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1.0 INTRODUCTION

In July of 1977 the Kerr-McGee Nuclear Corporation requested1
that Dames & Moore update the 1972 dose and manrem calculation for the
Sequoyah UF6 FaciIityz near Gore, Oklahoma. This report presengs the
results of an updated calculation using the computer code AIREM™. Both
inhalation and ingestion dose and manrem were calculated for the years
1676 and 2000. The calculations for the year 1976 were based upon
population data from the 1570 census and actual emissions, while the
calculations for the year 2000 were based upon population growth
estimates and projected emission rateit







3.0 INPUT DATA
3.1 Meteorology

The meteorclogical data base used in this study is identical to
that used in the previous study (43847 observations taken at Fort Smith,
Arkansas during the period from January 1960 to December 1964)2. The
joint frequency distribution of the wind direction and Pasquill stability
c1ass4 and the mean wind speed for each wind direction/stability combination
are presented in Tables 1 and 2, respectively. These differ from these
used in 1972 only in that the stabil;;; categories D* (day) and D** (night)
were combined to yield the D class and the F and G were combined to yield
Ehe F class. This was done to accomodate the input requirements of AIREM
(it accepts only six stability categories). Frequencies and mean wind-
speeds for each combined category were obtained by summing and taking a
weighted average, respactively.
3.2 Population

Demographic data for use in this study was provided by Kerr

S in a format consistent with input requirements for the AIREM code.

McGee
Tables 3 and & present the data used in the analyses for the years 1976 and
2000, respectively. Each entry in these tables represents the population
residing in an annular portion of a 221% sector in a2 given direction away
from the Sequoyat OF6 Facility. The heaviest population for 1970 within
ten miles of the site is located in annular section which contains the

town of Vian (7% miles east of the plant site); a secondary peak in
population occurs 3.5 to the northwest of the site. In the intervals
between 10 and 50 miles the 1970 shows peaks 45 miles to the south south

east (Fort Smith) and 25 miles to the northwest (Muskogee). The



-

population projections for the year 2000 were taken from publications of
the Universities of Cklah:ma7 and Arkansasg. The demographic data for
the year 2000 within 10 miles of the site shows 2 peak at Vian and
secondary peak 3.5 miles to the ncrthwest. In the region between 10

and 50 miles Fort Smith and Muskogee remain principal areas of concen-

trated population.

3.3 Emission and Related Input

Kerr McGee supplied information on the emissions5

for the years
1976 and 2000 and its isotopic anaiysiss. Table 5 presents the isotopic
a2nalysis, while Tables 6 and 7 present the emission data for the years
1976 and 2000, respectively. Note that the distribution of mass between
the soluable and insoluable components of the release for the 1976 release
was obtained by scaling using the estimates for the year Z000. Table 8
presents the decay rates and dose conversion factors for each isotope
considered in the AIREM calculation. The inhalation dose conversion
factors were cbtained by multiplying the adult inhalation factors
contained in Nuclear Regulatory Commissicn Guide 1.1099 (RG 1.109) by
2 nominal breathing rate of 7300 m3/yr. Ingestion dose conversion factors
were obtained by using the RG 1.109 approach. The source strengths for
the soluable emissions were used in the calculation of individual and

population dese for the kidney, bone, and body, while the insoluable
source strengths were used for the calculation of individual and popula-
tion dose for the lung.




4.0 RESULTS

4.1 Total Population Dose and Individual Dose

Table 9 presents the total population dose for inhalation and
ingestion doses in manrem for each organ for the years 1976 and 2000.
These results include both elevated and ground level releases. The 1976
kidney dose is approximately the same as the 1972 dose. The whole body
and lung dose for 1976 is smaller than the 1972 dose; this can be attributed
to the use of different dose conversion factors and the use of an isotopic
analysis. Table 10 illustrates the difference in the inhalation factors.

The population doses for the year 2000 are again lower for the
lung and body. The dose for kidney is approximately an order of magnitude
higher than in 1972, while the bone dose is two orders of magnitude higher.
Both of these increases result from the contribution of ingestion.

- Tables 11 to 16 presents the individual inhalation and ingestion
doses for the 1976 release for the kidney, lung, bone and body. Note that
the ingestion dose has been limited to the kidney and bone, this decision
was made on the basis of the relative sizes of the ingestion dose con-
version facters. The peak individuai inhalation dose are doses .014

mrem for the kidney, 2.4 mrem for the lung, .052 mrem for the bone, and
.037 mrem for the body. The peak individual ingestion doses are .24 E-03
for the kidney and .001 for the bone.

