COmmlSSlon of the European Communi ties | Nerere - L - 454
EURATOM CCR Ispra '

Ispra, June 1975

ASSESSMENT STUDIES FOR ACTINIDES WASTE
by E.Schmidt

Envisaging high burn-up rates and fuel recycling in
nuclear fission reactors leads to a significant generation
of actinides other than fuel with implications for such
different fields as radioactive waste disposal, fuel ele-
ment fabrication and in-core neutron phy31cs.

Actinides and their daughters represent a sPec1al problem
in the radioactive waste disposal because of the high ra-
dio-toxicity of <L -particle emitters and the long half-li-
ves of many of these isotopes. This fact of matter is il-
lustrated in Fig. 1a. While the relative radiotoxic risk
coming'from fission products decreases to acceptable le-
vels within decay periods of less than 1000 years, actini-
des would represent a hazard risk until 100.000 years and
longer unless they will be extracted from the fission pro-
duct waste.

A probable future high-level radioactive waste dispo-
sal policy could be to store waste in geological formations.,
However, since it is impossible to predict with sufficient
reliability the tectonics of geological Fformations for such
long periods as needed that actinides decay to innocuous
radiation levels, the transmutation of actinides in power
reactors themselves will be studiéd as one of their possi-
ble ultimate disposal techniques. The questions to be an-
swered in this frame refer to: '
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~ the neutron-physical feasibility of burning actinides

—~ the required extraction degrees of individual actinides
from radioactive waste, in order to justify this pro-
cedure '

-~ the technical implications for reactor operation and
fuel cycle caused by recycling actinides. '

Recently, a study on the magnitude of the actinides
problem has been completed at Ispra, giving a forecast of
the actinides waste to be generated by the nuclear'powér
industry of the member countries of the European Communi-—
ties until the year 2000, a Ffirst result for the accumula-
tion of actinides in the case of their homogeneous recycling
through a lightwater reactor, and the effect of actinides
separation from waste on the relative radiotoxic risk of
the waste, respectively. The corresponding burn-up calcu-
lations were performed by means of the computer program
ORIGEN /1/. The nuclear cross section 1ibraries for the
natural uranium-fed graphite-moderated reactor (GGR), ad-
vanced graphite-moderated reactor (AGR) and the steam-ge-
nerating heavy water-moderated reactor (HWR) have been
- generated approximating mass Flows For the individual iso-
topes calculated at Berkeley (England) by the program
HYLAS-2 /2/. , '

The characteristics of all nuclear reactor types used or
scheduled for energy generation in the EC are reproduced
in Table 1. The specific generation of « -waste in grams
per GWD, of energy produced is shown in Table 2, assuming
that 0.5% of fuel and all other actinides go to the waste.
It may be seen that the reactors behave differently from

a point of view of & -waste production. Looking at the
column where the total o -waste without fuel is tabled,
three classes of reactors can be defined. GGR, AGR and HWR
have the lowest generation rate of higher actinides. In a



second class, the uranium—fed LWR, the THTR and the

MFBR can be gathered. The "worst" reactor is_presented by
the light water reactor with plutonium recycling. It pro-
duces more than 10 times as much L -waste as the reac-

tors of the first class do. |

An other interesting result is the relatively high pluto- -
nium production in a thorium-fueled reactor. In order to
reduce the hazard represented by the radioactive waste,

the possibility of a recovery of plutonium in the thorium-
uranium fuel cycle should be taken in consideration.
Employing a forecast for the nuclear energy deneration in
the EC established by the Commission of the EC after the
0il crisis of 1973/74 in collaboration with delegates of
the member states, the yearly production rates of o -wastes
aﬁd the cumulative production until the year 2000 have been
evaluated and summarized in Table 3 . It may be noticed
that the cumulative generation of o -wastes other than
fuel will be in the case of plutonium -recycling through
LWR's about 4 times larger than in the case where no pluto-
nium recycling'through thermal reactors would be applied.
The results of a homogeneous recycling of higher actinides
through a LWR are given in Table 4 . After about 20 recy-
cles an equilibrium concentration for the higher actinides
is obtained, demonstrating so the neutron-physical feasi-
bility of burning actinides in fission reactors. The quanti-~
ty of actinides within the reactor in the case of recycle

would only be three times greater than in the case without
- recycling.

