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1.0 INTRODUCTION AND SUMMARY 

NUS determined the shielding requirements for the Technical 
Support Center (TSC) and Emergency Operating Facility (EOF) to 
be built at the H. B. Robinson Steam Electric Plant. The 
location of this facility is shown on Figure 1-1. The TSC/EOF 
is designed to meet the criteria given in GDC-19 of 10 CFR 50 
which specifies an exposure limit of 5 rem whole body, or its 
equivalent to any part of the body, for personnel within the 
facility for the duration of the accident. The accident dura
tion used is 30 days. In order to achieve this dose, a design 
basis limit of 4.5 rem while occupying the facility was 
established by Carolina Power & Light Company (CP&L).  

The source of radioactivity that was considered in determining 
the shielding requirements included radioactivity from the 
passing plume resulting from containment leakage. The whole 
body dose due to the passing plume consisted of two source 
components, which are: 1) gaseous radioactivity surrounding 
the facility itself and 2) gaseous radioactivity that accumu
lates within the facility due to the operation of the ventila
tion system. NUS determined the whole body dose contribution 
from both components, and the thyroid dose contribution from 
activity in the facility.  

NUS also reviewed the plant design to determine the location 
of radioactivity sources in pipes and equipment during an 
accident. This was done in conjunction with CP&L personnel.  
It was determined, based on this review, that there were no 
sources other than the passing cloud which needed to be con
sidered. NUS also reviewed the direct shine dose contribution 
from the containment and found it to be negligible.  
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The methods used to estimate atmospheric dispersion of radio
logical releases and the resulting dispersion factors are 
discussed in Section 2.0 of this report. The methods and 
assumptions used to perform radiological dose analyses and the 
resulting integrated doses are presented in Section 3.0.  

Based on these analyses, the proposed design for the TSC/EOF 
is a concrete building with 8 inch thick walls and roof, which 
will result in a whole body dose of approximately 4.5 rem in
tegrated over the 30 day accident duration.  
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2.0 ATMOSPHERIC DISPERSION ANALYSES 

Atmospheric dispersion estimates of radiological releases 
were calculated for the proposed Technical Support 
Center/Emergency Operating Facility at the H. B.  
Robinson plant. Calculations of relative concentrations (X/Q) 
were based on appropriate conservative models and methodology.  
Values of X/Q were computed using guidance input information 
from the following: 

o Regulatory Guide 1.145, "Atmospheric Dispersion 
Models for Potential Accident Consequence Assess
ments at Nuclear Power Plants." (Ref. 1) 

o NUS-3696, "Control Room Habitability Evaluation 
H. B. Robinson Steam Electric Plant." (Ref. 2) 

o Partial Plot Plan H. B. Robinson Plant (Draft), 
Drawing No. D-2386.  

2.1 Meteorological Data 

Meteorological data for the atmospheric dispersion analyses 
were collected at the site during the 4-year period January 1, 
1976 through December 31, 1979. The data used for each 
source release type are listed below: 

Atmospheric Wind Speed/ Combined Data 
Analysis Stability Wind Direction Recovery (%) 

Radiological T(105-llm) 11-m level (wind 
releases, speeds converted to 99 
containment 10 m) 
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The joint frequency distributions of wind speed and wind di

rection, by atmospheric stability class for the 11-meter level 

of wind data are provided in Appendix A. A brief discription 

of the onsite meteorological system is provided in Appendix B.  

2.2 Calculations 

The X/Q values for radiological releases from the containment 

building were calculated using the procedures outlined in Ref

erence 1. Ground-level releases were assumed with each re

lease being treated separately. The primary assumptions used 

are that the releases take place at ground-level and that the 

air intake occurs at a minimum distance from the containment 

building, 113 meters. Credit was given in the calculations 

for both building wake (minimum cross sectional area, A= 2274 

M2 ) and plume meander in accordance with Reference 1. This 

distance was conservatively selected as the minimum distance 

between the containment building and the TSC/EOF complex since 

the exact location of the air intake was not known. Winds 

from the NNE, NE, and ENE were found to affect transport of 

potential radiological releases to the TSC/EOF. The 0.5 per

cent direction-dependent X/Q (assumed to be the 0- to 2- hour 

value) was calculated for each of these sectors, and the maxi

mum value was selected for the assessment. For time periods 

greater than 2 hours, the values were determined by logarith

mic interpolation between the 2-hour and the sector annual 

average values. The maximum X/Q for each time period was 

selected. The X/Q values are furnished in Table 2-1.  
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TABLE 2-1 

TSC/EOF X/Q VALUES FOR THE H. B. ROBINSON CONTAINMENT 

Time Period X/Q (s/m3 

Distance = 113m 

0-2 hrs 7.3 x 10-3 

2-8 hrs 3.9 x 103 

8-24 hrs 2.8 x 10-3 

1-4 days 1.4 x 10-3 

4-30 days 5.3 x 10-4 
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2.3 References 

1. U. S. Nuclear Regulatory Commission, Regulatory Guide 

1.145, "Atmospheric Dispersion Models for Potential 

Accident Consequence Assessments at Nuclear Power 

Plants." 

2. NUS-3696, "Control Room Habitability Evaluation 

H. B. Robinson Steam Electric Plant," Slider, J. E.,et.  

al., (December 1980).  
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3.0 RADIOLOGICAL ANALYSIS 

This section summarizes the methods and results of the radi

ation shielding analysis for the TSC/EOF during postulated 
radiological accidents at the H. B. Robinson plant.  

The TSC/EOF is designed to meet the criteria given in GDC-19 

of 10 CFR 50 which specifies an exposure limit of 5 rem whole 

body, or the equivalent to other parts of the body, to per
sonnel within the facility for the duration of the accident.  

The accident duration used is 30 days.  

Sources of radioactivity that were considered in determining 
the shielding requirements included direct shine from airborne 

radioactivity in the containment, radioactivity contained in 
pipes and other equipment both inside and outside containment 

as well as radioactivity from the passing plume resulting from 

containment leakage. The whole body dose due to the passing 

cloud consists of two source components, which are: 1) gaseous 
radioactivity surrounding the facility itself and 2) gaseous 

radioactivity that accumulates within the facility due to the 

operation of the ventilation system. The thyroid dose is due 

only to iodine activity which accumulates in the facility.  

3.1 Methods 

The methods used to calculate the beta and gamma whole body 
doses and the thyroid dose to personnel in the TSC/EOF are 
standard calculational techniques for modeling the genera
tion, release, transport, buildup, and removal of radionu
clides. The equations used to model these phenomena are well 

known, and the specific equations incorporated into the com

puter program used in this study to calculate the TSC/EOF 
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doses are presented in Appendix C of this report. The methods 

used to compute the whole body dose contributed by sources of 

direct radiation outside TSC/EOF are based on the 

work of Jaeger, Chapter 6 (Ref. 1).  

3.2 Assumptions 

The assumptions used in this analysis of TSC/EOF radiation 
exposures are described below and in Table 3-1: 

o Radionuclides released from the reactor core are 
uniformly distributed throughout the containment 
volume.  

o The entire free volume of the containment is assumed 

to be sprayed.  

o The accident duration is assumed to be 30 days.  

o Radionuclides in the TSC/EOF are assumed to be uni

formly distributed throughout that volume.  

o The breathing rate of the TSC/EOF is assumed to be 

3.47 x 10 cubic meters per second for the duration 

of the accident.  

o X/Q values are not adjusted for the occupancy 

factors given in NRC Standard Review Plan 6.4, since 

the TSC/EOF is continuously occupied.  

