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ABSTRACT

This memorandum presents a simple and rapid means for estimating
the total radiation dose one might expect to receive during exposure in
an area contaminated by fission products, Curves are included for ex-
posure periods of 2, 4, 8, 12, and 16 hours and for accumulated doses
of 50, 100, and 200 rem, In addition to the curves covering particular
exposure periods, a special curve is included for estimating the dose
for any period of exposure between 1 and 1,000 hours after detonaticn.
A nomogram is included for converting radiation intensity measured at a
particular time after detqnation to the reference dose rate at one hour
after detonation (H+l). Typical prohlems and their solutions are given
in the body of the memcrandum to familiarize'the reader with the use of
the nomogram and the curves, It must he borne in mind that the nomo-
gram and the curves are based on_ths simple decay rate equation for
normal fission products, 1 -Ilt'l' » vhere I, is intensity in roentgens
per hour (r/hr) at "t" hours “after burst, and I; is intensity at one
hour after burst (H + 1), Fractionation among Iission products and in-.
duced activities ma} cause the decay rate in a particular fallout sit-
uniign to vary ccnsiderably (S0% or more) from that of the approximate
t“te¢ function, ’
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1.

INTRODUCTION

For the period between one-half hour to 30 days after surface
burst of a nuclear weapon, tl.e following nomngram and curves are

- tonsidered sufficiently accurate for quick estimates of radiation
dosage due to fallout., No consideration has been given to multiple
explosions, seeded bombs or neutron-induced ground contamination,
However, it is assumed that anyone monitoring fallout build-up
downwind from a nuclear explosion will be able to determine an
abnormal build-up or decay rate and thercby judge the degree of
dependence he might place in his estimate of radiation hazard,

2. ASSUMPTIONS

It is reasonzdle to assume that, {n case of nuclear attack on
the United States, numerous fzllout shelters will be equipped with
fixed radiological recording instruments at critical locations ourside
the shelters from which build-up, peak and decay of radiation intensity
' can be determined. It is necessary to know, also, the time the nuclear
device was detonated in order to make use of the curves,

3¢ EXAMPLES
' s- as GCiven s Jose rate of 400 r/hr at He4 hours, find:
N ' (1) Reference dose rate at iisl; .

(2) Dose rate at He10;

(3) Time after burst dose rate will be 50 r/hr,

. .
¢ , SOLUTION:
(1) Apply a straight edge to Figure 1 at 400 on the left
scale (Measured Dose Rate at H+X Hours) and 4 on the right scale
(l1+X Hours, Time of Measured Dose Rate)., Read 2,100 r/hr at Hs1'on middle
scale (Reference Dose Rate at Hel Hours).
. * (2) App'y the straight edge to Figure 1 st 2100 on the .. .
. middle scale and 10 on the right scale. Read 130 r/nr on the left '
[N scale (Measured Dose Rate at HeX lcurs).
>
. (3) Apply straight edge to Figure 1 at 2,100 on the middle
. H scale and 50 on the left scale. Read 22 hours on the right scale
' . (Time of Measured Dose Rate).
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from a nuclear explosion at three hours after the explosion (H+3)

. $00 r/hr was determined at 13,

b. Given a peaked dose rate of 500 r/hr'at a base Gownwind

find:
(1) Norwalized doss rate (z/hy at lel) ]

(2) Dose Rate st 3ie3$ flowrsy
(3) Tine aftery burst dose Tate vill be 15 r/hr.

SOLUTION:

(1) Apply straight edge to Figure 1 at 500 on the left scale
and 3 o the gight scale, Read 1,900 g/hr at Hel on the center scale,

.

(2) Apply straight edge to figure ! at 1,900 on center scsle
and 35 on right scale, Read 3% v/hr on left scale,

(3) Apply straight edge to Figure | st 1,900 on center scale
and 1§ on left scale, Read 34 hours on right scale.

€. Using the 3,900 e/hr reference dose rate found in example
" .1.” above, find the earliest time a worker might leave the fallout
shelter for a-single twe-hout work period In the contaminated arca

50 o8 to geceive only:
: (1) $0 cem, total dose;
(3) 100 zem, total doses
(3) 200 rem, total dose, _ > .