Tables 17 to 22 present the individual inhalation and ingestion
doses for each organ for the 2000 AD release. The peak inhalation doses
are .022 mrem for the kidney, 3.2 mrem for the lung, .02! mrem for the
bone, and .556 E-02 mrem for the body. The peak ingestion doses are
.0016 mrem for the"bone and .37 E-03 for the kidney. Table 23 presents
2 comparison between 1972, 1976 and 2000 peak individual doses.
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TABLE 1

JOINT FREQUENCY TABLE (%)
WIND DIRECTION -VS- STASILITY CLASS
FORT SMITH, ARKANSAS

1960-1964
Wind Stability Class
Direction A B C D £ F
NNE .04 . * 1 1.3 .84 2.84
NE .09 .82 Iugp 2.85 1.86 6.68
ENE .10 .97 2.46 6.76 2.07 4.26
E .07 55 1.21 4.92 1.07 1.80
ESE .05 .38 71 1.85 .51 .97
SE .09 45 5 ¢ 1.70 .47 1.24
SSE .05 .30 .48 1.12 .29 .62
S .06 .49 .68 1.63 .42 1.1
SS¥ .06 .45 .99 2.14 .38 .88
Sk .08 .57 .97 2.22 58 1.66
WSH .08 .45 .93 1.62 .55 1.84
W .05 .30 o - - 2.46 .84 1.00
WNW .05 .27 S7 2.64 .49 .42
Nw .06 .. .43 2.02 &84 .52
N .03 .18 .37 1.82 .38 .45
N .03 .27 . 1.88 .69 1.17
P



TABLE 2

MEAN WIND SPEED (MSEC™))
WIND DIRECTION -VS- STABILITY CLASS
FORT SMITH, ARKANSAS

1960-1954
Wind Stability Class
Direction B B C D E . F
NNE 1.7 2.41 3.39 4.04 2.83 1.48
NE 1.72 2.51 3.10 3.15 2.74 1.55
ENE 1.89 2.69 3.55 3.96 3.05 1.63
3 1.81 2.60 3.78 4.52 3.17 1.48
ESE 1.93 2.60 3.83 4.20 2.95 1.44
SE 1.82 2.65 3.72 3.83 2.79 1.37
SSE 1.84 2.80 4.04 4.1 2.79 1.42
s 1.77 2.77 3.94 4.52 3.00 1.60
SSW 1.84 3.02 4.45 5.35 3.14 1.45
Su 1.90 2.80 4.42 5.26  3.40 1.45
WSH 1.94 2.80 3.88 4.46 3.36 1.68
W 1.88 2.83 4.00 5.23 3.89 1.85
YN 1.89 2.92 4. 6.05 3.97 1.90
N 1.85 2.51 3.97 5.27 3.97 1.68
NN 1.87 2.52 4.20 5.40 3.96 1.72
N 1.84 2.44 3.63 5.27 3.65 1.55
e T
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TABLE 3

POPULATION DISTRIBUTION

1970 CENSUS
SEQUOYAH FACILITY

DISTANCL (MILES)

3-4 4-5 5-10

9 6 143
6 3 309
15 6 190
24 53 1422
50 3 241
43 15 53
0 50 33

0 12 12

3 30 19
12 6 160
9 3 122
202 27 176
164 5 .70
46 27 103
a9 19 122

12 42 303

10-20

891
B4
742
2988
nz2
309
1204
266
491
1155
2.
1817
953
12439
1049
19

20-30

11114
1394
913
1240
3272

~ 2309

1291
352
1006
972
€96
4256
1281
25522
3023
3393

30-40

2016
5731
1360
7327
7432
6525

296
1037
1582

591
3324
1565
1995
4240
5566
2428

40-50

1480
4913
1195
18982
57481
7140
3751
720
3724
853
968
8211
1719
4836
2354
4381
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2-3

96
15
18
133
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18
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12
10
10
16
99
370
1589
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TABLE 4

POPULATION DISTRIBUTION

2000 PROJECTION

SEQUOYAH FACILITY

DISTANCE (MILES)