0 The TSC/EOF ventilation and cleanup system iodine 

removal filters are sufficiently shielded to have a 

negligible dose contribution.  
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3.3 Results 

The radiation dose to individuals within the TSC/EOF during a 
postulated design basis accident at the H. B. Robinson Station 

is computed using the assumptions above and those presented in 

Table 3-1 and Appendix C. The meteorological data are based 

on the information presented in Section 2.0.  

The whole body dose contributions at various locations at the 

H. B. Robinson Station due to airborne radioactivity in the 
containment and radioactivity contained in pipes and other 

equipment has been evaluated in a previous study.(2) The 

results of this study show that these direct shine sources are 

not significant contributors to the total dose at the TSC/EOF 

location. Estimates of their contribution to the dose in the 

TSC/EOF are included in Table 3-2.  

As described in the H. B. Robinson FSAR, the maximum calculat

ed dose to individuals at the site boundary or within the 
control room occurs during a postulated loss of coolant acci

dent (LOCA). This is because the magnitude and duration of 

the radionuclide release during a LOCA is much greater than 
that for any other accident. Based on this information, the 

LOCA was selected as the basis for shielding design of the 
TSC/EOF.  

The dose to TSC/EOF personnel from radioactivity buildup with

in the facility is calculated using the HVAC system model and 

the data shown in Figure 3-1. This Figure is based on infor

mation supplied by J. E. Sirrine (3). The 30-day integrated 

dose contributions due to airborne radioactivity within the 
TSC/EOF and the dose contributions due to sources of radio

activity outside the TSC/EOF for the proposed 8 inch concrete 
shielding thicknesses are given in Table 3-2. The integrated 

dose contribution from the plume outside the TSC/EOF as a 

function of shielding thickness is presented in Figure 3-2.  

3-3 

NUS CORPORATION



3.4 References 

1. Jaeger, R. G., et al. Engineering Compendium on Radiation 

Shielding. Volume 1, Springer-Verlag New York, Inc.  

(1968).  

2. Ebasco Services Incorporated, "Radiation Shielding De

sign Review Carolina Power and Light Company, H. B.  

Robinson Steam Electric Plant, Unit No. 2," 

(1979) 

3. "Preliminary HVAC Basis for Design," J. E. Sirrine Co.  

(Sirrine Job No. R-1784), (5/15/82).  

3-4 

NUS CORPORATION



TABLE 3-1 
ASSUMPTIONS IN RADIOLOGICAL ANALYSIS OF 

H. B. ROBINSON TSC/EOF 

Power level = 2,350 MWt 

Operating time = 1,000 days 

Fraction of core radionuc'i.n.e entory released to containment 

Noble gases = 100 percent , 
Halogens = 25 percent 

Containment free volume = 1.95 x 10 Ft3 

Spray removal rate = 10 hrs - for elemental Iodine 

Spray removal rate = 0 for particulate Iodine 

Spray removal rate = 0 for organic Iodine 

Containment leak rate = 0.08 percent/day (0-24 hours) 

Containment leak rate = 0.04 percent/day (1-30 days) 

TSC/EOF volume = 313,600 ft3 

TSC/EOF intake flow rate = 1800 cfm 

TSC/EOF ventilation and clean up system filter efficiencies 
for iodine 

Elemental = 99 percent 
Organic = 99 percent 
Particulate = 99 percent 

TSC/EOF recirculation (clean up) flow rate = 3000 cfm 
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TABLE 3-2 

RESULTS OF RADIOLOGICAL ANALYSIS OF 

THE H. B. ROBINSON TSC/EOF 

ORGAN DOSE (REM) 

Whole Body 

Due to Activity in TSC/EOF 2.0 
Due to Passing Plume 2.5 
Due to Activity in Containment .06 
Due to Activity in Pipes and Equipment .03 

TOTAL 4.5 

Thyroid 

Due to Activity in TSC/EOF 21.  
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APPENDIX A 

JOINT FREQUENCY DISTRIBUTIONS OF 

WIND SPEED AND WIND DIRECTION BY 

ATMOSPHERIC STABILITY CLASS 

January 1, 1976 - December 31, 1979 
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CAROLINA POWER AND LIGHT COMPANY PAGE 9 

JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND SPEED 
FOR THE PERIOD 12:00 AM 1/ 1/76 TO f1l:00 PM 12/31/79 

STABILITY CLASS A 
STABILITY CALCULATED FROM DIFF. TEMPERATURE 01+2 

ROBINSON ON-SITE METEOROLOGICAL FACILITY 

lukFR 
DWIN SPEED CLASSMPHI AVG.  

IRECTION CALM 0.75- 3.5 3.5- 7.5 7.5-12.5 12.5-18.5 18.5-25.0 GREATER THAN 25.0 TOTAL WIND SPEED 
15 20 

16 N 0.0 0.02 0.69 0.43 0.03 0.0 0.0 1.18 7.25 LI 

NNE 0.0 6.02 0.92 0.4 0.01 0.0 0.0 1.bh 6.7 24 

NE 0.0 0.05 0.72 0.40 0.01 0.0 0.0 1.19 6.12 2 

ENE 0.0 0.05- 0.0 0.33 0.00 0.0 0.0 1.28 6.37 

24E 0.0 0.06 0.61 0.08 0.0 0.0 0.0 0.7 5.22 
0.2 ii6 3 

E6 SE 0.0 0.08 0.54 0.06 0.01 0.0 0.0 0.67 5.022 
5 

SE 0.0 0.07 0.80 0.09 0.01 0.0 0.0 0.97 5.60 

SSE 0.0 0.02 o.44 0.21 0.01 0.0 0.0 0.68 6.68 30 

s 0.0 0.01 0.36 0.40 0.02 0.0 0.0 0.79 7.79 

SSW 0.0 0.01 0.51 0.67 0.09 0.0 0.0 1.29 8.38 

Sw 0,0 0.02 0.a0 064 0.08 0.0 0.0 155 7674 

WSW 0.0 0.02 0.67 0.36 0.03 0.0 0.0 1.08 7.13 
2 

W 0.0 0.02 0.49 0.28 0.01 0.0 0.0 0.79 6.93 

I 255 

WNW 0,0 0.01 0.29 0.26 0.01 0.0 0.0 0,59 7.55 
45, 

4N 0.0 0.01 0.28 0.23 0.01 0.0 0.0 0.53 7.32 
th 60 

NNW 0.0 G.00 0.18 0.14 0.01 0.0 0.0 0.33 7.30 61 
41I 

'i ___10 A L Q.0 0
54 9.20502 0,35 0.0 0.0 15.04 6.90 

6s6 

NUMBER OF CALMS - 0 
NUMBER OF aA HOURS - 300 

13 

I
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JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND SPEED 
FUR THE PERIOD 12:00 AM 1/ 1/76 TO 11:U0 PM 12/31/79 

