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Pulsed Neutron Experiments on FCA V-1*

T+ NAKAMURA®*
M. NAKANO**

T. HIRAQKA**
Abstract

Pulsed neutron experiments have been performed on FCA V-1, the
physics mockup core for the JOYO.

Neutron decay curves have been measured at several different re-
activities from the delayed critical down to -6$%. In all cases, éingle
exponential decays are observed after the constant delayed component
being subtracted.

Prompt neutron decay constant @ and the reactivity Fp in doller
unit are determined for each decay curve.

Both @'y and p@'pe show no dependence on detector positions or
energy responses in the measured reactivity range (down to ~2§).

@ and pp hold good linear relation down to ~6%.

The prompt neutron decay constant at delayed critical, a. is
determined as 0.341 ¥ 0.031 x 10° sect.

@ . calculated by SNKPARAM with JAERI-FAST set is about 13%

larger than the experimental value.

* Work performed under contracts between Power Reactor and Nuclear
Fuel Development Corporation and Japan Atomic Energy Research
Institute (JAFRI).

** JAERI.
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I Summary
P v D ¥ H o Wen n(‘-kr‘-“;- - . . - M . oL .
. aerles of pulsed neutron experlments have been carrled out on

-3 T
FCA Vul( ). The purposes of these experlments were (l) to obtain the

value of the prompt neutron decay constant at delayed criticsl
Beff

4p |
physics mockup for the Experlmental Fast ‘Reactor "JOYO! and (2) to see

ac ( = ) as one of the 1mportant physical quantltles in the

if there were any dlfferences from the pulsed neutron experlments per—
fOrmed by FCA on the reactor core of the uranium system in the technlques
and‘results. | o o |
The pulsed neutron experlments have hltherto been made systematl-
cally on several kinds of uranlum cohes and the single exhohentlal decay
was observed with a sufflclent degree of accuracy w1th1n the range of
several dollers, thus show1ng that the ana1y81s by a 51mple one-p01nt
reactor model is effectlve(a)(B)(q)
Since the mockup core V—l contalns a cons1derable amount of pluto-
nium fuel 1t dlffers from the prev1ous uranium system in that there are
the effects of the background neutron sources due to the spontaneous.
fission of plutonlum isotopes and the value of ﬁeff varies 1argely, :
So, in the present experiments, we check the applicability of the
- pulse method, which was developed with the uranium system so far, to
the plutonius system to see.what would become in the plutonium system
of the properties .and relations of the decay constant. a and -the re-
activity Py in ‘the doller :unit measured by the pulse method and the
differences between the experimental:and calculated values.
However,. with regard to the second purpose, we did not.perform
such comprehensive experiments. that the detector position is changed

systematically or a parallel comparison is .made of those with different



energy responses for the reasons of the machine time of FCA and the re-
VRN .

act1v1ty was varled 1n a rather narrow range. Only the necessary and

Ay Do GoteeEm T

mlnlmum experlments were made as the flrst step in the transltlon to
o 1 Bl o &7 TR - S

the plutcnlum system.

T A i L A S R R
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II Experimental Systenm and Method

r’.The composition and 5?9??#?% of the core which was used in the pre-
sent-eﬁper;ﬁeﬁtsrare.shcdrriclTscie 1 and-Fig. 1. This systemrisre |
versian(V—lgD) of the V-1 cprewrcr the_e;perimenystg_gince_the target
for generatlng neutrons is p031t10ned near the center of the core, the
Aflve fuel drawers 18 - 13 thrcugh 18 - l? on the flxed 51de are 1cwered
by one pack (50 Smm) in the axial dlrectlon 50 that the beam extenslon
tube may be 1nserted. (Slnce the fuel drawers are. dlsplaced by one pack
w1thout draw1ng out thls part of the core and the rear end of the blanket
are S0 shaped as to protrude ) Since the experlments are also made at
critical, seven half drawers are added”;o'the perlphery of the core in

order to compensate the shlft of fuel and the worth of the extension

tube.

