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ABSTRACT

The fuel depletion is described by more than one hundred fuel isotopes in the advanced
lattice codes like HELIOS, but only a few fuel isotopes are accounted for even in the advanced
steady-state diffusion codes. The general assumption that the number densities of the majority
of the fuel isotopes depend only on the fuel burnup is seriously In error if high burnup is
considered. The real depletion conditions in the reactor core differ from the asymptotic ones
at the stage of lattice depletion calculations. This study reveals which fuel iotopes should be
explicitly accounted for in the diffusion codes in order to predict adequately the real depletion
effects in the core. A somewhat strange conclusion is that if the real number densities of the
main fissionable isotopes are not explicitly accounted for in the diffusion code, then Sm-149
should not be accounted for either, because the net error in k-inf is smaller.
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1 Introduction

At the stage of lattice calculations the fuel depletion is described by many fissionable isotopes
and fission products. In generating libraries of few-group diffusion parameters for nodal and
fine-mesh codes it is assumed that the isotopic composition of the fuel depends weakly on
the real depletion conditions and the fuel is depleted at average conditions for the particular
reactor type. In the current version of the three-dimensional two-group nodal diffusion code
SPPS-.611 the real number densities of U-235, Pu-239, Xe-135, and Sm-149 are calculated
and accounted for in calculating the 2-group diffusion parameters. However, the real number
densities of U-235 and Pu-239 are used to account for the effect of power density on the fuel
isotopics. A preliminary study showed that if U-235 and Pu-239 are used to account for the
effect of power density on the fuel isotopics, then they can not be used to account for the effect
of varying the initial mass of uranium (within the manufacturing tolerance). The effect of the
real initial enrichment is also inadequately predicted.

The variations of the initial mass of uranium and enrichment within the allowed limits
affects only the initial number densities of U-235, U-238, and also 0. Accounting for the real
initial number densities of these isotopes should not pose any problems provided their number
densities are not used to account for the effects of other isotopes, as it is in the current SPPS-1.6
library. Then the question is which fuel isotopes should be explicitly accounted for so that the
real depletion conditions are adequately described, as well as the effects of the real initial mass
of uranium and enrichment.

It is known that the most significant source of uncertainties for the fuel isotopics is the
power density, which can vary within broad limits. In order to assess the magnitude of this
effect, the effects of the fuel isotopics at power density 150% and 50% of the rated value are
studied. Such power densities are quite normal for the real depletion in the core, moreover,
they are not marginal. Initially, the fuel depletion is calculated at 100%, 150%, and 50% of the
rated power density, then using the three different sets of isotopics the same core state (rated
power density with equilibrium Xe-135) are calculated so that the differences of the results are
due only to the different fuel isotopics.

High burnup is included in the study in accordance with the plans to employ 4- and 5-year
fuel cycles for the WWER-440 reactors.

A standard WWER-440 assembly with initial enrichment of 3.6% is considered. All lattice
calculations have been performed by Helios-1.5[2].

2 Comparison of the fuel isotopics at power densities
100%, 150%, and 0% of the rated power

Compared to the 100% power density, at power density of 150% the fuel temperature is essen-
tially higher, which means greater resonance absorption of U-238, more intensive build-up of
Pu-239 and all following heavy isotopes. The greater the Pu-239 number density the greater its
contribution to the fission rate and U-235 depletes slower. At power density of 50% the above
described effects have opposite signs.

A greater power density leads to increased nuffiber densities of all isotopes, which are formed
directly by fission. The number densities of the short-living fission products are merely propor-
tional to the fission rate (excluding Xe-135, because of its very high absorption cross section).
Their densities, however, depend on the current power density, not on its history. Their num-
ber densities can be different because of the differences in the number densities of the other
isotopes.
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Table 1: Relative difference pcnmj between 150% and 100% depletion of the number densities,
micro- and macro-scopic absorption and nu-fission cross sections of the fissionable isotopes at
42 MWd/kg

