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Abstract :

The present document is the D08 deliverable report of work package 1 (Target Development)
from the MEGAPIE ~- TEST project of the 5" European Framework Program.

Deliverable D08 is the progress report on the activities perfermed within WP 1. The due date
of this deliverable was the 5™ month after the start of the EU project. This coincided with a
technical status meeting of the MEGAPIE Initiative, that was héld in March 2002 in Botogna
(ltaly). The content of the present document reflects the status of the MEGAPIE target
development at that stage. It‘gives an overview of the Target Design, the reiated Design
Support activities and the progress of the work done for the safety assessment and licensing

of the target.
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1 Introduction

Partitioning and Transmutation (P&T) techniques could contribute to reduce the radioactive
inventory and its associated radiotoxicity. Sub-critical Accelerator Driven Systems are
potential candidates as dedicated transmutation systems, where the main characteristic of
ADS (i.e. sub-criticality) is particular favourable and allows a maximum transmutation rate
while operating in a safe manner. For these reascns, waste transmutation using ADS has
become a relevant R&D topic in Europe. Following a first phase of R&D focused on the
understanding of the basic principies of ADS (e.g. the programme MUSE), the programmes
have been Streamline.d and focused on practical demonstration key issues. These
demonstrations cover high intensity proton acceleraters (beam current in the range 1 — 20
mA), spallation targets of high power'(~ 1 MW, like MEGAPIE) and their effective coupling
with a subcritical core. Thus, the MEgawatt Pllot Experiment (MEGAPIE), an international
initiative, which was Iaunched' in 1999 in order to design, build, operate and explore a liquid
lead-bismuth spallation target for 1 MW of beam power’, represents a key experiment in the
ADS roadmap®. The decision to install the MEGAPIE target into the Swiss spallation neutron
facility SINQ at PSI fitted also with the appreciation that liquid metal targets represent the
most promising solution for increasing significantly the thermai neutron flux used for
irradiation purposes. _
The EU MEGAPIE-TEST has the objectives to develop, improve and validate expertise,
knowiedge and experience about the design and operation of a heavy liquid metal (HLM)
target and to verify its feasibility under realistic operating conditions. The main results
expected_ at the end of the project are: development and comprehensive testing of a liquid
metal spaliation target both under beam — off and beam — on cenditions, and the set up of a
handbook on the design of a neutron spallation source in general.

The project 'has been divided into four work packages (WP 0: Co-ordination, WP 1;
Target Development; WP 2. Target Testing and WP 3 Synthesis). The present document
constitutes the progress report of WP 1.

The main objectives of WP 1 {Target Development) can be summarised as follows:

Preparation of the complete design of the'target with anciltary systems by taking advantage
of the MEGAPIE feasibility study and the existing MEGAPIE design work, and considering
the boundary conditions of the SINQ Facility. Definition of critical issues and required R&D

needs which are inherent in the design and operation of a spallation target.

' G. S. Bauer, M. Salvatores, G. Heusner, J. of Nucl. Mater., 296 {2001) 17-33.
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- Solution of target specific critical issues in the fields of neutronics, materials, thermal
hydraulics, mass and heat fransfer, structure mechanics and liquid metal technology,
using analytical, numerical and experimental approaches. Selection of best design
optiens according to evaluation criteria established earlier.

Assessment of safety and reliability aspects which might endanger the integrity and
operability of the target; definition and evaluation of counterméasures. Preparation and

definition of licensing requirements and criteria.

This report summarises the status of the target design and the first results obtained by the
R&D working group. Part of the results described here is based on the presentations made at
the technical review meeting held in Bolegna in March 2002, (Ref.: the presentations are

collected on the Internet site www.megapie.web.psi.ch).

In particular:
The contributions to the general target and ancillary overview were from : F. Groeschel
(PS1), W. Wagner (PS!), B. Sigg (PSI). _

- The contribution to the targei design were from : A. Cadiou (CNRS), T. Kirchner (CNRS),
G. Laffont (CEA), S. Dementjev (IPUL).

- The Thermai-hydrau!ic and Structural Mechanic contributions were from:
B. Smith (PSI), B. Sigg (PS1}, A. Zucchini (ENEA), P. Agostini (ENEA), R. Stieglitz (FZK),
X. Cheng (FZK). The Benchmark participants were: PSI, CEA, FZK, CRS4/ENEA

- The contributions to the materials behaviour under neutron/proton irradiation and in
presence to the liquid metal were from:
J. Henry (CEA), Y. DAI (PSI), F. Barhier {CEA), A. Terlain (CEA), C. Fazio® (ENEA), G.
Benamati (ENEA), J. Konys (FZK), J. B. Vogt (CNRS), D. Gorse (CNRS), H. Glasbrenner
(PS), F. Graschel (PSI), G. Muller (FZK).