2. -~ Detector

We used three fission counter tubes for the detectors. U-235 micro
F.C.* (20th ‘Céntury FC4/1000.: Det. l)lwaé»set near the center of the
core, in'thé sleeve of the experimenting hole in the first row on the
F18 - 18 drawer and ‘the medium-size NP’-’-’EB"?-' F.C. (20th Century FC 165/300:
Det. 2} and the high-sensitivity U~235 F.C. (R.S. 10A : Det. 3) were
placed near the boundary of the core, ih thé matrix on F side as close

to the' midplane as possible. :

* Fission chamber



Det..1 and Det. 3 are used for making measurements near critical
and at highly subcritical and for checking the depeﬁdence on detector
positions in the intermediate region...Since the target is approxi=:.
mately in the center of the core, Det. 2 is the same-relative position
with Det. 3 and is used for making comparison .of detectors of different

energy responses.

3. . Circuit Systenm

' The same circuit system ag in the case of the uranium system was
used for the convenience of_comparisan with the previously obtained
data. The time analyzer was composed of TMC 256 Ch. MCPA and TMC

201,211T0F plug-in units.

., Measurement of TimerOrigin

Time origin is a quantlty that is 1mportant in determlnlng the re-
activity by the pulse method |

In the present experlmenté, the deteétor was poéltloned closed to
the target so that 14MeV neutrons were dlrectly chserved in order to
determine the time orlgln.. In order to avoid the unwanted multlpllca—
tion, the fuel drawers in the three rows and the three columns near
the target -were removed on the fixed side and the measurements were
made with the tabié sepaféted, inAorder to acéuratelj calculate the
position_of the origin, not only the combination of the pulse and the
channel width which are used in -actwal measurements, but also the com~

binations in the vicinity, too, were systematically checked.,

5. Varlatlons in React1v1ty
In order to vary the react1v1ty, after making critical adaustment

by C/P#Z C/R#Z was moved and C/R#l and S/Rs were fully w1thdrawn one by



one. Since this was 'not enough for the highly subcritical state, widen-
ing the gap between the two .1/2 assemblies was used. For the sake of
comparison, we performed experiments at one point in such a manner that
the reactivity became roughly the same' by the control: rod moving method

~and the table gap method. - w7

6. Measurements at Delayed Critical

This is a method in which the value of a, is obtaiﬁédhdiréctly7‘
by driving the neutron pulse into the delayed critical system. TFirst,
all €/R &nd S/R, except C/R#2, are fully inserted and the critical point

6 in Ch. 6) by C/R#2. With C/R¥2 remaining

jg determined (at 0.5 x 10~
in the same position, other C/R and S/R are withdrawn scores of milli-
meters so that the system may be below the critical state_gnquthe
neutron level be lowered sufficiently to eliminate the effects of thé
delayed heutrons produced by the operation of the reactor up t§ that
time. Now, C/R and S/R are fullf,r inserted and at the same time the
pulseriaf the pulsed neutron generator is sét to "ON' and the beam
shutter is opened to start making ﬁeasu£ements. Since the component due
to the delaygd neutrons incréasés rafidly with the lapse of time, the
measuremenf‘;éé cénfinﬁed oniy:for }QO sgqbnds at one t%me. This pro-

cess was repeated several times to get reasonable statistics.

e Measurements at Subcritical State

Measurements are made when the delayed component beeomes steady
after pulses have been driven repeatedly ixto .the subcritical system.
Since not only a but also Pp is obtained in this case, it is necessary
to precisely know the qomponent arising due to the delayed neutronms.

Tor this purpose, it is necessary to eliminate the leak component (L)

L2



of the beam which inevitably is mixed in the measﬁ;émeﬁfé ;néaghe back~-
ground component (S) resulting from the spontaneous fissioﬁ of a higher
isotopes of plutonium. So, following this measurement, a similar measure-
ment was carried out with the pulser of the neutron generator in its.
HOFF! ﬁosition. In this case the measurement was made of the above. two
components combined and thus obtained value was subtracted from the.
measured total so that the time variation in the count was due solely

to the pulse.

In actuality, there is no need to separate these two components but
for the sake of checking a similar measurement was made with the beam
shutter being closed to obtain S alone.  The result was L : S = O.k4 :
0.56, showing that a little more than the half of the background count
was due to the spontaneous fission of plutonium. |

The signals from the pulse pickup were counted during the measure-
ment in order to make several measurements of the répetitiVe frequehey

(F) of the pulse.