Isotope N et a, -;ai- vaE E v 
Pu-239 2302 -200 -206 -187 -228 85 828 125 1215 302
Pu-241 3003 -200 -375 -194 -383 47 248 86 434 161
U-235 1626 -155 -463 -147 -462 69 169 90 282 104
Am-241 -30980 -196 55 1 -32 -23 -66 -2 0 53
U-238 -36 -82 -406 54 -410 -50 -35 2 0 48
Np-239 50930 -153 -395 62 0 29 10 4 0 -18
Pu-240 36 -253 -205 45 -223 -23 -5 0 0 14
Pu-238 -5664 -81 -547 12 -546 -4 -19 -2 -1 11
Am242m -30412 -218 -418 -216 -418 -1 -11 -2 -23 -9
U-236 -314 -437 -398 -62 -392 -12 -1 -1 0 5
U-237 49616 -167 -449 18 -449 2 7 0 0 -5
Np-238 47292 -228 -437 -229 -437 1 5 2 10 4
Pu-242 563 -274 -330 62 -373 3 0 0 0 -1
Am-243 1209 -221 -229 37 -80 4 0 0 0 -1
U-234 318 -428 -452 53 -459 0 0 0 0 0
Np-237 -49 -185 279 62 -203 -1 1 0 0 0
Cu-242 -13350 -96 -382 48 -383 0 -1 -1 0 0
Cu-243 -15157 -214 -320 -216 -320 0 -1 -1 0 0
Cu-244 1652 -244 -366 -16 -400 1 0 0 0 0
Cu-245 2526 -210 -460 -209 -456 0 0 0 1 0
Cu-246 168 -166 -310 14 -308 0 0 01 01 0

The number densities of the long-living and stable isotopes, which are formed directly by
fission, do not depend essentially on the historical power density. Their gain rate is proportional
to the fission rate, but the fuel burnup is also proportional to the fission rate. Minor differences
can be due to differences in the number densities of the main fissile isotopes.

The number densities of the fission products with half-lives from a few days to several tens
of days depend strongly on the power density's history. Fission products, formed from decay
of long-living precursors, have smaller density at greater power density, because their gain rate
does not depend on the power density. There are many different combinations in the fuel
depletion chains.

In Table 1 the differences in prn between depletion at 150% and 100% power density of
the number densities, micro- and macro-scopic absorption and nlu-fission cross sections of the
fissionable isotopes at 42 MWd/kg are presented. In fact the difference of the macro-scopic
cross sections is divided by the corresponding mnacro-scopic cross section for the whole assembly,
and for the fast group is additionally multiplied by the ratio of the fast to thermal fluzes. Thus,
the numbers in columns 7-10 are very close to the effect of the corresponding difference on k,..
The total effect on k,, is presented in the last column.

The most significant is the effect of the real number density of Pu-239. Its number density
is greater by 2.3%, but the effect on W, and vilJ is about 1000 pcmn. The net effect is only 302
pcm, because of error compensation between absorption and nu-fission. The number density
of Pu-241 is greater by 3.0%, a" and v( are smaller by 0.4%, and the net effect on k,, is 161
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Table 2: Relative difference [pcm] between 50% and 100% depletion of the number densities,
micro- and macro-scopic absorption and nu-fission cross sections of the fissionable isotopes at
28 MMd/kg

Isotope N a a O El, E'1vEJ k,
Pu-239 -2257 156 177 147 197 -81 -766 -111 -1048 -248
Pu-241 -4528 173 347 171 356 -49 -263 -85 -431 -160
Am-241 91162 139 -81 -4 3 36 102 3 1 -90
U-235 -822 117 427 112 426 -58 -99 -72 -155 -62
U-238 32 65 378 -51 382 4 1 31 -3 0 -45
Np-239 -50608 130 364 -45 0 -27 -9 -3 0 18
Am242m 89610 180 385 178 385 1 15 3 30 12
Pu-238 12292 49 571 -19 571 3 14 2 1 -9
U-236 268 683 370 129 364 13 1 0 0 -6
U-237 -49981 117 420 -16 419 -2 -5 0 0 4
Pu-242 -1746 262 301 -48 342 -7 -1 0 0 3
Np-238 -49213 187 409 188 409 -1 -3 0 -5 -2
Pu-240 -222 275 176 -31 193 5 -1 0 0 -2
Am-243 -1827 135 199 -30 55 -2 0 0 0 1
Np-237 213 142 -285 -50 176 1 0 0 0 0
Cu-242 27258 59 351 -43 352 0 0 0 0 0
Cu-243 31653 180 292 182 292 0 0 1 0 0
Cu-244 -3333 174 334 8 367 0 0 0 0 0
Cu-245 -4103 181 419 181 416 0 0 0 0 0
Cu-246 -1992 1153 281 -4 279 101 0 0 0 0 

