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1. Introduction

The actinoids such as alra, beta, neutron source with billion
year half - life determne the danger of radio - active wastes
(RAW for hundreds of thousands years. The nuclear transnutation
processes ( fission and other reaction ) may be used for decreasing
of danger, masses and radio activity of actinoids. The urani um and
plutonium isotopes bred in irradiated fuel should be used as
fissile mterial into fast breeder reactors, as well as
Np,Am,Cm,Cf, if the problems of manufacturing of high-active fuel
assenbles will be solved. Qherwise at insufficient fast reactor
share the additional specializea installations for actinoid
transnutation maY be In need of - the fast and thermal fi SSion
reactors wth spectrum shift , Dblankets of charged particle
accel erator or fusion plasma driven nachines.

The concept is considered with |ead target of proton linac
surrounded by subcritical blanket for transnutation of Np,Am,Cm and
other nuclei.

cea 60- 75% of Np,am,Cm mass for PWR VWWER-1000 irradiated
fuel is Np-237 ( cooling tinme 1.5-3 yrs ). So in this work we paid
min attention to this isotope. The rather high therml neutron
flux level is due to its transfer /1,7/.

The actinoid salts dissolved in heavy water are considered
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/1,5,77. Neutron source is nolten |lead target of tcev - 0,3A proton
linac with vertical top beaminput. Neutron generation rate equals
6*6*10" 1/s.
The machine consists of:
1) proton linac;
2) nolten lead target;
doubl e-1 oop system of target cooling
( first loop with |ead, second one - water ).
4) blanket with actinoids ( possible - some ¥ |ike T¢,I,Cs,Sr)
salt in the heavy water solution.
5 two (three) loop blanket cooling system
tirst 1oop - salt in the heavy water solution,
the second one ( when necessary ) - heavy water,
the third one - light water.
6) the reloading and purification system ( gas release ete).
On this stage we considered only blanket problems ( wthout
target ) - honbgeneous and heterogeneous design schenes, neutronics
and thermal analysis, integral paraneters.
This report is the first prelimnary viewon the concept.

2. Physical and Engineering Requirements to bl anket

The prelimnary studies for ideal blanket nodels showed t hat
high neutron flux level - above 50! t/enss - is preferable for
Np transnutation. The probability of it's fission ( in actinoid
mxture) becomes higher, the breeding of heavy isotopes - |esser.
There is for essential fission rate ( above 50% ) short-Ilived
nucl ide 23wp (T /, = Z1d). The Np content in DO 4-20 g/liter is
preferable, as well as D0 then H,0 . Maxi num power density ( with
flux level 5+10'S 1/cnxs) my be above 100 Wcc . So one of the

main problem for designing is to make the blanket cooling scheme.
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From econom cal point of view, there is better to have one bl anket
unit ( l'ess mass of 0, structural materials), low extra pressure
| evel . But these and other requirenents are rather contradictional
and sometines inconpatible in one unit.

3. Choice of Blanket Scheme

Homogeneous versions with [ow positive pressure.

The positive pressure level for all schemes isn't higher than
0.5 wpa. The cooling is performed by earring out of actinoids salt
solution to external loop /2.

For natural convection and heat conduction using preference
the variant ( Fig.4 ) was studied with closed lead target and skull
on inboard its surface. The target and blanket are united to one
unit .

The inherent essential lack of this sinplest scheme is [imted
target power - 3.5 u¥ instead of 300 Mw required,

Some inprovenent for nolten |ead tenperature may be achieved
by adding to preceding variant the forced lead circulation ( Fig. 5
). There is the |ead |ayer on inner surface of titanium shell
cool ed by heat removing by heavy water solution on the external
surface. The central part of target has the circulating molten
lead. Integral heat removal is the same, so power level - 3.5 MW,
Desire to inprove the burn-up rate as well as to ensure the
replacenent of details resulted in scheme ( Fig.6 )with Separate
bodies of target (2) and heavy water tank (3). Proton beam has the
casing joint in a vertical plane (I).

The lead jets allowto spread the proton - |ead interadion zone.