- The contributions te the liquid metal technolegy part were from:
(. Corsini / P. Agostini {ANSALDO / ENEA), H. Jacobs (FZK), 8. Dementjev (PSI), J-L.
Courouau (CEA), J. Konys {FZK), C. Fazio® (ENEA), G. Benamati (ENEA}, A. Zucchini
{ENEA), Y. Dai (PSI}.

- Concemning the contributions from the neutronic and nuclear assessment, the participants
to a relevant benchmark were: _
CEA, PSI, ENEA, CNRS, FZK and JAERI. The benchmark results were collected in a
CEA report (Rapport DM2S. SERMA / LCA/ RT/ 01-XX/A issued the 05/10/01) by R.
Enderle et. al. |

- Contributions to the safety and licensing were from : F. Groeschel (PS1), Ch, Perret (PSI).

% The European Technical Working Group on ADS, Ed. ENEA, April 2001, ISBN 88-8286-008-6.
? Presently at FZK
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2 General overview on the progress of the Target Development

The MEGAPIE Initiative has experienced important changes since its start from the
administrative and technical point of view and some serious technical challenges have
surfaced, which cause additional efforts and have caused some delay according o the
original schedule. This might have some consequences on the progress and schedule
(delivery dates) of the 5" European Framework Project MEGAPIE — TEST as it is directly
linked to the MEGAPIE — Initiative.

Considerable progress, however, has been made in the design and on a number of issues
relevant to the design and operation of the target, but vital input data are still expected and

needed from ongoing or scheduled experiments.
2.1 Target Design' overview
2.1.1

The main MEGAPIE target parameters

The main MEGAPIE lead bismuth eutectic {LBE) target parameters ars summatised in the

following table 1 :

Target geometry

Qverall length of the target 5.39m
Weight (empty, without LBE) 1.5t
Proton beam

Reference proton beam intensity 1.74 mA
Proton energy ' 575 MeV
Heat deposition 650 kW

Liquid metal

Coolant and spallation material

Lead bismuth eutectic {LBE)

LBE volume

82 |

Wetted surface 8m°

LBE temperature range 240°C — 380°C
Max. flow rate ~1m/s

Beam window

Beam window material T91

T91 temperature range 330°C —380°C
Expected dpa rate 20 —25dpa

Tabhle 1:

Main MEGAPIE target parameters
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2.1.2  Ashort functional deseription of the MEGAPIE target

Figpire 1 shows & schematio view of the differert MERAPIE target subeaystems and the st of

The proton hoam penetrates the large! vin two windows from below, The double-walles
encinsure huld dower target encloswre) s coddsd by & forced opnvection heavy water flow.
The inner heam window 5 oovied by the bguid lead-bismuth awastic. The lowsr rge!

enciosure and the besr wirddow are separgted by an insuialing gap e with Heliam,

RIS B

vistuans &

Figure 1: Schematic view of the MEGAPHE trget with e targe sub-systems and

angiiary systems,




The tead blarnuth fow I proviced by beo slpchromagnetic pumps: an axs **,frgrre*"m FYHIN
flove showers an armulus (Detween mam fow guids tube and lower liquid metel containgr) ang
a0 additional Bow «ia g by-pase lube. Dus 1o the largs height of the arget the charactyy o

the fiow i mixed sonvestion, The combination of main How and by-pass flow ensures the

cocing of the bearm window.

The spailation heal which & produced i the Jower part of the main flow guids bbs Iin the
region up i 30 om above the baam wirdow), is removad vin double walied heal exchangsy

pins b0 an itermediate cookng foop and Brally 10 an edsting secondary aoofing system, The

Hudd of the wccmz:iafy sysisrn is high-preasure heavy water,

Ir1 the centre of the maln How guide e an instrumentation pin {centrad rod} i3 nsened
which holds nstrumentation for the measuremeant of the neutron Hux density and tharmn-
tydrauiic data,

A shielding phay s provided in the top part of the MEGAPIE targel, In order 1o avoid
excessive radiation levels in the target head room from dirget gamma radintinn rom the

fpusd metad
Erom the oo pription above the man targe! sub-systems arm

- e doudbie contrinrnent composed of a double walled lower target enclosure (LTE
;%zac;ée of AlMgd with a concave spheore shape) and the liguid metal container
{LAMCH that pontaing the LBE;
the central rod equdpped with heaters, nstrumeniaticn and neutron moniorg

