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ADSTRACT

{ero-power static and kinetic measurement.s have kmw~n made
on a mock-up of the Compact Nuclear Power Source (CNPS), CI
grnphite moderated, graphite reflected, u(19.90 7~:U) fueled
reactor design. Critical configurations were trackec! from a
Cirst clean configuration (184 most central fuel channels
filled and all control rod and heat pipe channels empty) to ,1
fully loaded configuration (all 492 fuel channels filled, core-
length stainless steel pipe in the twelve heat-pipe channelg,
and approximately half-core-length boron carbide in the outer 4
control rod channels. Reactor physics data such as material
worths and neutron lifetime are presented only for the clean

and fully loaded configurations.

The Ccmpact Nuclear Power Source is a reactor designed to power a
short-range-radar in the North Warning System. The cylindrical core
dirrensions \-ere specified as 600 mm in radius and 1100 mm in height thus
permitting fabrication of graphite core and upper reflector components for
a Demonstr;ltion Unit to be operated at AECL Whiteshell, Canada .
Specification of the simpler radial and bottom reflectors, nominally 200
mm-thick, was to await the outcome of the critical experiments. Upon
suspension of pl~,ns for the Demonstration Unit, the critical experiments
program was simplified so as to obtain reactor physics data less specific
to the CNPS design.

THE CNPS MOCK-UP

The graphite radial reflector, specified as 200 mm-thick with ,ln
inside radius of 604 mn, was fabricated in twelve 30 deqlec segments,
Importantly, the heiqht of a segment W.AS specified as 1171 .1*0.5 nunat the
inner radius with a shoulder at the top that dropped thr h~~iqht.30 mm
between the radii 743.7 and 754.7 mm there being a 10 mm v~~~ical drop nt
754.’1: the mat~! to this shoulder in the upper “demo-unit,” r~!l~~ctrlr han i~:t
vertical tircp of 10 mm at .154.76 mm. The radi,ll retlectc)~ :!ivlmur~tnwe-u
mounted on the stationary platfnrm of a vertical assembly m,lchino ,Irl(l,
after blncilnq, the radii of the vcrtlcal drops in the? shctlll(lj~lsw(~r~$lo.:!:;
thfin 754..16 mm [or all azimuths, the inner radium wan irl~l~~~~ll604 mm, ,Irltl

the top surfaces were flush well within the ~0,5 nunspcrlfi(-,l!ilm.

The cylin(lrical qraphitc bottom reflector, :!pwifiu(l II::;’00 mn-thi(:k
and 600 mm in radiun, was mount.od on n 60 nmr-t.hick ,)Iuminllm :III~)~)I)tt pl.ltI*
restinq nn t.mp of d movahlo cr.rt. The* nirw qraphlt~ I.ofI~:~~~clm,Ilt:1 w!lI!*



mounted on top of the bottom reflector and, after binding, had a 600 mm
r~dius . Alignment was such that, when the cart was drawn under the
stationary platform and locked in place, the radial reflector, core, and
bottom reflector shared a common vertical axis and the four outer control
rod channels were north, east, south, and west of this axis. A hydraulic
ram,passing through a hole in the cart, lifted the support plate. The
thickness of the ram’s platen was selected such that, at the upper limit of
a 2 m stroke, the core and radial reflector segments were flush within the

+0.5 mm specification.

The upper reflector components, two massive graphite pieces each with
a radius of 804 mm, were now mounted on top of the radial reflector, all
keys fitting properly, and rotated to align the heat pipe and control rod
channels with those of the core.The important point is that the 5559 kg
graphite skeleton, so assembled, corresponds to that of the design drawings
(114Y-255505, sheets 1-13). These drawings also specify the coordinates and
diameters of the 492 fuel channels, the 20 material replacement channels,
the 12 heat pipe channels. and the 5 control rod channels, and are vital
for the analyst. Very briefly: the centers of the 61.85 mm-dia. inner heat
pipe channels are 191.00 mm distant from the core axis and their azimuthg

are &lt/4 and *3F./4 relative to the south control rod channel; the centers
of the 61.60 rrun-dia. outer heat pipe channels are 438.94 mm distant from

the core axis and their azimuthg &K/8,&31t/8,&57t/8, and *71t/8; the centers
of the 34.93 mm-dia. outer control rod channels are 251.46 mm clista~lt from
the core axis; the 12.85 mm-dia. fuel and materiai replacement channels
were dri’.led to a depth of 1100 mm in the 1130 mm-length core segments
whereas the other channels were drilled full length.

Figure 1 shows a photograph of the CNPS Mock-up assembly area taken
just prior to the loading of fuel compacts. The cart has been drawn out
from beneath the reflector housing so as to expose the pattern of channels
in the core. The superstructure contains the drive mechanisms for a “demo
unit” boron carbide central control rod (but used by us as a safety rod)
and our vernier control rod, or shim, which prempts the south control rcd
channel.

The 50

7’5U)Olm70Sil

fuel channel

mm long fuel compacts

.8eC17m34 with 5.2 ppm

contains 29.25*0.04 g

have the atomic composition U(19.9 w/o

boron equivalent impurities. A filled

EXPERIMENTAL RESULTS

An Am-Be neutron 9ource, present dLring the

first critical configuration, was removed because

:;ourc:c in the fuel permitted measurement of stable

loadlng of fuel t.o t.hc

the much weaker naturnl

positive ~.!riods over a
lc)wer power range. The first critical configuration was: 1F14 centraI-mos!

fut’1 ch.~nncls filled, the 20 material replacement channels fillwd with
[lrtl[>hite, tale shim and safety rods at their out limits (bet.tom:l ,lt.t,n!}
vurfacc of t.hc core), and all other channels om}~ty, Tho rc?r. t.r!r cJf t.t)im

outf?rmost. filled fuel channel was 370.0 mm from t.hr corr! axin. I.’r)imat. flri,l]

wo~t.h mvasurr?ment.~ and shim cal ibratinn, t.ho perturbed c(~nt i(ll]r,l:. irrnf~ 11,1,1

! i] lCII! fuel c-hannel,=r in t,he range 180 to ;!07.

