
-- -~ , Vice Fresicent 

Consolidateo Edison ComParny of New York. Inc.  
4 Irvng Place. New York. N Y 10003 
Teziephone (2 12) 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 extremit-y exposure event which 
occurred on May 24, 1976 duriLng the replacement of the 
fixed incore detectors at Indian Point UnitLio.  
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 wish to discuss this 
* matter further, please call me.  

Very truly yours, 

William J. Cahill, Jr.  
Vice President 

mp 

0140646 7702 6 OC0500024 
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EXTREMITY EXPOSURE INC IDENT DURING 
FIXED THIMBLE RE2MOVAL PROCESS - DOSE ESTIMATION 

USING MONTE CARLO TEC11NIQUES NDDETAILED 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 do 'se 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 CORNL) 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 "1ex act" 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 Co n Ediso n 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 
tinie dependent irradiation history of an operating reactor and 
the separate presentation by source (i.e., fission products, 
materials of construction, or 'tnie)of t-he c~enerated nuclides.  
Thus, the corncentraticn. -of isotcnes nrcduted by activation cf a 
stainless steel thimble can be Listed separately from those pro-



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 FEistorv 

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.  
Off line days during an interval we re considered as occurring 
during their actual dates, orwhere 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 Meth/MTJ.  
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-mater-ial 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 I!-presents, by region, data taken from WCAP-8-141 for the 
initial Indi4an Point Unit No. 2 fuel loading. These data were 
converted for each Uranium isotoce from kg to gm-atoms per MTUT 
and used as intput tCo.ORIGEN.



ORIGEN was used to compute the-radioactivity of the irradiated 
thimble for the fuel composition anid 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 111 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 ir/sec for the principal 
photon energies encountered. Since the relationship bpetween 
, dose and source I -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 )i/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 pho ton 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 MiEV (max) 
internal bremsstrahlung spectrum emitted by Fe-55 were also 
neglected. For the average burnup assembly (16,387'MwD/X4TU) 
these calculations indicate a gamma dose ofl 9.64 R 'em. Since 
-burnup in the fuel assembly (E-11) containing the thimble was 
somewhat higher (18,340 MWD/MTrU) than the core average, the 
estimated gamma dose to the hand, after correction for burnup, 
is 10.8 Rem.
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APPNDX .  

MATHEMATICAL APPLICATIONS GROUP, INC.  
3 WESTCHESTER PLAZA 

ELMSFORD. N.Y. 10523 
TEL (914) 592 - 4646 

December 29, 1976 
M-827 6 
P-714 5 

Mr. Kenneth Eccieston 

Nuclear Engineering Subsection 

Nuclear and Emi=ssion Con~trol 
Engineering De.-artent 

Consolidated Edison Co. of N. Y., Inc.  

4 Irving Place 
New York, N. Y. 10003 

Dear Mr. Eccieston: 

Enclosed nlease find the final report st=.nar i zing the calculational program 

performed by MAGI under Consolidated Edison Commanqy purchase order 
~-28 

Please contact me if there are any questions concerning the recort or if I 

can be of futher assistance.  

Very truly yours, 

Martin 0. Cohen 
Manager 
Nuclear Applications 

m0C/ae 
Enc.
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1. INTRODUCTTO1CV 

Mathemnatical Aiz~iations Group, Inc. (MAGI) 'as performcd a series off 

Monte Cir lo calculations for the ConsolidaCed Edison Comcanv (Con Ed) , to 

assess the biological dose delivered to the han~d of during 

the incident of 24 %Tay 1976 at the indian Point.No. 2 facility.  

The sections which follcw describe the calculations oerfor-ned and the 

results ac*-h--Ieed.



2. GEOMETRIC CONFIGURATION 

The geometry used in the Monte Carlo calculations was as shown in 

Figure l 

A stainless steel rod-(O=,385", 10=.268") protrudes 2' from a water 

bath. At the 1' level, the rod is surrounded by a gloved, hand., The hand 

is 4" high (OD=3"', ID=.4546") and is completely enclosed by the glove which 

i's .0348" thick.  

The hand is assumed to be tissue. The final results are not sensitive 

to the dimensions of the hard, since the hand is 'optically thin"'; i.e., 

doubling the hand volume would essentially double the neutron path lengths 

(and thus the flux) thereby leaving the energy deposition per unit volume 

unchanged. The glove has no appreciable effrect upon the gaxtura radiation and 

has only the slight geometric effect of displacing the hand by 0.0348" from 

the'rod. For convenience, the glove was given the samne chemical composition 

as water.  

The atomic concentrations of the stainless steel rod and the hand are 

given in Table 1.



