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FOREWORD

This is a repori on the statics calculations which have besn
made for the Homogeneous Reactor Test by members of the Reactor Analysis
Séction of REED. In paréicular, acknowledgement is given to L. C. Noderer
for his cont#ibution to the development of the harmonics method for esti-
mating critical masses of small Do0 moderated reactors and to T. B. Fowler,

J. DiLorenzo and A. Forbes (ANP Division) for computational assistance.
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PHYSICS OF THE HOMOGENEOUS REACTOR TEST

= STATICS -

1, Imtroduction

With the successful conclusion of the Homogemeous Reactor Experi-
ment, a ssecond reactor, the Homogeneous Test Reactor (HRT), is being de-
signed to test varicus engineering concepis and reactdr components which
are related to the problem of power production in large agueous homogeneous
reactors. The primary consideration in all aspects of the HRT design is

reliable operation and ease of maintenance.

The HRT will be a 5-Mw, two-region reactor opsrated at 280°C and
2000 psia. A solution of uranyl sulfate and DoO containing sbout 10 g of
highly enriched uranium per kg of D0 will be circulated through a 32-inch-
diameter core tank, which is centered in a 60-inch-I.D. pressure vessel

(Fig, 1), which also serves as the reflector container.

The core and reflector systems will be similar and interconnected
through the pressurizers to prevent large pressure differences between the
core and reflector. Details of the design and the flowsheet arse given by

R. B, Briggs et al;l & summary of design data is givem in Appendix I.

Due to the imherent stability of homogensous resctors as demonstrated

by the Homogeuneous Reactor Experiment,g the HRT is designed with no extermal
reactivity control other than the concentration of fuel inm the core rsegion.
The change in the concentration required for €¢riticality of fuel in ths core
region is therefore the fundamental msasure of reactivity inveolved in a

change of reactor conditioms such as temperature and pressurs.
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Fig. 1. HRT Core and Pressure Vessel




The initial objective of the HRT is to test a core system which
will incorporate several features based on the present concepts of a two- A

3

region power breeder.

These features are:

1) A "straight-through" flow pattern for the core. Experiments
have shown it to be better than the "rotational" flow used
in the HRE for larger reactor cores.

2) CuSO) catalyst in the core solution to recombine D, and Op-

3) The critical coucenﬁration of fuel to be 10 g/kg D0 or less,
which is the range of interest for larger reactors from the
viewpoint of chemistry and corrosion. This requirement fixes
the smallest core diemeter at about 32 inches with a DgO
réfleétor (Fig. 3).

4) Zircaloy core tank.

During the initial period of testing the operational reliébility
of the core system, the réflector will contain D0 in order to bring the
critical concentration of fuel below 10 g/kg ngo After this period the
Do0 may be replaced with blankets containing'either thorium or low-enrich-

ment uranium for breeding and conversion experiments.

- The statics calculations for the HRT were done for the usual
quantities; such as critical masses; total heat sources, neutroh_generation
times, temperature and density coefficiénts of reactivity, statistical wéights
and breeding and conversion ratios:fbr Po0, ThOo-Do0 sluffy:and Do0=U0250y
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reflectors or blankets. The only novel problem encountered in the physics
was the development of an adequate method to calculate criticality in small

Do0 moderated reactors.

2. Method for Criticality Calculations

Estimates of critical masses of small heavy water moderated reactors
depend strongly on the calculated fast neutron leskages which are quite
sensitive to the slowing down model used. Since the slowing dovn.in DoC is

"best represented by the convolution of an age and a Yukawa ll:ezr’rx-:-a:L‘,LL which
cannot be approximated well byvtwo or three groups in the usual multigroup
technique,'a solution of the probleﬁ for two-region reactors with spherical
symmetry~§as vritten as an expansion in the eigenfunctions Qf the Helmholté

equation which vanish on the outer boundary of the reactor. This development

p) 6
7

is an extension” of an harmonics method discussed by Schweinler~ and Goertzel

and Garabedian.

A comparison of the critical concentration of U-235 predicted by
the use of different slowing down kernels shows that the usuval two-group
method gives resgults for small DQO moderated reactcrg which are substantially

lower than those given by use of an age-Yukawa kernel (Fig. 2).

