... ... ,..7-. ., S A 
... ./ .. .......

SI ~z3I )~///71I rri.

!i., -9130i 
¢- .3 

A. ,h7//, 

//, ">

..... ..... ....... ...  ......... ....  .... ........... .  

...... ....  ..... .. ... ... .  

......... ...... .. ........

63 

/, -;+ 

I O ~

. 'q.. .  

--- ----- --5 

i..... ... ...... ...  

.3 4 .............  

3'7Q,53 

/3.123 

q 3 . _.. .....

<1 /9

SUBJECT 

.5....,....-.......

7 
.1 .... ....... .  

./ .. .... ....  

ii. /¢ 

........ .'..  

4 4 1sf 

/l 7U.-

I . l I I

~b 

9., 

&.q......  

- , .-

a,... .......  

0 

..ZD.......  

30..  

&. 9.'_. .

.... .... ... .. ......

...................  

.......... .

..........



I ATA SHEET

PkEPARED BY.

DATE 

LOCATION Y, 4 n)) /,L
L/A!/ Z :

SUBJ ECT

. t Ai .. ........... -.. .P W 7/- ;,i- /e:

i.

______ 4____ r- ______________ -// -__________ hi______ %A/,-________

.............. ............  
/i Y. 70 
... .............  

1,56 --ZS2 
...............

.. .. ....  

- QJ 3

L~19o~
~5~3~57 

g~ss-3

.Z 

-:~6 3 ............  
) . ... ....... ... .

.. .. .... .

30 

.... .. ... ... .. ...

........ ....



CO4SOL. DATE(D EDISON COMF'AN'Y O- Jt W Y , N ..  

"* DATA SHEET 

PREPARED BY___

ATE4±.  

1 ECAI /.  
el O 0N2- ,/' /'f 

/
/

SUBJECT 

S ..,//, P6/Air 1/A/IT J- 14//T /,1- F4/ 6. 9~/~4~

-9,73

I874 C.:;. 4ST.

3,3o

N5/AlThf ~A7 r A~ fAITZ4 ~5 
L/-;~34 d-~34 M-g~35 a-a3.C Y-~

0,13 

A,5o

5 4-1 /03

3,0d

4,

,./ o.17 

6.o./

,41T '~/.  
d-z23~ ii-;

S • 3 

J.3C...,',

~T~7SALi_ ItOLctf I o21"

/ 

3

112- 2
F7AD)

I

IIIII



1.P.2 STAINLESS STEEL THI-11ELES P OST IRRADIAT -7 C DECAY TIMES

p E ~R~ 25.58mW , iURNUP= 16387.mwO,, FLUX'= 2.~+ _____________________________________ 

~iIL D hASIS VOLUME Of-ONE..TW ELVE F:QT THI BLE LHNGIM 

7 0.0 0.0 0.0 
ti 2 0.0. 0.0 0.0 

01 .0 2 -1 0 .0 ! 0 .0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
h _ _ _ 0 .0 0 .0c 0.0 o_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

F, 0 0.0 C.0 0.0 
0.0 C. 00 
11G~ .0 0.0 

L 1 0.0 0.0 0.0 iF 12 0.0C l.~ 6 0.0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

II C 0 0. .  

I' . 0.0 C 0.0 0.0 
0.0 00 0. 0 

1 0.0 0. 0.0 

IK;~ 0.0 0.0 0.0 
C. 173 0.0 0.0 0.0 
C, j. 0 0.0 0.01 

0 . 0. _ 0.0 _ _ _ _ _ _ 

cl l -0- J. 0.0 0.0_____ 
09 1 0.0 0.0 0.0 Jw_

0. 0 0.0 0.0 

F 2 0 0. 0 0.0 0.0 

N 1 0 00.0 __ .0 _________ 

2 i L 2 0.0 0.0 0.0__ 
%i E: 23 0.0 0.10 0.0 

22 0 . 0.0 0i.0* 
N0'2 .0 0.01 0.0 

Nt' A 7 0.0 0.0c 0.0 ___ __ 

Z5' A .0 0.0 0.0 
2400. 0.0

ML, 20 0.0 0.0 0.0 
27 0.0 0.0 0.0 

I L 2 0 .0 0.0 0.0 _____ 

L _29 0.0 _ _ 0. 0 0.0 __ 

S 2 0.0 0.0 0.0 _ 

si~ 2; O .0 0.0 Q0 0 .  

p i 0.0 *. .U.0 0.0 * - 0.0 0.0 0 .0



i..2 STAIN\LESS STEEL THiIMBLES -PUSTIRR.ADIATIUN DECAY TIMES 

.t.. i4 ER~ 23.8, IMJRIVP= 1o)387.MWO, FLU'X= 2 .64E 1f/M~~EC ________ 

LINIUCLIDE RAILJACTIV TY, CUR7IES I, *ASIS VOLUME OF ONE TWELVE FOOT THI>1BLE LENGTH 
iITI :-. 5, ! . 0 

- ~ .G L.U 0.0 
33 .0.0 0 .0 C.O 

0 0. 0 .  

0. 
0.  7 0.00G.  