There is helium gas between heavy-water tank and target vessel
to ensure the necessary target-heavy-water gradient of tenperature.
The heat-exchangers, pipelines, operational equipment, punps are
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placed to pressure-tight space within concrete mass of shield.

Repl acement operations are possible but it Is necessary using
the special and remove fixtures. The upper target power |evel may
be cca 135 MW.

The variant of Fig.7. - the units are placed within air-tight
stainless steel chanbers (12) of concrete shield (13). The salt
tank (2) - ( ~3600 daia ) is placed at the center of chanber. The
central channel ( 1000 mm dia, 5000 nm height ) forns the porous
lead target (1 ) by lead jets of header (5). Target vessel may be
replaced if necessary for fluence Or emergency reasons. Tank (2) by
nmoving installation (9) maY be replaced to room (10 ) for the
operations of disconnection and connection of piping to circular
and thermal systens by manipulators and renmote joints.

Hot lead jets (1 ) are collected in capacity tank (2) and
punped (11 ) through heat-exchanger (6) back to collector (5).

Pressurized Bl anket

Bot h honogeneous and het erogeneous (channel -type) concepts are
consi dered. In homogeneous systems the TA and ¥ sol utions are used
in two separate volumes. In heterogeneous systens the heavy water,
separated from salts, is placed to special anpules.

The homogeneous bl anket schene is shown on Fig.s.

The high-pressure tank (2.0-5.0MPa) With central part for
target has two concentric parts (inboard and outboard), separated
hermetically.- Fig.9, . 10.

Qut board section is filled by heavy water with salt solution
of TA and (or) ¥p. Inboard section is filled by heavy water with Np
salt solution and its irradiation products. Each section has it's
own tight cover and inlet and outlet pipes of first loop. The same
pipes in the bottom Power density of inner section is up to 200
Wcc. The concentric deflectors (2-4 nmthick) are used (sS,Al,Zr
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alloys) for distribution of salt flows . It is necessary to have
the punping rate 3-5 ms for inboard section salt. The power
density of outboard salt is 10-100 tinmes |ower, transmitation rate
| ower too. The wall between sections (zr or SS) is intended for
salt flow separation and doesn’t carry pressure - up to 4 mm
thi ckness.
Di nensi ons:
central target channel (dia) - 1.0 m
- inboard Section (in.dia) - 2.4 m
out board section (ext.dia) - 4.4-m
- hei ght - 5.5-6 m.
Probl ens:
to support high pressure of mixture in large-volune
sections;
to manufacture the thick (25-30 mm) ir-alloy sheets;
to mnufacture the steel-zirconiumreducer for high pressure
and |arge dinensions.
Het er ogeneous bl anket
The principal schenes are shown on Fig.10 and 11, vertical and
hori zontal views - on Fig.12.
The main units:
- tank with central hollow for target and with ~ 60 channels;
anpul es inserted into channels;
- 24 outhoard sections with ¥ salt solution heavy water
Di nensi ons:

central hollow (dia) - 1.0 m
external section dia - 2.2 m
external anpule dia - 3.0 m
- tank hei ght - 5.5-6 m.
—noderator - heavy water.
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Pressure - 0.1-0.3 MPa (Sections), 20 ira (anpule).
Channel wall tenperature - 300-350 °c.
Channel nust be cool ed or thermo-insulated.
Ampul e consists of channel for circulating of mxture (Grcuit
1) and jacket (Circuit 2) with either heavy water or inert gas as
i sol ator.
Het er ogeneous bl anket features:
- possibilities to have different mixtures and pressure in
amul es;
ampul es can be renoved without removing of heavy water out
of tank;
steel -zi rconi um reducer up to 150 nm dia are manufactured;
- heavy water without pressure.
Material s
Stainless steels (textgnior type) and zirconium alloys (like
110,125 Wi th 1% and 2.5% Nb) may be reconmended.
They have appropriate mechanical and welding features, high
radi ation resistance in fluence up to 102-10%*1/enf and corrosion
resi stance.