STABILITY CLASS b 
STABILITY CALCULATED FROM DIFF. TEMPERATURE 01+2 

ROBINSON ON-SITE METEOROLOGICAL FACILITY 

T 

wING SPEED CLA554MPHI AVG 
DIRECTICN CALM 0.*5- .05 3.5- 7.5 7.5-12.5 12.5-18.5 18.5-25.0 GREATER THAN 25.0 TOTAL WIND SPEED 

N 0.0 0.01 0.21 0.06 0.02 0.0 0.0 0.31 6.62 
2 

. .ht 11.........02 0A23 .. .. Q.90 0,oo __ Ato 00 2.3 el 
25 
2 NE 0.0 0.02 0.19 0.08 0.00 0.0 0.0 0.30 6.24 
2i 

ENE 0.0 0.05 0.15 0.05 0.0 0.0 0.0 0.25 5.37 

SE .O0.0 0.0 0.23 5.39 

LSE 0.0 0.06 0.15 0.03 0.0 0.0 0.0 0.23 5.04 

SE 0.0 0.02 0.19 0.03 0.00 0.0 0.0 0.23 5.24 

SSE 0.0 0.03 0.16 0.05 0.00 0.0 0.0 0.24 5.7u 

S 0.0 0.01 0.12 0.08 0.01 0.0 0.0 0.21 7.73 

55W 0.0 0.62 0.16 0.15 0.02 0.0 0.0 0.38 7.62 

Sw 0.0 0.01 0.24 0.16 0.02 0.0 0.0 0.44 7.24 40 

WbW 0.0 C.04 0.20 0.09 0.03 0.00 0.0 6.35 7.13 

W 0.0 0.01 0.19 0.06 0.01 0.0 0.0 0.26 6.35 

_ .0.030.4 0.u5 0.00 0.0 0.0 0.22 6.36 

NW 0.0 0.1 0.08 0.03 0.0 0.0 0.0 0.13 6.4057 

NNW 0.0 0.01 0.06 0.02 0.01 0.0 0.0 0.09 6.33 

.QAL Q. 0.39 2 ,661.03 0.13 0.00 0.0 4.22 6.30 

NUMbER OF CALMS - 0 
fhIR_ BE..AD HOUkS-_8
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JOINT PERCENTAGE FRECUENCIES OF WIND DIRECTION AND SPEED 
FUR THE PERIOD 12:00 AM 1/ 1/76 TO 11:st PM 12/31/79 

STABILITY CLASS C 
STAbILITY CALCULATED FROM DIFF. TEMPERATURE 01+2 

ROBINSON ON-SITE METEOROLOGICAL FACILITY 

hIND SPEED CLASSIMPHI AVG.  L IRECTION CALM 0.75- 3.5 3.5- 7.5 7.5-12.5 12.5-18.5 18.5-25.0 GREATER THAN 25.0 TOTAL WIND SPEED 

N 0.0 0.03 0.21 0.05 0.02 0.0 0.0 0.31 6.28 

NNE 0.0 . .. 0a-.- 0. CaI .... J.Q. 00 0.40 6.45 24 
25.  

NE 0.0 0.05 0.16 0.09 0.01 0.0 0.0 0.32 6.31 

ENE 0.0 0.05 0.15 0.04 0.0 0.0 0.0 0.24 5.63 

0.04 0 dI3 0,0 0.0 0.0 0.0 0.18 4, 

ESE 0.0 0.06 0.12 0.01 0.01 0.0 0.0 0.20 4.86 

> SE 0.0 0.05 0.16 0.03 0.00 0.0 0.0 0.24 5.12 

1 - SSo t4 0. o o G.1s s99 
1 

5 . 0.0 0.01 0.11 0.07 0.02 0.0 0.0 0.21 7.35 4 
I4J 

44 

SSW 0.0 0.01 0.19 0.11 0.01 0.0 0.0 0.32 7.23 

5 .u 9_ - .O o .2 .15e 0.02 o.o 0.0 o.+.5 7.0oel 41.  

SW 0.0 0.03 0.25 0.08 0.01 0.0 0.0 0.38 7.34 

WW 0.0 0.02 0.21 0.05 0.02 0.0 0.0 0.31 6.45 Ih2 

.-uh . CA . 0.02 0.21 0.0 o00 0.o 0.0 0.31 6.2 

NW 0.0 0.0 0.13 0.03 0.00 0.0 0.0 0.17 5.99 

NNW 0.0 0.01 0.10 0.02 0.0 0.0 0.0 U.12 5.68 
62 TOS oU.., dok ~ 0.0 4.1 

.970 0 6.12 

NUMdER OF CALMS 0 z 
NUMBEFR OF HDHilS-I
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JOINT PERCENTAGE FREQUENCIES OF WIND DIkECTION AND SPEED 
FOR THE PERIOD 12:00 AM 1/ 1/76 TO 11:00 PM 12/31/79 

STABILITY CLASS 0 
STABILITY CALCULATED FROM OIFF. TEMPERArURE #1+2 

.  

ROBINSON ON-SITE METEOROLOGICAL FACILITY 
4 

WING SPEED CLASSIMPHI AVG.  
DIRECTION CALM 0.75- 3.5 3.5- 7.5 7.5-12.5 12.5-18.5 18.5-25.0 GREATER THAN 25.0 TOTAL WIND SPEEh 

N 0.0 0.23 0.96 0.40 0.04 0.0 0.0 1.63 6.10 23 
I22 

. .6 .LaZ2 .0.,0 h 0.0 4as "65 

NE 0.01 0.40 1.62 0.67 0.06 0.01 0.0. 2.75 6.15 
2)6 

ENE 0.01 0.32 1.13 0.25 0.00 0.00 0.0 1.71 5.40 

213 

E5E 0.01 0.36 0.83 0.13 0.01 0.00 0.0 1.3# 4.98 2J1 

SE 0.0 0.28 0.85 0.20 0.02 0.01 0.0 1.36 5.51 

00 SSE .*.2.9 _o.os ~ol0.01 0,0 1.58 6.27 40 

S 0.0 0.14 0.88 0.49 0.12 0.03 0.0 1.66 7.2 5 
4.3 

*SSW 0.0 0.29 1.01 0.48 0.12 0.01 0.0 1.91 6.65 

SHwO *3 ,70.)00 0.00 0000 1,79-62 - 4-.  

WSW 0.01 0.34 0.83 0.38 0.06 0.00 0.0 1.62 6.19 

W 0.00 0.29 0.56 0.20. .0.02 0.0 0.0 1.07 5.44 

What ---..~. ... Ja0k,_.9 .. ,9Q9 UI .D92 . one 0.0 0,14 5.31 

NW 0.0 0.14 0.33 0.15 0.00 0.0 0.0 0.62 5.60 

NNW 0.0 0.17 0.58 0.28 0.01 0.0 0.0 1.04 6.11 9T 

TOTAL 0.0" 4.37 15.33 6.14 0.67 60.91 __.5900 

NUMbER E-. CALMS - 14 
N UMBtE . (O F Ld A D .hO URS - -- 3 5 -- ._-_ _-_ _._ _ 

b9 
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JON PERCENTAGE FREQUENCIES OF WING GIRECTION AND SPEED 
FOR THE PERIOD 12100 AM 1/ 1/76 TO 11:00 PM 12/31/79 

STABILITY CLASS E 

STABILITY CALCULATED FROM DIFF. TEMPERATURE 01+2 

ROBINSON ON-SITE METEOROLOGICAL FACILITY 

WIND SPEED CLASSIMPHI AVG.  DIkELTION CALM 0.75- 3.5 3.5- 7.5 7.5-12.5 12.5-18.5 18.5-25.0 GREATER THAN 25.0 TOTAL WIND SPEED 

0.01 0.56 0.85 0.09 0.0 .0.0 0.0 1.52 4.28 

NL?..0. QAZ - . .1.10... I1 a 01.... L0 0.0 1.94 4.61 

0.01 0.47 0.78 0.04 0.0 0.0 0.0 .1.31 4.31 ii! 

