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FOREWORD

This report provides a detailed description of the Soviet beryllium
Physics Reactor (BRF), which was designed to investigate the
possibility of using beryllium as a neutron moderator in nuclear
reactors. Background information, general construction and con-
trol details, and the physical parameters obtained for the reactor
are presented. The report has been prepared in conformance with
AID Work Assignment No. 16, and is based on Soviet open literature

available at the Aerospace Information Division and the Library of
Congress. Any further information concerning this reactor will be
published in the form of supplements to this report, as soon as it
becomes available. A list of the references cited accompanies the
text. Library of Congress call numbers are included at the end of
the source entry when the source is available at the Library of Congress.
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THE BRF REACTOR

1. Background

In addition to graphite and heavy and light water, it should also be
possible to use beryllium as a neutron moderator in nuclear reactors,

In order to study the physical parameters of a reactor having a
beryllium moderator, a Beryllium Physics Reactor (BRF) with a beryllium-
metal moderator was put into operation in 1954 at the Atomic Electric Station
of the Academy of Sciences USSR. [1]

The objectives of the study included the determination of experimental
values of critical masses and lattice multiplication parameters, investigation of
the extent to which the Be 9 (n, 2n)Be reaction contributes to the magnitude of
the effective multiplication factor, and a study of the effect on the reactor kinetics
of delayed photoneutrons formed in the reaction Be '9 (1, n)Be8. The results ob-
tained provided information which can be useful for improving design methods for
small reactors with beryllium moderators. [2]

2. General Construction
1

The core of the BRF is made of beryllium blocks measuring 160 mm x
160 mm x 40 mm each, which form a cylinder 960 mm high and 1040 mm in diame-
ter, having a total weight of 1200 kg. [1] This beryllium cylinder is mounted on a
thin steel plate 1. 5 m above the floor in the center of a large laboratory hall, This
made it possible to eliminate the effect of scattered neutrons when critical Ea58sm-

blies without a reflector were being studied. [2] The density of the beryllium is
1. 78 g/cm. The core has vertical channels which form a rectangular lattice with
107 x 64 mm pitch. There is a channel 17 mm in diameter in the center of each
elementary cell. This central channel is surrounded by six channels 14. 5 mm in
diameter, arranged on a circle with a 20 mm radius. In addition, the ore con-
tains 108 horizontal channels 31 mm in diameter. [1]

The fuel elements are of the tubular type. The annulus of each fuel
element is formed by two thin-walled coaxial steel tubes, 13. 4 x 0. 2 mm and
9. 0 x 0. 4 mm in diameter, which are filled to a height of 960 mm with 10% en-
riched U3O6 powder. Each fuel element contains 2. 4 g of U3O 8. The central
channels and the space inside the inner tubes of the fuel elements are used to
study the effect of water on the multiplication parameters of the reactot. ,

XNo illustrative material could be found.



3. Control

The control of the reactor is accomplished by means of two cadmium
rods 8. 2 mm in diameter and 960 mm long. The reactor is also equipped with
eight cadmium safety rods of the same dimensions, [1]

The activity level in the reactor is monitored by boron proportional
counters and ionization chambers. A concrete wall 1 m thick protects the per-
sonnel from radiation. [1]

4. Physical Parameters

Investigations of Critical Masses

Because of the dimensions of the beryllium cylinders and the use of
the above described fuel elements, dimensions and critical mass values could
only be obtained for those assemblies in which the numerical ratio of Be nuclei
to U2 35 nuclei (CBe/C 5 ) was in the range from 1777 to 3112. [2]

Critical experiments were conducted for this range of concentrations,
using the following three variants of critical assemblies: 1) with no water in
either core or reflector; 2) with water in the fuel elements only (in which case

the number of H nuclei per U 2 35 nucleus was constant and equal to 76); and 3) with
water in both the fuel elements and the horizontal channels. The water in the
horizontal channels was contained in aluminum tubes 30 x 1 mm in diameter, [2]

The numerical ratio of Be nuclei to H nuclei varied somewhat (from 7. 8
to 11) as CBe/C 5 changed from 3112 to 2080.