A first indication regarding the effect of extracting
higher actinides on the relative radiotoxic risk of the
radiocactive waste is shown in Table 5 .
There, the relative radiotoxic risk of of -waste without
actinides separation is compared with thatwhere 99.5% of

actinides have been extracted. The aim of a more detailed
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study will be to determine the needed extraction degrees
For individual nuclides in order to get after a decay ti-
me of 1000 year acceptable figures for the relative radio-
toxic risk for all reactor types.,
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TRRLE A ¢« CHRRACTERRIATIC IRTR FOR  NUCLENR RERCTORS

RERCTOR  TYRE U-LWRIPU-\MR] GER | WOR | HWR | THTR [HF3R
TAERWRL EFFICE SRS 13'5 33 30 42 33 33 3
THERWAL POMER RWTWEDW, AT 22 | 33 | 33 | A3 | AR | ¥ | A43.9
MERY QURN-P MW 4+] 75000 | 2% 000 | Y% 000 | AR 000 | 20100 | 33500 | 4 000
NaTuRRL - W TR U 6.8 A 5.5 | W3 fo.4
NEEDED FOR TRODUCN{H— — ‘
ATON OF FUEL. TTonsl ‘W 6.9%
| i
STERDY - STRTE &ZS 3102.
CRRRE\N G -- . '
VECTOR  [olc] W~233f 3.49 | 0.68 | 0% | 2.25 fam | K64 ] 0.2
o U-238+300 8698 | 3%NY | 34.28 [ 91.3s [ 93.83 | A.26 | $4.84
P-1228 || 2.2 | 4.5
PU-1244 0. 82 0.94
T~ 2u0 A% 5.83
| L\-mﬂ 0.03 | 5.04 | 0.04 | 0.0% | 0.0% | 4.0%
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TABLE 2 = SPECIFIC GENERETION 0F o- WRSTE LGRAMS TER (%\:JDQ]‘HS%UWNG
—-= THRT 0.57% OF FUEL TND 400, OF OTHER RCTINDES GO TO WHSTE.
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TROLE 4 : CHANGE OF RCTINIDES' CORCENTRATIONS
OTHER  THAN Tuel ’f;'vi RECWLLING  TudM  Tulou Gy

-3y

R OLWR,
TIRST (‘_YCLE TWENTIETH  (fCLE
EieMent || MRsS Gad]  RRR o [Messlerand]  RRR
Th L3 W) 44 BB 24 (-3)] AL
TR b5 S AT &) 4y ) owa (%)
NP 353 A =) ARy 21 -3)
M I A y Rt A%y 2.9
(M 23 $3.0 23 ACS
RK S3 ) 4L G o 3.5 ()
CF 5.0 T AL (3)] oAy 0.9%
TOTRL || 4a3y 623 A%C AGR.0
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TRILINGS TROW TRODUCING ONE Ted §F NRTURRL uranium .t

TABLE 57 RRR Dwd WATER BT REG | OF m- \QH'&TE MYIDED 33\{ RRR OF

DECHY TIME TYRSIENTR [ U-LWR [PU-LWR GER | RGR | HWR | THTR | MEBR
- 0 k.0 F4.0 | 035 | 2.4 4.3 424 %0.4
100 {0.345] C.42 2.6 0.042 | 0.4% 0.49 | 0.6% | 3.5
) 0 2.0 | 294 | 022 | 4.4 | 0.8% | ASk | 283
1o (d3sy 0.3 | A3 | 8.034] 044 | 0.AL] 0.0%36] 2R
- 10 As |2y 0.4 | 030 | 034 | 5.8 | 414
o 0.335) 0.48 | 033 | 0.02¢| 0.083 0'.094 0.08%] 7.2
B 0 4.0 A3 100321 034 1 0MA L 24 | 4DR
A oo 0.3351 OA% | 0.62 | 0.820 0.0¢4| 0.067) ¢.050) 4.3
0 04% | 42 | 0.043 | 0.083] o.039f 4.2 14
5 o0 0.338 "0,0"&3 0.22 | 0.043 | 0.028] 0.0%2 0.44| 4.4
40 000 § 0.3 3.2 | 0.040 | 0.084| ©.06s| 2.4 A%
0.3350 0.6341 6.43 ] ¢.603 ) 0045} 0.024] 0.3 0.6k
B o I odr | 44 | ooog | doun| ooug| 444 | 0.z
AQQ 00O -
0985 0.046) 0.062]| 6.003 | T.oaL| 0044 0% 0.038

* |Q TWNCTION  OF E'EC'RY TIME AND EXTRACTING 0% BND  8%85% F RCTINIDES,