pcm. The difference of the number density of U-235 is not essential until 10 MWID/kg, but
later becomes significant because of the increased Pu-239 fission. The U-235 a~' and vaf7 are
smaller by 0.5%, which is probably due to the effect of Pu-239. The effect of the real number
density of U-235 is significant at high burnups (104 pcm at 42 MWD/kg).

Unexpectedly large effect is observed for Am-241 at high burnups. Its number density is
smaller by about 31%. Am-241 is formed by decay of Pu-241. Because the half-life of Pu-241
is years, the build up of Am-241 depends on the calendar time, and at 150% depletion the
calendar time to reach a specific burnup is 1.5 times smaller. This shows that the real number
density of Am-241 should be accounted for.

The real number density of U-238 at 42 MWD)/kg is smaller only by 0.036%, but e~ and '
are smaller by 0.08% and 0.41% and the net effect of El and E,' is about 48 pcm. Therefore,
the effect of U-238 is also essential.

Surprisingly big effect (18 pcm) is observed for Np-239. Its number density is greater by
50%, because its half-life is about 2 days. The same differences are observed for U-237 and
Np-238, which are due to their short half-lives.

In Table 2 the effects of the real number densities of the fissionable isotopes at 50% depletion
and 28 MWd/kg are presented (At 50% power density it is not possible to reach very high
burnup). Now the effects are much grater than in case of 150% depletion, because the calendar
time to reach the same burnup is twice greater. Am-241 is now third. The effects of Pu-238
and Am-242m become essential, but nearly compensate each other. The number densities of
U-237, Np-238, and Np-239 are smaller by about 50%.
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Table 3: Relative difference pcm] between 150% and 100% depletion of the number densities,
micro- and inacro-scopic absorption cross sections of the fission products at 42 MWd/kg

Isotope N y ~L a"E E~' k~.
Sm-149 10246 -13874 -282 -522 2 109 -74
Pm-147 9376 -268 -441 -407 58 15 -37
Pml48m 18708 -293 -227 -436 2 52 -36
Rh-105 46837 24 -300 -368 21 37 -35
Xe-135 2091 33 -332 -543 0 47 -31
Sm-147 -29323 -8.50 -88 -406 -53 -8 30
Pm-148 47766 -394 -307 713 29 15 -23
1Rh-103 -1606 -99 -205 -254 -26 -13 20
Sm-151 4714 -28 -217 -573 4 28 -20
Cs-135 -23865 85 -126 -460 -21 -6 13
Sm-150 5344 -8 -172 -396 10 9 -10
Mo-95 -5711 63 788 -388 -14 -5 10
Gd-157 15226 -107 -168 -569 0 13 -8
Cs-134 9900 10 -150 -398 2 10 -8
Nd-143 -335 -733 -163 -410 -1 -11 8
Nd-147 48659 -9 -159 -414 5 7 -6
Eu-155 1108 174 -351 645 1 8 -6
Eu-156 45661 185 -235 -387 7 6 -6
Xe-133 49652 5 -136 -390 5 4 -5
Xe-131 -458 37 -175 -387 -7 -2 4
Pr-143 49522 -25 -115 -390 5 4 -4
Pm-149 61133 -848 -148 -394 1 6 -4
Eu-154 1672 -125 -197 -362 1 6 -4
Ru-103 49057 96 -84 -385 6 1 -3
Pd-1O5 -1855 -302 -117 -417 -4 -2 3
Cs-133 -431 -2 -180 -385 -5 -2 3
Ce-141 49889 -22 -131 -387 2 4 -3
Nd-144 -11684 -8 -63 -3581 -2 -3 3

Among the fission products the most significant is Sm-149. At 150% depletion and 42
MWd/kg (Table 3) its number density is 10% greater and its fission yield is 14% greater. Then
come Pm-147, Pm-148m, and Rh-105. The Xe-135 number density is always at equilibrium to
the current power density (100%). There are many significant fission products, almost all of
them with negative contribution to k,,..

