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Annomauyus. Ilosvluienue moniueHbIX XapaKkmepucmuk si0EpHblX PeaKmopog 3d cuen NnpumMeHenus KOHYyenyuu
ynpasnenus cnekmpaivivim cogueom (SSC) emecmo mpaouyuoHHbIX Memo008, OCHOBAHHBIX HA NO2NOUWEeHUU,
SA6NAEMCL  MHO2000ewarouwum nooxXo00M K CHUICEHUIO CMOUMOCMU MONIUBHO20 YUKIA U VECIUYEHUIO
ucnow306anusi monauenvix pecypcos (U, Pu). B oannou pabome ObL10 nposedeHo ucciedosanue npumMeHeHust
xumuyecxkoeo memoda SSC ona modenu monauenou coopxu BBIP-1000 ¢ nuskoobozaujenHbiM YpPAHOM, 6
KOMOpOU KOHMPOAb PeakmueHOCmU  ocywecmensiemecs nymem usmenenusi ooau D,O omuocumenvro
neek06oonoeo  samednumens (D,O/H,0), u cpasuenue ¢ noziowarnwumu mMamepuaiamu, 6 KOMmMopbix

cooepocumes 600 ppm H;BO; u 4,0 mac.% Gd,0;.

Introduction. For the sake of decreasing the fuel cost and saving fuel resources, significant approaches
have been suggested to improve fuel performance in nuclear reactors. One of these approaches relies on using
spectral shifting control methods (SSC) rather than conventional poison methods for reactor control. In the
chemical SSC method, the reactivity control is carried out by varying the heavy water concentration in a light
water moderator (D,0/H,0). In the current paper, we have investigated the chemical SSC method for the OECD
benchmark model of VVER-1000 with a low enriched uranium fuel assembly. we also compared the SSC
method to the standard poison-controlled reactivity method given in the OECD benchmark model. Reactivity
conditions (kinf), conversion ratio, and the effect of burnable poisons were evaluated during fuel burnup at
different molecular ratios of D,O/H,0. The results obtained by Monte-Carlo code Serpent-2 were compared with
benchmark mean (BM) values presented in the benchmark specification report.

Research methods. The present analysis of applying the chemical SSC concept for the OECD benchmark
model [1] is carried out using a Monte Carlo code Serpent-2 [2] with version 2.1.31 based on ENDF/B-VII nuclear
data library. The results have been obtained by simulating 25000 neutrons distributed over 500 cycles with skipping
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the first 50 cycles. Fig. 1 represents the benchmark model of low enriched uranium (LEU) fuel assembly that has
been investigated in this work by the chemical SSC method. According to [1], the LEU fuel assembly has
hexagonal geometry with 331 hexagonal unit cells. The elementary cells types included: one central tube, 18 guide
tubes, and 312 fuel pins (300 of them with enrichment 3.7 wt.% U and 12 burnable absorber pins with
enrichment of 3.6 wt.% U and 4.0 wt.% Gd,0;). The lattice pitch among the fuel rods and fuel assemblies is

1.275 cm and 23.6 cm respectively. The clad and structural materials are composed of a Zr-Nb alloy.

Cell types:
1. Central tube cell
0 = 2. Fuel cell (3.7 wt.% *¥U)
o T T F (T 0o 3. Guide tube cell
LR I G 20 4. Fuel gadolinium cell (3.6 wt.% U
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Fig. 1. Benchmark LEU assembly configuration

Burnup calculations have been studied at operating poisoned state conditions. the fuel has been
depleted at a constant power density of 108 MW/m’ up to a burnup of 40 MWD/kgHM. the equilibrium
concentrations of ' Xe and '*’Sm was considered. The fuel temperature equals 1027K and the temperature of
non-fuel materials equals 575K. the gadolinium effect during heavy water regulation has been investigated by
considering two different study cases of the chemical SSC method. the first case included the presence of 12
burnable absorber pins (D,0/H,0+4.0 wt.% Gd,05). whereas in the second case, the regulation process does
not incorporate any burnable poisons in the fuel assembly. In the first case of the chemical SSC method, the
six values of D,0/H,0 which have taken during the adjustment process were: 65%, 55%, 42%, 27%, 8%, and
0%. Whereas, in the second case, the molecular ratios of D,O/H,0 have taken: 73 %, 63 %, 50%, 35%, 16%,
and 0% during fuel cycle.

113 Results. Fig. 2 and Fig. 3 represent the

variation of infinite multiplication factor and the
1104

conversion ratio for both cases of the SSC method
at different six molecular ratios of D,O/H,0O
relative to benchmark mean (BM) model. As

1.00 +

shown in Fig. 2 for both cases of the SSC method,

0.95 1 the fuel burnup reached up a value of 40

—— BM Mean (600 ppm H3BO3+4.0 wt.% Gdz03)

- 22222225:22:4'0"“‘% ey MWd/KgHM compared to 25 MWd/KgHM in the
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o 5 10 15 20 25 30 35 benchmark model. As a result of improving the

Burnup (MWd/kgHM)

fultiplication Factor utilizing of excess neutrons during the fuel

» burnup compared to the benchmark model. As
can be seen in Fig. 3, the conversion ratio
reached up about 0.83 larger than the value that has gotten in the benchmark case (0.47) at the beginning of the

cycle.
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085 B P v ey e e It is found in the first case of the SSC method
e ZZE:Ejgj:jZf”“”’ B0 that the presence of 12 burnable absorber pins could
! save the D,0 quantity during the adjustment process
without influence the obtained discharge burnup. As
a result, it could reduce the capital cost of the SSC
method.
Conclusion. The chemical spectral shift

control (SSC) is a promising approach to reduce the

0 5 10 15 20 25 0 35 fuel cycle cost and improve the utilization of fuel

T resources in nuclear reactors. According to the
io variation during . . . .

obtained results in the present analysis, the chemical

SSC method has the potential to suppress the excess

reactivity of fresh fuel, increase the reactor conversion ratio and improve discharge burnup during one batch fuel
cycle scheme. Hence, this will make it more applicable for core pattern load to employ a smaller number of
batches scheme (i.e., reducing the downtime for refueling thereby raising the capacity factor). On the contrary,
according to poison reactivity control methods, this approach of a small number of batches would require
incorporating high soluble boron concentrations (with concerns about its positive moderator temperature
coefficient) as well as an additional amount of burnable absorbers to control the excess reactivity. Consequently,

it would lead to reducing the conversion ratio and further increase in fuel enrichment requirements [3].
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