It is natural to attempt a solution of the criticality problem by
expansion of the neutron fluxes, slowing down densities, absorptions etc.
in the eigenfunctions of the Helmholtz equation which vanish on the outside
boundary of the reflector; since the core and reflector have the same

moderation properties.

ey
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The derivation of this method closely follows CFm51-5~98,8 with
the exception that resonance escape probabilities are allowed to be different
in core and reflector, and resonance capture is assumed to take place Jjust
above thermal energies. The reactor equations applicable to the entire
reactor can be written in the following form in which 2 , and k are con-.

sidered to be functions of position;

DyP(x) - >_ (r) g(x) + alr) = © | (1)

alx)/p(z) = / k(z') > (z') #(z') P(r,x*) ar’ (2)
Reactor
where = thermal diffusion coefficient.

thermal neutron flux.

© o
)]

>, = thermal absorption cross section.

g = thermal slowing down density.

!

P = resonance escape probability.

k = fast neutrons produced per thermal absorption.

P(r,r') = finite slowing down kernel (normalized to unity) .
For a reflected reactor it is assumed that P and D are the same in

reflector and core. Orthonormal functions Zs(r) which vanish at the extrapo-

lated boundary and satisfy the wave equation,

V22y(x) + B5 25(x) = 0O (3)

are used to expand the following functions:

Bz) = > oy 24(x) ()
_ i }



S = Y 6 2) ’(5)
i ,
k(@) 3, @) = O Ei 25(@) (e
‘ i
W@l = » Az (1)
i<
alr) = > 8 z4(x) ‘ | (8)
i

By applying the orthonormality relations, it is possible to express Ej

and Gi in terms in the C's as follows:

Gy = ,:L;—(Zac)\ij + 2 apVis) Cs | (9)
By = ) (keTac gy *+ 5T Thy) € (20)
J
where | |
Agy T 04 z;(x) 25(z) & | (11)
uy = S noe (12
Reflector "

and subscripts ¢ and b refer to core and reflector (blanket) respectively.
Since equations (6) and (10) define the analytic continuation of

kza¢ over all space equation (2) can be rewritten

Py | aay




a/p ZEi /Zi(g")P(g,;:“)_ ar’
i

Reactor )

fi

Zﬂi/zi(g“)Poo(/E -r'/) dr’
i ‘

all
space

1

D B P (82 z(x) (13)
i

where Poo(/E - E“/} is the slowing down kernel evaluated at thermal energy
in an infinite medium and POO(B§) is the Fourier transform of Poo(/r - r'/).

Hence A; and Hy are given by

_- am, D ‘
ay = FBDE; = BB D (keTacAij + EpZacVij) € (1) ’
J
Hy = ZE::.(PC;\in + Py Vin) Ay
n

.n

D BB Am * PoVin) ) (eXachny + oanhy) O (15)
: : J

Substitution of the expansions (4) through (8) in the reactor

equations and the linear independence of the Zi(E) requires

=D B% C; - Gy + H = 0 for every i. ' (16)

In the manipulations given above we have solved for the G's and -
H's in terms of the C's. Hence, upon substitution of (9) end (1h) in

{16) we obtain an infinite set of linear homogeneous equations in the C's
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which is,

D BS ¢4 + Z (Cac A1y +2ap Vi) C;
J
{

- % Zn ?(Bi) (PeAqp * Py Vin) (ke 2 ge }\nj + kY o an) ¢y = 0 (17)

The criticality condition is therefore the vanishing of the determinant of

the coefficients of the C's.

In applications to be made to HRT, all absorptien'cross sections

are expressed in terms of the pure moderator cross secfion,:Zféo' Upon

dividing each element of the critical determinant by 22:30 one obtains,

2
LO Bg Jig + [(l + W+ Z))\ij + a?/ij]

| , (18)
: [ 2 . -
B P(Bg) (pc Agp * Pp Vi) ()2 Ang + by @ Y5 | =0
for the critical equation, where Lg is the diffusion length of pure
moderator (displacement of moderator is small), and 2z, w and C are
core fuel, core poilson and blanket absorption cross sections divided by
2:;0'
For reactors with spherical symmetry
Zi(r) = 2 1 gip izx i=1,2 3 «o- (19)
b r b
" then, 1 | sin (i-3) E% sin (i+j) E%
)ij s - ; (20)
i-§ 1+
and. ‘ (21)
T TP R P, 21
Vig# 5t Agy |



If there is no multiplication in the blanket (pure D50 reflector)
and no resonance capture in either the core or blanket, the summation over
the index n in equation (18) reduces to a single term and the critical

equation beconmes,
(LQB‘?+1)5~-+w/\-+(l~7? P(BE)))\ =‘o (22)
0 Pi -7 013 ij c i iy @

In this equation everything can be considered fixed exbépt'the concen~
tration of fuel which is proportional to =z. Hence, the problem.is to

solve equation (22) or, more generally, equation (18) for z.