The critical assemblies were studied without any reflector, with a

beryllium reflector, and with a reflector composed of a beryllium and water mix-
ture. [2]

The dependence of critical mass on CBe/C 5 for all three types of non-
reflected critical assemblies is shown in Fig. 1. The experimental results indi-

cate that in the case of a thermal reactor, ratios of C Be/C 5 < 3112 are not optimal
with regard to critical mass. Thus, when an additional water reflector was intro-
duced into the core of the thermal reactor, the critical masses were sharply reduced
(curves 2 and 3, Fig. 1). [2]

Figure 2 shows the dependence of the critical dimensions of roireflected

assemblies on the CBe/C 5 ratios. The dimensions are expressed in terms of a
geometrical (buckling) parameter, X , computed from the expression

1+0,711% k+( .0,71V
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where R is the radius of the nonreflected critical assembly (constant and equal to
52 cm) for all assemblies, h is the height of the critical assembly (variable), and
X tr is the transport mean free path for neutrons. [2)

kg[ U2X ]x 2.. cm-,2

L &L

--

I 2T I Z000 ,500 70

Fig. 1. Dependence of ig. 2. Depedence f geo-
critical moo = Cv,/C 5 for mtricul parmiee on
znonref ectetd.sswis of N/C 5 for nonreflct.
types 1, 2, and 3 [2] critical assembies of types

1, 2, and.3 (2]

The critical masses and dimensions of the assemblies were also de-
termined for the same values of CBe/C 5 , but this time with the addition of reflec-
tors made of beryllium and a beryllium and water mixture. In this case the reac-

tor's height h was constant and equal to 96 cm,
Vt r U U235) while the radius of the core varied. The radius of

the beryllium cylinder was constant and equal to
-•52 cm. Despite the fact that reflector thickness

varied with the value of CBe/C5, the efficiency of
'•-- the beryllium and of the beryllium and water reflec-
'f ___ _ tors could be experimentally evaluated. [2]

4 2
The dependence of critical mass (Mcr) on

---,_ the values of CBe/C 5 is shown for assemblies of
types 1, 2, and 3 with reflectors in Fig. 1. It is

" 2 ,noteworthy that the water in the horizontal channAs
NX -reduces the efficiency of the reflectors, which in

CB*/C 5  turn causes a slight increase in the critical mass of
the corresponding assembly (curve 3, Fig. 3).

19. 3, OPOnd~ st crit- Further experimental results are given in Tables 1,
ical m a Cu/cs for amm- 2, 3, and 4 on the next two pages. [21 [Text re-
bliss of ties-l, 20 eA 3 sumes on p. 6.]
vith reflectors (2]
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Table 1. lesulte of experimntal deternDaition of reflector savlng (21

i - raedi of critical assml vithovt reflector; d - reflector thieimk s;
6- reflector saving

DOe/6 5  Critical assembly Critical Assembl Crial Asmbly
type 12,C CA t 3, on

.... d,,. 7 6 .6 R d 6

16.5 15.5 14.7 26.2 25.8 15.5 26.8 25.2 12.1

380 37.5 14.5 13.4 28.4 23.6 15.0 28.2 23.8 13.b

112 40.4 11.6 11.1 31.5 20.5 1. .7 33.7 18.3 12,3

Table 2. Critical masses for various combinations of reactor parammters
(spebrww in berynlou cyliaer filled vith grapite slugs; ead rflectors
absent) 12]

Cc - berylliu= and vater mixture.

r of Thickess Radius Citical Beilht of
1 Ole- of side of mass C8 ./C5  Cc/C 5  reactor,

sts per reflector core, k Ua3 CI
@ell cm cm

k 3.1.6 40.4 5.46 3112 463 96
4 0 52.0 8.78 3112 463 00
5 14.5 37.5 5.86 2W8 337 6
5 0 52.0 10.70 24%8 337 88
6 15.5 36.5 6.66 2075 R55 96
6 0 52.0 1.70 2o75 255 89
7 14.4 37.6 8.26 1777 1U3 96
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Table 3, Critical msses for various cadbinatiouis of reactor paramters
(apertmre In beryllium cylindr filled with graphite slup; central tubes
of fuel elements filled with water; end reflectors absomtT ~

-1 hydrogen nuclei.

