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ABSTRACT
Two Proposals for determination of large reactivity of reactors are presented. One is for large positive reactivity.

The other is for large negative reactivity.
Existing experimental methods for determination of large positive reactivity, the fuel addition method and the

neutron absorption substitution method were analyzed. It is found that both the experimental methods are possibly
affected to the substantially large systematic error up to ~ 20%, when the value of the excess multiplication factor
comes into the range close to ~ 20%Ak. To cope with this difficulty, a revised method is validly proposed. The re-
vised method evaluates the value of the potential excess multiplication factor as the consecutive increments of the
effective multiplication factor in a virtual core, which are converted from those in an actual core by multiplying a
conversion factor f to it. The conversion factor f is to be obtained in principle by calculation. Numerical experi-
ments were done on a slab reactor using one group diffusion model. The systematic errors are mostly swept out in
the revised method. Influence of the uncertainties in the group constants on determination of large positive reac-
tivity has been confirmed to be little.

The rod drop experimental method is widely used for determination of large negative reactivity values. The de-
cay of the neutron density followed by initiating the insertion of the rod is obliged to be slowed down according to
its speed. It is proved by analysis based on the one point reactor kinetics that in such a case the integral counting
method hitherto used tend to significantly underestimate the absolute values of negative reactivity, even if the in-
sertion time is in the range of 1 ~ 2s. As for the High Temperature Engineering Test Reactor (Hi IK), the insertion
time will be lengthened up to 4 ~~ 6s. In order to overcome the difficulty, the delayed integral counting method is
proposed, in which the integration of neutron counting starts after the rod drop has been completed and the counts
before is evaluated by calculation using one point reactor kinetics. This is because the influence of the insertion
time on the decay of the neutron density disappears soon after the moment. A large negative reactivity of -20 $
can be determined within the systematic error of 3% by the delayed integral counting method proposed in the pre-
sent paper.

1. INTRODUCTION
Many experimental methods have been developed for determination of reactivities of a reactor. Some problems,

however, have remained still to the present. In the present paper, two new experimental methods are proposed. One
is the delayed integral counting method in the rod drop experiment m for large negative reactivity that is aiming
at determining the shutdown margin of a reactor for which the insertion time of control rods is significantly long.
The other is the revised method for large positive reactivity, that is aiming at obtaining the large excess reactivity
value of a reactor.

Both two methods are intended to be applied for the Japan Material Test Reactor (JMTR) as well as the High
Temperature Engineering Test Reactor (HTTR). The latter one has recently attained initial criticality.

2. DELAYED INTEGRAL COUNTING METHOD IN THE ROD DROP EXPERIMENT
2.1 Analyses of rod drop experiment

Rod drop experiment is analyzed by using one point reactor kinetic model'".
The reactivity value of the reactor at time t,p(t), in which insertion of a control rod has already started at t = 0,

is described as
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(1)
where p(°o) is the reactivity worth of the control rod for t = oo.

/(/) is obliged to satisfy the following boundary condition
(1 for t=0

/W= (2)
\0 for r=oo

Assuming the linear insertion with time t, f(t) is given by

(3)

l~ for 0< t^

[0 for T< t <oo

where T; linear insertion time.
The value ofp(co) is to be determined as l l ) Fl

where n(0) ; neutron counting rate before rod drop
n{f) ; neutron counting rate at t after rod drop
A ; neutron generation time
X ; decay constant of delayed neutron precursor
p ; delayed neutron fraction

Effect of the insertion time on the measured results by the existing method is given by

KfMt/fcndt (5)
Change of n{t) shown in Fig.l is calculated by Runge-kutter method using kinetic parameters for the VHTRC-1

core that is assembled at the Very High Temperature Reactor Critical Assermbly (VHTRC) with intention of one
of the mock-up cores for the HTTR core. It is to be noted that soon after the insertion of the control rods is com-
pleted the difference of n(t) will tend to disappear between fast and slow insertions. The cause is likely that the de-
layed neutron precursors to excite the delayed neutron mode is mostly produced in the past critical state.The effect
of the insertion time defined in Eq.(5) is evaluated as shown Fig. 2. The effect leads to underestimation of ~
20% even for linear insertion time of about one second if reactivity worth of the control rod is close to ~ 20$.

2.3 Proposal of delayed integral counting method
Utilizing the results of the analyses given in the previous section, the delayed integral counting method is pro-

posed. In the method, the measured ratio of the neutron counting rate n(0) to the neutron counts from t = d to
t =oo, n(0)/ §~n(t)dt, can be related to the true value of the reactivity worth of the control rod by the following
Eqs. (6), (7) and (8).

F (7)^ V F
and

F = ^ (8)

J o " ' *
where the suffixes m and c denote measured and calculated quantities, respectively (a.
The recipe using the F factor corresponds to substitute J~n~dt (Jo n4t /j~n<dt) for Jo njdt.
The value of d should be somewhat larger than the time of completion of the control rod insertion.
Mitigation of the effect of the insertion time by use of the delayed integral counting method proposed is shown

in Fig. 3.
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3. REVISED METHOD FOR DETERMINATION OF LARGE POSITIVE REACTIVITY

3.1 Existing method for determination of targe positive reactivity
The fuel addition method :The number of fuels is increased stepwise so that the minimum volume core that was

initially critical is enlarged up to the maximum volume core finally. In each step, the increase of effective multi-
plication factor Ak'Xactual) due to the increase of the loaded fuel is to be measured. Soon after completion of the
measurement, the amount of external neutron absorption is increased to regain criticality, by insertion of control
rods or injection of boric acid, etc.