At higher burnups the rating of the fission products changes and the long-living isotopes of
Eu take higher places.

Comparison of 50% and 100% depletion at 28 MMd/kg shows similar results (Table 4).

3 Accounting for the real depletion conditions

In Table 5 the differences between 150% and 100% depletion are presented, due to the fission-
able isotopes and the fission products, explicitly accounting for the Xe-135 real density (it is
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Table 4: Relative difference [pcm] between 50% and 100% depletion of the number densities,
micro- and macro-scopic absorption cross sections of the fission products at 28 MWd/kg

Isotope N 7 *g, aca 1 Ea k,,

-Sm-149 -13163 19469 244 484 -2 -142 106
Pm-147 -18341 -19 651 382 -110 -27 77
Pm148m. -33963 12 199 494 -4 -87 66
Sm-147 75237 770 14 379 84 12 -53
Rh-105 -49194 -362 239 317 -19 -31 33
Xe-135 -1894 -219 278 512 0 -45 32
Rh-103 3038 -222 111 229 33 15 -28
Pm-148 -54517 102 249 -693 -28 -14 25
Cs-135 50094 -395 93 530 28 8 -20
SM-151 -4622 -288 175 521 -3 -23 18
Mo-95 9339 -247 -1124 362 16 6 -12
Nd-143 1019 529 131 381 2 16 -12
SM-150 -7026 -291 123 356 -9 -7 10
Cs-134 -17768 -300 121 374 -3 -9 7
Nd-147 -49571 21 120 381 -4 -7 7
EU-155 -3071 -594 298 -629 -2 -9 7
Xe-133 -49891 -12 88 359 -4 -5 5
Pr-143 -49790 -297 72 360 -5 -4 5
Eu-154 -3155 -163 153 352 -1 -6 5
Gd-157 -14231 -206 126 504 0 -7 5
Tel27m. -33139 140 -1 528 -1 -5 4
Xe-131 743 -334 83 359 7 2 -4
Eu-156 -49436 -652 192 365 -4 -3 4
Ru-103 -49747 -301 52 354 -6 -1 3
Cs-133 619 -257 170 357 5 1 -3
Ce-141 -49941 59 104 357 -2 -4 3
Nd-144 23467 -287 49 325 2 2 -3
Pm-149 -55547 595 112 347 -2 -4 3
Gd-155 188585 1387 157 1606 01 5 -3 
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obligatory to account for Xe-135). The net effect on k. is significantly smaller than the error
due to the fissionable isotopes only, because tcie is compensation between the errors due to
the fissionable isotopes and the fission products. This explains whly the real burnup conditions
may be disregarded. However, the net error at high burnups is not small.

Now if the real number density of Sm-149 is also accounted for (Table 6), te net error in
k,, increases. The total error due to the fission products decreases, but the net error increases,
because the compensation is smaller.

Comparing 50% and 100% depletion up to 35 MWD/kg (Tables 7 and 8) the same conclu-
sion can be drawn. If the real number densities of the main fissile isotopes are not accounted
for, then no other fission product than Xe-135 should be accounted for. In case the reactor is
stopped, the build-up of Sm-149 due to the decay of Pm-149 is almost completely compensated
by the build up of Pu-239 due to decay of Np-239, and if Np-239, Pu-239 are not explicitly
accounted for, then Pm-149, Srm-149 should not be accounted for as well[31.

In Tables 9 and 10 the errors in k,, are presented if U-235, U-238, Pu-239, Sm-149, and
Xe-135 are explicitly accounted for. The errors are too big, but because of error compensation
the net effect on kff is not very big and for a 3..year fuel cycle these isotopes are probably
sufficient. But in case of 4- or 5-year fuel cycles, many more isotopes have to be accounted for.
For different depletion conditions the error compensation can be smaller too.