A method of finding approximate solutions is indicated by the
fact that the diffusion length in D0 is very large and thus Lg B% >>1
for all the D50 moderated reactors of interest. For example, at 2000‘

Lﬁ::fl0,000 cn” and Lg B§,>'l- for reactor radii less than 31% cm. Hence,

if we dividé each row by 1 + Lg Bg ,'the eieménts of the determinant may

be written in the form 513 + Mg 5 where Mij falls off at least as fast

as 1/13j. The n'® approximation to the root z is obtained by setting
_§.ll the Mij for i>n and j>n‘ equal td zero. The infinite order
'éeterminant is thus in the nth order approximation'set equal t0 the nxn
sub-deterﬁinant for which the Mij“s have no; been neglected. Iﬁlshould be
noted that the fuel concentration is not involved in a transcendental:way,
but is obtained simply by the solution of an nth degfee algebraic equation.

This method of apprqgimation has turned out to be very convenient for calcu-

lating the HRT, since in this case one needs to consider only n = 2.
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Tests of the Method:

A series of test calculations were made for a Yukaws kernel, for
which exact solutions can be obtained by the usual two=group analytical
method. The results of these tests for a Yukawa kernel were then used to
indicate the magnitude of the errors in the nt8 gpproximation for a more

geheral kernel such as the age-Yukawsa.

The first series of calculations were made for two core radii
and DEO reflectprg of several sizes. The basic dats used are: 7{= 2.09,
age in D00 at 30000 equals 237 cn®, I% = 10,211, w=0 and a= 0. The
resulte in terms of 2, the ratio of fuel {0 pure moderator macroscopic
absorption cross sections, are given in Table 1 for the various orders of
gpproximation ag defined sbove, where the subscript refers to the order of
approximatiéno The exact two-group valuss for 2z are the z's having no

subscript.

These results show the convergence to be very rapid for all the
cases where Lg B§;%>l; i.e., for all the outer radii less than about 600
cm. The only case of slow convergence, as is to be expected; is the one

with the large reflector (630 cm radius).

As the reflector thickness is increased; the )\ij tend to zero
and the 2z obtained from any finite approximation to the determinant in-

crease without limit.

The calculations were repeated for the 39 cm core radius using an
age-Yukawa kernel with the same second moment as the single Tukawa and are
recorded in Table 2. The "age" parameters in the age-Yukawa kernel were

divided in the ratio 3:2 respectively.




" Quter Reflector

Table 1

Core Radius = 39 cm

Radius (cm) 52 65 78 117
2' 1h2k.55  43k.32 281.k0 175.80
21 1347.58  396.48 269.45 195.42
Zo 1369.35  h22.96 276.96 175.02
23 1398.02  431.1k 277.01 179. 94
zy 1416.43 279.88
2p/z <961 9Tk 98k %996‘
z3/z -981 993 -G8k 1.024
2),/7 <99k 2995
e ietector e Tt = D e
Z 57.79 &;,02 v2h°7o
zy 57.71L ©  k2.23 153.17
Z, 57.6k4 40,96 63.39
75 57.76  40.98 11.40
2,/2 .997 2998 2.566
z3/2 <999 999 1.676
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Table 2

Age-Tukawa Kernel

Outer Reflector Core R§ﬂ1“3 = 39 cm

Radius (cm) 65 78 7
27 | 601.51 302.20 206736
Zps | 708001 37o;h0 192a25
Zg 753.28 37177 208.16
2y, | 381.03
2,/2, 1.18 1.23 .96
*Yukawa zg/zl 1.07 1.03 .90
23/22 1006 1.00 1.08
Yukava z3/2, 1.02 1.00 1.03
EV. 1.02
Yukawa zh/zs 1.01

* The ratios of successive approximations obtained with a
Yukawa kernel, Table 1.