- the 12 pin single waiiéa target heyt m:;;harsgm;

- the slectromagnatic pump system, the main pump for the main flow and a second
sratter pump for an LBE by-pass fow acraes the beam window;

- the helium insuiating gas systemy

« e cover gas system equipned with absorbers for volatile spalintion products ad
2.2 Relevant design issues

Ths mai relevant design ksues are fooalised (st not exbiistive)
- oy the structurst integrity of the farget in order ©© keep all active material contined
mside the terget and s for nomad oporating conditions and hypothetical
anvittents

-w‘

- on perormeneas of the heal exchangesr o evacuate the deposited haat

- on performances of the eleciromagnetio pump system and the risk of cavitation;




- on the {(resding propsrties of the LBE and the behaviow of the spalinbon
orodunts

~ oy the ifzi'iagriiy and the cooling of the beam window

These, and other, relevant issuss streamiingd the aothvilies perfermed within the sclentific
dasigr support, The main Bems are given in te following list {see chapter 27977 for the stalus
of thase topics),

- netdronic benclunark and a detsiipd assessment of the nucienr reactions ©
datermine releant input data for the design and safely gessssment of the faget
thermn-hydrauiic and thermo-mechanical  modeling  of ithe  systerns  and
componsms  wnder nommal, fansterd and accidental conditions,  including
sxperimanial validation,

-~ wastigation of material properias under irradiation, corrogion behaaour ar sk e
rigk of Hquid metal smbritflemeant;

assessment of the LBE properties and the behaviour of the spallation produnis.

2.3 Qverview of the Ancillary Systems

Figure 1 shows sleo the fist of e anclliary systems necessary for the target aperation. The
sub-systems direotly connevted to the terget can be sean in figure 2.1t shows the ditfarert
systems us they are planmad o be inslalled very closs 10 the lop of the target inside the
shieghiing of the BING wrget block,

Figure 2 aerangernert of the anciliary systems closs 10 the top of the target

45 PRT. FIKWAUT001-00



The gnodlary syalems o be desigred ara

« The hest removal systen, with DIPHYL THT of a cooling medium amd an
mtarmariigle water ooy
- The sover gag system o copy with the overpressure in the targst and © assurs

the confingment of all gases and a reguiar ard controlind venting,

- Tha LBE EE and drain systern with a double contginment and an appropiate

systermn for disconnecting the tubes alter operation,

8

Bafore the irradistion phase, these systens will be tested in g dedicaten lest sland {(spe WP

3 of the Rrojant]

o
$u
%
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3 TARGET DESIGN (Subtask 1.1}

T dosion sublask is based on the MEGAPIE feasibiity study and iy divided it

- e Uoncepiugl Daesign phase ?‘Q?“;Cs&?‘“zti‘ﬁ‘iii“z{;; o the identification of oritios! lssuas,
sulaction of a reference technical design, selection of relerence malarisly,
sraiytioal sizing of individual components, definitien of instrumentation and
uparation controd, dertification of possible sources of fallury and congequences,
satling design for anciiary systems

- the Enginesting Dedgn phase concertrating on the numarnioal optimisation of
singla oomponents gnd s;:;);:‘%;;}isv:i'e: system using 1D approach, identification of
component and systam failure modes including etime cpectancy of the gystarm,
enginesring design of ancliary systens and the preparation of a Qualily

>

Assurance Plan for manufactuning and testing

The geometrionl boundary conditiorss and the fact that the MEGAPIE arget has o i 1o the
existhing SINQ faniity at PS] Hxes the maln dimensions of the target as shown in figurs 3. An

outar view of the complete targetis shown on the right sude of the figurs,

‘&qi’x widronck goxtien

? i comsbessers: sk

Fetduangs ek igax pghos i 22
Botin o tnoget xtueags g

.\éifi»?:f.ﬁ.:‘,lf 3 w? o prsge Yen otk

£ dnm o

Figure X Main dimensions of the MEGAPIE wargst and a oomplets view of the targsl

11745 PET- FIW O 2007



The rget is composed off

<

major siructural elements: Upper Targe! Brclosurs [UTEL Lowsr Targel
Fnciosure (LTE), Upper Ligid Melal Container (U0, Lower Liguid Metsd
Cortpiner (LLMOY

- oy ecomponerts: Target Heat BExchanger {(THE), two Blechromagnelic Furmps
{ERP 1 and EMPZY, Target Hesd (THY, Targed Top Shislding (TT8), the central rod

arwt the main and by-pass How guiths ibe.

For the target componerts and structural elements, the m’zgirzeming design phase is finished
arut the delailed design phase i in progress. The detall design drawings are under
praparation gnd the deted design caloulations i progress. Mo detalls are given in the

foltowing chaplars.

