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This com par a tive pa per de scribes the ac ti va tion and de cay heat cal cu la tions for wa ter-cooled
lith ium-lead per formed part of the EURO fu sion WPSAE programme and spec i fi ca tions in
com par i son to other Eu ro pean DEMO blan ket con cepts on the ba sis of us ing a three-di men -
sional neutronics cal cu la tion model. Re sults are pro vided for a range of de cay times of in ter est 
for main te nance ac tiv i ties, safety and waste man age ment as sess ments. The study re vealed that 
wa ter-cooled lith ium-lead has the high est to tal de cay heat at lon ger de cay times in com par i -
son to the he lium-cooled de sign which has the low est to tal de cay heat. In ad di tion, ma jor
nuclides were iden ti fied for wa ter-cooled lith ium-lead in W ar mour, Eurofer, and LiPb. In
ad di tion, great at ten tion has been ded i cated to the anal y sis of the de cay heat and ac tiv ity both
from the dif fer ent wa ter-cooled lith ium-lead blan ket mod ules for the en tire re ac tor and from
each wa ter-cooled lith ium-lead blan ket mod ule sep a rately. The neu tron in duced ac ti va tion
and de cay heat at shut down were cal cu lated by the FISPACT code, us ing the neu tron flux
den si ties and spec tra that were pro vided by the pre ced ing MCNP neu tron trans port cal cu la -
tions.
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IN TRO DUC TION

Neutronic ef fects are the ma jor op er a tional con -
cern of large scale nu clear fu sion re ac tors that work in
DD/DT/TT re gimes. Fu sion neu trons, in ad di tion to
their main role as en ergy car ri ers, also ac tu ate un de sired 
ef fects that are un avoid able. How ever, they can be mit i -
gated by us ing apt de sign of re ac tor com po nents. One
such un de sired ef fects is neu tron ac ti va tion, which not
only could dis turb re ac tor op er a tion, but also is a pri -
mary haz ard for per son nel and aux il iary sys tems. Fur -
ther more, ac ti vated ma te ri als pose many risks af ter fis -
sion or fu sion re ac tor shut down and de com mis sion ing.
This com par a tive pa per de scribes the ac ti va tion and de -
cay heat cal cu la tions for wa ter-cooled lith ium-lead
(WCLL) [1, 2] per formed as part of the H2020 EURO
fu sion WPSAE (Safety and En vi ron ment) programme
in com par i son to other Eu ro pean dem on stra tion fu sion
power re ac tor (DEMO) blan ket con cepts, i. e., dual-
-cool ant lith ium-lead (DCLL) [3], he lium-cooled lith -
ium-lead (HCLL) [4], and he lium-cooled peb ble bed
(HCPB) [5], on the ba sis of us ing a three-di men sional
neutronics cal cu la tion model, de vel oped within the

breeder blan ket (WPBB) of the power plant phys ics and 
tech nol ogy (PPPT) programme. Re sults are pro vided
for a range of de cay times of in ter est for main te nance
ac tiv i ties, safety and waste man age ment as sess ments.

In this work, the main at ten tion was ded i cated to
the cal cu la tion and anal y sis of the de cay heat and ac -
tiv ity for the WCLL breeder blan ket con cept for the
en tire fu sion re ac tor. Ac ti va tion cal cu la tions were also 
per formed for blan ket man i folds. The blan ket mod ule
was di vided into five com po nents: Warmour, first wall 
(FW), caps, breed ing blan ket mod ule (BB), and back
plate (BP). The fol low ing ma te ri als used in blan ket
mod ule de sign were ex am ined: Eurofer steel, LiPb,
tung sten, and wa ter. For the pur pose of con ve nience,
anal y sis of ac ti va tion and de cay heat cal cu la tions, as
well as iden ti fi ca tion of dom i nant radionuclides, was
per formed for the main com po nents from the WCLL
con cept.

WCLL BLAN KET DE SIGN AND
COM PU TA TIONAL MODEL 

 The de sign model of the WCLL bread ing blan ket
(BB) in cludes 7 in board and 16 out board mod ules (8 of
them in te ger and 8 half mod ules) [1]. This amounts to 23
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BB mod ules that have been in te grated into the 11.25 ºC
sec tor of the ge neric MCNP_DEMO1 model [6] fill ing
the avail able breeder space.

