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The subject report has been reviewed by this Division and ail of
our comments have been satisfactorily rescived in meetings held
between PPCo, Reactors Division and our representatives. These
discussions were very bemeficisl to all parties concemed and
should result in an excellent f£inal report.

Since dose calculstions, particularly off-site, were of extreme
concern our Health Physics Branch made a completely lndependent
set of calculations. A copy of these calculations are attached
for your informetion. Comperison of the contrsctors results
with ours, indicates agreement within s facter of 2-3. Consider-
ing the number of varisbles involved, this is comsidered to be
satisfactory. As you were probebly aware, concern was expressed
over the ingestion dose to the child from iodine-131. The
discussions brought out the fact that the comtractor considered
"alloftheiodiumtheu]kmmhmmmpmmtin
ocne quart of milk". This resulted in a dose of 2.5 rem. "Qur
calculations were based on the dose resulting from drinking milk
(1 quart) on the first day after the test and came out to be .36
rem. If these differences sre resclved, the calculations are
within a factor of two of each other.

It should be pointed cut that several changes in the test program
plen can substamntially reduce the ingestion dose. First, if the
test accurs between October and April, the ingestion dose po-
tential is nil since milk cows will be deriving only & minimun
of feeding from grazing. Second, if during the grazing seeson
(May through September) the test is restricted to a mesn wind
direction of 180° + 30° the dose potential will be considerably
reduced. The number of milk cowe grazing off-site in this sector
18 much smeller than within 2100 + 30°. Anmother factor in fevor
of considering & grid centered on 180° is that the frequency of
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winds, ©-1) mph or greater, over this sector is not epprecisbly
different than a grid centered on 210°. Finally, there is the
possibility of performing the test under & northeasterly wind.
The freguency of occurrence of thnls wind 1s considerably less
than the southwesterly winds and hence the test could de
delayed spprecisbly if this plen is used. However, considersbly
more hazardous relesses could be performed under this regine.

Enclosure:
Celculations

CC: H. Leppich
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SNAPTRAN SAFETY ANALYSIS CALCULA!® 3§

) The potential doses to the critical organs as a consequence of Lhe passing c¢tioud
resulting from the destructive test cf SNAPTRAN 2/ LOA-1 were determined in wne
manner indicated below. For this specific test. the dose to the thyroid from
ingestion of iodine-131 through the milk cycle appears to the coatrolling elemeunt.
[Me calculations can be divided into four catcgeries: (1) dose as a consequonce
of inhalation of the passing clcud; (2) dose due to deposited material entering
~he human body through the ingestion cycle; (3) external dose due to gamma radia’ion
from the cloud; and (4) external dose due to the gamma radiation field created by
fallout.

In the second category, the principle means of ingestion 1s through the milk pro-
Jduced by cows grazing on land where radioicdine has been deposited. It shcuta
immediately beccme obvious that the ingestion dose can be neglected when milk
cows are not on pasture. Generally, this is coneidered to be from Novembter

Lst through April 30th. During the remainder cf the year, the irgestion dcse
becomes very significant since the calculatlonc reveal that the dose through the
ingestion cycle is approximately 25C-45C times the inhalaticn dose for fadine L31.

A. Inhalation Dcse Calculations

''he total integrated dose (TID) received by a person standing a distance,
X (meters)J Acwiiwind directly under the centerlire of the clcud of radio-
active material during its entire passage is given by equation (1)

TID = 2 Q3 exp - 4T 7 (1)
—;=jzrz;1%;j;r=n—' Z/ é}:-‘x;-», ’j/

where

TID is the total integrated dose from the cloud, (curie-sec per
meter 3)

Qi 1s the amount of radicactive icdine of isctope, i, in the
total cloud, (curies).

T is the average wind speed, (meters per second)

Cy, Cz are the virtual diffusion coefficients in the vertical and
horizontal planes, respectively, (meters n/2).

h is the effective cloud height

n is the stability parameter, (dimensionless).

x 1s the distance downwind, (meters).

Equation (l) is time integrated concentration as expressed by
0. G. Sutton. It neglects depletion of the cloud either by
radioactive ddcay or scavenging durling transit. To take into
account radioactive decay, equation (1) is simply multiplied by

o -, C
‘ e

where 21 is the radiological decay constant for the isotope i,
equal to O.'(1)93z (seconds -1),
'r

t is the time from formation of the isotope until the
cloud reaches the distance ir question. For this

case
t = distance (_X_) » 7600 /-ffC)
a

wind speed
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Y. 1is the half Life of isutope i (secouds)

Wwhile a factor for the scavewying eftfect is available it 13 not
considered in these caloulations, therecby offering a slipht
degrer of conscrvatiou to the tinal results. It has been esili-
matedE/¥that consideratiou of tue scavenging effect could reduie
the final resulus by factors of 2-5.