IIT Experimental Results and Analysis
The typical examples of the observed time spectra are shown in
*"figi é; f£g; 3 gnd-Fig. L, These spectra respectively correspond to
the delayed critical, two C/Rs fully withdrawn (-0.9%) and C/Rs and
é/Rs fﬁlly withdrawn +10mm gap (-6.2%). Since mome higher-order: component
is contained near the time origin and particularly the détector is
located close to the target in Fig. 4, there appeared the direct
neutron pulse peak. However, in all cases, when the steady background
component is subtracted, a single exponential decay was observed from

near the origin.



Fach decay curve was fitted to

A PRI Lo

7'ff?fff? +B eeecereeeaas ceen. (1)

; Loe .
toobtain’ the decdy constant @, the initial value of the fundamental
mode Ao and thé background B. Since £he initial part was influenced by
the higher-order modes and the untértainty of the dead time compensation,
the' chi#nnel from which the fitting was started was shifted one'by one
and’ took the values of good statistics within the range in which the
respective values were stabilized.
“The reactivity pp can be obtained by a simple one point model
" F: pulse repetitive frequency

fp=

P B oo N EEER
= _f I (t) at .........'--.....-'.'..-(2} Nd: total count rate of
B Nd” to P

. delayed component

(t): count rate of prompt
component

L

As shown above, the higher-order components are slight so that they
can be expressed mostly by a single exponential, therefore, the equation

(2} can be rewritten as

pp — (%O )/ I-\:]E_i.i ....-l.:...f..-...............(3)
Na= B — (L+8 ) SETT e (d)

The reactivity can be obtained by substituting the already measured
values of Ao, a, B, L + 8, and F.
The results obtained by this method and the experimental conditions

for the delayed critical and subcritical states are given in Table 2,

1. Decay Constant «
* As seen from Table 2, the value of a can be obtained with an '
accuracy of I t6:2%. The value was constant down to -2.2% for the same

core pattern regardless of the position and kind of the detector. It



was unknown for further down because we used only one kind of detector
to make measurements but the a itself was obtained with an accuracy of

less than 1%.

2, Reactivity ep

| The values of PP were obtalned with an accuracy of 2 to 3. The
lmbortance of the aSSessment of t and L in the measurement of PP was
mentioned in Ref. 3. Here the uncertalnty of toand L + 8§ 1sﬁﬁot taken
into count in the assessment of this error. The problem of ty and Lo + 3
- will be discussed later. In this case, too, there was fairly good agree~
ment for the same patterns but there were some disagreements exceeding

- the errors.

3. Relationship between Decay Constant @ and Reactivity Pp

The relationship between « and pp is shown in Fig. 5 and}Flg. 6.
.Flg. 5 shows the data for the entire range of measurements and flg. 6
magnifies the data below ~23 From these data, it is seen that & and

RP hold good 11near relatlon down to -2$ and relatlvely good down to
b8, |

k. . The Value of Decay Constant @ at Delayed Critical
Ashﬁgeqfinvthe preceding paragraph 3,; the data down to -2% are so
well on a straight line. Therefore, from the value obtained by fitting
the data to @ =& #, b by using the least squares method, it is.
péésiﬁlé'to'geftfhé extrapolated féiﬁe for the déléyed eritical.
The results were
a = 0.326 b = 0,345 £ 0.012

These - values agree with the‘directly"measufed values within

the range of errors.’



- This being so, as t0 the experimental value of a " the two data
at critical and the exrtapolated value from the subcritical-are equal
&eight averaged and the following value was obtained.

@ (Exp) ={ 0.341 * 0.013 ) x 10° sec™t
The point where the above straight line crosses the horizontal axis

becomes 1.06 8. However, since there are errors for both a and b, 1t

is unknown whether 1t is devlated from 1 or not.

5. Comparison with the Calculated Value oft’wb'

We calculated ﬁ‘, B @ of the core FCA V-1 on the JABRILFAST

eff’
25-group set by use of SNEKPARAM code(5) ' BrL e
SN calculation was made with N=b and ‘Str was used for irput ‘Et'

are

The input data immediately relating to the calculation of ﬂ%, ﬁeff

shown below,
i) The average ve1001ty of each Eroup was the same as that used in the

previous calculatlons by ABBN (KPARAM-2) .

ii) Bi were all Prepared Ifrom Keepln 5(6) fast fission data*.
As o P Ehl, the value of thermal fission was used because there
were no fast fission data available for this.
iii) 1q Was the same as that used in KPARAM-2, that is, Kvitek's(7) X3
for ANL 1l6-group was proportionally allotted byfzsu of the 25 groups
of ABBNES) | okl

* Coméarison of B of‘ygrious nuclides contained KPARAM-2. is shown below
for the sake of réference. _  .
8 x 107 259 py 240 py ZHI’Eu_ .235 u 23$;U
KPARAM-2  2.103  2.667  5.337 . .6.420 i5.701
Keepin 2.0k 2.66 b9 641 148 .