3.1 The Target Head

3 dirmrsional visw of the target head 5 shown

%
B fi*{}i}'f@ 4. The tz;a,rgz:at head assures the interface & .

0 the ancillary systems. All electrical cabies, of,
waler and cover gas plpeg as wall as the %’iii avd
drain (F&d} tubss r the LBE have v be

designed adequately for an eagy disconnection

after the farget oparation. 1 has 1o be confomy
with  the  safety  regubrements asswring
confinement of rudicactive produsts during alt
handling steps of the target sfier imadiation. This

recpires # system of double enclosure for the

cover gas systern and the LBE # and drain
UIRes,

Figure 4 30 visw of the target head,

3.2 The Target Top Shielding

The target lon shiniding is the pan looated just below the larget head {ses figure 5. Al this
vl the ol distribution boxes {'f(;.r the thermal heal exchangen) and the water distnbution

booven for the lower target erclosure) are loeated. The trap compossd of QaO and Cull iy for




absorbing the hydrogen produced it the target due © the spaliation reaction v the Hguid

Tre tree space in-betwesn these different components has 1o be Biled up with shigliing
reateral, i a son of S0 puzzie. The shislding s g oritionl {ssue because of the lant that
racioactive materind i3 wansportzd via the fowd metsl up o the g of the target i anlid
targets, the radicactive material B lecaiised In the Dwer pant of the taged, In ragion of the
beam indpmction with the spallation matedal, This & not the oase for MEGAPIE whare
radivactive mmeral ciodiates with the LBE throughout the fargel. The radinacthvily i the
targed constitutes a source term for the acthelion of structural matersl surrountding the

targed. To keep this astivation {mainly garome activation) al the ragquested levels the

srisicing is Deing opfimissd. Whenever possitle, fesds twough this shield should be

dasigriad 1 avoid drect sight.

Figure 5: Target top shielding withowt (¢ ft ared with the shielding blocks {nghty

3.3 The Targe! Heat Exchanger and Upper Liguid Metal Container

The target heat exchangsr (THE} has 1D svasuste 4
850 kW o neat deposited by the beam inte the gl :
retal, Al the same time the design must be such that
hagring of the fguid metal can be safely avnided
averywhers in the syster in cases of variable baam
power of extendad shuddown perods. o
The THE design consists of a single annulus of 12 .,

cecing bavorst pins {7 seciors of 8 pins) inserisd
it separate sharmads i which the LBE Hows, Heat

rernicval s effectnd by an intermediste Diphy

{Bayart bop Principal runninig parametsrs arn
- Flovee rate of the LE %‘(}4 i%

- gt How ratel 10 Ve, Figare 8 1 View of the target hapl
sxchanger with the upper
hopusicd roetal cooraings.




bt tamperaiure of LBE oan be lowered beneath 38070,
Tor aegid i%c;uéz:i mstgl emritlement. the mivdmum surlacs femperaiurg on the
i metal elde abould stay @t least shout &0 above the meding point,

abmve 17570 for the LBE
The actual THE design (see figure B} can be separated into 3 parts:

Diphyt diistribution boxes that allow the uniform dislribution of the of inlo the 12
noat eschanger ping, The in and outlet diphyl Doxes have to be thermmally
wiated with respect 1o the LBE. To reduce therrsad strasses, bellows assurg the
hinding betasen the two lubes of each pin and the diphyt hoxes, The shape of te
contairmert wall in the inlet should be designed 1o avaid zones of stagnant fuid,
e rgaaities could Do o %ierzea ar puibblas coult ba trappad,
The wupper Hguid metal cordainer assures the bond with the lower liguid metl
corgsiner. It also has o centrg the two »niectn‘m":zmo‘ purmps and 1o guide the
fopsidd mwtal around the pins,
-~ The heat sxochanger ping are constituted of two coatal ubes, The inside thick
whe collects two functions © inflow duct and shislding beoauss of ds high

thickness,

Enginasring calculations did not show struntural probilems dug to mechanieal and thermal
stresses. Design uncertainties remain on the behaviowr of the %*@iiaws and the walds under

tharmal fatigue. Additional analytical and numetical caloulations g ongaing,
3.4 The slectromagnetic pump system

The MEGAPIE EMP Systern (EMPE)
maintaing LBE flow in the MEGAPIE largst o
snsurg reflable couling of LBE conlaingr {beam
artrancg window),

The system consisie of & main pump
{ErF 1), responsible for a tranal How between the
LBE container and hegl sxchangsr  slements

mourted on the periphery of the target and a by-

g 318 42201 33 s s 73 5
pass purnp (EMP2), resporsible for a How through Figure 71 View of slectromagnedc
the spacial nozxle situated radial in the comainer 1o o Pump system

1

dastray  the How  syirwnetty  {see Hgure 7

14445 PR FHON-COT-2001-001 58 MEGAPIE - TESY (PU) - D08



lectromagnetis fow meters i each LBE path control EM pumps regimes. The BEMPS i3
mcuntad i slesl housing © protet { from LBE.