ENE 0.01 0.35 0.42 0.04 0.00 0.0 0.0 0.82 4.01 

LXN. 60_900.65 4.47 33 

ESE 0.0 0.20 0.29 .0.06 0.01 0.0 0.0 0.56 4.50 14 

SE 0.00 0.32 0.35 0.08 0.00 0.0 0.0 0.76 4.40 

SSE 0.01 O 4 J _1.55 026 0.06 0.0 0.0 2.44 5.21 

5 0.03 1.14. 1.78 0.53 0.08 0.01 0.0 3.56 5.14 

SSW 0.05 1.85 2.06 0.45 0.06 0.00 0.0 4.47 4.53 
41 

-- l hi .1t.1L Ratt 0.02 r'.01 0.00 _"63 .6 A! 
WSW 0.02 0.82 0.93 0.14 0.01 0.0 0.0 1.92 4.25 

W 0.02 0.61 0.66 0.06 0.00 0.0 0.0 1.34 3.90 
S4 

h-L .. -2 0 .... ,gg .QDL 0 ~o0.0 1.07 4.05 53 

NW 0.01 0.59 0.59 0.10 0.01 0.0 0.0 1.29 4.02 

NNw 0.02 0.68 1.60 0.26 0.0 0.0 0.0 2.56 4.75 

'3 TP.TAL -. M.. 19*66 1 0.27 . 0.6 Ico 28.8 4.42 64 

NUMtER OF CALMS - 90 
_NUMBER OF BAD hOURS 59 

li . . z



CAROL INA PO'WER AND 'LIGHT* COMPANY -- PAG-E 14 

JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND SPEkD 
FOR THE PERIOD 12:00 AM 1/ 1/76 TO 11:00 PM 12/a1/19 

STABILITY CLASS F 
.STABILITY CALCULATED FROM 01FF.:TEMPERATURE; 01.2 

oil ROBINSON ON-SITE METEOROLOGICAL:FACILITY 

__ -N--- SPEED CLASSIMPMI AVG.  

4 UIRkCTIUN CALM C..7S- 3.5 3.5- 1.5 1.5-12.5 12.5-18.5 16.5"25.0 GREATLR THAN 25.0 TOTAL WIND SPEED 
N 0.04 0.53 0.13 0.0 0.0 0.0 0.0 0.69 2.57 

N"q t .. .30~ 0..0~2 g.;O 0.0 0.0 0.4j22 

liECe01 0.17 0.08 0.0 0.0 0.0 0.0 0.26 2.92 

ENI; 0.0 0.05 0.03 0.0 0.0 0.0 0.0 0.08 3.20 

E L . 0.0.o~j. ~ Qo0 0.0 0. 2*3 

ESE 0.0 0.06 0.01 0.0 0.0 0.0 0.0 0.07 Z .44 

>1 0.00 0.09 0.030. 0.0 0.0 0.0 0.12 2.49 

:'S 0- .,I 0 Q.0..- 0.0 0.0 0.50 2.89 

*S 0.06l 1.16 0.33 0.00 0.0 0.0 0.0 1.58 2.82 

SS 5W 0.11 1.54 0.41 . . .C1 0.0 0.0 0.0 2.06 2.76 

________0.01.34. 2.75 

WS5W 0.04 0.60 0.23 0.00 0.0 0.0 0.0 0.87 2.85 

t!W 0.04 0.53 0.10 0.0 0 .0r 0.0 0.0 0.67 2.59 

V0N1W -..,Q t. 7. Q 2011.. 0 0.73 2.56 

NW 0.05 0.66 0.24 0.0 0.0 0.0 0.0 0.95 2.79 

NW0.07 0.99 0.65 0.01 0.0 0.0 0.0 1.72 3.16 

TOTL (i ,59 8.56 -12. . .30G so __ .0~o.__ Z

NUM3ER Gt- CALMS - 2(,3 
I NUMBER. OF...BAD-JiUASI -.30._______________



CAROLINA POWER AND LIGHT COMPANY PAGE 15 

JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND SPEED 
FOR THE PERIDD 12:00 AM 1/ 1/76 TO 11:00 PM 12/31/79 

$TAblLITY CLASS G 

STABILITY CALCULATED FROM DIFF. TEMPERATURE 81+2 

ROBINSON ON-SITE METEOROLOGICAL FACILITY 
I4 

LOWL a 

WINO SPEED CLASSIMPHI AVG.  
DIRECTION CALM 0.75- 3.5 3.5- 7.5 7.5-12.5 12.5-18.5 18.5-25.0 GREATER THAN 25.0 TOTAL WIND SPtED 

N 0.16 0.77 0.10 0.0 0.0 0.0 0.0 1.02 1.97 

23 
kNE 0.03 . 014 .03 0.0 .0.0 0.0 0.0 0.19 1.74 

Nk 0.03 0.14 0.02 0.0 000 0.0 0.0 0.19 1.14 
.28l 

ENE 0.01 0.07 0.01 0.00 0.0 0.0 0.0 0.08 1.72 

EA 0.0 0,04 0.01 0.00 0.0 0.0 0.0 0.05 2.00 

ESE 0.0 0.04 0.00 0.0 0.0 0.0 0.0 0.04 1.29 :4 

SE 0.02 0.08 0.01 0.0 0.0 0.0 0.0 0.10 1.35 
0o 

SSE 0.15 0.26 0.03 0.0 0.0 0.0 0.0. 0.34 1.77 

52 S 0.16 0.35 0.09 0.0 0.0 0.0 0.0 0.03 2.25 
Ii3 

4 O*W 0.15 0.76 0.06 0.0 0.0 0.0 0.0 0.98 2.17 
47 

NW0.09 C.42 007 00 0.0 0.0 0.0 0.58 2.02 

WSI# 0.07 0.35 0.07 0.0 0.0 0.0 0.0 0.50 2.25 1 

G' .U6 0.26 0.02 0.0 0.0 0.0 0.0 0.34 2.052 
24 

WN ___ .L.27~fl___ 0.0% 0.0p 0.0 0.0 0.0 0.36 .2.02 2 

NW 0.11 0.55 0.03 0.0 0.0 0.0 0.0 0.70 2.03 

NNW 0.30 1.48 0.38 0.0 0.0 0.0 0.0 2.16 2.58 

0.9-xL - 0.01 0~ Q____~, U .U 0.0 E.97 1,25 
62 

NUMBLk OF CALMS - 461 
NUMhFR fiF bAD hOURS - S7 fie 

210



CAROLINA POWER AND LIGHT COMPANY PAGE 17 

J.  
JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND SPEED 

FOR THE PERIOD 12:GO AM 1/ 1/76 TO 11:00 PM 12/31/79 

SUMMARY 

STAbILITY CALCULATED FROM DIFF. TEMPERATURE #1+2 

l12 ROBINSON ON-SITE METEOROLOGICAL FACILITY 

IND SPEED CLASSIMPHI AG 
DIRECTION CALM 0.75- 3.5 3*5- 7.5 7.5-12.5 12.5-16.5 18.i-25.0 GREATER THAN 25.0 TOTAL WINO PEED 

