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ABSTRACT
A draft of the second edition of Nuclear Criticality Safety Handbook has been finalized,

and it is under examination by reviewing committee for JAERI Report. Working Group
designated for revising the Japanese Criticality Safety Handbook, which is chaired by Prof.
Yamane, is now preparing for "Guide on Burnup Credit for Storage and Transport of Spent
Nuclear Fuel" and second edition of "Data Collection "part of Handbook. Activities related to
revising the Handbook might give a hint for a future experiment at STACY.

1. Introduction
The main objective for preparing Japanese Criticality Safety Handbook has been its

utilization to the commercial reprocessing plant, which is now being built in Rokkasho-mura.
The first edition of the Handbook(1) was used for the safety review made from 1989 to 1991.
As the Rokkasho Reprocessing Plant is expected to start operation in 2003, the objective has
shifted to supply useful information for criticality safety control of the Reprocessing Plant.

The second objective, or target that increases importance recently is interim storage of
spent nuclear fuel. It was announced in this year by a consulting committee of Ministry of
International Trade and Industry, MITI, that interim storage facilities should be operated from
around 2010. From this information, we can readily infer that the safety review will be made
from 2006 to 2007. Therefore, the safety regulations should be prepared, probably from 2001
to 2005. It is not so later anyway.

There have been three chairs of the Working Group. Prof. K. Nishina worked as chair
for 7 yearr, (FY1988 - FY1994). Four Working Subgroups were set up. Subgroup #1 treated
essentially criticality data; Subgroup #2: modelling of fuel system; Subgroup #3: criticality
accidents and alarm system; and Subgroup #4: criticality safety margins in chemical processes.
Supplementary Report published in 1995 was the main attainment of the Working Group and
Subgroups.

A new Working Group started from FY1995, replacing the former Working Group and
Subgroups. Dr. Y. Nomura became a chair of the new Working Group. A draft of the second
edition was finalized by the Working Group. STACY and TRACY experiments were initiated
at the same time. Experimental programs and recently obtained results were presented at
meetings of the Working Group. Although the duration was only three years, I believe it
worked as a turning period.

The mission has been succeeded to Prof. Y. Yamane from this fiscal year. The second
edition contains only the main part, not the data collection part that was included in the first
edition. Revision of the data collection part is, therefore, a remaining task for the Working
Group. Burnup credit is a topical theme, especially for storage and transportation of spent
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nuclear fuels. Therefore, the group is preparing a related guide. Table 1 shows present
members of the Working Group.

2. Second Edition of Nuclear Criticality Safety Handbook
A draft of "Nuclear Criticality Safety Handbook, second edition" has been finalized

recently. It is under examination by referees of the reviewing committee for JAERI-Report. It
includes fruits of 10 years' studies mainly made by JAERI and discussions developed at the
above-mentioned Working Group and Subgroups.

Table 2 shows chapter titles of the second edition. The second edition is essentially
the first edition in addition Supplement Report published in 1995(2). Safety margins in
chemical processes, such as a dissolving and extraction processes are assessed based on model
calculations. A simple method for evaluating the total fission number that characterizes a scale
of a criticality accident is proposed. Principles for alarm system detecting a criticality
accident are summarized. These are new in the second edition. Researches on modelling of
fuel systems have been made and results are included in the second edition as a revision.
Criticality condition data for MOX fuel fabrication plant designated for thermal utilization
should be included in the second, or a later edition. The data were obtained with use of
MULTI-KENO code combined with the 137-energy-grouped cross section library based on
JENDL-3. However, they have not yet included in the draft.

Recommended values of uranium and plutonium isotopic composition were cited in
Supplement Report. Afterwards, these values are found applicable to uranium dioxide fuels
whose initial enrichments are less than or equal to 3 wt%. Therefore, we restored the
description to that of the first edition. The problem remains to be solved for the Working
Group.

3. Present Focus
The next meeting for Working Group will be held on December 2. Possible themes to

be discussed at the meeting are the following:
a) As I stated above, we are preparing "Guide on Burnup Credit for Storage and Transport of

Spent Nuclear Fuel." What are the remaining problems to solve in preparing it?
b) In revising "Data Collection" part of the Handbook, some of the criticality condition data

should be re-calculated. Considering the advance in computer codes and popularity of
engineering work stations, making use of a continuous energy Monte Carlo neutron
transport code will be adequate. Which code is better, a world-wide popular code MCNP
or a Japanese code MVP? What shall we do with JACS code system traditionally used in
Japan?

c) Another problem we should think about is whether all the criticality condition data should
be recalculated or not? Presumably there are priorities among them.