(thermal)



The results of calculation are as follows.

1.42. x 10°7 sec
P 3

. _ * 1073
Bogg = 5-50, x 10

‘Bi values of nuclides are shown in Table 3.

£z

Therefore @ = —%ﬁ becomes 3.870 % 104 sec":L

The results of diffusion calculationcgl with ABBN set and KPARAM-2

code are “615‘ = 13045 x 10_ . Bec
Beff = 563 x . 1072 7
@, =433, % 10%  sec!

From the above, the ratic of calculated values to experimental

values becomeg as follows.
ac(cag)y ~

% (oxp) = 113 J.FP — SNEPARAM
[

= 127 ABBN — EKPARAM
)(4)

Table 4 shows the comparison of the values of a, (caﬁ )/ a_ (exp
on two types of uranium core which are similar to V-1. It is clearly

seen that the degree of difference is very much alike the uranium system.

IV Review
The uncertainty of the measurements of reactivity is possibly due
to i) the effective time origin ty,.dii) the steady neutron source
(L +.8), and iii) pulse repetitive frequency-F.
i}  Assessment of tgy .-
ty can be obtained approximately by the following equation
from the time distribution of pulse-S (t).
to = j(;w t' 8 (t!) dg;_-rl/fgw SC(E') At evemeevennnnsn (5)
However, since the measuremeftts are not made continuously but
discretely by a definite channel width T, the following equation
may be used. |

to = F1i 81,/ 8i ceeemenrecrrnnnnn(p)
1 i

U« .



In this case, however, when the pulse.width,is‘nqt_large campared
with the channel width, the error will be so0 large as maximum t 1/2.

In order to check the degree of effectiveness of the gquation (6),
we checked the variation in the effective t, by pgrfofming éxpe:iments
in which the chg%nel width was made constant and the pulserwidth was
varied in the meaéurements of the origin. Looking aﬁ a f&picai case
.in which the channel width was 0.25 ps and the pulse width 1 ps,

0.5 s, and 0.25 pus, ty by the equation (6) becomes 30.39ch, 29.36ch
and 28.85ch and the time differences from the first weré 1.03ch = 0.26 ps
and 1.5%ch = 0.39 ws. On the other hand, from the plotting of the
origin time spectrum, the rise-up, that is, leading edges were all in
agreement. This is a natural result if the discr?mination level of the
pulse from the pickup ring }s correctly set and the height of pulse does
not vary greatly due to the.changes in the pulse width. This being so,
if the pulse width is represented accurately, the time difference be-

comes 0.25 ps and 0.375 ps, which are well in agreement.

We also made a check on several cases in which different channel
widths and pulse widths were combinediand found that it was within the
range of £10% against nominal variations. -This shows that when the
pulse width is equal or larger than the chammel width, to can be assessed
sufficiently well by the eguation-f6): When the pulse width is smaller
than the channel width, the position -of the leading edge to1 of the pulse
is first.-obtained from the data dérived when the width was widened and A
At is added to a half of the pulse-width to make an accurate assessment

of tqe

- 10 -



- ii) Assessment of L

As to the effects of the steady neutron source, there is
no problem if L (assuming S does not change) remains unchanged
because the counting was made with the pulser turned off. Assum-
ing that only 4L changed, it would be the error of Nd‘ The trouble -
is that it is impossible directly to see whether the L observed is the
same as that in the measurement of decay curve. =

Here, an indirect method is.used to study this problem.

The count of S + L measured, if the higher-order components is
ignored, is equivalent to a miltiplication of the source term s + ¢
which is independent of reactivity.

o ' g8+ 4

8+ L= l-Keff T @

If this is rewritten by using the reactivity pp obtained by
- the pulse method.