Comparison of the ratios of successive approximations for the two
kernels show the rate of convergence to be somewhat faster for the Yukawa
kernel for the same reactor dimensions. However, since the Yukawa kernel
predicts a much lower critical mass than does the age-Yukawa, comparison.
of rates of éonvergence should be made not for the same reactor dimensions
but for equal z's. This point was not pursued further, since the results
already indicate that the mathematical errér in the =z, approximation is

probably less than 5 - 10% for reactors like the HRT.

Although the critical concentration is given to sufficient accuracy

for the HRT with only the fundamental and_the first harmonic, the details

of the neutron distribution in the reflector and the neutron leskage out

of the reflector are not represented well encugh by two modés tp permit
accurate estimates of the conversion ratios for the case of a ThO,-Dy0
slurry reflector (or blanket). The first hafmonic is negative in the
blanket, resulting in an underestimate of the neutron leakage; in some

cages the leakége was négative° Galculations of the conversion ratios

made using the fundemental plus the first three harﬁonics (4 x 4 approxi-
mation) converged very well; tests showed the 4 x 4 approximation to be

within 1% for the convergion ratio.

3. Data

Calculations have been made for core solutions of Dy0 and U030y
and three reflector systems: (1) Dp0, (2) ThOn-DoO slurry and (3) low-
enrichment UO,50y solutions. The fuels considered are 93% enriched U-235

EX - ] .
and 100% Ux233. ASheavy water composition of 99.75% D0 and 0.25% Hy0

was assumed in all cases.

Ct—T O —
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Cross Sections and 7:
The values of the kT = 2000 m/sec absorption cross section used,
with the exception of - o (U-233), are those listed in BNL-170,” 1704%°

i1 '
and 170B.

The absorption cross section of U=233 is still somewhat in doubt.
The old tabulated kT = 2000 m/sec value is 564 L 10 b compared with a
value of 650\b obtained at Argonne using the fast chopper. If the old
value is corrected for a change in the boron cross section from 720 b to
750 b, one obtains o3(U-233) = 588 b. On the other hand, use of the
Harwell value of 77l b for boron leads to a value of 597 b for Uw2335
The latter value seems to be in closer agreement with the work of von

Dardel, which gives a value of 76k %t 3 b for the boron cross section.

The kT = 2000 m/sec absorption cross sections used are:
U=-233 = 600 b ™Th = 7.0
U-235 - 680 b S =-0.49 b

U-238 - 2.77 b DO (99.75% D0 + 0.25% Hp0)-.00273 b/molecule

The values of the fission neutrons emitted per neutron absorbed

in U-235 and U-233 were taken to be 2.09 and 2.32 respectively.

All cross sections were assumed to be l/v except oa(Uu235), to
which the small non-l/v correction given in BEL-170 was applied. Finally
all cross sections used in the calculations were averagedxover a Maxwellian

L

distribution.
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Constants for DoO:

The "age" parameters for an age-Yukawa slowing down kermel in .
D0 at zooﬁlaﬁd dehsity of 1.103 g/cm3 were obtained from the measurements
of Friedman and Wattenburggh who fiﬁd an age to indiuvm resonance of 106 cm?,
of which 48 and 52 cm® are the "ages" in the Yukawa and age kernels respec-
tively. An additional 1k cmgﬁ which is an estimate of the age from indium
rescnance to thermal, was added to the age of the Gaussian part of the

kex"nei.’.L(9 giving a total age from fission to thermal of 120 cn®o

Since the critical concentration of the HRT ig strongly temperature
dependent, the effect of the chemical binding on the diffusion coefficient

of thermal neutrons was calculated as a function of D0 temperatureole

Results for a D0 density of 1,103 g/cmd are shown in Table 3. -
Table 3 ’
¢ 20 50 100 150 200 250 280 © 300 320
Diff.

%oe§'o 0.839 0.852 0.872 00891 0.910 ©.926 0.936 0.942 0.951
cm

The value of the diffusion coefficient at EOOG agrees well with
experiments which measured thermal neutron relaxation lengths in Dy0 with

various additionsg of 32030’ Comparisons are given in Table i



oy - 17

~ Table k4
- Diffusion coefficient
(20°¢) ‘ Observer
+ . o o o
0.83 = .03 A, H. Dexter, B. Hamermesh,

E. W, Hones, P. A. Morris
and G. R. Ringo-~ANL-4746,

{1951).
+
Oelai‘i' hd 003- Du Cn WOOdS, So wo KaSh &nd.
: E. Martin--NAA-SR-230 {1953).
0.839 | Calculated by L. C. Noderer o

ThO5-Ds0 Slurry Blankets:. .