4. Thermo-Hydraulic Bl anket Paraneters.

Three - circuit schene of blanket cooling was considered. The
first loop - actinoid salt and ¥ solution in heavy water - has
power density 1ike in fuel element of power reactor, the second
(intermediate ) one - with heavy water, the third one - for heat
utilization - wth light water.

The problemis using of large quantity of |ow - paraneter heat
wi thout boiling and evaporation of solution. Wth (0-120)%, 0.6
wpa of the 3rd circuit water it is possible use of heat for being
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heat - supply: with (180-240 )%, (1.5-3 .ojpa - for industrial
heat, electricity production .
So two sets of boundary conditions ( 2nd Circuit ) were used -
( 70-140 )% -regime I, ( 220-250 )% - regime 2. Maximm salt rate
up to 4 ni's, tenperature reserve up to boiling - 15%. The
solution thermal features were taken as heavy water ones.
The conventional Nep heat exchange equi pment were used
(casing - tube type with counter current flow scheme ).
Channel -type bl anket.

Ampul e type bl anket has it's own independent circul ate
circuit including anpule, heat - exchanger, punp and piping. Two
main paraneters were taken into account -

absol ute pressure value ( 15 ¥pa maxinmunj;

— 2nd | oop neavy - water tenperature.

The set of parameters for regines 1,2 is shown on Table 4.1.

It is possible for the 3d loop to realize steam- turbine
cycle for electricity production with efficiency ~ 25% The
industrial pumps ( 4k-18 centrifugal one stage type for instance
with inlet tube 100 m dia ) may be used.

The bl anket has the separate |oop for heavy water cooling.

Homogeneous bl anket

Bl anket ( scheme on Fig.8. ) consists of tank divided on two

parts ( zones) -
zone of high radiative intensivity with high TA salt
density ( 1000 MWt );

-zone of TA and FP ( 300 MWt ).

The heat removing is possible only with extreme pressure. It
is strong technical problemfor it's realizing for large -
di nensi onal system (inner dia “4.5 m). If pressure linit is 5.0
MPa the Regime 2 woul d be impossible for 2nd Loop.
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So only Regine I was considered. Because of high level of
power density and it's essential space uniformty it is necessary
to divide blanket zone 1Nt O SONE axial subzones.

The increase of wall tenperature At,because of interior
salt heat sourse, was a function of salt flow ( laminar or
turbulent regine), gap dimension and power density level. so it is
necessary to have 11 subzones for Zone | and 5 subzones for Zone 2
p Aty ~ 10° c.

Zirconiumis appropriate material for both tenperature |evel
(~ 400% ) and neutron bal ance. -

Contours: salt solution is get to lower part of tank to Zone
2, then punped through 11 ring subzones upstairs to piping, after
heat - exchange equipment - to punps and to |ower part of tank
again.

There is the same contour of Zone 2 .

The Ist Loop paraneters are listed in Table 4.2. ( Zone | )
and 4.3. ( Zone 2 ). Punps of PWR WER-1000 may be used. 41l these
estimates are preliminary ones. The optimzation and detalization
are necessary. For exanple, the coil-type heat exchanger may be
more conpact .

5. Neutron-physical paranmeters

The idealized nodels: cylinder tank of 5 mheight and 4 mdia
Wi th Np-salt in the neavy water solution. Lead target ( 1m dia, 5 m
hei ght ) is separated from bl anket part by 5 mm stainless steel
wal |. It was supposed neutrons are generated within central zone
3mcim (dia) unifornmy. Wth Np content 4 g/1 power density is about
200 Wcce, integral blanket power - 3200 MWt).

The power [imt for this type of blanket - 135 ww only. It
means: decreasing of neutron flux ten tines;

probability of Np fission - 0.3 ( instead of 0.4);




275

multiplication factor K., - 0.65-7 g/1 ( instead of 0.8 -
gl)

10 bl ankets instead of 1;

maxi mum power density about 20 Wcc.

Neutron flux near first wall ( between target and blanket ) is
(0.5-1)10° em %L with fast neutron ( Bs0.1 Mev )- 15-20%. It is
caused by inelastic scattering in lead and scattering in heavy
wat er.