CL.0 . 0.0 
c 0.0 0.0 

0 Wo C-0 3' 0 0 0.0 0.0 
0. 0.0 o.0 

0. 0 

-7.7E-17 -1.4-7E-17 -0 
5.___21E-22 6. 21:-22 1.29E-37 

H C 4 0.0. G.0 
0' .;. 0 0 0.0 

I C~ L o. . 0 0 
Li C ~ ___ 1IOE-12 .08tE-12 .7E-13 

CA~ 1.80-G0 5. 94 E- 10 328 
0.0 0.00.0 

30 C.0 '.0G 
0.0. 0 0l. 0 

4. D3E-15 4.498--15 2.99E-i5 
6. 475E-06& 23 G-6 1.198-lu0 

48 C,~ -o '02-06 1.21;:-06 1.05E-14 
j.T-49 1.50E-0o, 0.0 0.0 .  

9, 0 0. 0.0 
TI 48 00 0.I.  

V v 0 .0 0.0 0.0 
V ~ 0.0 . 0 .0 

' 1 9 . 0 . 00 . 0 

V 3.L-083-02 0.000 
.*.  54 3.85E-04 0.0 O ' 00 

C~5&-0.0 0.0U 0.0



I.P.2 STAINLESS STEEL THI1h6LES - PCSTIRRADIATION DECAY TIMES 

• , >O~ '-: 25 56.,:WT B';R UP: lo3 8,.,MWO, FLU X = 

NUCL.IE RADICACTIVITY, CURIES 
6ASIS-= VLJME OF ONE tWELVE FOOl• THIMULE LENGTH 

INITIAL 5. 1; 54. D _________________ 

5, 51 8..7E+02 7.3 .E -02 2. !EE+02 
• 52 . 0.0 0.0 
CrF: 53 O.' 0.0 

0.0 0.0 U.0 
1. 17E+31 0.0 0.0 

[Ml. 54 3.40E+01 3.36E.01 3.00E+01 
55 0.0 0. 0.0 

*1 .97EO1 1.96E-13 0.0 
v%5 1.S2E --C1 6.3 0.0 
S"4. 4 4E-Oz 0.0 0.0 

: 0.0 0.0. 0.0 _____ _____ 

5 2 ._26E'02 2.27E+02 2.19E+02 
F E 5 0.0 0.0 .0 

0.0 0.0 0.0 
FE 59 2.53 .- 2 3-E 01 1.1OE+01l -_' - __ ___ • _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

H,. (. 5bi 00 0OCo 0.0 -I. E+02 +'02 6.4 oE+0 0 

, 5 1 052-.+00 0.0 0.0 

, . -0 0.c .0 
9 2. 5 :-2 ..-2 2.. E-"

0.0 0.0 
S.0 C .0 0.0 

500.0 .0 .0 
S 'vI+u 0 1 F+-u0 4.ulE'00 

-i 64 0.0 0.0 0.0 
1. 13E. -01 8. 77E-14 0.0 
0.0 0.0 0.3 

C' U - 3-  0 6 .. 0 -.0 0.0 
S45 1.6 02 2.437E-05 0.0 

5 1; 0.0c 0.0 0,. 0 
CU 6 3 O. 64- 0.0 0 

V ZN 5.. C. 0.0 0,. 0-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ N t 67 0.0 0.0- 0.0 
Z N 65 5.65E-07 5.31E-07 4.62E-07 

H 
7 66 0 .0 0 30 .0 I t- 5 0.0 0.0 0.0, 

, - .i ' ; 3 . , . o . o _ _- - - _ _ _ _ _ _ _ _ __ _ __o_ _ _ _ _ _ _ _ 

G 0 .0_ 0 .0 _ _ _ 

,: :! oo o.o o.o _ __ _ _ 

Z 1% . 0.0 0.0 0.0 

Z N 7 0 - - 0 . 0 0 .0 0 . 0 .  
0 0.0 

- 7b .0 . 0.0 0. 0 

I 5-': 88 0.0 0. -0 " .0



I .r T , , i.P.2 STAINLESS STEEL IHIMBLES - POSTIRRADIAT:.GN DECAY TIMES

PCE.R 25.5,:e, 0URNUP= 16387. .N' r, F =LX 2 .64 LtN, /C2 -:;EC 

" I " NUCLIDE R'DIOACTIVITY, CURIES 
3 AS1S VOLUME OF ONE TeLVE FOOT THIMbLE LENGTH 

IO rTITIAL b. 0- 54. D 
i SP 89 0.1 0.0 0.0 

S3 -. 0.0 0.0 . 0.0 
om 0.0 0.0 0.0 

.0 0.0 . . .  0.0 0.0 0.0 I: Y 91M, o.u 0.0 .0o_ _ _ _ _ _ 

Y 91 0.3 0.0 C.0 
C. 0.0 0.0 0.O 

1 1 0 .0 0.0 0.0 

.0 0.0 0.0 

----- -: - - _ •
-- ,-.O G 

0 0.0 
0.0 0.0 0.0 

0.0 0.0 0.0 
0.0.0 0 1 0.  