4. Related Examples
a) Neutron Absorption by Fission Product (FP) Nuclides

I am referring to some examples related to revision of the handbook. The first example
is related to burnup credit. How much is the neutron absorption effect of fission products?
The calculations were made for a dissolver model. Such parameters were changed as pellet
diameter, lattice pitch, chemical composition and temperature of fuel solution, and reflector
condition.
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Figure 1 shows a result of a typical case that fuel rods are optimally arrayed, solution
is replaced by water, and the dissolver is surrounded by fully thick water reflector(3). The
results show that £e# decreases 15 % for the burnup of 30 GWd/t and 20 % for 48 GWd/t.
Inclusion of minor actinides, in this case, Np-237, Am-241, and -243, affects not so much.
Inclusion of FP nuclides, on the hand, gives a remarkable effect, almost 10 %Ak/k. The FP
nuclides considered were nine: Sm-147, -149, -150, -152, Nd-143, -145, Cs-133, Gd-155 and
Eu-153. Three nuclides (Rh-103, Tc-99 and Mo-95) are not included for the evaluation of the
dissolver model, considering that they are main elements of unresolved residues.
b) Nonuniformity of Fuel

The criticality condition data found in nuclear criticality safety handbooks and guides
assume uniform distribution of fuel. Nonuniformity of fuel distribution may increase ke/f.
However, how much is it?

Numerical calculations were made and they revealed that the maximum increase is:
• 1 %Ak/k for UO2(NO3)2 solution,

• 4 %Ak/k for Pu (NO3)4 solution,

• 6 %Ak/k for UO2 slurries.
I am showing an example for a mixture of 5 wt% enriched uranium dioxide and water.

The fuel system is described as a 10-cm-thick slab of fuel with water reflector on one side.
Figure 2 shows a calculation result of keff for the optimum and uniform fuel distributions^.
The calculations were made with the OPT-SN program. It was based on the perturbation
theory, and the neutron transport equation was solved by the ANISN code.
c) Organic Solution

The third topic is considering replacement of organic solvent with water. Previous
studies on 30/70 vol.% tributylphosphate (TBP)/kerosene and also 28/72 vol.% TPB/ normal
paraffin hydrocarbons (NPH) showed that the corresponding replacements were conservative.
The question is that this is also true for 30/70 vol.% TBP/dodecane that is popular in
reprocessing. To answer this question, we made numerical calculations.

Calculations were made with MCNP-4A code with the neutron cross sections based
on JENDL-3.2. They were applied to plutonium nitrate solution in infinite medium. Figure 3
shows a ratio of k^ of organic solution to km of aqueous solution(5). The ratio increases as the
plutonium concentration decreases. It is positive for plutonium concentration less than 100
gPu/1. This result shows that the replacement is not necessary conservative 30/70 vol.%
TBP/dodecane.

It is stressed that the kind of moderator is very important in criticality safety.
Recently it was recognized in relation to criticality safety of fuel wastes that limiting
concentration of plutonium-239 in infinite sea of silicon and some other elements becomes a
half of that of water-moderated system(6). Note that silicon-dioxide is the main element of
granite and glass.

5. A proposal to STACY
The three examples shown above are based on calculations. To obtain experimental

evidences is important to understand further the nature of phenomena. In this respect, I
would suggest that STACY should have a combined cylindrical tank that comprises a
cylindrical tank and a covering annular tank. Then, related experiments can be made by
containing fuel solution including FP nuclides, various concentrations of fuel, or fuel in
different solvent than water in the central cylindrical tank.
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Table 1. A member list of Working Group on Nuclear Criticality Safety Data in FY1998

Name
Yamane, Y. (Chair)
Hazama, T.
Hiyama, N.
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Kurosawa, M.
Makiguchi, H.
Masukawa, F.
Misawa, T.
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Miyoshi, Y.

Affiliation
Nagoya Univ.
JNC
NFI
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JRI
JAERI
JNF
NUPEC
Kyoto Univ.
Toshiba
JAERI

Name
Nakajima, K.
Natsume, T.
Nojiri, I.
Nomura, Y.
Okuno, H.
Suda, K.
Suyama, K.
Suzuki, K.
Yamaguchi, M.
Yoshioka, M.

Affiliation
JAERI
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JAERI
JAERI
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JAERI
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JCO

Table 2. Chapter titles of Nuclear Criticality Safety Handbook, second edition (Draft)

Chapter Title
1. Introduction
2. Technical Methods for Criticality Safety Control
3. Setting of Assessment Conditions and Modeling the Evaluation Object
4. Methodology for Analytical Safety Assessment
5. Criticality Safety of Chemical Processes
6. Criticality Accidents and Their Assessment Methods
7. Basic Principles on Design and Installation of Criticality Alarm System
8. Concluding Remarks
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Figure 1. A typical result for a dissolver model that fuel rods are optimally arrayed, solution
is replaced by water, and the dissolver is surrounded by fully thick water reflector
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Figure 2. A calculation result for the neutron multiplication factors for optimum and uniform

fuel distributions. The calculations were made with the OPT-SN program.
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for organic to aqueous solutions of plutonium nitrate

- 9 9 -