The age of the thermal neutrons in ThOp<Dp0 slurries for the con=
centrations less than 1500 g Th/kg Do0 is not very different from the age
in pure D;O. The inelastic scattering compensates for. the reduction of

13

beo in the slurry. Calculétions by Tobias which téke into account
inelastic scattering in Th indicate that the age of the 1349 gm Th/kg
D0 slurry is about 2% less than for pure D,0. In the HRT calculations,
the age and slowing down process in the ThOemDéO glurry was taken to be:

the same as for Dy0.

The resonance capture in the thorium was estimated using the

: R
resonance integral measurements of Hughes and Eggler. Thelr results in

the concentration range of interest can be represented by the following

formule for the effective resonance integral

barns

My

0.253
NoQ)

Topp = 8.33 C%LE

¥ 4
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where ZS/N02 is the total scattering cross section per atom of thorium.

Low Enrichment U080, Blankets:

At low concentrations the slowing down is the same as in pure
Dx0.
The effective resonance integral, based on measurements of

Mitchell, 15 can be expressed in the range of concentrations of interest by,

s S>o 471

legp = 3205 (NQS

where 2_ S/N28 is the total scattering cross section per atom of U-238.

A summary of all the data as a function of temperature is given

in Appendix II.

4, Critical Concentration

Although the reactor will be operated for most of its lifetime
with a D20 reflector, the reactor may be operated for some time with a
thorium oxide slurry blanket. "I‘here is algo a possibility that the reactor
may be operated with a low-enrichment uranyl sulfate blanket to test plu-
tonium production. Calculations were therefore made for all three blanket

systems. '

Both the core and blanket solutions were assumed to be made up
with 99.75% D0, 0.25% HoO heavy water. A uniform temperature distribution
is assumed throughout the reactor. The core solution is assumed to be
either 93%‘em°iched U-235 or 100% U-233 as uranyl sulfate in Dy0. The

results are reported as grams U-235 or U=233 per kilogrﬂderatoro
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Hence, the exact enrichment of .the fuel is unimportant as the effect of

the small amount of U-238: présent may be reglected.

It is difficult to treat the core shell and pressure vessel as
regions in the harmonics method calculation. The effect of these regions

16,1
was determined using the Feynman=Welton two=group approximation. s

The effect of the core shell was then taken into account in the harmonics
calculations by adding s uniform poison throughout the core region to give
the same effect on the critical concentration as the Feynman-Welton result.
The pressure vessel was taken into account similarly by increasing the

blanket thickness.

In tﬁe reactor with 1349 g Th/kg Do0 blanket operating at 28000,
a significant fraction of the fiSSioné in the core are due to resonance
absorption in U-235. To ascertain the effect of this on the critical con-
centration;,; a multigroup calculation was made for an equivalént bare sphere.
(Bare reactor with a radius such to give the same critical concentration as
the reflector reactor.) The calculation showed that 37% of the fissions
are in the resonance énergy region and the net effect is to increase the
reactivity by 5%. This is equivalent to lowering the critical concentration

by 15 g U-235/kg Dy0.

The uncertainty of the age of thermalized fission neutrons in
Do0, which is about 7%, leads to the rather large uncertainty of 20% in
the estimated critical concentration of the.HRT with the 1349 g Th/kg
D,0 slurry blanket at 280°¢. This uncertainty, however, diminishes with

decreasing crit’Eal cghcentration, and is about 9% for the HRT with a



DQO reflector.

Results of the calculations are presented in the following graphs

and tables:

Figure 3:
Figure k:
Figure 5:
Figure 6:
Figure 7T:
,Figu;é 83

Table 5:

Critical concentration of U=235 in the core of spherical
two=region Do0 moderated reactors vs. core diameter.

Critical concentration of U=235 in core of HRT with Dy0
reflector.

Critical concentration of U-235 in core of HRT with ThOo-
Ds0 slurry blanket. :

Critical concentration of U-233 in core of HRT with 1349

& Th/kg D0 ThOp-Do0 slurry blanket.