Ome of the oritical issues i the risk of cavitation. & Blerature study and an svaluation of the
pump spedfications show that cavitation i of no concam in the pressn f;f;s';i'ig;s,}rati-@n Tost

nna peioivpe purrg will have o condio the sbsence of caitation,

The maln parsrmetsrs of the main (EMP1) and by-pass pur (EMP2) e summarised in the
tabie 2

Hogimy _ Begime
Parsmuters ;.' Parameters

Now | May

ke

ergr F

3

Table 2 2 Desl gz pump characterietios for EMPT ety and EMPZ {right}
An extencnd test peded s foreseen in order to perorm experimants with LBE, The tast will
ke porformed on @ test stand developed specially for this purpose at FIGA. The maln goals

of the fests will by

Te tost reauta of calculations and the basic design of the pumg gystemy

w/
- Totest the workability, quality and relialility of the pump systen
- To pedorn calipration of the EMPS egrated with powsr supplias and the

crrespnnding controd systeny
~ o periorm thermo-hydractio tests of the EMPE;

~ Yo aooumuiate sypedence on the EMPE developrnant and operatics

First EMPS tests arg foreseen in summer 2002 alter a successhd detall design ravue
scheduied in Aprdl 8082,




3.5 The Upper Target Enclosure

Ceormparad 1o the other frget companents the upper arget ennlosure s g simpla oviindar
i

mades out of stainfess sleel A31EL, with connecting fanges. The lower part is connecled o

the towey argst enclosurs, No particular cecling is toreseen Tor the upper larget enclosurg,
3.8 The Lower Liguid Metal Container

The lewer iguid metal conlaines s ong of the ortical ststurad parns of the MEGAPIE arget
In pardoular the beam window s exposed to severs constraints: proden and neutron
irradiation, thermal and mechanical load and the presence of Howing LBE. The structuml
mutgrial ko the target container s foressen 1© be marntensilic (Franch degignation 181 fype)
stect, For the upper Hauld metal contalner {seq abonve) the use of austenitic (31160 'i_y;%a} sloe
is being oonsiderad, which is more readily avallable and easier fo weld, This is contingent
spon aufficiently high Houid metal corrosion regisiance, because the highest temperature
grachent iy the system will cuowr along the heat exchangsr. In order 1o facilitate the trangition

betwspn two ditferent materiads the two parts will be leined by a flange systam,

Figure § shows the lower lould melal conlaings with @ zoom on the bearm window ragion
{right), For buckling reasons the hickness of the oylindrical partis 2 mm in the lower pant and

4 rowny iy the upper part,

1.5 man thick
Beam ;
‘ ”“*m,,, é

" Siinnen

Figure 8; The fower Hguid metal condainer (el showing a cut thepugh the 1.5 rmam

% o g e
-~ Lask datevios

¢
!
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Wﬁ“
fhink beam window {right) with the lower LBE leak detector.

LBE leaks out of the louid metal comtaings 3o the gap Bled wdth bediun mugt be deteciad
viary rapitly. Dedicatsd leak detectors are under investigation that afow 1o detent very smadl
guanities of LBE. One scltion is a ring delector {see Boure 83 fixed 1o the Houbgd meial

comtaingr. A system of springs maintaing the leak detacior on the innar part of the ower

farget enclosurs. Small ceramic nngs around the detector asswre slectrdcst insudation with

R - 0B




r

reapett 10 the lower target enclosurg. When LBE 3 lsaiang inlo the gup 8 will osuse an
slactricat consant batweers the ring-detectyr and the ower targel snclosas,
Investigations are angoing for an addiionsl LBE leak detecior on the oylindsicsd part of the

fowanr Houdd metal comainer, The kes iz o bave a large surdaos leak detector added on the

wihe vin @ plesma spray method. The teasibiiity of such a proveture is aclually baing

3.7 The Lower Target Enclosure

The whole  larget  oonmtainer  wilt be
surrounded by & second anclosurg (ower R
st enclosure: LTE) with helium gag ine - catoher
betwean. I the lower part this encipsurs will

b doubde walled with heavy walgr covling 28

5 the present tyget shell, The materal tor
this part will be chosen for minimum neutrony Tigure & Gul through the thiee shefls
of the fower pan of the
absorption and  sufficient strength at any MEGAPE target
termparature the shell might reach in the case
of a bronch of the target container. Prasently Alursinium iz the lavoured matedsl, the same
aa for the actual sclbd BING targsts.