N 0.21 2.16 3.15 1.04 0.11 0.0 0.0 6.67 5.01 
N ~ E 612 .. 14 .12 2...L 1.__ 0.0 0.0 9 

NE 0.06 1.30 3.58 1.28 0.08 0.01 0.0 6.32 5.65 
Il 

2i ENE 0.02 0.93 2.78 0.72 0.01 0.00 0.0 4.47 5.33 
0 0.76 2.2 0.33 ol o00 0.0 3.38 500 

A ESt 0.01 0.86 1.94 0.29 0.03 0.00 0.0 3.13 4.83 
Sk 0.02 0.90 2.38 0.43 0.04 0.01 0.0 3.78 5.08 
ssk 0.09 1,43 3.36 0.96 0.12 0.01 0.0 5.97 5.36 

5 0.27 3.26 3.67 1.56 0.25 0.03 0.0 9.04 5.Z1 
SSW .31 4.49 4.43 1.87 0.31 0.01 0.0 11.41 5.04 

So 0.19 2.69 1.67 0.23 0.01 0.01 8.77 5.29 - 4/ 

WSW 0.14 2.20 3.19 1.04 0.15 0.01 0.0 6.73 5.17 49 

W 0.11 1.74 2.23 0.64 0.06 0.0 0.0 4.79 4.78 
WNW 0.11 L2.2 -l- rB_Q.59 0.04 0000 3.90 467 

0.17 1.98 1.69 0.54 0.02 0.0 0.0 4.39 4.28 
NNW 0.39 3.35 3.54 0.72 0.02 0.0 0.0 8.02 4.21 

Z'2 A i TLJAL. 2,21 ...---. II1 . sM.I --- .14 6 ____9 0,ol too____oo s____ 0,90.01 100too00 
NUMbER OF CALMS - 768 
jUMbR F1 BAD HOUiS - 506



APPENDIX B 

Bl.0 ONSITE METEOROLOGICAL PROGRAM 

A 360-foot, guyed, open-latticed tower supports the lower and 

upper levels of meteorological instrumentation. Wind di

rection, wind speed, wind variance (sigma theta), and dew 

point temperatures are recorded at both levels. Ambient tem

perature is measured at the lower level. The differential 

temperature between the upper and lower levels is measured by 

twin, redundant delta temperature systems operating simul

taneously. Solar radiation and precipitation are collected 

near ground level. The wind sensors are mounted on 12-foot 

booms oriented perpendicular to the general northeast-south

west prevailing wind flow to minimize tower shadow effects.  

The temperature probes and lithium chloride dew point sensor 

are housed in Climet aspirated shields mounted on 8-foot 

booms. A complete specification of major system component 

operating conditions is presented in Table B-1; component man

ufacturer and manufacturer model numbers may be found in Table 

B-2. Operational sensor elevations are displayed in Table B-3 

and component accuracies are shown in Table B-4.  

The meteorological tower is located 0.9 miles north of the re

actor complex, with the base of the tower at 617 feet above 

mean sea level. An environmentally controlled shelter, which 

houses recording instruments, signal conditioning devices, 

and remote data access equipment, is located adjacent to the 

tower.  

The Westinghouse Environmental Monitoring System is the 

primary data collection system. This system converts sensor 

outputs to a proportional number of discrete pulses that are 
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electronically integrated and recorded on magnetic tape in 15

minute averaging periods. Also, direct readout of any para

meter is possible with this system. A test jack for each 

parameter is provided so that a pulse test counter may be 

plugged into it. The counter sums the pulses produced in a 

specific time interval, and the subsequent pulse total can 

then be converted to engineering units by use of a formula of 

the form y = mx + b.  

Esterline Angus Twin Strip Chart Recorders are used for 

providing an analog record of both the upper and lower level 

wind directions and speeds to back up the Westinghouse system.  

In addition, 15-minute averaged upper and lower level wind 

speeds and directions, both differential temperatures, and 

ambient temperature parameters are telemetered to the CP&L 

general offices on an hourly basis via voice grade telephone 

lines to the site, giving CP&L the capability of detecting 

malfunctions of these parameters within 24 hours.  

B2.0 DATA REDUCTION 

The Westinghouse system magnetic tape cassettes are changed 

and brought back to the general office approximately once per 

month for translating. Computer programs convert all para

meter pulse totals into engineering units. The data is then 

reviewed and checked for consistency with the onsite strip 

charts and the Columbia, South Carolina, Weather Service 

data. The edited 15-minute averaged data is then complied 

into hourly averages and stored on magnetic-history tapes.  
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Routine computer outputs from the Westinghouse pulse data 

collection system include the following: 

a. Monthly Data Summaries listing maximum temperature, 

average temperature, barometric pressure, precipi

tation, solar radiation, and upper level and lower 

level dew point temperatures as a daily average and 

monthly average.  

b. Hourly averages of precipitation, barometric 

pressure, ambient temperature, differential temper

ature, upper and lower level dew points, upper and 

lower level wind directions and wind speeds, upper 

and lower level wind direction variance (sigma 

theta), Pasquill stability classes (as outlined in 

Regulatory Guide 1.23) computed from the average of 

the two delta temperature systems, and accumulated 

solar radiation (langleys/minute) 

c. The 15-minute averages of both upper and lower level 

wind directions, speeds, and sigma theta; baro

metric pressure; and accumulated solar radiation 

d. Joint wind frequency distributions by direction (as 

outlined in Regulatory Guide 1.23) for both upper 
and lower levels, showing average wind speeds and 

number of unrecovered data hours 

The analog strip charts are changed twice per month. They are 

used as backup data to provide checks on the other systems and 

to provide consistency of data.  
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B3.0 MAINTENANCE AND CALIBRATION 

An onsite maintenance and calibration program was initiated in 

1976. Regulatory Guide 1.23 data recovery requirements are 

met by performing scheduled calibrations carried out on a 

semiannual basis such that 

a. All wind systems are changed and replaced with 

National Bureau of Standards (NBS) traceable cal

ibrated wind sensors, per Regulatory Guide 1.23 

b. All ambient and differential temperature systems 

are changed and replaced with NBS traceable cali

brated systems, per Regulatory Guide 1.23 

c. The lithium chloride dew point sensor bobbin is 

changed 

d. The Cambridge dew point systems are changed 

e. Calibrations of the barometric pressure, solar 

radiation, and precipitation systems are verified 

(sensors are changed on an annual basis) 

f. All other onsite equipment is calibrated or its 

calibration is verified 

In addition to the scheduled calibrations, interim calibra

tions are performed at 6-week intervals. A further enhance

ment of data recovery is achieved by operating twin, redund

ant, delta temperature systems simultaneously. Comparison of 

the two systems on a real-time basis through the hourly data 

(received at the CP&L general offices) gives CP&L the capa

bility to detect discrepancies in either system, usually with

in 24 hours (except on weekends).  
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TABLE B-1 

