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Reactivity Effects of Neutron Isolator in Two-Slab Tank Array
Containing Low Enriched Uranyl Nitrate Solution

Kotaro TONOIKE', Kiyoshi OKUBO, Kazubiko IZAWA, Seij i ONODERA and Yoshi nori MIYOSHI
Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun, Ibaraki 319-1195, Japan

With a neutron interactive core configuration of two core tanks, reactivity characteristics
was evaluated by measuring the critical solution levels for the polyethylene and the concrete
isolators installed between the tanks. Methodology to evaluate an enough thickness of
those materials, with which each tank is isolated from the viewpoint of eutron interaction,
was studied utilizing the experimentally evaluated reactivity characteristics.
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1. Introduction neglected was studied.
In this report, the evaluation method of an enough

A series of experiments with neutron interactive thickness of neutron isolator is briefly reviewed and
cores which consisted of two slab tanks was con- the experimental data is presented. Then the deriva-
ducted at the Static Experiment Critical Facility tion of neutronic parameters such as the reactivity
(STACY) in the Nuclear Fuel Cycle Safety Engineer- decay constant ic, or the neutron migration length M,
ing Research Facility (NUCEF) "'), Japan Atomic for the polyethylene or the concrete was discussed
Energy Research Institute (JAERI) to measure the comparing experimental and computational data.
neutronic characteristics of the multiple-unit system
which is categorized as the general-form in the criti- 2. Isolation of Multiple Units

3,I)cality safety handbook of Japan . Critical volume
change of low enriched uranyl nitrate solution was For the criticality safety design of a multiple-unit
measured under various geometrical conditions such system, a neutron isolator is employed to simplify the
as distances between the two core tanks, materials design model as shown in Figure 1. Although units
(polyethylene and concrete) and their thicknesses of fissile material exist at both side of an neutron iso-
placed between those tanks. The measured criticality lator, the model can be simplified if the isolator is so
data was interpreted into the reactivity characteristics thick that the neutron interaction between the units can
as functions of a neutron isolator thickness and the be neglected, where each unit can be treated as a sin-
evaluation method to determine the enough thickness gle unit with a reflector. The question is how thick
of isolator with which the neutron interaction can be the isolator should be.

Multiple Units of Single Unit of
Fissile Material k(R) Fissile Material k

Reflector

Neutron Isolator of Enough Thickness

Isolator R ere Neutron Interaction is Neglected

Fig.1 Model Simplification by an Isolator of Enough Thickness
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3 4)In the handbook ,to discuss this issue quantita produced one. First, it should be studied that the
tively, the Reflector Factor (RF) is defined as follows inclination of the figure agrees between experimental

data and computational data. Then, it should be as-
RF=JJk(R)-kJ1kJ sessed that the RF of 3x 03 Ak/k could be evaluated

property experimentally or computationally.

where k, is the effective neutron multiplication factor 3. Experimental 57)

of a unit of fissile material located at one side of very
thick neutron isolator, i.e. the unit is isolated from the 3.1 Geometry
viewpoint of neutron interaction, kR) is the neutron The experiment was conducted with the core con-
multiplication factor of two identical units located at figuration of arrayed two identical core tanks as
both side of an isolator having a finite thickness R. shown in Figure 3 Each core tank was made of SUS
In other words, RF is te reactivity difference between 304 stainless steel and has a inner cavity of 350 mm
the condition where two units are fully isolated by a thickness, 690 mm width and 1500 mm height sur-
very thick isolator and the condition where they are rounded by walls of 20 mm thickness. The distance
isolated by an isolator of a finite thickness. This is of two core tanks could be varied from mm to
an index indicating bow much reactivity is introduced 1450 nun. First, nine core distances were configured
when the isolation becomes weaker than the fully iso- as listed in Table I without neutron isolators and a
lated condition. critical solution level was measured for each distance.