The ref er ence WCLL de tailed mod ule is 91 cm
thick. As spec i fied for the task, it was de cided to main -
tain con stant the thick ness of the mod ules, fix ing it to
91 cm for all the OB mod ules and re duc ing it to 50 cm
for the IB side. The breeder ma te rial con sists of pure
LiPb (80.1 %), con tain ing 90 % en riched Li in 6Li,
with a con sid er able per cent age of steel (18 %) and
some wa ter (1.9 %) tak ing into ac count the pres ence of 
the cool ing chan nels (see fig. 1 or ref. [1] for more de -
tails). Ma te rial com po si tions are pre sented in tab. 1.

MCNP [7] cal cu la tions were per formed with the
use of the JEFF-3.1 data li brary [8]. For cal cu la tions
with FISPACT [9], the EAF 2010 [10] li brary was
used. In to tal, 109 neu tron source his to ries were run in
the MCNP cal cu la tion. The av er age (1s) sta tis ti cal er -
ror for the to tal neu tron flux den sity is be low 1 %, and
well be low 15 % for the group flux den si ties in the VI -
TA MIN-J [11] group struc ture. The as sumed fu sion
power of DEMO is 2119 MW [2]. The ir ra di a tion sce -
nario as sumes a DEMO op er a tion over 5.2 years mi -
nus 10 days at 30 % of the nom i nal fu sion power. For
the sub se quent 10 days, 48 pulses are as sumed, each
last ing 4 hours at full power with 1 hour dwell time in
be tween [2].

SIM U LA TION RE SULTS 

WCLL de cay heat cal cu la tions for the en tire
DEMO  fu sion  re ac tor  dis played  a  value  equal  to
22.7 MW af ter 1 s of cool ing time af ter the shut down.
The pa per con tains the rep re sen ta tion of dom i nant
nuclides for in di vid ual com po nents with the great est
con tri bu tions to the to tal de cay heat in duced by neu -

tron ac ti va tion for the WCLL con cept re ac tor. In the
tung sten-based ar mour seg ment a few days af ter the
end of ir ra di a tion 187W is the prin ci pal radionuclide,
which is sur passed at later pe ri ods by the 185W
radionuclide which con trib utes to the larg est frac tion
of to tal de cay heat for about a year af ter shut down. For
the First Wall seg ment, 56Mn and 187W are dom i nant
nuclides in short (up to one hour) pe riod, while the
55Fe nu clide, to gether with the other ones, has more
sig nif i cance dur ing a later pe riod and main tains it dur -
ing all the en tire ob served time af ter the shut down.
56Mn and 187W nuclides con sti tute the ma jor ity of the
de cay heat for the Bread ing Blan ket mix ture for the
en tire cool ing time af ter the end of ir ra di a tion. In ad di -
tion the 182Ta con tri bu tion should be also noted (see
fig. 2 for more de tails). 

Sim i lar to WCLL, the DCLL to tal de cay heat
(fig. 4) for all blan ket mod ules (ex clud ing tri tium)
ranges from ~23 MW to 12 MW in a 1 hour pe riod;
drops be low 1 MW af ter 2 months, and about 0.3  MW

G. Stankunas, et al.: Anal y sis of the WCLL Eu ro pean DEMO Blan ket ...
218 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2017, Vol. 32, No. 3, pp. 217-221

Fig ure 1. Con cep tual WCLL model, (a) outer struc ture,
(b) in ner struc ture, (c) MCNP model [1, 2]

Ta ble 1. Vol ume per cent ages of ma te ri als in the blan ket mod ule for neutronic anal y sis of the WCLL DEMO

WCLL DEMO

Vol. [%] Ar mour (2 mm) FW (21 mm) Breeder mod ule Caps Breeder mod ule backplate Man i fold

Eurofer – 89.5 18 95.2 100 74.4

Wa ter – 10.5 1.9 4.8 – 4.8

PbLi (90 % 6Li) – – 80.1 – – 9.2

Tung sten 100 – – – – –

Void (vac uum) – – – – – 11.6

Fig ure 2. Spe cific de cay heat break-down of the
after heat of the BB mix ture into dom i nant nuclides for
WCLL