OPERATING CONDITIONS 

Component Conditions 

Wind sensor -40oFto+1200 F,upto 100 percent 
relative humidity, up to 
125 mph wind speed 

Temperature sensors -500 F to +1300 F 

Aspirated temperature shields -600 F to +1500 F 

Honeywell dew point sensor -400 F to +1600 F, 11 percent relative 
humidity and above 

Cambridge dew point system 

Transmitter Unit -800 F to +1600 F 
Control unit -800 F to +1200 F 

Total precipitation sensor No limitations 

Solar radiation sensor No limitations 

Barometric pressure sensor -300 F to +1700 F, 0 percent to 
90 percent relative humidity 

Magnetic tape recording -200 F to +1400 F 
packages 

Strip chart recorder +200 F to +1200 F 

Signal converter (transmuter) -400 F to +1200 F, 5 percent to 
95 percent relative humidity 

Telecoder R (encoder) 00 F to +1200 F, O percent to 
100percent relative humidity at 
+77 F to +1040 F without 
condensation 
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TABLE B-2 

MAJOR COMPONENTS 

Component Manufacturer Model Number 

Sensors 

Wind sensor Meteorology Research, Inc. 1074-22 

Single-element Rosemount 104ABG-1 
temperature sensor 

Dual-element temperature Rosemount 104ABG-2 
sensor 

Dew point sensor Honeywell SSP029DO21 

Total precipitation Weathermeasure Corp. P-511E 
sensor 

Solar radiation sensor Eppley Laboratory, Inc. 8-48 

Barometric pressure Rosemount 1105A9A1 
sensor 

Cambridge dew point EG&G International, Inc. 110 
sensor (transmitter unit) 

Sensor support equipment 

Cambridge dew point EG&G International, Inc. 110-Cl 
control 

Strip chart recorders for Esterline Angus Ell02R 
wind speed and direction 

Aspirated temperature Climet 016-1 
shield for single
element temperature 
sensor 

Aspirated temperature Climet 016-2 
shield for dual
element temperature 
sensor and Honeywell 
dew point sensor 
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TABLE B-3 

OPERATIONAL SENSOR ELEVATIONS 

Operational Elevations 
Sensor Above Tower Base (m) 

Wind 11.0 and 62.4 

Honeywell dew point 9.3 

Solar radiation 1.5 

Differential temperature 9.3 to 60.8 

Precipitation 1.5 

Barometric pressure 1.5 
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TABLE B-4 

COMPONENT ACCURACY 

Component Accuracy 

Wind sensor 

Wind speed +0.4 mph or 1 percent, whichever is 
greater = 1.0 mph 

Wind direction, 0 to 540 + 5.4 degrees 

Honeywell dew point sensor +2 F at or above 11 percent relative 
humidity 

Cambridge dew point system +0.5 F (error extreme) above a dew 
point of -200 F (excluding readout 
instrumentation). Error extreme 
increases in approximately linear 
fashion to +2 degrees at -80 0F 

Solar radiation sensor +0.04 calories/square centimeter/minute 
(pyranometer) (langleys) 

Differential temperature system +0.186 F over ambient temperature range 
from -50OF to +1300 F 

Ambient temperature system +0.498 F 

Magnetic tape recorder ±1 pulse per interval 

Strip chart recorder ±1 percent of full scale, direction 
+5.4 degrees, speed = + 1.0 mph 

Total precipitation sensor +0.5 percent calibrated at 0.5 inch 
per hour) 

Barometric pressure sensor +0.006 inch of mercury (temperature 
effect: +0.1 inch of mercury per 100 
degrees of Fahrenheit operating 
temperature span) 
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APPENDIX C 

METHODS USED IN RADIOLOGICAL ANALYSIS 

The dose calculation computer program (AXIDENT) which consists 
of a release pathway model and a dose evaluation model was 
used to evaluate dose contributions from the passing plume.  
The release model computes activity inventories and releases 
in the containment and TSC/EOF based on TID-14844 (Ref. 1) 
releases and prespecified flow rates, filter efficiencies, 
halogen non-removal factors, and meteorological data. The 
program computes individual doses within the TSC/EOF.  

C1.0 RELEASE MODEL 

The activity release pathway model is shown in Figure C-1.  
Four activity nodes are represented: two primary containment 
volumes (sprayed and unsprayed), the secondary containment 
volume, and the TSC/EOF. The equations for nodal activities, 
containment release and integrated TSC/EOF activity are deriv
ed from first order activity balances in the following para
graphs. The definitions of all variables used are presented 
in Section C3.0.  

C1.1 Primary Activity 

The primary containment activity is the sum of the activity in 
the sprayed and unsprayed regions.  

A =A +A 
P 1  2  (1) 

dA 

dt spAl 1 Al r Al p Al Al t A2 (2) 
1P P 1 IpV 2 2 

dA2 

dt 1 2 r 2 p A2 V 2 ( ) 
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The simultaneous solutions of Equations 2 and 3 when combined 

with Equation 1 gives the primary containment activity as 

A = C2- e-m2t Cem1t (4) 

- A1 0  1i - ml) +A 20 (X -iM) 
2 2 1 

S- 2 ) + A 2 0 2 - m2 (6) 
m 2 - m1 

aIn a + 

m l, 2  1 2-,, 12 2(7) 

+ (A+A+ + ) 2 11 2 V V 
1 2 1 

- 4 (Q x1 2 2'x~ - V2 1~ V 12 "~2)] 
21 

X = A 1+ A(8) 
1 1 r p sp 

2 1 r p 

A = C e-m2t- C e-1rt (10) 1 4 3 
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A (1-M + A0 10 1 2 V V 20 
C4  m2 -mii 

2 1 
A10( 1  m 2 +V V 20 

C3. - m2- (12) 

A2  C2 C) e-m2t -(C - C 3 e-mIt (13) 

Note that the above solution for A degenerates to a one-vol
ume problem if X =0.  

C1.2 Secondary Activity 

The rate of change of secondary containment activity is the 
fraction of the primary activity that goes to the secondary 
containmeht less the removal by decay, cleanup, and leakage 
(or exhaust) to the environment.  

dA 
s= f A - X 3 A XA A (14) 

dt sip 3s rs ss (4 

= f)XA - 4A (15) si1p 4 s 

* = ) + +X (16) 4 3 rs 

f)lC f)kC 
A = s 2 -mt s 1i 1i-mt -At 17 Se 2 -i2  e 1 + C e 4 t (17) 

so ) - -i -mi5 

4 2 4 1 ( 

SAU CORPORATON(18) 
5 s X4 M2 X4 1 
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C1.3 Containment Activity Release Rate 

The containment activity release rate has two components: the 

secondary containment release after filtration, and the frac

tion of the primary containment leakage that bypasses the 

secondary containment.  