For renoving of 100-200 w/cc it is necessary to increase the
pressure up to 2.- 5. ura. Target vessel and inner wall have 7-10
gent of stainless steel, plus steel deflectors,plus equilibrium
actinoid contents - K, decreased to 0.5- 0.6 as well as fission
and transnutation rates are mnimzed too.

It is supposed to use zirconium alloy instead of steel, to
I ncrease actinoid's content up to 6 g/1, K,- to 0.65 and as the
result - fission power - 1300 M& with nmaxi num power density 200
wee .

Het er ogeneous variant -

Bl anket consists of two raws of 60 anpules with actinoid salt
and heavy water between them The sections with Fr solution are
placed on the blanket periphery. The 1st and 2nd row power density
differs not nore than 5% 200 W/cc power density ( K,- 0.32,
bl anket fission power - 324 wW) corresponds to 3 g1 of neptunium
Wi th actinoids. 40 anpules of the 3rd row will arise power to 540
w (4.5 g/1, 200 Wce). Fast neutron flux (E»> 0.1 mev) - (I. O
1.5)10"%1/cnPxs - first wall ; (1-4) 10"l se®s - anpul e and
defl ector walls.

6. Heavy water radiolysis
The problems of water radiolysis i S very inportant for water-



276

cool ed reactors. The main part of fission energy in formof strong-
|y ionization is absorbed by water. The large output of nolecular
products results from water radiolysis. Reconbi nation rates are
negligible. Data for light water are used /6.1/.
For pi ~ 2 output of ¥ /6.2/:
g(H)=0 g(OH)=0 g(H,)=1 . 83-2. 0 mol/100eV
g(H0,)=0.91-1. O nol/100eV

For heavy water g(-D,0)=3.66-4.1 mol/100eV. S0 W have two
mai n probl ens:

1y The large anounts of hydrogen and oxygen are
produced. Because of explosion hazard the reconbination process nust
be realised, especially with neavy water.

2) inspite of high enough deconposition rate for hydrogen
peroxide with high tenperature, it is possible excessing of
vol ubi lity product for uranium peroxide and fuel precipitation.

3) At the case of nitrate salt fission fragments can result to
nitrate ( oy ) reduction into nitrogen ().

The nost spreading state for actinoids i s of three valence.
The actinoid nitrates have the highest level of volubility

Am (NO ) ¥xH,,0,
Np (NO ) *xH,,0,
Cm (NO5 ) ¥xH,0.

4-20 g1 heavy netals content is nore than small. we haven't
yet data for mention salts and heavy water. The known anal og -
W, oz ) has volubility wto 283 &/1The experinments 2re needed
in future. The production rate maY be very high, for 200 Wcc:

- 9.3*10-* l/cexs (NTP) of hydrogen;
0.7 mg/ccxs of peroxi de.

For blanket 135 -1300 MW correspond Up to 6050 1 (Hy, )/S (NIP ).
There were attenpts to use catalizators for reconbination
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(oRNL), two-val ence copper,for instance /6.3,6.4/.
- ame)/ at = K[ o' iim,]
K= 9x10'3 exp(-24500/RT) 1/mol-hour
The steady-state gas pressure as result of radiolysis:

K[ cutia(T)

M,Mw/1 - absorbed power,

a - Genry constant /6.5/.
The estimation of copper anount were done for the HRE-2 reactor
/6.6,6.7/, it's using - /6.8/.

To avoi d the fuel precipitation it is necessary to have |ow
enough |evel of peroxide concentration. For exanple, at 100% imit
| evel of power density is 0.09 w#/1 /6.1/. Taking into account ¥° and
corrosion products as catalizators it is possible /6.10/ to estimte
permssible power density.

For inprovement of neutron balance the using of N-15 isotope may
be considered. There is reduction processes |ike

200, » DO + N+ 5/2 0,
The oxygen besi des expl osive danger results in corrosion rate rise.