Then, as shown in Tables 2 and 3 the polyethylene
and the concrete isolators were installed between the
core tanks, whose thicknesses are up to 300 mm and

10-0 600 mm, respectively. Figure 4 is a picture taken
from the upper ide which indicates concrete isolator
units composing a 600 mm thickness at Run 324 in
Table 4 The uranyl nitrate solution was fed into the

2x1 both tanks simultaneously and the solution levels were

10-1 Amy kept the same for both tank.
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Fig.2 Detennination of Enough Thickness
of Isolator

Figure 2 which is also quoted from the handbook,
20

shows the relation of the isolation material thickness C ty
core Wi, th Tank

and the R for the cases of BV�R fuel assemblies ar- T (Mobile)

rayed in the water. If a reactivity larger than (Fixed)

3x IO-' Ak/k is introduced comparing to the fully iso- Uranyl
Solutionrated condition, it is judged that the system is not iso-

lated. In other words, the tickness of isolation ma-
laterial wich introduces a reactivity less than

033x Ak/k is judged as an enough thickness. For
example, the thicknesses larger than 18 cm and 22 cm Base
are enough for the 3 3 and the 2 x 1 arrays. Plate

To validate this concept, a series of experiments
was conducted at STACY. It aimed to evaluate ap-
propriateness of the threshold of 3x 03 Ak/k reactiv- unit Solution face of

Feed Dain Wa tIrrReflector Pool
ity by producing this figure with experimental data Line

and by comparing the figure with the computationally Fig.3 STACY 350T Slab Core Tanks
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Core Tanks Table.1 Core Configurations without Isolators

235 U Enrichment: 997%

Sol. fuel condition at 25 C
Run L * H * Hcc

(mm) U conc.* Acidity* Density (m-)
(gU/L) (N) (g/cin')

261 0 290.3 0.83 1.4160 494.9 494.9
274 25 296,0 0.85 1.4234 498.8 510.5
273 50 295.9 0.85 1.4232 519.7 532.4
262 75 290.5 0.83 1.4163 554.2 554.9
263 150 290.8 0.83 1.4166 600.3 602.0
264 300 291.0 0.83 1.4169 659.9 663.1
267 500 291.6 0.84 1.4177 709.8 716.3
268 1000 291.9 0.84 1.4181 763.2 773.4
269 1450 295.0 0.85 1.4221 762.5 791.6

Fig.4 Installation of Isolator Units L : Core distance

U conc.: Uranium concentration

3.2 Solution Fuel Condition Acidity Free nitric acidity
The uranyl nitrate solution which was used in the Temp. Temperatur of the solutoin in core tanks

experiment had the 235 U enrichment of 10%, the ura- H : Measured critical solution level
nium concentration of about 290 gU/L and the acidity Hcc : Corrected critical solution level
of about 0.8 N. The basic principle of experiment is
that the solution fuel condition was not changed inten- Table.2 Core Configurations
tionally, critical solution levels were measured for with Polyethylene Isolators
each core configuration and the reactivity effect was 235 U Enrichment: 997%
evaluated from the difference of critical solution lev- Sol. fuel condition at 25 C
els. The fuel solution condition, however, naturally Run T * He Hcc
changed over time during the experiment period with (MM) U conc. Acidity Density (MM) (MM)
the uranium concentration, the acidity and the solution (gU/L) (N) (g/c-1)
density raising, which was caused by te water 292 1 00 (Ai,) 293.8 0.83 1.4199 561.5 561.6
evaporation. The fuel solution condition at each ex- 294 10 294.9 0.84 1.4216 536.0 540.3
periment has been evaluated as shown in Tables 1 2 295 25 295.3 0.84 1.4222 585.8 592.9
and 3 by interpolations of the results of repeated solu- 298 50 295.8 0.84 1.4230 636.9 649.2
tion sample taking and analysis during the experiment 300 100 296.3 0.84 1.4239 678.4 697.8
period. 302 150 296.9 0.84 1.4247 689.4 712.8

3.3 Critical Solution Level 304 200 297.2 0.85 1.4251 691.3 716.8
Tables 1 2 and 3 also indicate measured critical 306 300 297.7 0.85 1.4259 689.6 719.6

solution levels in the columns He" for various core T Polyethylene thickness
distances or isolator thicknesses of the polyethylene or
the concrete. Generally, higher critical solution lev- Table.3 Core Configurations
els are observed for larger core distances or thick- with Concrete Isolators
nesses of isolators. The exceptions can be seen by 235 U Enrichment: 997%
comparison between Runs 268 and 269 in Table ,
Runs 304 and 306 in Table 2 and Runs 322 and 324 in Sol. fuel condition at 25 CRun T * -c Hcc
Table 3 where lower critical solution levels are ob- (mm) U conc. Acidity Density
served for the larger core distance or thicker isolators. (gU/L) (N) (g/c-1)