R = FX A + (1-f )X A (19) 
r 3 s s ip 

C 2 F- mt C -it R3 X 3fx 2 e-2 - e- (20) 1'3s ' X m1-m el 
4 2 4 1 

-t + FX3 C5  e 4 + 

(1- s [ 2 e-m 2 - Cl e-mIt 

I-x 
= Ce-2t -Ce-mt +Ce (21) 

C6 = + 1 f s1 '1C2  (22) 

C = + -f 1 C (23) 
7 14 -m 1 2 

C 8F 3 C5 (24) 
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Cl.4 Integrated Release from Containment 

The integrated release from the containment is obtained by 
integrating the release rate, Equation 21, over the time 
period of interest.  

R = fRrdt (25) 

S 6  -mt C7 -m C8 - 4 t) (26) R (1-e 2 ) (1-e I)+- (1-e 
m 2 ml1 4 

C1.5 TSC/EOF Activity 

The rate of change of activity in the TSC/EOF is the differ

ence between the rate at which activity is drawn in from the 
outside air and the rate at which it is removed by decay, 
cleanup, and leakage (or exhaust).  

q cc 
dEc = F2 qcc (X/Q)c Rr r Ac V Ac -xcA (27) 
dt cc 

dA = C Rr XA (28) 
dt 9r 

= r + cc +xc (29) 
V 
cc 

C = F (V'Q) -- (30) 
9 2 cc c 

ALc= C9 C 6 e-m2t - C9 C 7 e -m1t+C C8 e x4t 

dt 

(31) X7 Ac 

CC CC CC 
A = 9 6 e-m2t . 7 e-mt + 8 e- 4t 

c X7-m2 7ml 7 \ 4 

-A7t (32) 
+ C 10e 
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C9C6 C9C7  C9C8 
10 co 6 - m..-m X -X X7 iX 2  7 1 7 4 (33) 

C1.6 Integrated Activity in TSC/EOF 

The integrated activity in the TSC/EOF is obtained by inte

grating Equation 32 over the time period of interest.  

R -fAdt 

R~ 96 - eC2~ - SIC7 __m c % m2 m2 ( -m 1 77 - m (1 - - (4 

+ _8___ C1 t 

+ ) (1 - e (1- e-7t) (35) )4 7 4 

Implicit in the above derivations is the assumption of con
stant coefficients. In the actual transient simulation, 

solutions are broken into a sequence of discrete time inter

vals over which the input parameters that make up the co

efficients are prespecified constants. The input parameters 

consist of flow rates, X/Qs, decay and iodine removal 

constants, provided as stepwise constant functions of time.  

Initial secondary containment and TSC/EOF activity inven

tories are assumed to be zero. Initial primary activity may 

be based on the analysis of TID-14844 (Ref. 1) using the 
fractional iodine release assumptions of Regulatory Guide 1.3 

(Ref. 2) or 1.4 (Ref. 3). The source term equation is 

A o = 8.65 x 103 p i r i( 1 - e orT (curies) (36) 
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C2.0 DOSE MODEL 

At the end of each time interval, TSC/EOF individual thyroid 
and whole body doses are determined using the containment 
release rate, integrated TSC/EOF activity, and input values of 
X/Q at the TSC/EOF intake.  

Thyroid inhalation dose in the TSC/EOF is given by the follow
ing equation: 

D = D T (rem) (37) 
1 1 

BR R . DCF.  

Vcc 

where 

BR = breathing rate 

- 3.47 x 10- 4m 3/sec (Ref. 4) 

Beta dose in the TSC/EOF is given by: 

D D6 (rem) (38) 

1 i 

0.23 R . E 

cc 

where 

E = average beta energy (MeV/dis) 

(See Table C-2.) 

C-7 

NUS CORPORATION



Gamma dose in the TSC/EOF is given by 

D7 = D (rem) (40) 

0.25 R A r i 
cc -a I 

1 ' 1, j U r 1 - (4 1) 

Gamma energies and fractions are presented in Table C-1.  

Absorption coefficients divided by the density of air are 

listed in Table C-2.  
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C3.0 NOMENCLATURE 

A = Primary containment activity 
P 

A = Activity in sprayed volume 

A2 = Activity in unsprayed volume 

1 = Primary containment leak rate 
Ar = Radiological decay constant (Sec-1) (See 

Table C-1) 

AP = Cleanup rate in primary containment 

f 1 = Fraction of activity released to sprayed 

volume 

f = Fraction of activity released to unsprayed 

volume 

V1  = Sprayed volume 

V 2  = Unsprayed volume 

A3  = Secondary leak rate 

A = Spray removal rate 

fs= Fraction of primary leakage which enters secondary 

containment 

F = Filter non-removal factor for secondary building 

exhaust system 

F2  = Filter non-removal factor for TSC/EOF (center) 
intake system 

(X/Q)c = Atmospheric dispersion to TSC/EOF 

q c= TSC/EOF intake flow 

Ei = Average gamma energy (MeV/dis) See Table C-2) 

E = Average beta energy (MeV/dis) See Table C-2) 

R = Integrated release from both containments (Ci) 

Ver = TSC or EOF free volume (m3 

E y = Energy of jth gamma of ith isotopes (MeV/Y) 

(See Table C-3) 

f.  i,j = Fraction of jth gamma of ith isotope (Y/dis) 
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-1 
Pa. = Energy absorption coefficient for air (m ) 

(See Table C-4) 
-1 

= Total absorption coefficient for air (m ) 
(See Table C-4) 

r = Radius of hemisphere with same volume as 

TSC or EOF (m) 

Xs = Cleanup rate in secondary containment 

c = Cleanup rate in TSC/EOF 
V = Combined TSC/EOF free volume (m3 

cc 
R = Integrated TSC/EOF activity (Ci-sec) 
c.  

1 

DCF.= Dose conversion factor (rem/curie) (See Table C-2) 
1 

Po = Base loaded core power (Mwt) 

y. =.Fission yield (percent) (See Table C-1) 

To = 1000 days (assumed) 

fr = Fraction of core inventory available for release 

= 0.25 (for iodines) (Ref. 2) 

= 1.0 (for noble gases) 

f. = 0.91 (for elemental iodine) (Ref. 2) 
1 

= 0.05 (for particulate iodine) 

= 0.04 (for organic iodine) 

= 1.0 (for noble gases) 

Q = Mixing flow rate between sprayed and unsprayed 

volumes 
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TABLE C-1 

NUCLIDE DECAY CONSTANTS AND FISSION YIELDS (Ref.6) 

Decay Con tant Fission Yield 
Nuclide (sec ) (percent) 

1131 9.97 (-7)a 2.91 
1132 8.37 (-5) 4.33 
Il3 9.17 (-6) 6.69 
1134 2.22 (-4) 7.8 
1135 2.87 (-5) 6.2 

83m 
Kr85m 1.03 (-4) 0.52 
Kr85  4.38 (-5) 1.3 
Kr 2.04 (-9) 0.27 
Kr87  1.52 (-4) 2.5 
Kr88  6.88 (-5) 3.56 

e 6.79 (-7) 0.022 
Xe1 33  3.55 (-6) 0.17 
Xe 1.52 (-6) 6.69 
Xel 35 7.40 (-4) 1.8 
Xe1 38 2.11 (-5) 6.3 
Xe 6.60 (-4) 5.9 

a Read as 9.97 x 10-7 
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TABLE C-2 

AVERAGE BETA AND GAMMA ENERGIES AN IODINE 
INHALATION DOSE CONVERSION FACTORS 

Ey E DCF 
Nuclide (MeV/dis) (Ref.7) (MeV/is) (Ref. 7) (rem/curie) (Ref. 8) 