Titani um and aluminium al | oys may be reconmended as structural
materials, as well as if would decrease pi to 2 and tenperature to
200% - stainless steel and zirconium alloys.
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Table 4.1.
Thermal and hydraulic paraneters of anpul e channel
Par anet er Regime | | Reginme 2
Al | owed powerwc/lensity for salt solution, 200.0 100. 0
cc
Loop thermal power,MW 5.4 2.75
Salt solution rateke/s 25.5 25.5
Sal t tenperature °C.
- ampu e i nl 281 303
H , 319 322
- Eeat exchanger |n¥ 323 324
- heat-exchan g?er ou-tput 2177 301
Pressure | osses, MWpa:
mul e 0.0054 .0054
- Feat ’%anger 0.0733 % ?§35
- 1oop (su 0.093 . 104
Punpi ng power (n-0.75),kW 3.1 3.9
Heat - exchanger:
- inner diameter,mm 210.0 210 0
- le th,m 5.4
out 8r tube aia,m 20.0 20 0
wa I thi ckness, mm 2.5 2.5
- tube nunber 36 36
2 | oop: Heavy water rate,ke/s 26.7 25.9
Temperature, °C:
1 92 22
ou tput 140 250
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Table 4. 2.
Thermal and hydraulic paraneters of inner blanket zone
(Zone 1)
ressure, Mp
Par anet er P 2
2.0 3.0 4*Q 5.0
Ther mal power,MW 1004.0|1004.01004.011004.0
Salt solution rate, t/s 15 15 15 15
Salt velocity,m/s 4.0 4.0 4.0 4.0
Salt tenperature, °C
- tank inlet 163 184 2 213
- hanlﬁ outﬁet 179 200 298 230
- peat-exchanger input 180 201 217 2%1
heat-exchanger ouput 162 183 199 212
Pressure 1losses,MPa:
- ) o0 00| oo
- heat- . . . .
- Io%?) (esxucn)mger 0.41 | 0.3 | 0.25 | 0.22
Punpi ng power,kw 5000 | 5850 | 4850 | 4254
Heat - exchanger :
- number 4 4 4 4
-inner diameter,mm 2550.0|2550.0 |2550.0 |2550.0
-length, 36.4 | 26.3 | 2I.6 | 18.8
-outI Ituﬁe diameter,m goéo goéo :ézo.o %o.o
“Yibe nomperces ™ 5418 | 5418 5'4?8 5'4?8
2 | oop: Heavy water rate,kg/s 1723.0(17'23.0(1723.0(1723.0
Temperature, °C
- input 140.0| I40.0| 140.0| 140.0
ou tput 82.I| 87.I| 89.5| 90.8
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Tabl e 4. 3.
Thermal and hydraulic parameters of outer blanket zone
(Zone 2)
— Pressure, Wa
2.0 | 3.0 | 4.0 | 5.0
Ther mal  power, MW 297.0| 297.0] 297.0| 297.0
Salt solution rate,kg/s 5428 | 5428 | 5428 | 5428
Salt velocity,m/s 0.4 04 0.4 0.4
Salt temperature,°C
iak o O |
- LR B A
Pressure losses,MPa :
- tank 0.0001 (0. 0001 |0.0001 (0. 0001
" sop (e 0: 8614 | 9087 |6~ 00| O, oo
PUmping power,kW 10.1 47 | 3.6 | 3.0
Heat - exchanger :
- nunber 2.0 20| 2.0 2.0
- i nner diameter,mm 6810.0(6810.0|6810.0|68I10.0
) C}Sﬁtl’h'{nube diameter,mm %640 2648 5038 %OBS
. Tibe ntiber oo sBode |35646 |30646 |38646
2 | oop: Heavy Water rate,kg/s 7307.0(7307.0(7303.0{7307 .0
Temperature, °C
okl 140:8) 133§ 1309| 134
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Parameters of Blanket variants