- pp B

8 + 4 = (S;FL):.W"""..

. Now, assuming that L decreased to become L' at the time of
compensating experiment, Nd will accordingly increase to Nd' and
pp-decreaseSto pp'. fherefore, corresponding s + 4' in equation
- (8) becomes smaller than s + g when L remained unchanged.,

It is presumed that a lmowledge of the variations of L will

be obtained by comparing s+ £ for several different degrees of
reactivity. The results of calculations are shown in Table S.
From this, it is seen that the value of s + 4 is very stable for
Det. 3. Since p itself containsan error of 2 to 3% (excluding

the variation in L}, it is not easy to discuss quantitatively but

211 -



itwould be allowable to presume that the variation-in:'L, if any,
“would be only so much at most.

© " As to Det. 1, the value of s +:¥: was! not: Steady. and increased.
toward: the ‘subcritical. This is presumably because Det. 1l was so
close to the. target that there were some direct counts without
being multiplied.
iii) Assessment of F

In the present experiments, the pulser of the accelerator did
not work very well and when the frequency changing switch was turned
once, the frequency was deviated about 10% in the maximum. However,
/

once it was set to a certain fregquency, its deviation was 1% at

most, and much better if an average in relation to time is taken.

V. ‘Conclusion
We performed pulsed neutron experiments on a two<region system of
a fast reactor core which cohtained a considerable quantity of plutonium
and surrounded by natural ﬁréQiﬁm blankets by changing the reactivity
from delayed critical to ~6§. The results thus obtained were as fol-
lows.

(1) The effects of the spontaneous fission of plutonium as much
as in the present experiments. cause no trouble in carrying
out experiments.

(2) The decay constant a, at delayed critical is
0.341:2-0.013 x 10" sec™t

-The ratio. of: the calculated walue to the experimental value is as

follows, showing a similar tendency:as in: the case of uvranium system.

- 12 -



ac (cal

a (e
o VeXP

= 1ul3 seceenncoesaensensss J = F SNKPARAM

(3) The decay constant, @ showed a good agreement within the -
measured reactivity range regardless of detector positians and
energy responses. 7 |

(4) The reactivity Pp which was obtained by the method of GOZANT
based. on a single exponential model also showed a good agree~
ment .

(5) o and pp held good linear relation from delayed critical
down to -2%. Although‘thg number of measurement points was
small the obtained values were almost on a straight line

down to -6%.
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JAERI —memo 4578

"Table 1, " Atomic Concentrations for Assembly V — 1,
Atom Densities. x 10" }\.toms/":.nr:a
Nuclide Core "Blanket
Pou - 239 104446 x 1078
Pu — 240 2427 x 10°°
Pu — 241 .12 4 x 107°
U - 235 1960 x 107 | 2891 x 104
U - 238 7781 x 107° 3989 x 107%
Q 164746 x 107°
Na 604351 x 107°
y: | 11065 x 107
Cr 30535 x 107° 827 x 10°7°
Fe 109705 x 107% 6652 x 1073
Ni b 1.4275 x 10°% 7964 X 1074
Critical Mass for V—1-D
Pu fiss - 64907 Kg
U — 235 129387 Kg

— 15—



Table

JAERI —memo 4378

2

Experimental Results of Pulse Method on FCA Assembly V—1

Run Core P % dis/ | Pulse Condition %| Decay O‘mSta“'J Reactivity
source 1 th] Freq |Detector 5 -1 '
No .| Pattern |multiplication W;LS KHZ X 10° sec -0 (H
514 D : ' ‘
4 elayed — 0.5 2 1 0335 + 0.013
#6~10] critical
5/14, A :
4 " —_— 2 2 2 0344 + 0.012
#3~15 o
515 | QR # 2
. 4z # 0.125 0.1 2 3 0415 + 0.008 {02181 0.005
# 3 | Full out '
5/15
4 " " 2 2 1 0412 + 0,008 | 02221 0.006
# 1
5/15
4 o P 2 2 2 0411 + 0.009
# 5
5/15 1
> Ok #, 2 0.516 0.1 2 3 0637 + 0.008 | 0889 0.016
# 8| Full out
515
4 P P 2 2 1 0652 + 0.006 {09181 0.012
# 6
5/15 :
4 7 P 2 2 2 0450 + 0.018
#10
518 1, 2 '
> G ﬁ& o 1.2 8 0.2 5 3 1054 + 0015 | 217 X 0.05
# 1 ull out .
5/18 L
4 v # » ’ 3 1051 + 0.016 | 214 X 0.06
# 2 : )
5/18
4 P P 2 5 1 1060 £ 0.014 | 2.25 * 0.05
HFA4AA
5/18
4 P # 7 ) 1 1071+ 0.015 | 220 F 0.04
#4B :
5718 | ALE .
v % 242 0.2 5 3 1827 + 0.010 | 436 £ 0.65
# 6 | Full out
. 2
5_/19 g/}:’l#1 | 253 0.2 | 5 3 1945+ 0.014 | 454 009
# 1| Gap 20w |
5,18 | ALe .
4 Fu}%ﬁ‘ 557 0.2 5 3 2395+ 0.012 | 624 % 009
i 8 Gap 1 0mm
%k Detectors mwU . micro fission chamber
NP micro fission chamber
9%y high sensitive fission chamber