SQLUTION:

_ (1) Eater Fipure 2 at 1,900 r/he (Dose Rate Normalized to Hel)
and go vertically upward to the 2 hour (single exposure) curve, then |
fori.ontally to tue left margin and read 34 3/2 (Time of Entry » lours
After Detonatiod). This is 31 3/2 hours after the peaked dose vats of

o (2) Enter Firure 3 at 1,900 t/he (Dose Rate Normalized to
Hiel) and intersect the 2 hour (single exposure) cusrve at 18 3/2 hours
(Time of Entry), This is 15 3/2 hours aftez the peaked Jose Tate was

determined,
(3) Enter Rigure 4 at 1,900 #/hr normalized dose rate and

intersect the 2 hour curve at 10 hours after detonation, This is 7 hours
after the peaked dose rate was determined, .

Pl
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d. Using the same teference dose rate as that used in example
#¢" above (1,900 r/hr) determine the earliest time s worker might
enter the contaninated area for s single 8-hour exposure 5o as to
receive a total dose not to exceed:

. (1) SO rem;
(2) 100 rea,
(3) 200 vem, , .
SOLUTION:

(1) Enter Figure 2 ot 1,900 v/hy normalited dose vate and
faterscet the 8-hour {single exposure} curve at 131 3/2 hours after
‘detonation, This is 108 1/2 hours after the peaked dosa rate ot
$00 r/hr was determined,

(2) Enter Figure 3 a2 1,900 s/hr normalited dose tate
and read 61 1/2 hours afeer detonation (58 1/2 hours after peaked
dose zate),

(!) Enter Figure 4 at 1,900 r/hr normalized dose rate ond
read)sz 1/2 hours after de2onation (29 1/2 hours after peaked doss
Xate)e

e, Using the sase refercnce dose rate as that used in
examples “c" and “d" sdove (1,900 #/hr) determine the earliest time
after detonation 2 worker might eater.the contaminated area in order
to vork the saximum number of consecutive daily two-hour shifts so
a3 to reccive a total dosse not to cxcced:

(1) S0 rem;

(2) 100 rea;

(3) 200 xem, ’
SALUTION:

(1) Entec Bigure S at 1,900 r/hr normalized dose rate and
intersect the 2 hour/day shift curve at 100 hours after detonatien.
(Time of Entry for 13t Shift). This i3 97 hours after the peaked dose
rate of S8D g/hr was determined, Note also that 50 gem will have been
accusulated durinp the jith 3hife.

(2) Entep Flgure 6 at 1,900 /At normalited dos: rate and
tead 37 hours after detonatfon (34 houss after peaked dose ratej. The
100 rea will have been accumulated Jduring the 7th shife,

Lo R o S R B ey i,
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(3) Enter Figure 7 at 1,900 t/Ar normalized dose rate and @
read 13 1/2 hours after detonation (10 1/2 hours sfter peaked dose
rate), Ths 200 yem will have been sccumuiated during the 4th shifs,

£. 8y the use of Figure 8, detarmine the dose one would recelve
if he enters ghe eontaminated ares inmediatcly after fallout hss
peaked (He3 in examples b through ¢) 3nd remajas fors

(1) 13 minutes;

(2) 30 minutes:

(3) ) hour, ' - ) - T .
SoLUTICN: °

' (1) Zater Figure 8 5¢°S hours (Tine After Explosion) on left
side and Intersect the curve at 6,15 (ratio of sAccumulated Total Dose
to Unit-Time Reference Dose Rate), It 48 necessary to enter Figute 8
the second time, i.e., at 3.25 hours (Time after Explosion) and intere
sect the curve at 6,212 (ratio of Accumulated Total Dose to Unit-Time
Referencs Dose Rate), The meaning of these two ratios is as follows:

Accumylated Total! Dose (s
6,15 * GrrTine ToTerance Tore TTe L7Ry o 1S+
Accumtlated Total Dese (r .
1 v s R b e s e @

*

and (6,212-6,15) = Accumulated Total Dose at 103,25 = Accusulated
Total Dosg at M+3 divided by UniteTine Refesente Dase Rate.

