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ABSTRACT 

As part of a program proposed by the OECD/NEA Working Party on Physics of Plutonium 
Recycling (WPPR) to evaluate different scenarios for the use of plutonium, fast reactor physics 
benchmarks were developed; fuel cycle scenarios using either PUREX/TRUEX (oxide fuel) 
or pyrometallurgical (metal fuel) separation technologies were specified. These benchmarks 
were designed to evaluate the nuclear performance and radiotoxicity impact of a transuranic- 
burning fast reactor system. International benchmark results are summarized in this paper; and 
key conclusions are highlighted. 

INTRODUCTION 

Two fast burner benchmark designs (oxide and metal) were specified by the WPPR. Both 
designs utilize a power rating of 600 M W ,  and similar strategies were utilized to lower the 
conversion ratio well below unity. The uranium content in the reactor is reduced both by 
removing blanket assemblies and by increasing the enrichment of the driver fuel up to the limits 
of the fuel irradiation data base. The neutrons which otherwise would have been captured on 
uranium are purposely wasted by dramatically increasing the core leakage fraction. Thus, the 
neutron balances of these fast burner reactors are quite different from conventional fissile-self- 
sufficient or breeder designs for which the cross section data sets and calculational methods have 
been extensively verified in historical fast reactor development programs. A primary goal of this 
benchmark activity was to assess the variability among participants' solutions which arises for 
burner cores whose neutron balance is substantially altered from that of traditional designs. 

Two different feedstreams which span the range of potential transuranic (TRU) sources for fast 
burner reactor recycle in the intermediate time interval (prior to widespread commercialization 
of fast fissile-self-sufficient or breeder reactor designs) were used. In the case of the oxide 
benchmark, the feedstream from the thermal reactor cycle is strongly skewed toward heavier 
plutonium isotopes (e.g., Pu242 is 14%. of total mass). This feedstream is characteristic of a 
scenario in which the plutonium has been twice recycled (three times burned) in a thermal 
spectrum LWR, and in which during the reprocessing step, the Np, Am, and Cm have been 
removed. In the case of the metal-fueled benchmark, the feedstream from the thermal reactor 
cycle represents LWR once through fuel with about three years of cooling prior,to injection 
into the fast reactor closed fuel cycle. For the metal fast burner, a pyrometallurgid recycle 
technology to reduce LWR spent fuel and produce a fast reactor metallic feedstream containing 
all transuranics admixed together (Pu + Np + Am + Cm) has been assumed. The plutonium 



vector is skewed more to the lighter isotopes (only 4% Pu242) than is the case for the 
feedstream to the oxide benchmark; however, the minor actinides (Np, Am, and Cm) are 
included in the feedstream. 

RESULTS 

For the metal and oxide burner reactor benchmarks, the geometry and composition was fully 
specified as described in the preceding section. In addition, a burnup step of specified energy 
extraction was defined, and the benchmark participants provided computational predictions of 
beginning of life eigenvalue and neutron balance, spectral indices and safety coefficients. Also 
compared were the composition and eigenvalue changes after a single bum cycle, and the end- 
of-cycle decay heat and isotopic contributions to toxicity (using specified toxicity factors). As 
shown in Table I, international design teams submitted six solutions for the oxide-fueled 
benchmark and five solutions for the metal-fueled benchmark. Key results are highlighted in 
this paper; detailed benchmark results and comparisons are available in the WPPR report (1). 

Eigenvalue and neutron balance results for the initial POL) benchmark configurations are 
summarized in Table TI. Variability of several percent Ak is observed for these initial models 

. The neutron leakage fraction of these where the gamefry fixed 
benchmark problems is large -- roughly 30-40% for the benchmark cores. Thus, these large 
eigenvalue differences (which are not observed for conventional fast reactor configurations) are 
likely caused by discrepancies in the leakage terms. 

.. 

Table I11 displays the end-of-cycle eigenvalue and burnup reactivity loss for a single cycle 
(roughly one year) irradiation of the benchmark configurations. The total reactivity loss is 
roughly 8 % A W E '  in the oxide core and 5 % AWkk' in the metal core. Differences of nearly 
1 % AWkk' are observed between evaluations. 

In Table IV, radiotoxicity values at end-of-life are shown for the two benchmarks. In general, 
the radiotoxicity results exhibit little variability among participants, particularly once the (short- 
lived) Cm isotopes have decayed; thus, long-term radiotoxicity predictions are in excellent 
agreement. Note that differences observed on absolute and relative values between the oxide 
and metal system are to be ascribed to: different initial mass inventory (presence of Cm in the 
metal benchmark feed), different hypothesis on reprocessing losses (0.1 % of minor actinides 
for the metallic fuel and 0.3 % of Pu and 1 % of minor actinides for the oxide fuel) and use of 
different sets and definitions of radiotoxicity factors (Sievert.Bq-' for the oxide benchmark, 
cancer doses the metallic ones). 