*Figure 1 

10 GEOMETRIC CONFIGURATION 
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TABLE I 

ATOMIC CONCENTRATIONS

MATERIAL

Stainless Steel 

Stainless Steel 

Stainless Steel

Tissue 

Tissue 

Tissue 

Ti ssue

NUCL IDE 

Iron 

chromium 

Nickel

Hydrogen 

Oxygen 

Carbon 

Nitrogen

ATOMIC DENSITY 
(atoms/barn-cm) 

0.06175 

0.01676 

0.00882 

0.0598 

0.0245 

0.00903 

0..00129



3. GAMMA RJADIATION SOURCES 

It was assumed that the rod was uniforly radioactive. Nine prominent 

gaxmma ray lines were identified by-Con Ed and these are displayed in Table 2 

along with preliminary estimates of the source strength terms (also provided, 

by. Con Ed).  

Since the source strengths were provided on a Preliminary basis only, 

separate Monte Carlo calculations (see below) were performed for each gama 

ray line and the results which were obtained were on a per source particle 

basis. Subsecuently, these results were each folded with the corresponding 

source strengths, and then summed over all nine lines, to obtain the estimate 

of the dose to the hand.



TABLE 2 

GAMMA RAY SOUR.CES

GAMMA RAY LIN1E 
(MeV) 

0.19 

0.32 

0.511 

0.81 

1.10 

1.17 

1.29 

1.33 

1.*64

RADIOACTIVE ISOTOPE 

Fe-59 

Cr- 51 

c- 58 

Cc- 58* 

Fe-59 

Co-60 

Fe-59 

Co-60 

c- 58

SOUJRCE STRENGTH 
(Mev/cm. sec) 

5.51 +. 7* 

1.31 + 10 

2.09 + 10 

1.1+ 11 

6.07 + 9 

1.18 4- 10 

5.37 + 9 

1.34 + 10 

1.12 + 9

At time 5 days after shutdown 

Read: 5.51 x 10 7



4. MONTE CARLO CALCULATIONS 

Separate calculations were performed with-the SALM-CE Monte Carlo code1 

for each of the nine identified gaz'ia ray lines. in order to spded convergence 

of the Monte Carlo calculations, spatial and angular importance sampling were 

employed to emphasize those gamma ray histories which intercept the hand.  

SAM-CE calculated the flux in the hand,.as a function of energy, and then 

2 applied an energy-dependent gamrma flux-to-tissue dose conversion factor to 

obtain tissue dose. Both uncollided and total doses were determined ifor each 

gamma ray line. The statistical uncertainty of the results were approxintately 

The results are given for each line, in Table,3. They are also plotted, 

for both uncollided and total dose, in Figure 2 wherein a simple l inear re

lationship between dose and source energy is clearly visible. This will elim

inate the need for additional Monte Carlo calculations should other prominent 

gamma ray lines be identified in the future.



TABLE 3 

MONTE' CARLO RESULTS 

GAMMA RAY LINE DOSE (rad/hr per sourceY/sec) RATIO: 

(IMeV) Unzcollided Total Uncollided-to-Total 

0.19 .301 -9 (5) .480 -9 (6) .63 

0.32 .567 -9 (4) .838 -9 (5) .68 

0.511 .110 -9 (4) .144 -8 -(4) .76 

0.81 .173 -8 (5) .220 -8 '(5) .79 

1.10 .242 -8,(5) .291 -8 (5) .83 

1.17 .257 -8 (5) .307 -8* (6) .84 

1.29 .286 -8 (5) .342 -8 (5) .82 

1.33 .300 -8 (5) .362 -8 (5) .83 

1.64 .358 -8 (4) .432 -8 (4) .83 

Note: Divide by 3600 sec/hr to obtain dose in units of rad/source Y as 
in Table 4.  

** -9 
Read: 0.301 x 10 + 5%
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'3. DET-ERMINATION CA R~!ANO DOSE 

The source strengths provided by Con Ed,.S ., are in units of MeVl/cm-sec 

at time 5 days after shutdown.. These can be converted to the ten-second 

source strengths,, 10sec (y particles), at time 54 days,.as follows: 

1) Radioactive Decay - The half-life in days, T 1/2 ' is given in Table 4 

for each line. These are related to the decay constant, A(days )by 
I n (2)/T 1/2 - The relative source strength at time 54 days is then: 

S 1 (54 days) =S 1(5 days) exp -(54- 5) 

2) Parti cle Emission -.The conversion of source strength from MeV to 

source particles is accomplished by a simple (E )-I conversion factor, where 

00 

3) Total Length - Mulitplication by 60.96 cmn (2 feet) converts the 

source strengthis from a per centimeer basis to a total length basis.  