2 Bose Accumulated in 1S min
Unitelame Reference Vose Rate

or 06 or Lo

Dose Accumlated in 15 min = .062 ¥ Unit-Tine Reference Doss Ratee

Since the Unit-Time Reference Dose Rate found in exaaple b
wss 3,900 g/hr, our answer becomzs 062 x 1,900 = 138 gem (Ans.),

This 35.ninute dose of 118 rem should net be jsurprising, for the
doss rate at the tine of entry (ile3) was $00 /hr, :

{2) Enter Figure 8 at 3.90 hours (Tinme after Explosion) and
fatersect the curve at 6,27, Subtracting the ratio 6.31% fouad
sbove from 6,27 ve have '

12 = Dosc Aeccumulated in 30 minutes
¢ Unit-tine Welerence Uosc Rite _— .

. or Dose Accurulated in 30 alnutes (from Mol to 11e3.$)e.32 » .!90'0 e 228 rem.




(3) Enter Figure 8 at 4 hours (Time After Explosion) and

teacting the ratio 6413 found above

{ntersect the curve &% 6.37, Suw
from 6.37 wa have
ce Accumslated in 2 tleur .

N e -
44%  niteTing Gel&TEnce Tose late

or Lose Aceustie.avd §n 3 hour (Froa ile3 to Hed} o 037 £ 1500 & 413 sen,

. Assums that passonnel yrmaln in fadlout shelters fos 8 .
24-hour pericd aftss fallout has peaked and then age exposed, find
the total dose which would L~ Pecelved for cxposuses of:

R4

{3) 3 hours
(2) 2 hours;

(o . vespective’y.
SOLUTTON, .

(1) Enter Figure 8 at 27 hours (Time After Explosion) and
gead 1,49 ratlo of Actumulated Totsl Dose to Unit~Tine Refesence Oose
Rate. Resd 8 second tatio of 7,51 at %8 hours. Subtractina 2.49 from
1,51 ws get

02 » Dose Azcumuylated in 1 lour
* UniioTite Reierenct Duse late

a¢ Dese Accurulsted ia 1 hr (From 11427 to i 25)».02 % 1300 - 48 ven,

(2} £nver Figure 8 at 29 hours (Tine After Explosfon) snd
sead 2,93, Subtracting 7.49 from 7.53 we get
ot e Dosc Accmuﬂ;ﬁgd in 2 hours
* UniteTine Lvicivice Dosc Rate or
fose Aceumulated in 2 hours (From He27 to 129

) " {3) tntef Flgure 8 at 30 hours (Tise After Daplosion) and
gead 1.88, Subtracting 7.49 from 7,55 we get .
Dase Accumulated in 8 llours .

5.U___T~rr———rn"‘-
° MitelanC RELETENCE bose Kate

Dese Aceunuiuted in 3 hes (Froa (1627 g2 11-30) = .06 x 1900 = 118 gon.

) = .08x 3900 o 26 yem.

h. Assume ah expesute period to begin 22 Mol houzs (8 Noues
after £allout has peaked). Determine the duration of exposuzre necessrty
¢o sccumulate 100 rem, The solutien of this prodies §3 the severse

of those jusy preceding,




SOLUTION ' °

The problem §s ve find *X,* the aunber of Wours eaposure
in the fallout ares, Dsginaling at liell, necessary tc aceumulate 100 rem, .

13t Step ‘ .

Dose Aceurulated §n X Hou o JOO yen 0826
Unitetizg raictencs U0 sate s/he ° d

g Step I .
) Find the gatio of Accumulsted Dose Rite t0 the Unit-Timg

Keference Bose Rate at $a33, Eater Flgurs 8 at 11 hours (Tine Afier
Explosion) and fead a 2aiio of 2,02,

3rd Step

Enter Figure 8 fiom the bottom at 7,073 and intersect .
the curve 3t 32 houzs (Time After Explosien), Since 11 ¢ X e 12,
X=12-11s] hour, the duration ef esposuse to dccumulate 100 zem

beginning at Lell, Ans.
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