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I. INTRODUCTION

For the safety evaluation and for the design of the

cooling systems of in-pile irradiation assemblies in reactors

the estimation of energy deposition rates due to fast neutron

scattering and absorption of core gamma rays in materials of

construction is imperative. The accurate estimation of the

energy deposition rates would demand a detailed knowledge of the

energy spectra of neutrons and gamma rays in the assembly and

would involve much labour. Also in the absence of experimental

measurements, approximate methods will have to be resorted to,

to arrive at quick estimates of the energy deposition rates for

preliminary design of experimental/irradiation facilities in

reactors. This paper surmurises the calculitional methods used

for the R-5 reactor to obtain the energy deposition rates for

certain constructional materials of interest.

II, ANALYSIS

The procedure involves the estimation of energy depo-

sition rates due to fast neutron scattering and gamma ray absor-

ption in heavy water as the reference material. The values for

the materials of interest are then obtained using appropriate

scaling factors, which are based on certain simple physical

reasonings.

^ I ) Base Estimation for Heavy VJater; Heavy water is

3y chosen as the base material for the calculations as it3 volume

fraction is the largest in the reactor vessel. The energy depo-

sition rates in this material are arrived at from the results of

J reactor shielding program SHIELD (1), (2) applied to the R-5

reactor. The code SHIELD computes the neutron and gamma (prompt

fission product gammas) fields in shield materials using two

energy groups for the neutrons and five enjî gy groups for each

category of the prompt fission and fissicn product gammas. Here

in the R-5 reactor, along with other reacts structural parts in



the radial direction is represented appropriately and the neut-

ron and gamma radiation fields entering to and exiting from each

region are estimated. From the values of these, radiation fields,

the energy deposition rates for the radial heavy water reflector

in the reactor are estimated and are given below; • .

Maximum slow neutron flux in the core at 100 MW *
Ti P

1.5 x 10 n/cm /sec; Energy deposition rate at 100 MW, due to

fast neutron scattering «= 181 KWj Energy deposition rate at 100' •;

MW due to absorption of gammas « 598 KW; approximate mass of

iadial heavy water reflector « 19.69 Tonnes ; Average slow

neutron flux in the reflector at rated power of 100 MW «

1.1 x 1013 n/cm2/sec.

It is seen that the specific average energy deposition

rate in the radial heavy water reflector is '•"39.6 mw/gm due to

fast neutron attenuation and due tc the absorption of prompt

fission and fission product gamma raysf their relative propor-

tions being 23.2% and 76.8Ü» respectively. The above figure of

39-6 mw/gm may be compared with the experimental value of 27.3

mw/gm for heavy water obtained in the NRX reactor (3) corres-
i'i 2

ponding tc a slow neutron flux of 1 x 10 n/cm /sec. A compa-

rison may also be done with the typical value of -^117 mw/gm in

Cirus heavy water moderator system obtained by calorimetric

measurements, corresponding to an estimated average slow-neutron

flux of-^2.6 x 10 n/cm /sec. in the moderator.

For the estimation of the energy deposition ratas in

other materials of interest, the Values obtained above for heavy

water are suitably scaled as detailed below:

(js'; Scaling Factor for Fast. Neutrons; The contribution by the

slowing down of fast neutrons is obtained by considering the rela-

tive neutron slowing down characteristics of materials, assuming

an 1 flux spectrum for fast neutrons. Thus the energy deposition

ratesffftg, due to fast neutrons can be expressed as



where <$>(̂ )= C is the neutron flux per unit energy at energy

E, C being a constant; N <= Number of neutron scattering nuclei, •

per gram of the material; &i'-f) = Elastic scattering cress-secticn

of the scattering nucleus for neutron energy E; <t «= Mass number

of scattering nucleus; Li * Lower energy of fast neutrons assumed

to be ~ lev) and Ep = upper energy of fast neutrons (assumed to

be n 2 Kiev). Taking

»'here «ç is the average scattering cross section in ther energy ,

range of interest, it is seen that_

Thus the energy deposition rate due to fast neutrons in a

material can be expressed as :

where the subscripts x and D,0 denote the material and heavy

water respectively.

(Jjl) Scaling Factor for Cere Gammas; The contribution to

energy deposition from absorption of core gamma rays in the mate-

rial is assumed tv.: be proportional, as a first approximation,

to the electron population por gram of the'material since the

interaction between gammas and atoms irP essentially controlled

by electrons. Thus one may obtain, for the energy deposition

rate due to interaction with core gamma radiation

where the subscript"istands for core gamma radiation, x denotes the

material and 2 is ths Atomic number of the nucleus.

The values of Hfwand W-j in R-5 reactor for some common

materials of construction like aluminium, copper, lead, light

water, stainless steel and zircaloy are shown in Table-1.
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No. Material

Heavy water
aluminiun

Copper
Lead
Light water
Stainless steol
Zircaloy

T

N A*g
U+!)2

.0i*301

.001'//

.00104

.00015

.10590

.00194

.00056

A B L E - 1

N&c 1O"24

.301

.28*

.276

.238

.335

.280

.263

mw/gni

126.5
3.0

2.87
0.42

297.7

5.45
1.57

Hiw/gm

418.5
404.0

385.0
330.6
467.3
390.6

366.9

Tota l
mw/gm

545.0

407.0

387.9
331.0
765.0
396 . Í

368.5

The values are quoted for a maximum slow neutron flux

level of 1.5 x 10 n/cm''/aec assuming that the reactor neutron

spectrum is independent of space and hence that the energy depo-

sition rate due to fast neutron^is proportional to the slow

neutron flux, A similar proportionality is also assumed for the

gamma rays sines the fission rate and hence the production rate

of core gammas are predominantly proportional to the slow neutron

flux level in the .reactor.

III. HESULTS DISCUSSION

a) It is seen that the total energy deposition rates for

high mass number materials is mainly due to absorption of core

gamma rays. The energy deposition rate due to fast neutrons of

<v 300 mw/gm for light water is note-worthy and indicates the -.

care required, in designing in-pile assemblies containing low

mass number materials.

b) The case of a pressurised water loop assembly in the

H-5 reactor (with about 12 kg of aluminiim, 10 Kg of light water

and about 20 Kg of Zircaloy) may be considered as an example fcr

the application of such estimates. It is seen that the nuclear

heating in this assembly could be as high as ̂ vl3 KW with a maxi-

mum linear power of about 70 W/cir.. For such assemblies, an
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approximate estimate is adequate since the coolant system design

can comfortably cater to errors in estimate. But a rigorous

analysis is required for nuclear heating estimates for pure re-

search problem using the reactor, as also for the situations

when the assemblies involve low temperature coolants such as

liquified gases, so as to optimise the cioLmt system design.

Efforts are under way tc incorporate a more rigorous analysis

for the estimations of nuclear heating in such systems.
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