The exceptions are caused by the natural change Of 311 1 00 (Air) 290.0 0.84 1.4154 576.0 576.0
solution fuel condition mentioned above. The reac- 312 25 290.5 0.84 1.4161 531.1 532.5
tivity effect related to the solution ftiel condition 314 50 291.0 0.84 1.4169 553.8 557.8
should be compensated for the reactivity effect 316 100 291.5 0.84 1.4176 594.5 601.5
evaluation of neutron interaction. In Table 1, values
in the column "Hcc" indicate the corrected critical 318 200 292.0 0.84 1.4184 642.2 653.7
solution levels on the assumption that each experiment 320 300 292.6 0.84 1.4193 662.5 679.3
was conducted with the same solution fuel condition 322 400 293.2 0.84 1.4201 664.8 685.3

7 )as Run 261 . In Tables 2 and 3 the columns "Hcc" 324 600 294.2 0.84 1.4217 660.4 690.9
indicate the corrected critical solution levels for the T Concrete thickness
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solution ftiel conditions of Runs 292 and 31 1, respec- 800 .................
tively.

Runs 292 and 311 are configurations of a 100 mm 7; 750 Polyethylene
core distance without isolators, which are the refer- >
ences for both series of experiments with the polyeth- 700
ylene and the concrete isolators to evaluate the critical
solution levels of the zero thickness isolator. The 15 650 Concrete0
reason why the 100 mm core distance was chosen Cn

600instead of 0 mm is because of a poor reproducibility of
a mm core distance due to mechanical tolerance. 550
The derivation of critical solution level for the zero U
thickness isolator from the results of Runs 292 and 500

3 1 1 utilizing the reactivity effect estimation based on
0

the "Hcc" in Table I gives 490.5 mm and 500.8 mm U450 0 200 400 600 800 1000 1200
for the polyethylene and the concrete, respectively.

Figure shows the critical solution level change Isolator Thickness (mm)
depending on the thickness of isolators based on the Fig.5 Dependence of Critical Solution
columns "Hcc" in Tables 1 2 and 3 The plot of Level on Isolator Thickness
"Air" shows the results of experiment without isola-
tors. The critical solution level change is saturated
around a 30 cm thickness for the polyethylene isolator 4.0 --------
and approaches to 719 mm. For the concrete isolator, 0 Measured data
it saturated around a 60 cm thickness and approaches `-,Fitted curve
to 696 m. For the case of air, the critical solution < 3.0
level changes even at the 1450 mm core distance and CD
the extrapolation of the curve indicates that critical ZZ11
solution level would be 831 mm for the very large it,
core distance. -.1 2.0

For the experimental evaluation of , reactivity Cd

differences was evaluated between the saturated criti- 2
cal solution levels for the very large thickness of iso- -Id 1.0

lator and the critical solution levels for the thinner
isolators.

O.O.
3.4 Differential Reactivity 450 500 550 600 650 700 750 800

Mong with the critical solution level measurement, Solution level (mm)
the reactor period measurement or the reactivity
measurement with a reactivity meter were conducted Fig.6 Variation of Differential Reactivity
by changing the solution level around the critical solu- over Solution Level
tion level to estimate a differential reactivity worth.
Dependency of the reactivity worth on solution level 10- I . . . . . . . .
is illustrated in Figure 6 The measurement data in
the figure is fitted to the function

dp (A / k
3 (2) I '

dH (Ak / k (H(-) + Amm))

where C is the conversion factor, A is the extrapolation
length, p is the reactivity (Ak/k) and H is the solution 10-
level (m), and the values 6.08x 104 Ak/k-MM2 and
108 mm are gained for C and A respectively. Poly- A

A reactivity difference between two solution levels ethyl Concrete
is calculated by integrating the differential reactivity 10-4 . . . . . . . . . . .

