Russian Perspectives on the US ATW
Program and Opportunities for Collaboration
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ATW philosophy and implementation
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ATW Development Issues

Key solutions are correct
Alternative options appreach is important

Number of ATW plants shouid be minimized
Danger of transfer to infinitive R&D
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Key problems
of target-blanket systems development.
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Farmyet degign With window windawless (imore complicate
but seems maore pmmising]

Target cacling system jindapendent circuit Joint with the ana of blan ket

Number of cirsults 2 (aconomically preferable) |3

Circulation system Foreed convection

Fuel type TRU+Er

Fuel rod and aszembly |Fuel rods with ribs Fuel rods without ribs

dnian :

Invessal shisliding Irtarmodiate heat exehangears shielding need in spaclal care

Egquipment protection

{radiation shielding]  |Increased activation of aquipment (ion-g vide, refueling
nrar the ign-gupda machine etc.) placad at the hesd of facility.
 promise ta be the key enginessing probham,

Increased gas system
radivactivity Gaseous and evaporating spallation pradycts reduasn.

increased therma- High frequency of baam swiltching off and kigh speed cf
mechanical lsading in | power decreass and increass, :
fuel and aguipment
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Design issues for sodium coofant

% Coolant technology & spallation products

¥ High coolant radiotoxicity

¥ Low level of natural convection

¥ Specific safety questions
» chemical interactions with air and water
« solid target overheating in LOF without beam
off accident
» secondary circuit activation

Y%  Three-circuit design

R Big primary vessel dimensions

ATW workshop, Washingtan, D.C., 15-16 July, 1599
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DEMO concept with |lateral beam input
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Thermal capacity, kMW SO0-T00
Average coelunt temperates in fhe core
inlet fouilet, "C 250/ 320
Coalant Nowrate in bManket, m*hoor E00Q -1 004
Coolant velacity in blanket, mfs 2
Dizmeber of the core, mil 2950
Effeciive heightl (ou Tuel), mm 1300
Cenerated 183 pavane e .

Pressure, Ml T

Te mpe e, 'C 154
Steam preduction, thour Saa0
Capacity af the proton beam, MW
{ El14 mA, BE=1 GeW} 14
Diameter ol ihe talger, mAl 250
Coolant temperature in target, °C
ket outlet 250 /320
Ceolant valume in the hlanket, m* Ta

ATW workshop, Washinglon, D.C., 13-16 July, 19583
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ADS radiation safety and shielding issues
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Comparison of coolant circulation types
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Primary Pb-Bi-coolant

iirculation by pumps

Haturzl circulalion

natural conveclion anhanced

circulation
{gafely aspenls)

stap). Aftarcooling {decay heat
removing) - by naiwral
canvection at level ~10%: of
rafed power. Liguid metal target
tarmoval cutside the blanket 1s
required.

circulation by gas-lift, with compressar
Average power density 100...150 10...30 10...20
M the core, M/m®
Reactor vessel Mirmmum Few tens of meters in Helght - larger, than for var1,
dimensions {features) height, large in diameter | large in dlametar
Coolant technology Developed Exlsting coolant Thea same, like for var. 2
technology carmot be
ulitized
Fower 1055 for coglant ip to 2% of rated power Mo Up to 10% of rated power
clreulation
Loss of nominal Possible {because of pumps Impossitye Pazslble (because of

compressors stop). Natural
rohvection far blanket
afterconllng {decay heat
removing) and liquid metal
target removal putside the
blanket are required.
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Corrosion Phenomena for HLMC

Na coolant, Any Stractural Steels

Na Nuclear :f

Reacters

107 %4 mass Choymen
conceniration in Ma

Pb-Bi coolant, Special Commercial Steels

|

|

|
Corrosion Pb-Bi Muclear
disselving Reactors

17 - 107 % mass 104 % mass {Onormen GoRceniration
' ' in Ph-8i

ATW workshop, Washington, DU, 1518 July, 15983
580 RF - IFFE, Russia




& Tilm’s Thickness

Special Russian steels,
Pb-Bi, T = 5350 - 6504

Tine

A FHm's Thicknass

|
[2 060 h

Ordinary stesls,
Po-Bi, T =550 - 650

i

Interoal oxidation
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STRUCTURE MATERIALS FOR ATW

Cladding (T = 550-630°C):

s Only Russian steels type of EP823 steels may be used,
« More that 70000 kg of EP823 sicel have been praduced on Russian metallurgical plants since

beginning 70’s.
« More that 25000 m of four-ribbed tubes of EP823 steet have been produced on Russian tube’s plants

since middle 70’s.
» EP823 (Cr12MoNiVWNDbSIBCe) is femritic-martencitic steel. it has excellent corrosion behavior in

Ph-Bi coolant up to temperature at 6530°C.
1t has good irradiation behavior after the iradiation test in BR-10, BOR-60, BN-350 and BN-600

nuclear reactors.
Internal equipment (T = 308-550°C):

« Undoubtedly, austenitic and ferritic special Russian steels may be nsed.

« Peshaps, some of US steels may be used instead of Russian steels,

« European (Germany, France, Italy) steels are testing now in Pb-Bi corrosion loops of IPPE.
New corrosion boop in IPPE is ready to test US steels. |

Vessel:

s Steels type of 31688 may be applied.
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Long time sodium coolant
activation in ADS

+  Pb-Bi;
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mass number A

Radiotoxicity of target coolanis, Ci ( 1 MW target )

Time after {l 1 5

beam off, year

Ma 2 %70° 187107 1,6910°
Fb-Bi 19 7.510° 3.1510°

ATW workshop, Washinglan, 0.C.; 1518 July, 1925
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Polonium problem background

F &
B gn = B = P - P
Genaration: T,.=3das T, =13%dos
Activity: a5 (L + L3 Chkg

Possible consequences of coofarit leak:

w a-radloactive aergsals inthe air;
s r-gantaranation of surfaces due i asrasals sedientation and sontact

transfer.
Aules:

Maximunm Po™" -concentrtion in servicing compartments air should not
exceed 2.7 Byim® (7310 Ci / liter).

Expenence;

v Severzl leekages in amount up 1o 2000 kg with o-racieactvity in
compartment alrabout 10 Ci ! liter.

+ MNo any ease of personnel overirradiation caused by Po,

+ Methods and moans developed o provide safety and to logalize
radicacive contamination,

Poloniunt in ADS,
One year of operation, 1 MYV target,
mpartant isclopes & Activity in the Activity in ~01m®
its oTigin coalant, Gilkg target gas systam, Ci/ fitar
Pa™ [capturs) 0.52 4.0410*
Po™ {epallatian) : 42407 4119
Fo™ {spallatian) 0.41 4.3+10"

Radioactive air contamination under iogs of lightness comditions in the 1arget
gas systemn will be determined nor by polamium sotopes, but by X' and Xe'
praducks of coolard nuclal fisston by kgh-energy protons.,

ATW warkshop, Washingtan, b. E 1576 July, 19598
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Pb-Bi technology

oSystems & devices
—Oxygen measurement
—Oxygen control
eMaterials
—Special steels
—Preparation for use
sRegulations
—Depends on design features
—Design limits

== —-—————«+—— "
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Opportunities for Collaboration
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Conditions

sMandatory condition - warranty of unmilitary use
sAdditional - maintenance of profit for Russia

Areas of cooperation
«Development of the conceptual design projects.
- *Development, manufacturing and delivery of separate
elements of the equipment

+Realization of part of experimentai & technological works
in Russia

I N e g L
ATW workshop, Washington, D.C,, 1518 July, 1993
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