In the existing method, the value of ka of the maximum volume core has been hitherto thought to be given sim-
ply by the formula,

ka=t~Ak['(actual). (9)
, - i

The neutron absorption substitution method: The external neutron absorption is decreased stepwise from the
maximum neutron absorption core that was initially critical down to the minimum neutron absorption core finally.
The decrement of the external neutron absorption is done usually by withdrawal of control rods or extraction of
liquid poison.

In each step, the increase of the effective multiplication factor Ak' {actual} due to the decrease of the amount
of external neutron absorption is to be measured. Soon after completion of the measurement, the amount of neutron
absorption for substitution is increased to regain criticality.

In the existing method, the value of £„ of the maximum neutron absorption core has been hitherto thought to be
given simply be the formula,

k.= f.Ak'(actual). (10)
1

3.2 Proposal of revised method
Concept of a virtual core is required to be introduced. In the virtual core, such actions to take back criticality by

decreasing reactivity values are not taken.
The fuel addition method: kjyirtual) is equal to ka by definition and it should be evaluated by the formula

kjpirtual) =YAH (virtual), (11)
i- l

where Ak{ (virtual) is the increase of the effective multiplication factor k of the virtual core raised by the i-th step
fuel loading, and its value is estimated by the formula

Ak{(virtual)=fiAk! (actual). (12)
The neutron absorption substitution method : k«(virtual) is equal to ka by definition and it should be evaluated

by the formula
^(virtual)="z.Ak-(virtuat), (13)

where Ak'(virtual) is the increase of the effective multiplication factor k of the virtual core raised by the i-th step
neutron absorption removal, and its value is estimated by the formula

Ak-(virtual)=f,dk: (actual). (14)

3.3 Validity of revised method
Fundamental aspects of the revised methods are to be investigated here with use of one group diffusion theory

on a bare homogeneous slab reactor.
In the revised fuel addition method, the conversion factor/ is given by

lf-IA ?PBl (15)

where k ; effective multiplication factor
D ; neutron diffusion coefficient
£. «,,; neutron absorption crosssection added to regain criticality

In the revised neutron absorption substitution, the value of the conversion factor / i s simply given by
f=k\ (16)
Therefore, the deviation of / from unity becomes gradually large with increasing k. This trend is independent

of the fact whether the neutron leakage is high or low.
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It is also to be noted that the true value of the excess multiplication factor of the virtual core k^(virtual) can be
related to k,,{actual) by the formula

kjvirtual)=(1 + ^(virtual)) kjactual), (17)
where
kjactual)= Summation of Ak'(actual). (18)
Numerical experiments were done, aiming at validating the applicability and accuracy of the revised methods

proposed in the present paper. The methods are applied to the slab type reactors, for the purpose of explaining their
fundamental aspects. The value of the potential excess multiplication factor ka was set to be \1.65%Ak, consider-
ing the values of £„ of JMTR, JRR-3M (Japan Research Reactor-3 Modified) and Hi IK. The deviation of the
convertion factor/ from unity with increasing k are illustrated for both the methods in Fig. 4.

The revised methods reproduced the true ka values well, which were estimated through Eq.(8) that represents
criticality. The existing methods, however, failed. It is shown that the existing fuel addition method overestimates
the true value of 17.65%Ak by ~22% in case of the low neutron leakage core. On the contrary it is also found that
in case of the high neutron leakage core the existing fuel addition method somewhat underestimates the true value
by -4%. The existing neutron absorption substitution method gave -15% lower value, compared with the true valu-
e in case of the low neutron leakage core.

4. CONCLUSION
Two experimental methods are propopsed to determine large negative and positive reactivity values of a reactor.
One is the delayed integral counting method for the large negative reactivity in the rod drop experiment. In case

of the linear insertion of control rod with time, systematic underestimation of its reactivity worth will remain within
- 3 % even if the insertion time exceeds ~6 seconds.

The other is the revised method for the large positive reactivity in the fuel addition and neutron absorption sub-
stitution experiments. The value of ka can be given as the summation of the increase of effective multiplication
factor of the virtual core Ak(virtual) raised stepwise by the increase of the loaded fuel number and decrease of the
external neutron absorption for the fuel addition and the neutron absorption substitution methods, respectively. Ak
(virtual) is estimated through multiplying Ak {actual), which is the directly measurable increase of multiplicatioan
factor in the actual core, by the conversion factor/. From the numerical experiments, it is concluded that the revised
methods are possibly able to determine the values of the potential excess multiplication factor up to ~20%Ak within
the systematic errors of a few percent.

Application of the two new experimental methods is going on for JMTRC 0) and HTTR.1'"
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Fig. 3 Decrement of effect of control rod insertion time by use of delayed integral counting method
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