M

The reversed aphwrical shape of the LTE (see figury 8) has been adopted because it giowsg

the LBE in cagse of a leak o flow e the lewer dges of the LTE. This avwida gecumutation
A LBE in the cengre where the boam hifﬁ the target, Remaining LBE in the beam miermclion
e would iead to 8 strang powsr deposition and oould provoke the rupturg of the

alyrriniurn doubile walled shail

3.5 The Main Flow Quide Tubs

The main flow guide libe separates the down-corming cociad LBE on the autside form
the up-atreaming hat LBE In the inside. Main components (ses figurs 10} are the main flov
guide tube iself (1), mads o of AJI6L sial riess steel, the intedace Hange (8 for the
slectromagnetis pump and two spacers {31 10 keep the components in the defined position
fot as well as i oold conditions, A zoom on the lewer part of the main flow guide ube shows

the by-pase fube (4} for the additional window caoting, e B and drain lubes (8) and ning

(

thermocouptes (6) for the lemperalure measurament it the lower part of the targel.




Figure 10:  The main flow guids tube {1} with its ditferant components © EMP interface

S

il s drain wbes (8

{23, the spacers {3}, the by-pass wbe (4], the LBE

and thermosouplas (6}

The final shape of the by-pass hbe outlet, the length of the i and draln Wbes as wall
as the posiion of the thermocouples are not yet fixed. Thelr final design will depend on
results of thermo-hydrautio zedoulations perfermed by the MEGAPIE solentific design suppurt,

3.8 The Central Rod

The central md Sigure 11 will be

inserted  from the Wp  into the Shielding in the v
MEGAPIE targed, The contral rod fills upper part o L ower part with
; healars

up the central part of the target and . .

Hp the central par o ot ¢ Palfadivm getier

redunes the amourg of LBE It g a

srpinped with twoe heaters nol seen
oy Hggure 11} for the matérzg} up of the
wrget prior o the Hiling in of the LBE
andd 1w avoid uncontrolmd froexing
during operation when the beam s Figure 11:  Central rod with the patladium getier
off. Under the interface flangs a for )bm}fi’}*ﬂg} Hy vapours in e oovar
ask.

2N

patadium gatter will be mountsd. This
patadium geller is in direct contact with the oover gas above the free LBE surface. Mercury
hat ts produced by the spaliation resction svapormtes info the cover gas and will then be
absorhed by the pallaciurs, This avoids uncontrolled contdensation of Hy vapour i the oover
gus systerm oulside the targel. investigations arg ongoing in order 1o check the possitility i

stall newlron detectors {small Bsion chambera) in the boficn part alde the cerdral rod o
reasurs the thermat srd st neutron Huery.
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4 ANCILLARY SYSTEMS (Subtask 1.1)

Special atention has ¢ be paid
ot the Fillarad-Draln Bystem, the Cover-

Gus Symtern and the aulaling Gas

Systen, i partdoular with respect 1 the

requirad interfaces and double encinswrs

cancept, the latter to some extend also
affocting  the lerget head niarface

Dirpotly  yedated to the fargel beat

sxchangsy is the hegt removal gystem

as o of the mgin ancliary systens,
The arangemen o} the aystems in the anciliary systerns in the
TKE s now well slabomied {see figure
123, Regarding the beam line adaptation, thers are still ongning considerations for a spevial
eam collimator 1o provent & fooussed beam from hilting the targsd, i {;z'm;umtian with the
VIMOS syatern for visualizing possibie beam focussing. A further impontant tagk, the Hot fat
adapiation, has finehed s feasibility study in collaboration with the Hot lab opsration
chdsion,

In this progress report we will mainly concentrale on the oover and neuiating gas

systern, the Bl and dealn system as well ag the heat removal systern,
4.1 LM Cover Gas System

o Target Jover Gas Syatem (CG8) is focated near the nonh wall of TKE. The OGS
systern is actually in the detal fheacd {}mégsz phuse, The main component pana of the CGS are a
redatively | r%”gé"w«””}%iéﬂ‘é” decay tank, a vacuum pump aed iterconmenting tubing fitled with 8
sotencid vahes for remote operation. Ag the CGS s containing o a large extend radivactive
gases alf components of the system have o be oonfined in & secondary containmant 1o
pravent any release into the TKE {see ulso FAD systami
Extraction of cover gas will be necessary whenever the prassurs norease due 1 the
gases produced in PhB by gpaliation will reach .04 MPa sl bearedown conditiens, The

functiong of the oover O8RS sYsiem are;

1o extract peniedicaly thase gases, 10 restdre i dosion pressure
. 1o weep the radivactive contamination under contrad with absorbers ard iters.