Type
Paramet €r Low-pres- | Pressurized
sure hone
geneous .1omogeneoué channel
Li nac:
roton enerPy, Gev | I 1
eam curren 0,3 0,3 0,3
anket nunber s 10 “ l |
l? anket ovver W (1) 1350 1300 324-540
ransrrut tion rate, ey 532 oll 127-212
Bl anket :
Fisslon power, ww 135 1300 324-540
Transnutation rate,kg/y 53,2 611 127-212
two two Channel-
P sectionec | sectioned t%uéle
Dimensions,m: tan tan
| ght 5 5, 5-6 5,5-6
H?aﬂeter 3,6 4,4 3
Loop nunber 2 3 3
1 | oop: pressure,¥Pa 0,5 2,0-5,0 15
Heat - exchanger nunber 4 60-100
Heat - exchanper ﬁimensionsm
ﬁe 36,2-18,8 54
di aret er 2,55 0,21
Heat wusing Heat- Heat- Steam-
Suppl'y supply turbine cycl:
smomnt of heavy water(t Loop),t| 140 320 80- 85
Actinoid mBSS (1 Loop),t 0,98 1,8 0,025-0, 05




282

Ref erences

Part 1-5:

| . ¥.B. Bajixo, A.B. Jomateur, M.A. CreH6ok, J.B. Tovemwit. dusuyec-
Kie OCOGeHHOCTH TpaHCMyTalmM HenTyuua B pacTsopHoM OGJaurere. OTYeT
HUKMAT. ¥u. % 5.8I9. 1991.

2. H.A. Xpacros, J.B. Touenwit, A.B. JlonaTkun ¥ [HOp. I'OMOT'eHHHI
6naHKeT A TPaHCMYTAllMi HenTymuA. OTveT HMKUST. ¥u. % 5.821. 1991.

3. M.C. Bexsuxos, M.B. Bamro, O.H. Joraues, A.B. Jlonatxur, J.B.
TovyeHHil. JHeproHanpsaxeHHHe OJaHKeTH JiAA TPaHCMyTalM¥ HENTYHUd.
Order HMKUST. Ju. ¥ 5.820. 1991.

4. HMKNAT. IlporpamMa TelJOTMIPaBIMYECKOT0 pacueTa KaHala OGOCHEHHON
reoMeTpus CANOB. Orver. MuB.kII0-235-3188, 1989.

5. Tox pexn. B.K.KomxuHa. TenjooOMeH B 3HepreTHYeCKHX YCTaHOBKaX
KocMuyeckux arperatos. M, *Mammoctpoemme*, 1975 r.

6. TennorexmudecKkuit crpaBourMk. Tom | . M.,"3meprua", 19' 75 r.

7. C.D.Bowran et.al. Nucl ear Energy Generation and Waste
Transnutation Using an Accelerator-Driven Intense Thermal Neutron
Source. LA-UR-91-91-2601, LANL, 1991.

Part 6:

6.1 K. coatworth et al, Trans, Faraday Society, 56(1960) 1008.

6.2 Journal of Nuclear Materials, 1953, vol 8, Not.

6.3 H.F. Mc Dit f ic et al, Qak Ridge (USA) Report-ORNL-CF-54-1 -122
1954.

6.4 H.E. M Diffic et al, J. Phys. Chem.62(1958) 1030.

6.5 H.4. Pray and E.F. Stef en, Batelle (USA) Report BHI-840 (1953).



283

6.6 R.E Aven, Oak Ridge (USA) Report ORNL cp-56-4-190 (1956)

6.7 R.E. Aven and u.c. Lawence, Oak Ri dge (usa) Report
ORNL-CF-55-4-4-4 (1956).

6.8 S. Vviener and P.L. Haubenreich, Oak R dge (USA) Report
ORNIL-CF-55-1-166 (1955).

69L.E. Morse, Oak Ridge (USA) Report ORNL-57-1-117 (1957).