Critical concentration of U-235 in core of HRT with
UOESOhmbgo blanket.

Critiéal concentration of U=235 in core of unreflected
HRE.

Critical concentration, conversion ratic and blanket
power of HRT with U080y -DpO blanket.
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Table 5

Critical Concentration, Conversion Ratioc and Blanket Power

of HRT with U0,80),-D,0 Blanket

Blanket = Blanket Critical Conversion Ratio P g Pu/day

T Enrich. Conc. Core Conc. _b at SMw
%c Wt %25 g U/kg D0 g 25/kg DoO Cr Ce P.  Core Power
200 .7 355.3 6.753 L4976 - T764 5706 5.2
250 .7 355.3 9.813 4857 7021 4527 b7
280 .7 355.3 13.900 1362 5887 -354h 3.9
300 .7 355.3 19.367 4173 - 5426 »3032 3.6
280 4 355.3 15.170  .h633 .5556 .2020 3.7
280 .25 355.3 15.836 4763 5349 1249 3.6
200 o7 176.7 6.085 .3638 1996 .3785 3.35
250 .7 176.7 8.707 .3372 4355 .2951 2,92
280 o7 176.7 12.084 .3158 .3899 .2369 2.61
300 -7 176.7 16.267 .2978 3550 .1935 2.38
280 4 176.7 12.785 .3265 .3687 .1302 2.47
280 .25 176.7 13.834 .3361 .3641 .0838 2.4k
200 .7 59,2 5.288 .2008 .2337 .1650 1.56
250 W7 59.2 7.938 .1821 .2038 .1088 1.37

- 280 W7 59,2 10.853 <1711 .1875 0961 1.26
300 .7 59.2 14 . 4Ok 1667 .1798 .0830 1.20
280 4 59.2 11.075 1734 .1826 .0533 1.22
280 .25 59.2 11.199 - 1745 .1803 .0331 1.21

Cg = Atoms Pu(239) formed

Atom U(235) destroyed in reactor

Atoms Pu(239) formed
Atom U(235) destroyed in core

Py Blanket fission power
P Core power
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2. Critical Congcentration With Ordinary Water as Moderator

Because of the high &ritical»concentration iﬁ tﬁe reacﬁor with the
thorium oxide slurry blanket,iit might be desirsble to operate with ordinary
water instead of heavy water %o test operational feasibility. Results of
fhe ordinary water reactor at‘QBéQC along with comparable heavy water results

are given in the following table.

Table 6
Critical Core Concentration

g 25/kg moderator g 25/1 at 280°

H;0 core - HyO reflector 3 20.6 15.50
D20 core - Dp0 reflector 3 9.69 8.13
HoO core - 633 g Th/kg HoO ih@gsﬁgo blanket 21.42 ' 16.11
D0 core = 633 g Th/kg H0 %hogmlbo blanket 27.32 22,93

I¢t is evident that the critical concentration for the ordimsry
water case is insensitive to blanket concentration. The major drawback
is that the U-233 productiOn in the thorium oxide blanket is greaﬁly
reduced as the conversion rati@ is only Ooll compared to .72 for the Do0
moderated reactor. The ordinary water celculations were made using the

o 16,17
~ Feynman~-Welton two-group approximation.
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6. Neutron Flux Distribution and Adjoint Functions

The flux distributions and adjoint functions were obtained using
ordinary two-group diffusion theoryol8 The fast "age" was adjusted in the
calculation to give the same critical core coOncentration as the harmonics

method with an age-Yukawa kernel.

The distributions for the reactor operating at a uniform temperature
of 280°C were obtained for the case of DpO reflector, 355 g natural U/kg Do
UOESOhuDQO blanket, and 633 g Th/kg D0 ThOo, and are plotted in Figures 9,
10, 11 respectively. Values for the thermal flux in the reactor operating

at 5 Mw core power are:

Table 7

Thermal Neutron Flux at 5 Mw Core Power, 280°C

Poc (max) P Jor _go(wall)
Blanket Composition n co~? sec™l|n cm™@ sec™n em™® sec™l|n cm=2 sec“l
D0 1.07 x 10%% [8.17 x 1013 |3.82 x 1013 |7.25 x 1013
Thp-D20 Slurry 4.62 x 1013 |2.89 x 1013 |9.05 x 1012 |2.26 x 1013
(633 g Th/kg D30) |
Y0250y -D20 18.75 x 1013 [6.05 x 1013 |1.98 x 1013 |4.80 x 1013
(355 g Nat.U/kg Dp0)

where: ¢2(max) = maximum thermal neutron flux in the core. .