—1 6~




JAER I —memo 4378

Table 3_ /fi Values in FCA V-1
i x 10°
239 240 341 23¢% 238

i Pu P u Py U U
1 2.4 2 0.068 0.025 1191 2.32
2 17.85 0.6 64 0.587 6674 24.45..
3 1377 0.469 0.4453 589 1 2891
4 20.91 0.854 0.998 12752 6925
5 657 0312 0467 4010 4016
6 2.23 0.0 7 1 0 815 1339
Total 6375 2.4 4 2.52 30356 17847

— 17—




JAERI —memo 4378

Table 4  Comparison between lixperimental and Calculated Values of Q¢

Core «ss and Calculational Values Qc(Cat)
dc(BExp )
No . code £(x107 sec)] BC x107% ) {acA T sec™ P ac(Bxp)
ABBN
108 722 0.667 054 124
i—1 | KPARAM :
+001
JABRI-FAST -
1.20 711 0594 4 110
SNKPARAM
ABBN
193 736 0.374 137
y_72 | KPARAM 7 0275
+0008
JARRI~FAST
2.50 704 0.28 1 _ 103
SNKPARAM '
ABBN
.30 5.63 0.433 . 127
v_q | KPARAM 1 : 0341
+
JAERI-FAST 10013
SNKPARAM | 142 5.5 1 0.387 113
ABBN
JOYO 1.9 1 523 0.273 — —
KPARAM .

—-18_



Table 5.

Comparison of (Jonstant Source Component ,

+
Run Core Detector nug}ber cha.mel B/ch_ L"'S/ch. Nd/ch_ _L+8 o .y
No . Pattern No . t ¢ igger width “Nd_
515 |gR #2 x 108 #s % s
5 4 1 2.844x10* 1.392x 104 1.452x 10 | 959 0218 | 417
# 3 Full out .
515 | QR #1. 2
4 1 285 x10° 168 x 10° 117 10% | 144 088 409
# 8 Full out 7 - 9
5718 | G/R #1. 2
1 s/h #8.9 . 2 025 | 484 x10? .79 x 10° | 305 x 10° | 587 | 217 | 422
# Full out :
5718 ' |
4 2 s " 2 1 .91 x10° 715 x 10° 119 10° | 6041 214 414
5718 {A1l CR SR
2 2 2
£ 6 |Full out ’ 4 028 388 x10 175 x 10 2.15 10 80.5 436 406
518 |All R SR
Full out 2 2 : 2
#8 |Gap 10m 4 4 0.25 232 x10 1.25 x 10 .07 10 117 624 415
5/15 GR #2 _ ,
8 b 3
# 1 [ Full out 1 4‘ 1 795 x140 3207 x 10 764 10 401 | 022 0094
5/15
# 6 yR #1.2 " 4 1 %83 x10° 832 x 10 %00 10° | - 924 | 0918 | 0105
518 [G/R #1.2
#4B SR #8. 9 " 2 05 169 x10° 104 x 10! 1.59 10° 654 | 220 0125

Fuli out
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Fig.1, V—1-D core patterﬁ
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Fig. 2, Decay curve (1)
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Fig.3. Doecay curve (2)
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Fig-4, Decay curve (3)
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Fig. 5. Relation between decay constant & and reactivity Q..
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