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Caiculations are given for estimating the gomma-radiation dese rate due to
an unshiclded core in the empiy pool of the FNR. The calculations were made in order
to mstimote consequences of an acciden? which would cause the water to droin out of
the pool. The calculations are bosed on the methods of Stephenson, ®

The equations were programmed in the MAD language for use on The University
of Michigan [BM-7090 computer. The programs are given in Appendices A and B.

The assumptions made in the approach are:

i, The reactor is a point source,

2, The fission product inventory is due to 2 MW operation for 307 seconds,
2, The reactor has been shut down for 10 minutes,

4, Radiation ouiside the direct beam is due to single scottering from:

1) the pool walls, 2) the building walls, 3) the building ceiling
and 4) the building air.

5. Air abscrption and pair production may be neglected,

GENERAL EQUATIONS FOR SLAB SCATTERING

Consider a mono-energetic gamma beam of intensity Eo and cross-sectional
ared Ab" incident on o unit sleb, See Figure 1. Assume Z and 2‘.2 to be the total
mocroscopic cross sections of the slab material for the incident and scattered radiation,
ﬂo and |, At a distance t below the surface of a slab of density p, the moss of @
small scattering element dt as seen by i isp Sec, dt and the radiation intensity

at the depth t is:
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Similorty the fraction of the scattered rediation reaching the surfacs is

-y o
o 5y t Sec @ 2 (2)
If we now assume the scatiering phenomena to be adequately deseribed by

the Klein~Nishina formula we moy write:

NA_Sec®, do ' |
ey o "(FSecl # B fecB oty g
c dQ

where { is the intensity of o detecior located a distance C from the scattering slab,

N is the elsciron density of the slab and do is the differential Klein-Nishina

dQ
cross section,
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where -EO is the incident gamma energy, E is the scattered gomma energy and
¢ is the scattering angle.

After integrating and simplifying (3) becomes:
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Using the approximate expression (poge 184, Stechenson)

Doss Rate {r/hr.)= 1,86 x 107%¢ ! 7)

for E ~ .07 Mev to ~3 Mev, the dose rate may be calculated by eveluating (6) ot

any detecior location of interest where | is the amurnbér of photons per ezmg per sec.
The difficulty in applying equation (6) is the requirement that the scattering source
approximate o point source. Since the detector is 20 to 30 feet from the scaitering
plones, this requirement is sotisfied by dividing all the scaitering walls into

20 em x 20 cm squeres and summing the contribution from each square, This is the

calculation carried out by the progrom shown in Appendix A,

GENERAL EQUATION FOR AIR SCATTERING

The air scaitering problem is simplified by neglecting obsorpiion in cir which
also tends to compensate for the error in negleciing secondary scatiering, However,

the calculation is more laborious because of the necessity of volumeiric infegration.

The equation used here is:
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and the new symbols are S = source sirength in gammas per second, di = distance from
source 1o scattering velume dx dy dz. For this calculotion the unit volume selected
was 50 cm x 50 em x 50 em. This coleulation was performed with the oid of the

pregram shown in Appendix B,
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SOURCE CHARACTERISTICS

&
The source characteristics were token from Blomeke and Todd where four
energy groups ore given, The maximum energy was used for each energy group.

The source characteristies for the assumed power history are given in Table 1.

Jable 1 « Source Choracterisiics

Group Energy (Mev) $ {phoions/sec)
i .25 3.51 x 100
i 1.0 7.39 % 10'¢
i1 1.7 2.91 % 10'8
v 3.0 0,70 x 10'®

# QRNL-2127, Part 1 Volume 2, "Uranium=235 Fission-Product Production As A
Function Of Thermal Meutron Flux, lrradiation Time, And Decay Time."
J. O. Blomeke and Mary F, Todd



RESULTS

Using equation (7) and the source values shown in Table 1, the gomma dose
rate in the direct beam at the reactor bridge was estimated to be 9100 r/hr. o
addition, estimates were made for the deloyed neutren contribution to the dose rate
in the direct beam. The results indicate that neutron dose rate is less thon
100 mrem/hr,

Using the computer program shown in Appendices A and B, calculations for

scattered radiation dose rates were performed for two detector locations, The location

labeled " [nside Building" in Table 2 is considered to be representative of locations
of interest in the reactor building. This location is 6 fest obove the operating floor
at the west wall of the reactor building, Coniributions to the dose rate of this
focation are os follows: the inferior south wall of the reactor building; the inside
edge of the reactor pool wall; the ceiling of the reactor building and the interior
north wall of the reactor building. The dose rate contributisn from these individual
scattering planes is indicated in the following table,