1

26 average thermsl neutron flux in the core region.

RSV
it

oR average thermal neutron flux in the blanket regioho

¢2(wall)= thermal neutron flux at core tank.

. -4

R TG 3,
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The neutron leakages from the reactor were obtained from the

flux equationsf At 5 Mw core power, the neutron leakage evaluated at the

inside of thg pressure vessel are:

Table 8
Blanket Composition Fast Leakage Thermal Leakage*
n/sec ’ n/sec
D0 5.1 x 1016 1.6 x 1017
ThOp-D20 Slurry 5.8 x 1016 3.6 x 1010
(633 g Th/kg D0)
U080, D0 1.1 x 1017 8.5 x 10%6

(355 g Nat.U/kg Dy0)

¥ Note: Evaluated at inside of pressure vessel. The thermal

leakage is attenuated by a factor of ~87 by the
pressure vessel.

7. Prompt Neutron Mean Lifetimes

The mean lifetime of prompt neutrons in the reactor was computed
using the method of the hypothetical boron addition experiment discussed

in Appendix ITI. The calculation was made for the reactor with a D0

reflector for a range of temperatures from 20°C to 300°C.
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Table 9

Promgt Neutron Mean Lifetimes in HRT

BLANKET COMPOSITION

Reactor Nat. U0S0),-Do0 ThOo- D20 ThO2-D20
Tenp. D0 355 g U/kg DoO 633 g Th/kg Dp0 1349 g Th/kg DO

OS¢ l-sec l-sec l-gec l=-sec

20 1.2h x 1073 7.5 x 107k 4.0 x 107 2.4 x 1072
100 1.18 x 1073 7.2 x 107k 3.8 x 1074 2.3 x 10°%
200 7.8 x 107% b7 x 1074 2.5 x 107% 1.5 x 10°%
280 5.6 x 107% 3.4 x 107k 1.8 x 1074 1.1 x 10-k
300 4.9 x 107 3.0 x 107 1.5 x 107 0.95 x 107*

8. Temperature Coefficient of Reactivity

The magnitude of the negative temperature coefficient of the HRT is
important in determining the kinetic stability of the reactor. This quantity
may be determined by two methods, i.e. from the slope of the critical con-

centration vs. temperature curve or from perturbation theory.

In Figure 12 are plotted values for the overall reactor temperature
coefficient obtained by taking the slope of the critical concentration vs.
temperature curvé for the Do0, 355 g natural U/kg' DQO uranyl sulfate blanket,
and the 633 g;Eh/kg %20 ThOo slurry blanket. The value of the temperature

coefficient of core concentration C, --aa—% multiplied by the core concentration

psmnremnimr
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coefficient of reaétivity yields the overall temperature coefficient.
The core concentration coefficient of reactivity, Figure 13, was obtained

by differentiation of the critical equation used in the harmonics method.

Values of the overall temperature coefficients as well as the coef-
ficients for core temperature;, blanket temperature, and non»uniform temperature
changes were obtained by V. K. Pare'l9 using two-group perturbation theory.

His values are based on the flux distributions and adjoint functions given in

this report.



Table 10

‘ O e
Temperature Coefficient of Reactivity in HRT at 280°C, ~¢~%

BLANKET COMPOSITION

D50 355 g Nat.U/kg Dg0 633 g Th/kg D0
oK | ‘
Jeff «1.81 x 1073 -1.71 x 10-3 -1.91 x 1073
‘BTU_C :
2
Kerf -1.07 x 10-3 -0.76 x 1073 -0.32 x 10°3
A TuB
ok
eif ~2.88 x 1073 2,47 % le‘“3 -2.23 % 10=3
T
o
oK ‘ _‘ -
—_eff -1.85 x 1073 -1.85 x 1073 -1.99 x 1073
O Ty '
oT,c = uniform change in core temperature, blanket temperature
constant.
3%3 = uniform change in blanket temperature, core temperature
constant. :
'BTu = uniform change in both core and blanket temperature.
ST¢C = npon-uniform temperature change with shape of heat

production. Average core temperature used as measure
of change.
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