VP r of YTbiies Ri Crtical -s~
fuel 010- of side Of mass5  Cue/C Cc/C 5 CS/C5  aotorl
Aeits per reflector-, core, kg V23,M

11 20.5 31.5 3.31 31.12 4101 72 96
14 0 52.0 7.3 31121101 72 7k4
5 23.6 28.1i 3.36 24%8 273 72 96
5 0 52.0 8.16 2)18 273 73 iq
6 25,8 26.2 3.1i2 2075 190 72 96
6 0 52.0 8.30 2075 190 72 6
T 27.4i 2i4.6 5.j3 1777 113 72 96

Table 4i. Critical masses for various combinations of reactor 0aramters
(apertures In beryllium cylinder' filled with Vgraphite iLvigs; center tubes
of fuel elemnts and harimutal chazmels in beryllium cylinder filil
vith water; end reflecthrs absent) [2]

Number of Thickness Radius -Critical leigbt of
fuel .1.- of side of Mesa Cft/C5 CjC 5  cS/c5  reactor.
menta per reflector, core, kg U235 ca

cell CIS CIS

11 18.3 ,33.7 3.78 3112 2!)2 21c 96
14 0 52.0 7.20 3112 202 2i42 73.7
5 23.8 28.2 3.62 2148 1.15 208 96
5 0 52.0 7.55 24S 115 208 62
6 25.2 26.8 3.6o 2075 58 186 96
6 0 52.0 7.51 2075 58 186 57
7 26.9 25.1 3.69 177 0 170 96

5 -



Determination of the Multiplication Factor

Measurements were made to determine the U23 6 resonance escape
probability, the distribution of neutrons across the cell, and the cadmium ratio
(R cd) for U235 . The measurements were conducted for critical assemblies 1
and 2 with a CBe/C 5 ratio of 2080. These measurements made possible the
evaluation of the accuracy of thermal utilization computations and the determi-
nation of neutron multiplication due to the reaction Be 9(n, 2n)Be 8 .

The results show the thermal utilization calculations to have an accuracy
of 0. 5%, provided all absorbers are homogeneously mixed throughout the cell. [2]

Resonance escape probability (P was determined by measuring the cad-
mium ratio for U 2 3 8 . using a ring foil placed in the section of a fuel element. [2]

The effect -. the Be 9 (n, 2n) Be 8 reaction was determined by analyzing
the neutron balance .)-;. -ondition that the age theory is valid for a beryllium re-
actor, the following '.xprt;!sion can be written for a critical reactor:

I + Lt 3 - v,#O, ?, l1, 6, To C-

where L 2 is the square of the thermal neutron diffusion length in the core; K2 is
buckling; V 9* is the average number of secondar-r neutrons per capture in
U 2 3 5 ; e is the fraction of thermal neutrons absorbed in U 2 3 5; (p is the resonance
escape probability; p is a factor taking into account non-fission capture taking
place in the U and construction materials in the intermediate region of the re-
actor neutron spectrum; E is the multiplication factor (e = 1); T is the age of
thermal neutrons; and il is a factor taking into account the Bt 9 (n, 2n) Be 8
reaction's share of the effective multiplication factor.