The amount of isotope 1, inhaled duriig passage of the entilre
cloud 1is given by

A; = (TID); R (2)
where R is the breathing rate, (meters3 per second)

The valuc obrained for equation (1) can vary gquite widely depending
on the meteorologilcal parameters selected. Inasmuch as this tust
involves the planned release of radiocactive materials, stric:
metecrologigal control of the test can insure conditlons clcese

to those chosen for calculational pwrposes. Meteorological para-
meters used are

Cz = .291
C meters

n= .20 Cy
u=717 m/s 9

These parameters reflect a "strong lapse" daytime situation wi'h
winds strong enough to insure the best atmospheric diffusion.

]

‘The choice of the effective cloud height is open to much dis-
cussion. However, since an exclusion area of minimum radius

of S000' is provided around the test facility, consideration

need only be given for the innalation doses heyond the exclusiou
fence, For the strong lapse condition chosen it has been shown[z-7
that for distances greater than a few thousand feet the eftect

of the cloud height is negligible.

The "source term", Q;, in equation (1) will be dependent upon
the radioactive material accumulated in the reactor during non-
destructive testing of the reactor and those gencrated by the
destructive excusion. The former may be reduced to a negligible
amount by the replacement of fuel elements just prior to the
destructive test. The radioactive material generated by Lhe
excusion can be expressed as

Qi = Z‘NE
3.7T x 10 (3)

where: :
A; 1is the radjoactive decay constant of isotope i
(seconds ~7).

3.7xlOlO is the number of disintergrations per second per
curie.
Np 1s the number of radicactive atoms generated.
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: 3.1 x 108 PY{

N,
3.1 x 1016 is the number of fissions per megawatt-second.
P is the power generated, (megawatt-seconds).

Y is the fission yield of isotope i, (dimensionless).

Values for the several iodine isotopes per My -second at time
of generation are given in Table I.

Table I, Icdine Inveif?jy at t=0 per megatgjm-second

Yield (Q1/P)
Isotope ‘Secz (%) Curies/megawatt-sec
131 9.96x10~7 2.9 2.42x10-2
132 8 26x10 2 bk 3.0k
133 9.20x107) 6.5 5.00x10"1
134 2.20x10° 7.6 14.0
135 2.86x107° 5.9 1

The SNAPTRAN Safety Analysis Report (SAR) has conservatively
estimated that the total nuclear energy release from the destruc-
tive test to be 170 Mw-sec. Based upon this value the quantities
for the isotopes of iodine produced at time of generation and
for several times following the excursion are given in Table II.

Table II. Iodine Inventory at Various Times for 170 M -sec

Excursion
Time

Isotope t=0 =10 min- t=1lhr t=1 day t = 10 days
I-131 4,11 .11 L.131 3.78 1.75
I-132 517 koo, 384. 0.43 nil

I ..133 85. 85. 82. 38.L .03

I - 134 2380. 2086. 1080. nil nil

I . 135 240, 236. 216. 20.L nil

The above Table assumes that all of the ilodine to eventually be

- built in is present at the time of the excursion.

The dilution factor due to atmospheric diffusion (TIDi/Qi) for
various distances, %, is shown in Figure I for the stated meteoro-
logical parameters.

The breathing f?ﬁ?’ R, in equation (2) is also a variable. The
"standard man" is considered to breathe 20 meters3 per day;
half during the active 8 hours and the remaining half during his
relatively inactive or resting hours. Since the test will most
likely take place in the daytime it is reasonable to consider
the breathing rate characteristic of the active portion of the
normal day.

R = 10 meters3 per 8 ho
a 3.47 x 10°% (meters per second)

Since values have been given for all factors in equation (1) and
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(2) the amount inhaled can be determined for various distances,

x, downwind. When the amount inhaled of a specific 1sotope i,

is determined, the dose to the critical organ which will be
delivered by this amount can be calculated. The dose rate, D,

to which the critical organ {the thyroid gland for radioiodines)
at any time subsequent to the inhalation is given by equation (U4).

. 10
D' / reds = (curies) x 3.7 x 10 dis/sec
<;__1;__> Ai .._IL___ X £i

Curie

x E _ggg__j}. x 1.6 x 10°® /Eregs | x efztt
RSP L

= S5 92x/0% A4 4 Z o et

vhere: W
A{ 1s given by equation (2).
fo 18 the fraction of the amount inhaled which is
deposited in the critical organ
E is the effective energy absorbed by the critical
organ per desintegration, (Mev).
e * A, 'lliet 0693/ Te, (3ec*)
A, 1s the bilological elimination rate for the isotope
b i, (sec-1)
T 18 the effective half life for the isotope in the
€  body, (sec).
W  is the mass of the critical organ, (gms).