3-4

59
56
65

174

350

348
50
50
53

ne2
59

952

614

346

349

n2

4-5

27
53
56
503
53
115
100
212
280
56
53
327
115
227
119

42

5-10

393
809
490
4922
941
203
183
162
369
460
372
826
320
403
422
803

10-20

139
1044
742
5899
6712
43]
1304
2911
491
1555
521
3317
3953
18439
1649
19

-d

20-30

14614
1894
ms3
1740
3772
4181
1291

352
1006
1022
1396
4756
2281

36555
4723
5393

30-40

3516
8216
1719
11318
2817
9325
296
1537
1582
1091
4324
2193
2495
5540
9066
3628

40-50

1680
6492
1195
28982
85681
11140
4501
1280
5724
1545
968
an
2019
12836
5854
6007

-



TABLE 5
ISOTOPIC* ANALYSIS FOR SEQUOYAH FACILITY (APRIL 1977)

UF Plant Dust

pCi/gm pCi/gm
Isotope (Soluable UF5) (Insoluable)
U-238 2.25E+05 2.84E40)5
U-2335 6.47E+03 1.11E+04

2

U-234 2.29E+05 2.30E+05
Th-230 4.78E+01 1.58E+02
Ra-226 3.70E+00 1.77E+01

*U-238 values calculated from chemical uranium analysis
Ra-226 includes Ra-224

Th-230 and U-234 values for anlaysis of alpha pulse height
U-235 from analysis of gamma pulse height




TABLE 6
EMISSION RATES* FOR 1976 FOR THE SEQUOYAH FACILITY

Release Type Total (a month") Soluable (q month'l) Insoluable (g month")
Elevated
Main Stack 12 0 12
Scrubber 1880 1980 0
Total 1952 19892 12
Ground Level i
Samp Rm m 0 m
Roof Vent 1750 175 1575
Roof Hatches 1414 141 1273
Dust Collector 308 K 277
Total 3583 347 3236

. :
Note that soluable and insoluable fractions were assumed to be proportional
to that given for the year 2000.

_~T.
.
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TABLE 8 '
I1SOTOPE PROPERTIES USE IN AIREM CALCULATION
Inhalation Dose Conversion Factor

m rem
Ssec s’

Ingestion Dose Conversion
m_rem,
pci

Factor (

Decay (sec")

Kidney

Lung

Bone

Body

Bone

Kidney

4.87€-18
3.10E-17
8.90E-13
3.96E-13
1.98E-11

5.05E+05
5.42E+05
5.76E+05
1.48E+08
1.57E+04

1.07E407
1.13E+07
1.21E+07
1.44E408
2.71E407

2.22E+06
2.31E+06
2.08E+06
5.30E+08
2.85E+07

1.31E405
1.40E+05
1.49E405
1.47E+07
2.11E407

7.67E-04
6.02E-04
8.37E-04
2.08E-03
3.05€-01

1.75€-04
1.87€-04
1.99€-04
5.69E-04
1.63E-04
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TABLE 9

RADIONUCLIDE CONTRIBUTION TN POPULATION DOSE (man rem)

1976 Release

Organ Callggftion Inhalation Ingestion
Kidney 5.59€E-02 3.331E-03 .55E-0)
Lung 6.12E-01 1.13E-01 NA
Bone 1.40E-02 1.546E-02 .23
Body 4.731E-03  6.679€E-04 -*

*Not Included because ingestion dose factors much smaller than for other ergans.

Total
5.83E-02
1.13€-01
2.45€-01
6.67E-04

2000 Release
Inhalation Ingestion Total
1.9786-02 .29 3.008107
4.268E-02 "NA 4.268E-02
5.031£-02 1.3 1.350
4.728E-03 -* 4.728E-03



TABLE 10
COMPARISON OF ADULT INKALATION FACTORS (mrem/pCi)

1972 Scenario 1976 & 2000 Scenarios
Organ Inhalation Factors Inhalation Factors*
Kidney 8.00E-02 2.34E-03
Lung 1.10£-01 4.90E-02
F
Bone 2.00E-02 9.99E-03

.Averaged over U-238, U-235, and U-234 (principal components of
isotopic analysis)
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TABLE 23

COMPARISON OF PEAK INDIVIDUAL DOSES (mrem)

1972

6.205-01
1.12E401
1.55E-01

1976

“Tnhalation
6.1E-03
2.4E+00
6.21E-02
3.7E-03

Ingestion
2.4£-04

1.0E-03

v B—— oy

2000
Inhalation Ingestion
8.9£-03 1.6E-03
3.26-00 -
8.1E-02 3.7E-04
5.7E-03 -
(€75