worth curve expressed as Eq.(2) or drawn in Figure 6 0 200 400 600 800 1000 1200
To evaluate , the integration Isolator Thickness (mm)

Fig.7 Variation of Reflector Factor (RF)
over Isolator Thickness
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Table.4 Relation between R Decay Constant and Neutron Migration Length

Polyethylene Concrete

RF Decay Neutron RF Decay Neutron
Evaluation Method Constant Migration Constant Migration

A" (cm-,) Length )rr (cm'l Length
M, (cm) M, (cmL

Experimental 0.305 3.33 0.098 12.09

Transport Calculation (THREEDANT) 0.341 --> 2.97 0.119 9.41

Monte-Carlo Method (MCNP) 0.298 3.41 0.112 10.10

SRAC-ANISN 0.212 4.87 0.089 14.01

Criticality Safety Handbook 0.106 <-- 10.92

-H 608xl W (AkIk.1) JENDL 32 '). The computed factor should be unity
R = "' , dH (3) since each experimental configuration is a critical

(H(-) + 0. 8 (_))3 system. Actually, the computed factor, however, has

a discrepancy from unity. Each measured critical
should be performed from the critical solution level H solution level was corrected by compensating the dis-
measured at an isolator condition of some thickness to crepancy and the computational critical solution level
the critical solution level H, at a completely isolated was evaluated.
condition mentioned above. The computational critical solution level was proc-

essed in the same manner as the experimental data and
3.5 Reactivity Characteristics of Isolation the decay constant and the neutron migration length

Figure 7 shows the result of the R evaluation for M, were evaluated, which are indicated in the 2 d and
the polyethylene and the concrete isolators which are P rows of Table 4 By THREEDANT, the neutron
on linear lines in a logarithmic scale, while the "Air" migration length M, was evaluated as 297 cm for the
data without isolators are on a curve. The decay polyethylene and 941 cm for the concrete. By
constants of RF for the polyethylene and the con- MCNP, it was estimated as 341 cm and 10.10 cm,
crete are 0305 cf 1 and 0098 c-', respectively- respectively
For the perpendicular direction to the direction where The cross section set for THREEDANT was calcu-
core tanks and isolators were arrayed, neutron leak- lated with SRAC-ANISN "). The SRAC-ANISN
ages are expressed as the bucklings of 000278 crif' produced also one-group constants such as a diffusion
and 000286 cirf 2 for the polyethylene and the con- coefficient and an absorption cross section, from
crete cases respectively. whose ratio the neutron migration length M, and, then,

The measured decay constant r, and the buckling the decay constant are derived as shown in the 4th
of perpendicular direction B 2 to which neutron leaks row of Table 4 In this case, the neutron migration
are related by the modified one-group diffusion ap- area was estimated as 487 cm for the polyethylene
proximation as and 14.01 cm for the concrete.

In the handbook, the neutron migration length of
K� 2= IIM, + B,' (4) concrete is given as 10.92 cm.

The neutron migration length derived from the dif-

where M, is the neutron migration length in an isolator. fusion coefficient and the absorption cross section of
The decay constant ic, and the neutron migration the one-group constants produced by SRAC-ANISN is
length M, can be derived from each other. From the significantly larger than the experimentally evaluated

measured ir, the neutron migration length M, is value.
evaluated as 333 cm and 12.09 cm for the polyethyl- The calculation by SRAC-ANISN was originally
ene and the concrete, respectively, which is indicated designated to produce the cross section sets for
in the I" row of Table 4 THREEDANT and the analysis of the experimental

configurations by THREEDANT generally agreed

4. Analysis and Discussion with the experimental results. This implies that the
cross section sets fed to THREEDANT do not contain

The experimental configurations were analyzed a big error. The diffusion coefficient produced by
with the three-dimensional transport code THREE- SRAGANISN, however, was not used by THREE-

DANT 8) and the continuous energy Monte-Carlo code DANT.
MCNP 9 and the effective neutron multiplication fac- For the reason why the neutron migration length
tors were computed with the nuclear data library estimated by SRAGANISN shows a larger value, the
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diffusion coefficient by SRAC-ANISN is quite suspi- 3) Nuclear Criticality Safety Handbook of Japan,
cious. JAERI 1340, 1999), (in Japanese].
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