The dose to the critical organ, delivered in time, T, is
glven by equation

(5).
D *j’b}/f—: ff&/o‘&{{/,_c-l{'”)
74 o

+ PI¥x 0 A {.‘;z I(/ -e€ .)‘:T)
VE

When the time over which the dose is determined (T), is
much greater tga.n the effective half life of the isotope.
The quatity e becomes insignificant and equation (5)
can be rewrittefias. —

0, : §svxs0t 4{5____7"—- (rads)
Substitution of equation (2) ydelds

N Ro= &svant LT REE Te (rods

Por the five predominate radioactive iodine isotopes of
concern Table III lists the appropriate values of
a8 given in reference [3].




Table III Constants for Iodine Isotopes

£ /e
Isotope (%) (Mev) (Sec)
131 23 .23 6.57 x 102
132 23 .65 8.39 x 103
133 23 ol 7.52 x 1o§
13k 23 .82 3.11 x 107
135 23 .52 2.42 x 10

Using these values and assuming the weight of an adults thyroid
to be 20 grams 3 and using the value of R previously discussed,
equation %6) can be rewritten and the values presented in Table IV

Tabhle IV Dose to the Thyroid by Inhalation

Iodine D Dgpe (Rads/curie-sec)
Isotope 'If—( Rads/Curte) m>

131 1.48 x 103 343

132 5.35 x 10 12.4

133 4.0 x 10 92.8

134 2.5 x 10 5.8

135 1.24 x 107 28.8

It now remains to compute the TID for each isotope at various
distances making use of Figure 1 and Table II. Radioactive
decay 1s considered for I-132, I-134 and I-135. Table V
summarizes the dosages to be expected at several distances
downwind.

Table V - Dosage vs Distance for Iodine Isotopes

(milliraeds)
5000 ft 5.5 miles 6.; miles 12.0 miles
I-131 2.8 A1 .08 .02
I-132 12.7 L6 .33 .10
1-133 15.6 63 45 .15
I-134 .g. .at .58 .15
I-135 1;. . , .38 .13
Total Iodine . 2.%8 . .55

The above distances were chosen as follows:

1)
2)
3)

4)

5,000 feet corresponds to the exclusion area around facility
5.5 miles is distance to nearest site boundary from facility
6.5 miles is the distance to nearest site boundary within
the test area (0°-60°N) tentatively suggested.

12 miles is the distance to the nearest town within the
suggested test area.

AEILRRE
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“ :fi;f B. Ingeation Dose Calculations

Previously it has been stated that consideration must be glven to the dose
to the body as the result of ingesting radioactive materials deposited
from the cloud. From examination of all parameters involved, particularly
fisslon product generation, the ingestion hazard from radiocactive materials
released by a nuclear excursion of an un-irradiated core can be attributed
solely to the radioiodines. Therefore, it is the dose to the thyroid that
is of concern.
\ The route that the iodine takes to reach the thyroid is through the "milk
' cycle”. That is, radiociodines present in the cloud are deposited upon the
grass which in turn in consumed by milk cows. A fraction of this iodine
goes into the milk and is ultimately concentrated in the thyroid. Because
of the indirect route, there are many parameters involved in ingestion
calculations not present in the inhalation calculations. It has been shown
that the dose due to ingestion can exceed by at least two orders of magni-
tude the inhalation dose. Fortunately the ingestion dose can be ignored
when the cows &re not on pasture. For the NRTS this is usually the case
from November lst through April 309,

The concentration in milk resulting from cloud passage 1s expressed by
equation (7).

C_. = (TID Vg F1 F,
where .

) has the same units as previously noted

is the rate of deposition of material on the ground,

(meters per second)

Vg = 5;ound concentration
air concentration

Fi is the amount of feed consumed by the cov (grams per day).
Fm is the fraction of iodine getting into the milk.
M3 is the density of milk (grams per liter).
Fy 13 the vegetation-to-area factor (grams per meterd),
Vm 18 the daily volume of milk produced by a cov (grams

per day).

C is the concentration in milk (curies/milliliter)
(*D
Vg

r B Several of these parameters cen vary for different localities and seasons
g a of the year. For the NRTS the following values have been used in previous
i calculations. -

2 x 10° énaters per second)
4 x 10* (grems per day)

o
My = 103

v‘.zx.