Country Organization 

France CEA 

J a w  PNC 

Japan TOSHIBA 

Russia IPPE 

Switzerland PSI 

USA ANL 

Oxide-Fueled Fast Burner Benchmark 
Number of 

Contniutors Basic Data Energy Group Codes 

J. C. Gamier CarnaVal-Iv 25 HETAIRE, 
F. Varaine ERANOS 

T. I k e g d  JENDL-2 18 SLAROM, PERKY, 
T. Yamamoto JFS3-J2 TWOTRAN,ORIGE 
s. ohki N-2 

M.Kawasbima JENDL-3 70 MCNP-3B 
M. Yamaoka JFS-3, FSX 

A. M. Tsibulya FOND-2 26 SYNTES, MMK, 
ABBN-90 CONSYST2, CARE 

S. Pelloni JEF2.2 30 NJOY, MICROR, 

2DTB, ORIHET 
MICROX-2, PSD, 

G. Palmiotti ENDF/B-V 28 MC2-2, SDX, 
D m D ,  REBUS, 
VARI3D, NUTS, 
TWODANT, 
ORIGEN-RA 

Basic Number of 
Country Organization Authors Data Energy Groups 

European CEA-France G. Rhpault, & JEF2.2 33 
AEA-UK J. DaSalva - CEA 

P. Smith - AEA 

Japan PNC s. ohki & JFS-3-J2 704 18 
T. Yamamoto (from JENDL-2) 

JENDL-3 704 18 

ABBN-90 2 6  (17 Russia IPPE A. Tsiboulia 
(from FOND-2) 6 

USA Argonne K. Grimm & R. Hill ENDF-V 20824 ( 291 
230 --$ 

Nux 
Solution 

HEX-2 Finite DB. 

RZ Finite DB. 

HEX-2 Nodal 

HEX-Z Nodal 



Table II. BOL Eigenvalue and Neutron Balance 

Organization 

ANL 

CEA 

PNC 

Toshiba 

PSI 

IPPE 

Model Model 
ff Absorption (%) Leakage (%) 

1.107 89.8 10.2 

1.112 - - 
1.125 91.5 8.5 

1.135 - - 
1.128 92.0 8.0 

1.115 88.5 11.5 

Organization 

European 

Japan-2 

Japan-3 

Russian 

ANL 

"Eigenvalue using advanced (transport theory) methods is 1.100. 

Core Core 
k,, Absorption (%) Leakage (%) 

1.063" 62 38 

1.098 63 37 

1.092 62 38 

1.102 62 38 

1.101 62 38 

. 



, 

BOL EOC 
Organization Eigenvalue Eigenvalue 

ANL 1.107 1.021 

CEA 1.112 1.022 

PNC 1.125 1.031 

PSI 1.128 1.037 

Table III. Benchmark Reactivity Loss Results 

BOL-EOC 
(% AWkk') 

7.61 

7.90 

8.06 

7.79 

BOL EOC 
Organization Eigenvalue Eigenvalue 

European 1.063 1.012 

Japan-2 1.098 1.040 

Japan-3 1.092 1.034 

Russian 1.102 1.040 

ANL 1.101 1.042 

BOL-EOC 
(% AWE') 

4.74 

5.08 

5.14 

5.41 

5.14 



Isotope ANL PNC 

Am24 ' 7.69 E + 7 7.75 E + 7 
I I m 2 4 2  I 1.62E + 8 I 1.61 E + 8 I 2.07E + 8 

CEA 

7.48 E + 7 

II ~m~~~ I 7.33E+ 7 I 5.15E+ 4 I 1.33E+ 8 

~~~ 

PuZ9 

Pu240 

Total 

PUD9 + Pu240 

II PuD8 I2.44E+8 I 2.44E+8 I 2.56E+8 

8.80 E + 6 
2.39 E + 7 
6.77 E + 8 

3.27 E + 7 

8.60 E + 6 
2.39 E + 7 
6.55 E + 8 

3.25 E + 7 

8.59 E + 6 

2.44E + 7 
7.90 E + 8 

3.30 E + 7 

Japan Japan united 
Isotope European JENDL-2 ENDL-3 Russian States 



. 8 "CONCLUSIONS 

The causes for the variabilities among participants' solutions have been analyzed in some detail 
(1). However, no broad conclusions have been reached; a follow-on effort to assure consistent 
interpretation of specifications and edit definitions and perhaps making use of sensitivity 
coefficients of reactor parameters to cross section library values would be useful and might 
narrow the spread of results into the range already achieved in a previous high leakage 
benchmark exercise (2). Based on the large variabilities currently observed, however, design 
and deployment of high leakage fast burner reactors would likely require supporting critical 
facility measurements to lower uncertainties in core operating and safety performance 
predictions. The relatively better consistency of predicted toxicity flows suggests that a second 
part of the NEA Working Party's fast burner reactor benchmarking could yield reliable 
indications of the efficacy of using fast burner reactors for waste management. The results of 
that benchmark activity are reported in a companion paper (3). 
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