Rom the heavy isotopes it is obligatory to account for U-235, U-238, Pu-239, Pu-240, Pu-
241, Am-241. Np-239 can be added and used to account also for U-237 and Np-238. From the
fission products Rh-103, Rh-105, Xe-135, Pm-147, Pm-148m, Pmn-148, Sm-149, Sm15O, Sm-151
have to be explicitly accounted for. The errors in this case are shown in Tables 11 and 12. The
errors, due to the neglected heavy isotopes, particularly of Pu-238 and Amn-242m, compensate
each other. The net error becomes more than 20 pcm above 50 MWd/kg, being only 39 pcm
at 58 MWdfkg and 58 pcm at 66 MWd/kg.

4 The initial mass of fuel

A similar study in case of varying the initial mass of fuel showed, that the above 9 heavy
isotopes and 10 fission products (U-235, U-237, U-238, Np-238, Np-239, Pu-239, Pu-240, Pu-
241, Am-241; Rh-103, Rh-1OS, Xe-135, Pm-147, Pm-148m, Pm-148, Sm-147, Sm-149, Sm-150,
Sm-151) are not sufficient. Many more isotopes are required. The reason, however, is in the
definition of the fuel burnup in units of MWd/kg. Compare two fuel depletions with initial
mass of U in a fuel assembly of 120.2 kg and 122.2 kg. At the same burnup in units of MWd/kg
the ratio of the integral number of fissions per unit volume will be approximately (120.2/122.2),
but the integral number of fissions; determines the number densities of most stable isotopes with
small absorption cross section. The results change considerably, if the burnup is defined as the
integral number of fissions per unit volumne-the errors accounting for the above mentioned
isotopes become very small. This suggests, that in approximating the fuel depletion effect the
integral number of fissions per unit volume should be used.

5 Notes on the implementation

A chain with only one isotope is sufficient for calculation of the number density of U-235. All
other heavy isotopes form a single chain-U-238 - Np-239 - Pu-239 - Pu-240 - Pu-241 - Am-241.

In order to account for Rh-103 it is necessary to account also for Ru-103, which has half-life
of 39 27 d and small absorption cross sections. Rh-lO5 can be accounted for alone without
Ru-1O5, which is short-living. The explicit accounting for of 1-135 is obligatory because of
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Table 5: Relative error pcm] at 150% depletion due to: a) the heavy isotopes without account-
ing any of them; b) the fission products accounting for Xe-135

Burn up L~tksr 0 E z~ Ea

a) ~3 a) a) a) b) b) b) a)+b) a)+b) a)+b)
1. 0 -148 -15 -189 -50 -3 -9 10 -3 -157 -40
3. 3 -31 -2 -48 -18 -14 -2 11 -11 -33 -7
6. 26 95 13 109 6 -27 19 1 -1 114 7

10. 51 230 37 291 49 -35 48 -17 16 278 31
15. 73 383 77 516 124 -29 92 -56 44 475 68
21. 95 559 125 803 229 -15 138 -97 80 697 132
28. 108 761 190 1161 374 0 185 -135 108 946 238
35. 120 955 249 1541 523 11 240 -174 131 1195 349

4.17 1129 300 1918 667 25 279 -200 152 1408 468
50. 132 1303 352 2307 805 36 334 -231 168 1637 574
58. 136 1425 389 2616 907 55 389 -264 191 1814 643
66. 138 1498 1412 2839 977 8 3 437 -295 221 1935 682

Table 6: Relative error [pcm] at 150% depletion due to: a) the heavy isotopes without account-
ing any of them; b) the fission products accounting for Xe-135, Sm-149

Burnup El ' E1 vE k. E k . Ef E- k~,

a) a) a) a) a) b) b) b) a)+b) a)+b) a)+b)
1. 0 -148 -15 -189 -50 -3 9 -5 -3 -139 -56
3. 3 -31 -2 -48 -18 -14 1 8 -11 -30 -10
6. 26 95 13 109 6 -27 9 10 -1 104 16