1131 0.371 0.197 1.48 (+6) 
1133 2.40 0.448 5.35 (+4) 
1133 0.477 0.423 4.00 (+5) 
1134 1.939 0.455 2.50 (+4) 
1135 1.779 0.308 1.24 (+5) 

Kr 0.005 0.034 
85m Kr8 5 0.156 0.233 

Kr85  0.0021 0.223 
Kr87  1.375 1.050 
Kr 1.743 0.341 

Xe 13 m 0.022 0.135 
Xe 1 3 3m 0.033 0.155 
Xe1 3 3  0.030 0.146 
Xe 13 m 0.422 0.097 
Xe1 3 5  0.246 0.322 
Xe1 3 8  2.870 0.800 
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TABLE C-3 

ISOTOPIC GAMMA ENERGIES AND DECAY FRACTIONS (Ref.6) 

1-131 10112 1-133 hel IIS EIIHX.I3 X.3 solo* 58.oc-oa 01411 2,001-03 S300 94moe-ol .1340 5-00!-02 4~204A.88E-02 .0050.6*ooc-0Z 90297 i.4111-1 '010; 3.621-03 *Oaoa 2.soI-c,? abl 2.00E-~z :7500 2.oof.oz 41800 7 a 00'o E% 28284 3.46E-02 .0300 5,96E-clo .03i& 3'M 4-2 .0353 aao1-E& 61112 2.S5at-o1 .04so 5.001-03 0S600 7.00E-0?~ 03900 700OL-02 64175 3sieOL-02 .1-6410 all0tma2 03225 804C042 '0796 6.001-03 *zb'3 S.9qartoi *504o 1.o,0E-02 1.0130 1.00E02 .41300 6,,0t1-63 4140o a.2of-al.01 3.70!-01 1 *2%6 2.501-oa .50t0 2.0OL.02 i.2460 2.001-02 .4300 3.001-02 .5261% t.49L01i 6,01860E-44 * 1e'S1.1-0 .~a0 .01Pa1 650 2.00(.02 .5100 9.40E01, .54165 i&.2f0a .2234 2.401-0 .5030 3,60t-;% 06?06 4 f0.0102 O5400 8.001'Z 7107-1 5.90E-01i .3031 5.10100s .6310 64L-02 66134 3.901-01 46100 a .vit. a ,1169 5,001:-02 $3841 26301w44 0719 1 Iioz-oat .&50 4,001-82 .6900 71.a0c-o2 .9,12' 1.801-02 
*65I 4.06E-02 '7500,a.OEb 1.002 318 9 .00k,- 0 
.6.14 9,Z41-01 .1100 6906E-02 1'e' 0 1 .701-0? 
*LbQJ 6,00&-02 b0500 94503:-eu 1. 12'S1 3.101-0a 

*671!0 6.001-02 #8600 4.00E"02 111J16 1,75L-01 
.1210 3,2&E-02 .8900 70OOE-01 141491 1090E-03 
.1290 1.20E-02 s.9600 2.00f-02 1,2b0. 2e51W-al 
.17129 8.301:-Ol 1.0000 5400L.02 J,11575 7.10t-az 

C). 95557 .91- .1*0700 1.doE-31 I. 5021) 1,20tv.o2 
1.lo .01-21.1500 I.?of--QI 1.5659 I.40-62 

l.Ies1C4 4@0&LI-02 1.2600 1.03f-02 1,6185 9.53f-02 I 40U30 i.ccc-oi 1.3400 200E-02 1,1010- 3.0E1-02 

.5.1630 2.COE-02 1.14900 1.001-02 1.8114 6.4101.3 
13400 860OLI-02 106200 5,00L-02 2.0467 8%30t3.03 
t.U"I00 3.003-02 1900 5,000 ;!.2567 6030E.03 
.1200 3140-01 2.41079 9.001-03 161.100 5..)GL-o3 
199180 I.303-02 

Is '4450 ..3.1-0Z 
, 

2.C450 3.60E-03 
2.1600 2.001-03

.. 2, .00-03 
2.3960 2.001-c3 
2&S530 5.00L-044 
2s6604 2.00E104



TABLE C-3 (continued) 

ISOTOPIC GAMMA ENERGIES AND DECAY FRACTIONS (Ref. 6) 

ISOTOPES# G1141A ENJERGIES AN~D VRACTrON3 

NE-1151iL.3 Xc-130 Is K.631i XR-85 KR'85 KI4-57 KR-aa e0015 4*00aoe.@81.030 4 SOE-02 60100 !.00E.02 .0036 80O01w04 .0016 6.50E-04 .5100 'l.3SE'0 ~~ .0-l .606qr0 *o3a .3E-03 .3555 2:101-03 .15bo 7.80E-02 *UOIS 1.00 '402 .0128 5,2 -03 s.603O 5,90t-oa *966 3.831.03 S216 &$ZOE-01 '1999 2000C-04 *0L10 3060EV02 90126 1.60E~03 91495 7070EOOI $8360 oOOL-O 1 10126 30F~ 02496 9,16E-OS .2s90 1.Iot-0Oi0o13co 
14% lo-2094bqrS *3i a6 2.20L-01S 397 7 *40t;0 1.3.o *831 ,.0-2* s3111 i.50E-04 .40?0 2.&OC-2 3 3iAO?.SO45L.03 oOI371i3~ .43, 1 JOi-63 .4340 2.1001o is3000 5.501-03 .862.i 5,00.031 .5733:~ .0Ok..~ j a"774 100.u ll. ' 2 0 0 1-0 2 *9 06 7 t .Z1. 02 *6066 2640k-02 2.0000 1:6f.~ 2.0120 2&60L-02 1.1417 j .63E-02 .&ioa .0. s 2.5!160 4.501-02 1.10.13 9.0(E-03 *731 so c6e-o4 2.SS90 5*101-02 1*250) .lrf--j2 

3.3096 6*O05 A0 iSZ'13 I .I1-01
3.63 .GC-52,029S Z. ;L 3 

0 241959 a 651 r-ol 

.3 24 .0Ci-01 

2.3923 3,82E.01



TABLE C-4 

ABSORPTION COEFFICIENTS FOR AIR (Ref.9) 

E (a) (b) 

MeV (cm 2/gm) (cm 2/gm) 

0.01 4.99 4.61 
0.015 1.55 1.27 
0.02 0.752 0.511 
0.03 0.349 0.148 
0.04 0.248 0.0669 
0.05 0.208 0.0406 
0.06 0.188 0.0305 
0.08 0.167 0.0243 
0.1 0.154 0.0234 
0.15 0.136 0.0250 
0.2 0.123 0.0268 
0.3 0.107 0.0288 
0.4 0.0954 0.0295 
0.5 0.0870 0.0297 
0.6 0.0805 0.0290 
0.8 0.0707 0.0289 
1.0 0.0636 0.0280 
1.5 0.0518 0.0257 
2.0 0.0445 0.0238 
3.0 0.358 0.0212 
4.0 0.0308 0.0194 

aFrom Table 3.-27, NSRDS-NBS 29.  bFrom Table 1.-7, NSRDS-NBS 29.  
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