Pl
LI B I ]

grams_per liter)

ggrans per meter?)
grams per day)

o Thus, equation (7) can be re-written as

1186418 Cn = 8 x 10-%(T1D); S (8)




The equatlon expressing the dose to the thyroid is similar to equation (4).
Thus, the dose rate for ingestion of lodine through the milk cycle is
written as:

m(%gg) = Ay (curies) x 3.7 x lOlO» dis/sec x £,

curie
xE Mev x 1.6 x 10 Erg x e
dis
4+ W (gms) x 10° rgs[g)
2
= 5.92 x 10° Ay fy ‘E’e Rads (9)
W Sec
where Ap
Apm is the amount of milk
Ay, = Cpx1Iy -Blénge(m)ixlh (10)

Ip 1s the amount of milk consumed (liter)
fy 1s the fraction of iodine reaching the thyroid.

by ingestion.

and all other symbols have the same meaning as previously stated.
Similarly the dose, delivered in time T, 18 given by equation (11).
2
Doy (Rads) = 8.54 x 10 A, P, E T, (1)

W
Bubstitution of equation (;LO)~1n (11) ylelds

Dooy, (Rads) = 6.83 x 1072 (TID)y I & E Te
']

The values of E and Te are the same as given in Table III and the
weight of the thyroid (W) is 20 grams. The value of #, as given in
reference 37 for all radioisotopes of jodine is 0.30. Using equation
(11), Am has been evaluated for the iodine isotopes and the values
presented in Table VI.

Table IV. Dose to the Thyroid by Ingestion

Iodine " Dooy ) Doog (Raas/Sifec / Liter )

Isotope m \Turle
13 —1.93 x 100 5h x
132 6.98 x 10 5.6 x 103
133 5.22 x mz k.2'x 10
13k .7 v 3,26 x 10 2.6 x 1013‘
1.62 x 107 "1.3 x 10 A

135

118bu4 19 -



The last column in Table VI gives the dose in rads per liter of milk
consumed by an adult produced by a cow grazing on land which has been
subject to a concentration of 1 curie-sec per meter3.

It 1s extremely valuable at this point to make a comparison of the

last columns in Tables IV and VI. For iodine-131 it turns out that

the ingestion dose is approximately 450 times greater than the inhalation
dose. The ratios of the other isotopes is smaller because of the time
delay between insult by inhalation and insult by milk. It has been
shown [ 6 ] that the activity of iodine-131 in milk reaches a maximum about
2 days after deposition of activity on the pasture. 8Since the half-life
of iodine-131 is 8.1 days, this delay can be ignored without introducing
a great deal of error. Since the other four isotopes have relatively
much' shorter half-lives, they do not constitute any real problem.

As a final illustration, consider the following example: The dose to an
adult breathing air for one second containing one microcurie of iodine-131
per cubic meter of air ( 1 c-sec/m3) would theoretically be 0.34 millirad
while drinking of 1 liter ( 1 quart) of milk obtained from a cow grazi:g
on land subjected to the same time integrated concentration ( 1 c-sec/mJ)
would result theoretically in a dose of 154 mrem. ,

Thus far, theoretical calculations have been presented. On two occassions
experimental data resulting from ANP tests indicate the value.of the ratio
for iodine-131 to be approximately 300. It seems rather remarkable,

- copnsidering all of the variables, that the experimental and theoretical

data agree within a factor of two.

The ingestion dose resultiné from iodine-131 generated by the SNAPTRAN
experiment are given in Table VII.

Table VII Ingestion Dose due to Iodine-131 (Millirad)

Isotope . Distance

5.5 miles 6.5 miles 12 miles
131
Theoretical 50. 36 9
Experimental 33. 24 6

The doses given in Table V and VII apply to an adult. In considering
the dose to a child several allowances must be made. First, the child's
breathing rate, R (m3/sec), will be smaller than that of an adults. ‘
It has heen recently estimated that the child's breathing rate is approi-
mately 15% of an adults. The weight, (w,grems) of a thyroid depends on
the age and it has become standard practice to assume a childs thyroid

to be 10% of an adults, i.e., 2 grams. Therefore, the childs inhalation
dose 18 1.5 times (.15/.10) of the values listed in Table V. Variations
in v and R are great enough.that for all intense purpose the inhalation
dose of a child is considered equal to that of an adult. For ingestion

" doses only the breathing rate is not a factor. Consequently, the child's
ingestion dose 1s 10 times the values listed in Table VII for an adult.