10. 51 230 37 291 49 -36 21 5 15 251 54
15. 73 383 77 516 124 -30 45 -18 43 428 106
21. 95 559 125 803 229 -16 72 -46 79 631 183
28. 108 761 190 1161 374 -1 100 -73 107 861 301
35. 120 955 249 1541 523 10 141 -104 130 1096 419
42. 17 1129 300 1918 667 23 170 -125 150 1299 542
50. 132 1303 352 2307 805 34 219 -156 166 1522 649
58. 136 1425 389 2616 907 54 270 -190 190 1695 717
66. 1381 1498 412 2839 977 1181 318 -223 2191 1816 754
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Table 7: Relative error pcmJ at 50% depletion due to: a) the heavy isotopes without accounting
any of them; b) the fission products accounting for Xe-13.5

Burnup ___ -jPE k E j E,- k~
a) a) a) a) a) b) b) bj) a)+b) a)+b) a)+b)

1. -2 126 14 164 47 15 6 -15 13 132 32
3. -13 -3 0 5 15 34 -10 -14 21 -13 1
6. -40 -153 -25 -185 -22 44 -49 12 4 -202 -9

10. -7 -315 -58 -410 -81 31 -111 72 -43 -426 -8
15. -99 -507 -109 -706 -188 10 -176 135 -9 -683 -53
21. -111 -728 -180 -1099 -364 -8 -251 198 -119 -979 -165
28. -127 -984 -265 -1607 -590 -25 -330 257 -152 -1314 -332
35. -132 -1220 -352 -2134 -833 -39 -400 302 -171 -1620 -529

Table 8: Relative error [pcmJ at 50% depletion due to: a) the heavy isotopes without accounting
any of them; b) the fission products accounting for Xe-135, Sm-1 49

Burnup E0 -EtE ~ ~ ? 0

a) a) a) a) a) b) b) b) a)+b) a)+b) a)+b)
1. -2 126 14 164 47 14 -6 -4 12 120 43
3. -13 -3 0 5 15 34 -6 -18 21 -9 -2
6. -40 -153 -25 -185 -22 44 -22 -10 4 -175 -32

10. -74 -315 -58 -410 -81 32 -56 26 -42 -371 -54
15. -99 -507 -109 -706 -188 12 -90 64 -87 -597 -123
21. -111 -728 -180 -1099 -364 -6 -134 106 -117 -862 -256
28. -127 -984 -265 -1607 -590 -2 188 150 -150 -1172 -439
35. -132 -1220 -352 -14-833 -36 -240 1187 -168 -1460 1-645

Table 9: Relative error pcm] at 150% depletion accounting for: a) U-235, U-238, Pu-239; b)
Sm-149, Xe-135

Bu Ea7. E', v~f ~ keff ~E kff E' E kff
__ a) a) a) a) a) b) b) b) a)+b) a)+b) a)+b)

1. 13 7 2 0 -13 -3 9 -5 10 16 -19
3. 9 6 2 -2 -11 -14 1 8 -5 7 -2
6. 20 8 2 1-17 -27 9 10 -7 17 -7

20. 33 21 4 22 -16 -36 21 5 -3 42 -11
15. 38 46 17 68 8 -30 45 -18 8 91 -9
21. 40 78 29 140 47 -16 72 -46 24 150 1
28. 33 113 52 230 106 -1 100 -73 32 213 33
35. 28 144 67 324 159 10 141 -104 38 285 55
42. 23 167 83 421 216 23 170 -125 46 337 90
50. 19 203 102 528 266 34 219 -156 53 422 109
58. 23 234 122 626 307 54 270 -190 77 504 117
66. 301264 138 720 342 1181 318 1-223 111 5821 118
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Table 10: Relative error [pcrn] at 50% depletion accounting for: a) U-235, U-238, Pu-239; b)
Srn-149, Xe-135

___ a) a) a) a) a) b) b) b) a)+b) a)+b) a)+b)
1. -13 -8 -3 1 14 14 -6 -4 1 -14 9
3. -14 -6 -1 2 15 34 -6 -18 20 -12 -2
6. -28 -11 -3 -7 19 44 -22 -10 16 -33 9

10. -42 -31 -10 -44 7 32 -56 26 -10 -87 33
15. -47 -68 -25 -122 -35 12 -90 64 -35 -158 29
21. -38 -109 -51 -242 -12 -6 -134 10 -44 -243 -13
28. -29 -150 -79 -404 -229 -23 -188 150 -52 -338 -79
35. -13 -176 -113-6 -348 -36 -240 187 -49 -416 1-160