4) I rradiation Time -It is conservatively assumed that the rod and 

hand were in the position of Figure 1 during the entire 10 second interval 

* Hence,'he source strengths per sec ar-onetd to 10-second source strengths 

by a multi-plication factor of 10.  

Combining items 1-4, above, the source terms are obtained by: 

S9 .xe- 49 X 
S 10sc(source photons) E x 609.6 

10-sec 

The results are given in Table 4. (The customary u-nit of biological dose, the 

rem, is used, where one rad of gamma radiation corresponds to a biological dose 

of one rem . Hence the rad-to-rera conversion factor is unity).  

Table 4 shows that the total 10-second dose to the hand,* based umon the 

preliminar'y source strengthis provided by-Con Ed is ,54 rem. The 0.81 MeV line 

from Co-53 dominates the problem, accounting for N,9% of the total dose to 

the hand.  
*Actually, durirg ths10 second ~e 2

'Athe 2 fo-.ot section cf originallyezce
rod was being shoved under water, with the hand probably reaching the water level 
after about 5 seconds. This will be expzuined below.
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TABLE 4 

DOSE TO HAND

GAMMA RAY LINE 

(MeV)

.19 

.32 

.511 

.81 

.1.10 

1.17 

1.29 

1.33 

1.64

DOSE PER SOURCE y 

(rein/source y)

1.33 -13 

2.33 -13 

4.00 -13 

6.11 -13 

8.08 -13 

8.53 -13 

9.50 -13 

1.006 -12 

1.20 -12

(days)

44.6 

27.7 

71.*3 

71.3 

44.6 

S5.27 
years 

44.6 

5.27 
years 
71.3

(day

.01554 

.02502 

.0097 2 

.00972 

.01554 

3.60x10-
4 

.01554 

3.60x10-
4 

.00972

609. 6e-
4 9 X 

(cm. sec/MeV)

1498.  

559.  

741.  

467.  

259.  

512.  

221.  

450.  

231.

St 

(MeV/cmn.sec)

5.51 

1.37 

2.09 

1.11 

6.07 

1.18 

5.37 

1.34 

1.12

S 1 0 -e 

(source y

8.25 

7.66 

1.*55 

5.18 

1.57 

6.04 

1.19 

6.03 

2.59

Read 1.3 xTOTAL DOSE =53.58 rem

DOSE 
TO HAND 

(rein)

0.01 

1.78 

31.67 

1.27 

5.1.5 

1.13 

6.07 

. 31

13 
x 10Read: 1. 33



* 6. SOUrjCE GZCCTRIC CCNFIGURAT2ION 

In order to assess-the degree of conservatism provided by assuming that 

the rod and hand were in the position of Figure 1 for t-he entire 10 second 

*period, a second set of calculations were run for the point in the time history' 

when the lower part of the hand reached the water level (i.e., the rod protruded 

l'2"from the water bath). The results are displayed in Table 5.  

It is seen that the dose contributions from the ga-T~a lines below 1 MeV are 

essentially unchanged. For these softer gamma rays most of the contribution is 

from the 4" section held by the hand. For the source energies above 1 Mev, 

lateral contributions (i.e., from other Parts of the rod) contribute to the 

total dose and these are significantly attenuated by the presence of more water.  

However, when the results are combined with the preliminary source strengths 

and surtmed over all nine gamma lines, the net effect of lowering the rod is a 

small decrease in the hand dose rate by a factor of ^-50.3/53.6 =0.94.  

If it is assumed that at the end of the ten second period (rod completely 

under all water) the dose has decreased by an-additional factor of 0.94, then 

the dose at this time would be '-47.2 rem.  

Therefore, the best estimate of the 10 second hand dose is of the-order 

of 50 rem. This result can be refined with inoroved estimates of the source 

strengths of the identified gamiza rays lines.,
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TABLE 5 

EFFECT OF ROD) POSITION ON HAND DOSE

GAMMAA RAY LINE 

(MeV)

0.*19 

0.32 

0.511 

0.81 

1.10 

1.17 

1.29 

1.33 

1.64

DOSE (rad/hr per sourcey/sec) 
ROD 2' ABOVE WATER ROD 1'2" ABOVE WATER 

.480 -9 (6) .475 -9 (7) 

.838 -9 (5) .87-9(6

.144 -8 (4)

.220.  

.291 

.307 

.342 

.362 

.432

.151 '-8 

.205 -8 

.271 -8 

.289 -8 

.292 -8 

.305 -8 

.390 -8

HAND DOSE 
(Calculations not shown) 53.6 rem -50.3 rem

Read: 0.480 x 10O + 6%
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