1186480



External Dose from Cloud due to Gamma Radiation

The external exposure from submersion within a large cloud within a
cloud with a time integrated concentration, TID , (curie-second per
cubic meters) of radiocactive material having an effective energy E
(Mev/dis) has been estimated by Burnett /8] not to exceed:

D= .26 E(710), rem (12)

From a short burst from a critical assembly the amount of gamma
activity (curies) generated can be estimated by equation (13).

@y = 172 P foies (13)

‘ where P 1is the power in watt-seconds -
t 1is the fission product cooling time (seconda)

and for this case 7= 3600 x/t-z

therefore, the time integrated air concentration can be written

(710)y = ég,') & =/52 (ﬁ)?(g-)-n (2-se/m?

Using a wind speed of 15 mph. Table VIII lists the gamma activity,
corrected for radiocactive decay, for various custances downwind for
the SNAPTRAN 2/10 A-1 experiment

Table VIII Gemma Activity (Curies) Verses Distance
Distance

, 5000 £t 5.5 mijes 6.5 mijes 12 milgs

Curtes  k.3x105  2.0x10 1.6x10 8.2x10

Multiplying the values in Table VIII by the appropriate dilution
factors as shown in Figure I ylelds the time integrated air concentra-
tion. These are summarized in Table IX. .

Table IX Time Integrated Air Concentration (TID),‘ Verses Distance

Distance (TID)y
5000 £t 8.6 x 10°*
5.5 miles 1.6 x 10-2
6.5 miles 9.6 x 10~3
12.0 miles 1.6 x 10-3

If an average energy of 0.7 Mev/dis is assumed, the external dose in
millirem using equation (12) are given in Table X.

118bu481



d Table X Tot ' External Dose Due to Gemma Raa--tion from Cloud

Distance o Dose (Millirem)
5000 ft ' 160.

5.5 miles 3.0

6.5 miles 1.8

12.0 miles .30

D, External Dose Due to Gemma Radiation from Fallout

The external dose rate due to fallout can be obtained from the following
equation (14)

( 7/ D)y Vg
(14)
where .
(TID)V is time inte ted concentration of gamma activity
(curie-sec/
Vg is deposition of velocity (m/sec) and has the same
value a8 used previously (.02 m/sec)
K is a factor converting activity per unit area to

dose rate. It has been estimated [9] that one
curie per square meter Of fresh mixed fission
product (average energy of gamma radiation is 0.7
Mev/dis) will give a gamma-radiation field of
between 10 ‘and 20 r/hr. For these calculations
the upper limit was used. Therefore,

1 C = 20r/hr
=

Hence, equation (14) can be re-written as:
g- : 4,¢(T/D)Y ir.-/}w-‘ .
-

The total infinity dose, Dy, can be found by the integration of
equation 14 a. Thus

DF * D;' £/‘$-A:Jf

- 5% . 2(7115),«

The values of (TID), for the various distances are the same one
previously given in Table IX. Therefore the total external dose
due to gamma-radiation from fallout is summarized in Table XI.
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Table XI Total External Dose Due to Gemma Radiation due to Fallout

in Millirem

Distance Dose (millirem)
5000 ft 1720

5.5 miles 32

6.5 miles 19

E. Summary

A summary of the total dose that may be expected from the radiocactive
cloud generated by a nuclear excuraion of 170 megawatt seconds for the
distances 1s given in Table XII.

Table XII Summary of Doses to an Adult from SNAPTRAN 2/10A-1 (millirem)

N o . - Thyroid
Distance from Cloud Fallout Inhalation Ingestion Total
IET .
5000 ft 160 1720 70 - 1950
5.5 miles 3.0 32 2.6 50(500)# 88 (538)
6.5 miles 1.8 19 1.8 36(?60) 59 (383)
12.0 miles 3 3 .55 9 (90) 13 (94)

* Not computed since no grazing is permitted in the test area.

# The values in paranthesis are the dose to a child.

From Table XI it can readily be seen that the ingestion of iodine is
the major contributor to the total doses in the off-site areas and
that the child drinking milk will receive the highest dose. It must
be pointed out that these ingestion dose valuss were the result of
drinking only s quart of milk on the first day. If it is assumed that
a person were to continue drinking a quart each day and assuming only
radiocactive decay, the total ingestion dose would be approximately
eleven (11) times the first days dose.

However, as Table XI indicates, conservative calculations indicate
that the dose to a child, assuming he drinks only one quart of milk,
at the neerest off-site boundary lying within the proposed test grid

* 1s with the 0.5 rem to the thyroid per year value established by I. D.
Announcement 163, December 19, 1961.
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FIGURE |
DILUTION FACTOR VS. DISTANCE
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