Accordingly, (i- '

The lattice parameter values obtained for beryllium reactors of
types I and 2 are given in Table 5. [2]

Table 5, Parameters for beryllium reactor lattice. [2]

C I L I

Type1
X080 1 24 I 148 3,22-10-° 1 0,94 I 0,82.5 1 2,08 j 6,67 I 0.9 1,12

210 I 21 I 101 14,35-10-0 I .b 1 0,8.: j 2,CS 17,14 I 0, 2611,tO.



Study of the Effect of Delayed Photoneutrons
on the Kinetics of a Beryllium-Moderated Reactor

Beryllium has a low (1. 63 Mev) photoneutron threshhold. For this reason
the use of beryllium as a moderator in nuclear reactors results in the production
of additional neutrons by the Be 9 (y, n) Be6 reaction. The hard 7-quanta which
cause the reaction may be formed by 1) fission of uranium nuclei, 2) 0 -decay
of some uranium fission fragments, or 3) absorption of neutrons by construc-
tional materials. Photoneutrons which are produced by prompt hard Y -quanta
resulting from the fission of uranium nuclei or the absorption of neutrons by
nuclei of construction materials behave in the same way as prompt fission
neutrons. [2]

Similarly, photoneutrons which are produced by the interaction of de-
layed hard 7-quanta and Be9 nuclei behave like ordinary delayed neutrons, from
which they are terminologically distinguished by calling them delayed photo-
neutrons. [2]

During constant power level operations of the reactor, the contribution
of delayed neutrons and photoneutrons to the neutron flux is small; when the re-
actor is shut down, however, the contribution of delayed neutrons and photo-
neutrons becomes decisive and the principal determinant of the presence of
neutrons in the reactor. [21

After the reactor is shut down, the neutron radiation intensity drops
according to the law of the sum of exponents. Study of the curves of the neutron
intensity decay makes it possible to determine the yields and halflives of the de-
layed neutrons and photoneutrons present in the reactor. For this purpose, the
drop in nteutron density was measured with absorbing rods. The neutron-density
drop curves were resolved into components by the use of specially developed ana-
lytical methods. This was done twice, once taking into account the daughter
nuclei, and once disregarding them. [2]

This analysis of the neutron-intensity drop curves revealed 12 to 14 groups
of delayed neutrons. The results obtained are given in Tables 6 and 7, in
Figures 4 and 5, and in Figures 6, 7, and 8.

Table 6 gives data obtained by resolution of the curves assuming the
quantum producing the given photoneutron groups to be directly emitted by the
primary fission fragment.

Table 7 gives data obtained taking account of the daughter nuclei, which
emit the y -quanta producing the corresponding photoneutron groups. This table,
supplemented by the inclusion of the three most short-lived groups (not determined
in this experiment), can be recommended for reactors of the type under study. [2]

-7-



The yields of the delayed groups found were standardized on the basis of
the known yield of an ordinary delayed group having a mean life T = 31. 7 sec and
a yield =0. 00166. [2] [Text resumes on p. 12.3

go Nulses/isecl

0-

10x -2

44

0 to 60 so so 103 J20 "&C 14Q 1b. .X?0 771 740 260 2830 Me 70 340 ttsec]

Fig. kI. Neuto iutno1ty drop after shutdowni of a reactor with
bsy1in I i, Mloii an hour's operation at capacity.
v~p - t+*Iitrit by eho1ting rode - 0.o68 (2)

1 - .SWr LinM6ftsmAanst pelmt; 2 - points c alculated from
parmters ofbit Om& Iu, gop dtermined from data in
Table 6; 3 - 1 4- calcvUatd fro pewmters of delayed neutror,
gpoo detemnd ra data in Table T, (Cumv conitnued in Fig. 5
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Table. 6. Delayved photoneutrons [2)

Group Mean Lifetime, Yield, Pie 10'
No.