6.10 MD. Silverman et al Jnd.Eng.Chem, 48 (1956), 1238.



J
-

ad UoTSSty /ge-di (2Bt

(ane] XN[J SnNSJan R}1]I19EY

Np-238, fis
o

sion probability

o ) o4 o
o o e o 00 c
S bt o) o o d
O LAttt 111 L1 ) 4440 5 L IEE NN NEN] 1140 11111 1441118111
s
. :
o 1
z
=3
(@]
o
-—
v—<
oy ¥ \
c
v )
.
\
Py <
Bo 1 ‘
N T I
z’l \ {
- )
~
1 i 1
[]
- fl T ~ T
e ~
s N
N
S
T ___} 1 N
-— ol 1 i L 1l ALY 1
ox —1 1 -+ 1 ]

1814

126001 XN SNsSJen JUeUOD g7-dy

-238

237

N /N -
(o] 0 pO p 0 0 0
Q 0 o 0 0 = o
_O N + » @® N
O i1 42000 oo kaasa i s ka sy aases ey aoq ey ndeyeqerent
| ] 1 1 i
1 I 1 1 T
O
-]
O
el . i 1 | i |
oA |
b TY 1 : T T T
~h \
=]
TN
Lo A\
\ < T H
S
I\)u ~N
M ~N
N
- <~
T |
i | 1 L\ 1
4 | I | AV
i ‘ I
(_S 1

414




285

F/{ F+C
0.50 AR
_ /6 -2+
0.40 4 _~ P 10 cris
0.30 . — 07

E K——‘g 10 174
0.20 /

O‘OO 4‘[]l!(lll[lllr[llfl]11

l T i
0.00 10.00 20.00 30.00 40.0C 5C .00
HoMep mumkna

Fig. 3, Np-237 fission/absorpt jonrate ratio f Or cucle regime



286

N3

T /

prd

N\,
x&

—

/ J

< LA \\.\\\\\\\\z\

T

l
{

— \‘

i/

i/ !

'Q’!

an

|4

y _,Pﬁm\\\\\\\\\\\\\\\\\\\\\\\\\\\\ WWWW ,7_

L7777 77777 77 777

J___

J

ﬁ_

<"

SN NNNNL

T .

SNNSANN

\k\\\ _\\\“

LN LG T

L7777 777

NSO

Fig.4. Homogeneous blanket scheme.



287

a7 77 %
==
| M

I
| \ - \ I
,L“\___._,.\ | !
‘_> .,mul.uru;../u_/_/\_?_/////// ////./AVV\V\U_/?’ _
—

_u.r_ﬂn o

>

i

7]
|

.

i

e

== NS S S OSSN S SSANN N //ﬁ\

AVEANEANEANEEVEANERN

£ L 4 L L 4 \\\o\\l\\

| 4
v

f e

1}

NN NS NN

Fig.5. Homogeneous bLlanket scheme.

4



288

&\\ \
N -1
\ i \
\ alis
N 7 \
\ |, Wil L b
N s 7'}"_1_,'_# = = N 2
N _— — ] i‘\
— \Q\
A\ I i \ A WS
\L
\Smmp N 0
| <) gL T
) T~ ~4
i == I ~_ R
N\ ' ‘:\\6
N | 5
N ¥
\
S\\\\\ﬁ\\\\\

Fig.6. Homogeneous blanket scheme.



\Tﬂiﬁ—;r

/////// =1l

NN AR NS
N

LA INUANNN G A AR AR

¥ig.7 Homogeneous blanket scheme.



290

9! D20
j) 17 M
Bowa c nobsl-
wreyold A’oMge//-\ ,
Mmpayu/eg akmu -
0w Dol + Dol NITEER1ME
_""\ <|- °\r\l “{-1- :.—_
2 =i Z s
Soxa c nosuxen- |~ Z;/é‘ -- Sk
#oU kowyennpa -~ LS4 u
Ly ghmiial s I ‘, 75~ L ‘ //
v /;/aoayfzmaﬁg se- |~ i P
e, 1 |
//Uﬁ* 2 :: /// // o
gl 8 e e il ot I O
Muwews .~ 'y YT
— e N AN
ENS V¥
Dga 220

Fig.8 Homogeneous blanket scheme.
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Fig. 3. Homogeneous blarket scheme.
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Fig. 10. Homogeneous bl anket scheme.
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Fig.11. Heterogeneous (ampule-channel) blarket scheme.
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Fig. 13. Heterogeneous (ampule-channel ) blarket schefie.
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Fig.14. Power density radial distribution for H20-D20
blanket.