Fig ure 3. Spe cific ac ti va tion break-down of the after heat
of the BB mix ture into dom i nant nuclides for WCLL



af ter 1 year [3]. It reaches 4.5 W and 3.0 W af ter 100
years and 1000 years of cool ing re spec tively. The ob -
tained to tal ac tiv ity val ues ranges from 1014 MBq to
1012 MBq for a 10 years pe riod, itthey de creases to
2·108 MBq in 100 years; for lon ger (more than 100
years) cool ing times, the val ues are around 107 MBq.
As ex pected, the out board and in board equa to rial
blan ket mod ules have the high est val ues in both ac tiv -
ity and de cay heat. The out board blan ket sec tion has
the high est in te grated val ues of in ves ti gated char ac ter -
is tics, while the in board blan ket sec tion has the high est 
vol u met ric val ues. 

The ac ti vated LiPb (tri tium ex cluded) is the key
con trib u tor to the to tal de cay heat af ter the first sec ond
of shut down and af ter a 100 years cool ing pe riod.
There af ter, Eurofer ma te rial from the breed ing blan ket 
mod ule dis plays the high est val ues of the de cay heat.
In terms of ac tiv ity, LiPb (tri tium ex cluded) con trib -
utes the most and reigns in a 1 sec ond 300 years cool -
ing time in ter val. Later on, Eurofer ma te rial from the
breed ing blan ket mod ule ex hib its the high est val ues at
the re main ing times (up to 1000 years). To tal de cay
heat  val ues  of the man i fold seg ment ranges from
6·102  to 1·102 kW from the ini tial shut down till 1 day
of cool ing; about 10 kW af ter 1 year and fi nally, they
de creases to 3·10–4 kW af ter 1000 years. The to tal ac -
tiv ity value ranges from 3·1012 MBq to 1·1012 MBq
dur ing  the  first   day   of   the   shut down;  around 
3·1011 MBq af ter 1 year and then it drops to 4·106 MBq
af ter 1000 years of cool ing. For both ac ti va tion re -
sponses, the in board blan ket re gion shows higher ac ti -
va tion val ues than the out board one, in most of the
con sid ered times.

Ac ti va tion cal cu la tions were per formed us ing a
HCLL blan ket DEMO neutronics model in [4]. The
de cay heat and nu clide ac ti va tion in ven to ries were
cal cu lated for each ma te rial mak ing up the blan ket
mod ules and the blan ket man i fold. The de cay heat
from the blan ket mod ules and man i fold for the en tire
re ac tor is in the re gion of 17 MW for a de cay time of a
sec ond. This is mainly due to the ac ti va tion prod ucts
con tained in the Eurofer and PbLi. The de cay heat de -
creases as the de cay time in creases and cor re sponds to
a few hun dred watts in 100 years and to a few hun dred
of milliwatts in 1000 years af ter dis con tinu a tion of ir -
ra di a tion. The to tal ac tiv ity for all blan ket mod ules
and the en tire man i fold at 1 s de cay time is dom i nated
by the ac tiv i ties of Eurofer and PbLi which are in the
re gion of 4·1019 Bq and 8·1019 Bq, re spec tively. Prin -
ci pal nuclides at 1 s are 3H, 207m Pb, 55Fe, and 56Mn. At
lon ger de cay times, in the re gion of 1000 years,
long-lived iso topes such as 14C, 94Nb, 205Pb, and 91Nb
ex hib its the high est ac tiv ity.

HCPB blan ket mod ules and man i folds for the
en tire fu sion re ac tor pro duces about 21 MW power of
de cay heat shortly af ter the shut down of the re ac tor
[5]. Ac ti va tion prod ucts con tained in the Eurofer and
breeder mix ture con trib ute most to the to tal de cay

heat. Af ter 100 years of cool ing the de cay heat falls un -
der 1 W. For the en tire in ves ti gated time pe riod, the
high est ac tiv ity in blan ket mod ules of the HCPB
DEMO con cept is caused by the func tional ma te ri als
made of Eurofer steel (figs. 4 and 5).

CON CLU SIONS

 In the first sev eral days af ter the end of ir ra di a -
tion, among the dif fer ent com po nents of the WCLL
blan ket con cept, the ar mour sec tion made of tung sten
ex hib its the high est ac tiv ity and de cay heat. Sub se -
quently, the breeder mix ture and Eurofer steel from
other sec tions be come more prom i nent and re mains
the big gest con tri bu tors of these prop er ties for the re -
main ing in ves ti gated time. 