- s it the raslic

ity of noble gases decay
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anc 1 emit the remaining gas e the eontrolled air exhaust of the atcelaraix

gtant when Bz aitbome radicactivily is well below the gliowed s,

Vapoura of vedatie plernents ~ mainly My and Po - are adaorbed within the sxparsion tank on
a Pd-coates surfase, Mytrogen otopes and watgr vapour will be continuousty chemnicaily
nound it a mikure of Suld angd Cu inside the upper target shislding, The production of
hysdrogen isntopes would othereise rg i;;iif\, w0 freguientt gas exhaust, The He production rate
detarmines the fraquenoy of exiractions.
Gases shall be axdracted by the cover gas systern only during Deamedowss, Slectromagnatic
purnps EMP are shut doven 10 avold cavitation in case thal cover gas pressura dropped
beslow the required pressure during the extractinn procedure. Yalve 4 is opert only during gas
sxiraction. The gas s cooled from approimataly 240 G 1o 80 O by stroaming slowdy 'fhr'{‘mg%
he cold trap bullt naide the upner target shielding, whers the main part of remsining vapours
cenpterse,
Within the cover gas system the gas passes first thraugh an astive carbon filter, then through
an asrosol Bter, 3o that only noble gases He, Ar, Kr and Xe enter the decgy tank, where they
remain until the next gas exiraction. The decay tank stays shways gt under-pressurs. Deaay
tank amptying and cover gas axtraction is sxpected 10 be dug leas than onog every monih,
Samples can be taken by the health physins depl for radivactivity checks before pach mailn
action.

4.2 Insulating Gas System

The insulating gas systemn has o handie the Ar gas that filly up the volume Dehwesn
the ower Hguid metal container T8 and the bwey éarg:;e‘:'emmnsum {double walind Alkdg3}
The system has to assurs the ol wing functionaliy:

Survelitance of intagrity of the confinement {leal delection into the insulating gapl

- Bypoustion of D0 vapour incase of 2 leal o the insulating gapy

- Counterprassure on the ower Hquid metal containgr during the draliing of tha

syt
The selection of an Argon gas system (& at G.008MPa in novmat ppergion) is based on the
foliowing arguments
- Tha gas must be chamically inpry

- Ar ks better than He dup 1o i3 bwer heat ransiaer oapaoily;



The systern s composed of the A Biting twbes amd the evacuation fubs squipped with g

periain rumber of valves, The evacuation of the ingulating g gows via a ool syelem and

g filtar avstem {acthvg of Hars and asrosol Biers) © the contmlled ehaus!

L’»
s
e
X3
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Before verding the is the poesitdiity 1o perform gas-sampling 100 v-spaslrosoopy anglyves,
4.3 LM Fill & Drain System
The bouid metsd Filt & Draln Systarn (FED) of Magapie s intended o provida
-t initdat filling of the larget with frash LBE,

- th finsd diraining of the radiated LBE from e larget,

~thwe idennediate dain et B inocase of opgrations gt the baam colfimalior,

- the safa storage of the radiated LBE 10 be fingily disposed.

4

The nperaglions ars ouite simple, nevertheless, the manipuiation of the radisted LBE g ven
t i H

derranding o terms of safety. For this reason, before g ingtaliation, the systamn hag o be

tanted 10 reassure about e funotionality withy special irferrtion o the fnllowing terns

- Fipp plugging 1o be prevented during the phase of final or intlermediate LBE
chraiyingy,

~ Finald 3&21}%2;‘;@ angt outting of pipes for the remole disconnection {separaticn ol
the drain vesse! from the other pante of the system). This doubde operation has o
assure that thare will be no elease of LBE gnd comarminaled gas out of the tubes.
Vabve fallurs

- Heonsisliization: The volume invrense alter fraezing represents one of the main
drawhacks of LBE. The volume increase can um into strosses of the oontaines
walls and of ity intermals (2.9, during transport fonm Baly o PG after testing of ¢
F&D systern).

- Seal Hilng by fregh LBE The fi al sealing of the vesse! containing the fradintad
LBE is perdormed, in order © assure 1 sufticlent radiation shigld, pouring on the

froe loved of the frozen iradiared LEE a laver (80 mm} of un-radipted LBE.
- Owerall fupctonality will be guarsndsed by g series of tests parformad & the
7 K )
pofringl operating comdiions foilowing the complete FAD procedurs, exoa tor

e Hed cutling.