The location labeled "Outside Building” is considered to be a typical
location of interest, The point lies 10 feet to the west of the building ot the
operating floor elevation which is 10 feet above the ground level ,

In addition to the wall scattering coniribution, the coniribution from
radiations scatiered by the air in the reactor building is also presented in the

table of resulis.
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Table 2 ~ Radiction Dose Rates

Dose Rate {r/hr) Doss Rate {v/hr)

Scattering Source Inside Building Cutside Building
Air : 41.0 | 7,8
South Wall 13.3 7.5
Ceiling 8.8 5.1
Morth Wall 14,8 8.7
Pool Walls 82.3 0.0
TOTAL 160.2 - 29,1

¥ Neg
l

The calculations for the detector located exterior to the building have

neglected the presence of the reactor building walls which are concrete 12 inches

thick. This is a tenth thickness value for 3 Mev gommas, hence a reduction in

the dose rates by a factor of 10 is considered to be conservative,
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E HAD, PRINT OBJECT , PUNCH OBJECT, DUMP , EXECUTE

362 VERSION) PROGRAM LISTING ... .

B B s e e e

READ DATA
PRIMT RESULTS DELX.DELY:CELZ,XD, YD, 10
HHENEYER CASE.E.1
WXy
CX1 & Cx1
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-
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=
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K2

=
=

2. dFp YWy WP, KONsCASE

DL = DELY
P2 = DELZ e _ e
BC = XD
DELI = DELY o ) )
DELJ = DELZ
—_OR HHENEVER CASE.€.2 T
Xi = CXx2
Bl = CX2 a C¥2 - N i} . _
K2 = CX2
..Bl=0ELY - B B
D2 = DFLZ
B = X0 . }
DELI = DELY
DELY = DELZ . . S R
OR WHENEVER CASF.E.3
__,_2L1_:E_J;Z.n___w____-m____"N____"m__wuu_______ﬁ,_m__"_,m“_"___m‘ B e
, Kl = C2 & C7
- K =L - — e N
_:> D1 = DELX
D2 = DFL Y e et 3 e+ S
DC = 72D
- DELI = QELX - B el
DELJ = DELY
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- Bl = LY & CY . T o o e
K2 = (¥
PL = DERX e e
D2 = DELZ
BC =YD S O
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OR WHENEVER EI .F. 1.0

2200 .

D1%D28K1/{SQRT.(K1+
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APPENDIX B



PLOMPILT MAD, FEINT OBJECT, PUNCH OBJECT, EXSCUTE, OURS
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FHESH

Lo

Si0P

N A
FOR will

g ULTS XUaYD.Z05DELT, DELJ, DELK, IMAK, 1IN,
JdMi X, HMIN
TR - ) }
THRO LO0P, FOR vaLurs COF 1 = .75, 1.0, 1.7 3.0
W E M) El LE. Q.Zﬁg S = 3.51E1¢
{HEN 1 oE. 1.005 5 = T,329F14
WHEN Bl eEe 1270, S = 2.21E1% .
WHENE Bl oEs 3.00, S = 0,7CF16

DUST = 3,0

THROUGH FIRST.FOR XI = IMIN, DELI, %I .G. [MA
THROUGH FIRSTFNR Y1 = IMIN. DELJ, YI .o. JMAY
THROUGH FIRSTFOR 21 = KMIN, DELK, 71 .0. KMAY

4 =,%Dﬁﬁa,+.Vﬁﬁfﬂ ¢ DRI

¥ s o+ ¥IsY] + Zlel]

{= !xuwxgsaéxowxi Py {YD-YiY ® (VU~¥13%EED~2Z?&’§Q~L§}

SHo= SQRT. (B

ST o= S50RVT. {C}

C?B = 2,0 = 5B =& 5C

LOSL = 1 A- B- C} /7 C2¢

SIMZL = 1.0 - £OS1L # (0OS1

Bo= 1.0 / (1.0+E0 2{1.0-C0S1}3/C,511 o

£ = P = £

DEN = $,0237 = { P-PapsS[NZL + P P, 3.0 )

”A%} = L, FTTE-005 #» S # DKN sDEL [ eDEL JeBELK/S (Bs(C
HENEVER AL.E 1M Filob e JMIMaANDZ] . EKMINGPRINT R
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= 0ST 4+ 1. € e GAM]
PRINT RESULTS E Dy, ¥0, ID
TUR = TDR ¢ pOSI
&RINE Ri%UL?E T Ve ID

SR 10 AN
END OF PROGRAM
IN THIS PROGRAM,

MES HAVE OCCURREL ONLY ONCE

CONTINUE.
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