-__ 0.0 0.0 0.0 

C,0 0.0 0.O 

K..:C 9 0.0 0.O 0.0 __ 

0.0 0.0 0.0 
0.0 0.0 0.0 0.7 0 0.6 ___ 0 

-~ 0.0 00 0;.0 
0 0. 0.00.0 

. 0 0.0 0.0 

)0.0 0.0 C.0 
L~~i., .- .0 , 0.0 0.0 0U.0 

"2o 0.0 0. 0.0 

-C, 1 0.0 0.- 0.0 
KO.G 0 9 3. 0.0 .c 

c C 0.0 _ 0 0.0 0.0 

0 .0 G._ 0. C'0 
RL! i 0.0 0.0 , 0 ,: -cc 1. i.. 6! o .,) 0.0 
,, ). .0 0.0 0.0 

C121 0.0 0.0 0.0 

C D 1 13 0.0 0.0 0.0 
iN11. 0.0 0.0- .. 0.0 

i ' 9 0.0 0.0 0.0 
_ ,.2i, 0.0 0.0 0.0 

,1.-N121 0 .0 0.G C.0 

-S. N,115 .0 ___ 0 0 " " 
11, 7 m 0.0 0.0 ,. . 0.0. . - .:. .. .



~P.2 STAINLESS STEEL TILS-POSTIRRADIATIUN 0_, CAY TIMES 

2WR 25.5 8MW li (,:P~ 16387.MklD FLHIX= .&+ J~

NUCL IDE RADIOACTIVITY, CURIES 

-- ~ ~~ A~LA 5.______________________ OF CNE Tki:ELV F90T THIMEOF LE .'JTH 

i7 0.0 u0 0 

0.0l 0 

1 1 0. 0 6.3 0.  

0.10 G. 0 
O.o 0.0 0.0 

2 00 ;DC..3 01.0 

00.0 ( 0 
C.G 0.0 0.0 

1). G 0.0 C. 0 

010 f .0 

0 . 0. 0 C,. 0 

0.0 3 .0 C.0 

60 .0 0.0 

T ll~ z G_ . 0.0 0 .0_ 
_ _ 

C.G 0.3 G.n 

0.0 0.0 0. 0 
c0.0 0.0 0.0 

mi1d - 0___ G.d 0 .0 c______ __ 

____0.0' 0. 0 . 0 ___________________________ 

Tt_;TAL .4Er 12 7E +0 2 5.57E+32



0 DATA SHEET

PREPARED BY-- 

SUBJECT 

.... .... T , .Y-

DATE ,_7 

XAOCATLPIOC-7f

IOU C . 7 M:LS 14s5A6 ORI_"64"- -T/ , '-f'-'---

]'cLIDDE I;.) *
"MA

t t ~-~---- -t ~ - -- ~4~-~L~L .~ I ~ _____ -

3o.

I

lq1

31.33 

5",0 

.1-

o,.6I4

o7. ' ,'$-

I 7a.  

1,352

io

0.51

0.30

I-c'

S

( It 
2'77(/O 

I, 

3.9 uo

IV

-I

blpi.  

II 

53 

S.37oI



PREPARED BY 

SUBJECT

DATA SHEET

7,11.34L6 IZ

Ssr'7-41V F ,'6- Eq6fv,' oF / 4wr cxwzo pVJ9 Io i)J.&/n

mtC--
**

-- --__ _ I 4 -~ M ' 1---'~~- 4 - -~~'~1_ _ _ _ ' 4 ~ ~ L-

O.

63 Sl 02

147

Deri ed fz 
Resuilts of

am ORI 
Monte

I) 
/~'S/ I~ 

h1~9~e~I62 

3~xd 0

J ."S -3, 

" . 1/

I,

I Z 44 
-63 Y'7

,EN Co putati

3.,./9,x; 

.$,O

3.07,K lb

on (se-e Tabl IV) 
ation (see T .ble

DATE T ab _ LOA,

]!-4/1L) 0
Qq 

/1 QILJA

) 0/, 9o; 

17/, 3Z2 

/70/. w 

/.,33

77 .,,q

/.L

3063 

dX34 7 

04!.374

l.ss5?

I Repor=t)

---- ---------- i- - --- PI

),33 :;L

o f MAc-Carlo Comput

t:/ 15



0 S 

APPENDIX 1 

MATHEMATICAL APPLICATIONS GROUP, INC.  
3 WESTCHESTER PLA7A 

ELMSFORO, N.Y. 10523 
TEL. (914) 592 4646 

December 29, 1976 
M-8276 
P-7145 

Mr. Kenneth Eccleston 
Nuclear Engine-ering Subsection 
Nuclear and Emission Control 
Engineering Department 

Consolidated Edison Co. of N. Y., Inc.  
4 Irving Place 
New York,.N° Y. 10003 

f 
Dear Mr. Eccleston: 

Enclosed please find the final report suimmarizing the calculational program 
performed by MAGI under Consolidated Edison Company purchase order #6-8208, 

Please contact me if there are any questions concerning the report or if I 
can be of further assistance.  

Very truly yours, 

Martin 0. Cohen 
Manager 
Nuclear Applications 

MOC/ae 
Enc.