Com par i son of the to tal de cay heat pro files
(MW) for all blan ket con cepts showed that the to tal
de cay heat is ex pected to be 10 MW for all blan ket
con cepts in the sec onds and min utes af ter shut down.
In a ddition,  short  de cay  times (<103 s) of HCLL
gives the low est de cay heat, while lon ger de cay times
(>105 s) of HCPB gives the low est de cay heat. Also
short  de cay  times  (<103 s)  and long  de cay  times
(>108 s) of WCLL gives the high est de cay heat while
mid dle de cay times (>103 s and  <108 s) of DCLL gives 
the high est de cay heats. Anal y sis of four dif fer ent
breed ing blan ket con cepts showed that WCLL and
DCLL blan ket mod ules have the high est (~2-3 or ders
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Fig ure 4. Com par i son of WCLL to tal de cay heat to
dif fer ent blan ket con cepts [3-5]

Fig ure 5. Com par i son of WCLL to tal ac ti va tion to
dif fer ent blan ket con cepts [3-5]



of mag ni tude) to tal de cay heat val ues at lon ger (~100
years) cool ing pe ri ods com pared to other con cepts.
Also, HCLL and HCPB de signs has have a lower to tal
de cay heat (17.5  MW) at short (about 1 s) cool ing pe -
ri ods. Ma jor radionuclides were iden ti fied for WCLL:
– in tung sten ar mour: 187W and 185W,
– in Eurofer struc tural steel: 55Fe, 56Mn, 51Cr, 187W,

and 182Ta,
– in the LiPb breeder mix ture (ex clud ing tri tium):

207Pb and 203Pb. 
In the WCLL ar mour sec tion, there are three

prin ci pal nuclides that reign in dif fer ent time in ter vals: 
187W, 185W, and 186Re, re spec tively, their con tri bu tion
in to the to tal ac tiv ity is high est for a few days, one
year and the rest of the in ves ti gated time af ter the shut -
down. Fur ther more, in the FW sec tion, 56Mn and 187W
ex hibit the high est ac tiv ity and de cay heat in the first
few days af ter shut down and later on are be ing over -
taken by 55Fe in terms of im por tance. In the breeder
mix ture 56Mn, 187W, 51Cr, and 55Fe are the dom i nant
nuclides that con trib ute to the de cay heat for the in ves -
ti gated time. 
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Gediminas STANKUNAS, Andrius TIDIKAS

ANALIZA  WCLL  EVROPSKOG  DEMO  KONCEPTA  PREKRIVA^A  KROZ 
AKTIVACIJU  I  ZAGREVAWE  POSLE  NEUTRONSKOG  OZRA^IVAWA

Ovaj komparativni rad opisuje prora~une aktivacije i zagrevawa litijum-olova
hla|enog vodom (WCLL) sprovedenog u okviru EUROfusion WPSAE programa i specifikacije u
pore|ewu sa drugim evropskim DEMO konceptima prekriva~a zasnovanih na primeni
trodimenzionalnog modela neutronskog prora~una. Prikazani su rezultati za opseg vremena od
interesa za potrebe odr`avawa, sigurnosnog planirawa i upravqawa otpadom. Studija pokazuje da
WCLL ima najve}e zagrevawe na du`im vremenskim intervalima u pore|ewu sa helijumskim
hla|ewem koje ima janmawe zagrevawa. Dodatno, glavni nuklidi su indentifikovani za WCLL sa
W-{titom, Eurofer i LiPb. Velika pa`wa posve}ena je analizi zagrevawa i aktivaciji od razli~itih 
mod ula WCLL prekriva~a za ceo reaktor, kao i svakog mod ula prekriva~a WCLL ponaosob.
Aktivacija indukovana neutronima i zagrevawe pri ga{ewu prora~unati su primenom
programskog paketa FISPACT, koriste}i gustine i spektra neutronskog fluksa koji su dobijeni na
osnovu prethodnih MCNP prora~una transporta neutrona.

Kqu~ne re~i: Monte Karlo prora~un, aktivaciona metoda, fuzija, neutronsko ozra~ivawe