1 3814i.0 mini o.o628'
2 576.0 mini o.694~
3 279.0 mini 0.)T9
Ii 158,0 mini 0.894~
5 93.0 mmn 1.15
6 28.9 mini 1.72
T 9*I"J mini 2.63
8 269.1 sec 1.51
9 80.7 sec 35.7

10 31.7 Dec 166.0
12 6.50 sec 233.0
12 3.12 secU3
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0 20 40 g0 do 100 iV12. 40 160 '80 ZOO ?? 0 NO250 210 300 320 7340t Tsec )

Fig. 6. Neutron intensity drop after shutdown of a reactor with
beryllium moderator, following 7 hours' operation at capacity.
Negative reactivity introduced by absorbing rods - 0.052 [ 2]

1 - experimntally-daterminefi points; 2 - points calculated fo
paramters of delaqd. neutron groups determined froi ftta in
Trable 6; 3 - points calculated frmparameters of delayed neutron
groups determined frmdata in Table 7. (Curve continued in Figs.
7 and 8)

-10 -



9 [pulsee/sec]

44

o 20 40 50 50 t00 120 040 AW 080 ZOO 720 260 20 UC 0 30J

VUg. T. Neutron intensity drop curve contimad frost Fig. 6 (2)

10 [Pulgies/ag-C)
8

200 6m~ tOW tSOO '80 2200 70) Voo 3400 t so

Fig. 8. Neutron intensity drop curve coatinued from Fig. 7 (2]
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Table 7. Delayea pbotoneutros [2]

Fts4on fragents do- Mean Lifetim,. Y1Leld,
toruining thke given
neuiro grdup r i,

Te 132 - j22 332 h, 3.46 h 0.04
Te 131." . Te 1 3 1  13.3 h, 36.1 h 0.029
J13 5 9.67 h 0.700
Kr88 -- ash,25.7 min .665
Br ? -- Kr 8 7  80.2 eec, 1.87 h 1.53
Se - Brs 3.6 mi, 17.6 min 0.29
not determined 22.5 min 2.82
not determined 9.4 rin 0.56
not determined 5.4 min 2.28
j136 121.0 see 1.66
Br 8? 80.3 sec 34.2
not determined 43.0 see 4.24
j 157 31.9 sec 166
not determined 6.5 seC 233
not determined 2.19 sec 211
not determined 0.62 see 85
not determined 0.07 see 25

Incorporation of the short-lived groups (not determined) which may

be considered identical to those in ordinary reactors, gives a total yield of

= 0. 0081 for Table 6 and 0 = 0. 0080 for Table 7. 12]

The total yield was also determined from the sudden drop in the

intensity of prompt neutrons during the initial moment after insertion of the

absorbing rods. For this purpose if was necessary to determine the nega-

tive reactivity introduced, the counting rates at the given p.,wcr level, and

the value of the sudden neutron intensity drop. Operation of the reactor at

capacity for 7 hours and the introduction of a negative reactivity of p = 0. 0520

resulted in a yield = 0. 0082, while a negative reactivity of p = 0. 068 re-

sulted in a yield = 0. 0083. 121 These values are in good agreement with

the values ( 0 = 0. 0080 and 0. 0081) obtained by the resolution of curves

cited above.
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5. Comments

Soviet scientists had already conducted a number of investigations
dealing with the properties of beryllium and beryllium oxides as neutron
moderators before the BRF reactor was put into operation in 1954.

An investigation of the effective cross-sections for thermal neutron
capture and the measurement of slowing-down length and diffusion length in
beryllium, conducted by A. K. Krasin, I. G. Morozov, L. A. Gerasova, and
0. V. Kanayev from 1948 to 1952, is reported in source. [31.

The results of this investigation 1 e d to the following conclusions:

1) Metallic beryllium has a very small neutron absorption cross-section

c = (6.0 + L..2).1027 cm 2.

2) The mass production of high purity beryllium (having total impurities
of less than 1 mbarn per beryllium nucleus) presents serious technological diffi-
culties. However, beryllium with total impurities of 2 to 3 mbarn per nucleus
can be produced in large quantities. This beryllium has an absorption cross-
section Oc(Be) = (9. 0 + 1. 2)" 10 "27 cm 2 and can be used in thermal reactors. [3]

The problem of the practical use of beryllium in the construction of an
actual reactor can only be solved after completion of the study of the physico-
mechanical and corrosive properties of beryllium under conditions similar to
actual reactor operating conditions. [3]
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