Table 11: Relative error [porn] at 150% depletion accounting for: a) U-235, U-237, U-238, Np-
238, Np-239, Pu-239, Pu-240, Pu-241, Arn-241; b) 1Rh-103, Rh-105, Xe-135, Pmn-147, Pm-148m,
Pm-148, Srn-147, Sm-149, Sm-i5O, Sm-151

__ a) a) a) a) a) b) b) b) a)+b) a)+b) a)+b)
1. 0 -1 0 0 0 -2 4 -2 -2 3 -1
3. -1 -1 0 0 1 2 -1 0 1 -2 1
6. -1 -2 0 0 2 -2 2 0 -3 0 1

10. -2 -2 -2 0 1 -12 2 5 -14 0 7
15. -3 -4 -1 -2 2 -20 4 8 -23 0 11
21. -3 -7 -2 -4 2 -22 6 7 -25 -1 10
28. -7 -12 1 -11 5 -24 9 6 -31 -3 11
35. -8 -18 -3 -17 2 -24 25 -5 -32 7 -3
42. -10 -32 -7 -23 6 -22 35 -13 -32 3 -7
50. -17 -38 -7 -27 10 -21 61 -30 -38 23 -19
58. -18 -47 -8 -31 12 -11 91 -52 -29 44 -39
66. -19 -54 1-6 -28 19 9 124 -78 -10 70 -58
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Table 12. Relative error pcrn] at 50% depletion accounting for. a) U-235, U-237, U-238, Np-
238, Np-239, Pu-239, Pu-240, Pu-241, Ain-241; b) Rh-103, Rh-105, Xe-135, Pra-147, Pm-148m,
Pmn-1-48, Sm-147, Sm-149, Sm-150, Sni-151

Bu LE g, ~ f kE, ff E ~Et'kfgr E keg
a aa) a) a) b) b) b) a)+b) a)+b) a)+b)

1. 1 0 0 0 0 4 -4 0 5 -4 0
3. -1 0 0 0 0 9 -1 -5 8 -1 -4
6. -I 1 0 0 0 21 2 -15 20 3 -15

10. 1 3 0 1 -2 26 -3 -13 27 -0 -16
15. 4 5 1 5 -126 -5-11 30 0 -13
21. 815 3 15 -2 31 -14 -6 39 1 -8

28. 9 29 6 31 1 33 -26 1 42 3 2
35. 15 52 7 50 -3 36 -44 13 51 8 9

Xe-135. The rest of the fission products form a complicated chain. Pm-147 is formed from
Nd-147, but the latter has a half-life of 10.98d and relatively small absorption cross section and
it could be neglected. The branch Pm-147 - Sm-147 can be truncated, because Sm-148 has
very small absorption cross section. The rest of the fission products form the chain Pm-147
- Pm-148/Pm-148m - Pm-149 - Sm-149 - Sm-15 - Sm-151. Pm-151 can also be neglected,
because it has a half-life of 1.183d.

Finally, 7 heavy isotopes and 14 fission products have to be accounted for: U-235, U-238,
Np-239, Pu-239, Pu-240, Pu-241, Ami-241, Ru-103, Rh-103, Rh-1O5, -135, Xe-135, Nd-147,
Pm-147, Pm-148m, Pm-148, Pm-149, Sm-147, Sm-149, Sm-i50, Sm-151.

There are two ways to account for the real number density of an isotope. The first one is to
regard its number density as an independent parameter, calculating approximation coefficients
by varying its number density and calculating additional branch-off states by the lattice code.
This is appropriate for U-235, U-238, Pu-239, Pu-241, Xe-135. The effects of these isotopes are
significant and affect the cross sections of the other isotopes. The second way is to add the dif-
ference between the real and reference macroscopic absorption cross section to the macroscopic
cross section of the node. This can be used for the rest of the isotopes.

The explicit accounting for all these isotopes should ensure adequate accounting for the
real depletion conditions, should allow variation of the initial mass of uranium and enrichment
within the manufacturing limits
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