‘f{) compensate Eor the adciit.i~~rl{~! nt,}inir-sn rI?.PCIl})il)t~(!;!;- ’lIf,,
().[1, -4H,”l mm, I.D,F 44.6 mm, Icrrqt.h- 12.1”/mm, ,Irlrlmtlrin- ‘JO:)Oq)!I. t)ICI1/
herlt ~]i}]~~rhanncln, dd{lit.ion 0! nntm~l )Ii>ft)n ,.,lll)i(l~. 1011:1 (,)], [)() mm-flit?,

flrl[l 1,(] 1.,11 ll~rlqt. h ()! I1OO mm) t () t )1*1 Il(lrt II ,.11111 rf}l lo(i ,“llclnll,~l, #11111
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insertion of the shim 628 mm into the core, required filling Lhc central-
most 396 fuel channels.

A fslly loaded critical configuration was: all 492 fuel channels
filled, the stainless steel pipes in the 12 heat pipe channels, a 650 mm-

length of normal borcn rods (starting at the bottom of the core blocK9 30
mm below the fueled core bottom) in the north, east, and west control rod
channela, and the shim inserted 356 nun into the core.

Table I gives neutron lifetimes~ safety rod worths, and shim worths

for the clean and fully loaded core configurations. Neutron lifetime, ~, was

inferred from Rossi (X measurements in the vicinity of delayed critical,

which gave ~cft/L and the calculated value, Peff - 0.00737. The directly

measured values of ~cff/~ were used in the Inhour Equation to obtain
reactivity versus stable positive period and thence the shim calibrations
presented in Figure 2. The woxths of the safety rod ( the “demo-unit”
central control rod) were determined by the rod-drop method where neutron
detectors monitor count rate before the drop (in this case a pneumatically
driven drop) and either during the drop or after the drop: results obtained
from internal detectors monitoring count rates before and during the drop
and results from external detectors monitoring count rates before and after
the drop were in good agreenmnt. The worths of the shim were determined by
integration of the differential worths.

Table II gives material worths in the clean and fully loaded cores.

The polyethylene was inserted into the replacement channels in steps of 4
rods and the worth per rod decreased monotonically with the total mass
inserted. The values given in the table are fcr polyethylene rods in all 2(!
material replacement channels.

Figure 3 gives the observed de~ndence of reactivity on temperature in
the fully loaded core. For this measurement, 18 thermocouples sampled the
temperature di~tribution in the core. With the ram down, calrods near the
radial surface of the core (all covered by an aluminum foil tent) heated
the core to about 80C at which time the calroda and aluminum foil were
removod. After assembly, critical shim position and thermocouple readouts
were tracked during a 4 hour cooling period. Strictly, core temperature
means Overage core temperature as determined from the 10 thermocouple
readings. Calculations had indicated that the dependence of reactivity on
the reflector temperature was very weak and we had no thermocouples on the
re:loctc)r surfaces.

The cNPS waa designed to give equel heat loads to the 17 heat pipes
unrkr operating conditions. Although not a good check, enriched uranium
tolls }>lcccd along the outer walls of the st~inlcss steel pip~n were
irradiated aIIfi their ,nctivation nwasurcd. Rcsult~ arc qivcn in Till)lt~ 111.
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Table I. Neutron lifetime and Control Rod wort-hs

Neutron lifetime

Central. Control Rod worth

Shini worth

Central Control Rod worth

with enriched (54.9% 10B) B4C

ma-l core- t~~d~

0.57*0.01 ms 0.31+0.02 ms

7.6 $ 4.3 $

3.0 $ 2.5 $

m

❑n ❑
❑ on

❑

o ❑

o
❑ ❑

❑

❑
❑ Clean Core on

❑ O Fully Loaded

1 1 1 1 1 1 I

4.8 $

-60 -40 .20 0 20 40 60
ShlmPosltlon (cm)

F19.2 Shlmdlffemntlal wodh
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CLEAN CO!J.E

Graphite in ,-,’::tral replacement hol~~s

}~~~ in “ ,, ,,

l/~:” POLY in “ ,, 1,

3/9” POLY in “ n, ,,

Zirconium in ir,ner heat pipes

Zirconium in outer heat pipes

316 SS in inner heat pipes

316 SS in outer heat pipes

Fuel Compacts at core radial surface

FULLY LOADED CORE

Fuel Compacts in central replacement holes

Depleted Fuel in “ ,, ,,

3 mil 235U foil “ s, ,,

Fuel Compacts at cor~ radial surface

Graphite at core radial surface

Gr.~phite at reflector radial surface
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45 , l151t05 1184A13 1201f137 l194t05 1570+20 1644+04

15 1390fll 136M1O 1349?08 1333t05 1778+04 1789t09

-15 1312f08 1212tlo l170f20 1148208 I 1586t04 14: ‘fll

I
-45 ‘ 886*O6 796?24 ,68fl I 748204 , l102f04 994fll

_____ _—— . . .— .- __L .— .
I

Est. Average
I

over core 1207 1158 1140 1123 i 1532 14’/3

length 1
.— _—— ——— —.. .—

Note : Z decotes the vertical position of an activation foil relative to the

core acenter and 0 denotes its azimuth relative to the shim.

The arbitrary normalization of activation was to gamma counts

per minute per qm of foil, 22 hours after irradiation.

The distribution of boron carbide in the core tilts the fissioning

flux upwards and slightly towards the shim,