A oaddional maby issue s the double condainment of the FAD system. The Polonium

concentration 0 ihe oontaminaied LBE is such that the vapour simigsion and spuflering that




with condense on e surourgding surlates will produce a contamination beyond the limits,

Eswer if the design of radicactve conlairanent and msradacture hag bDeen made with theg

Migher standard, for safaty raason one hag o assume that a ailure may happen producing &
ieabage. Therslore the parts of the system oonfaining actvalad LBE {or the GBS as

mgriionsd sbove) must be enclosed i a secondary condainment that pravent any spill into
the TKE 0 case of an LBE leak. The secondary conasinmant must assure sarly leak
detection st of the primary contaimment wall, the collection and containment of the leaked

preatter s that sxiraordinary provisionsz can be mle © restore a sale sHtuation insidy the
THE. The secondary contaimment has an bnpast on the oppration required whan eguipmeant

and components have 1o be disonnnted for ‘i’“i(i’f’{)ﬁ‘i scharyt haswclling and transportation,

The FAD syatoms has passed the snginesnng design and 5 actally in the Jdetgilsd design

phass king intn account sl the above mentioned speciications,
4.4 Heat Removal System

The Heat Removal System (HRS) of Megapie is designed o transfer heat rom the
target heat exchanger (THE)Y and dissipate It 1o the cooling water croult vig the intermadiate
heat exchanges (HEL The target haal removal will be effectad by means of an erganic

oolant Diphyl THY, Bayar)

The MBS consists essentiaily of a olosed loop illed with Diphyl THY, ong ree
cireulation pump and twoe heat exchangers, The firgt heat exchanger s the LBE/diathermic
Higicd h@:;zt prohangers tegrated in the MEGAPIE target and the second ong i@ the diathermio
Hulfheavy water heat sxchanger that back-oonie the diathermic fuld The HRS allows the
target to be operated &t lemperaiures between about 200 and 350°C without the dak of a

fquid-metal water intgrasion,
The man functions perdonred by the MBS are:

- LBE coding during anrmal hearm operation, by removal of haat from the LBE coolany

< Control of the LBE temperature, on the onid ey, during nomal beam oparation, beam
frips and eended shuttdown phases:
Provide o barrer to e mlease o the snvironment of mdicactive isotopas fram the LBE
oot
Caonting f}i’?y it ;{ s5 of radioantive lsctopes from LBE side, further to annidental ruplure of

THE ;:,séz'xs;

. B hasting up, to acospt LBE filling

EGT (PLY - DO



- Minimise the frequency of conveying to the gas venting system the gases formed in the
diathermic fluid as a consequence of radiolysis and pyrolysis;

- Monitor and collect small leakages of the diathermic fluid from any peint of the HRS.

Power transients, which are caused by the relatively frequent proton beam interrupts,
require a contrel system that enables one to keep the target temperature variations within
acceptable limits. First simulation results show that the temperatures can be maintained

sufficiently far above the melting temperature of Pb-Bi.

The main argument for the selection of the organic coolant for the intermediate
. cooling circuit of MEGAPIE are

- low vapour pressure (3mbar at 158°C) _ _

- satisfactory heat transfer capability (0.15 kJ/(kg*K) for LBE at 300°C)

- tolerable decomposition and irradiation effects under the operating conditions

Based on a ceésrtain number of irradiation experiments {sealed capsule in a TRIGA
reactor, electron irradiation experiment, analysis of early experiments under reactor
conditions) extrapoiationé of the data to MEGAPIE conditions were performed with the
conclusion that the max. decomposition of THT {23wt%) would be of no concem for risk of
fouling. The radiolysis is likely to be half that figure. '
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5 DESIGN SUPPORT AND VALIDATION (Subtask 1.2)

5.1 Obijectives of the R&D

During the first phase of the MEGAPIE project, jointiy to the design activities, an R&D
working group is supporting the design of the MEGAPIE target with experimental and
computational issues. The major fields covered by the R&D working group were: thermal-
hydraulic and structural mechanics, materials behaviour under neutron / proton irradiation
and in presence of the liquid metal, liquid metal technology, neutronics and nuclear

assessment,

5.1.1 Thermal-hydraulic and structural mechanics®

Thermal-hydraulic and structural mechanics studies were addressed towards the
demonstration of the overall coolability and structural integrity of the MEGAPIE target in
terms of efficient heat transport from heat-producing regions to the heat exchangers, and the
protection of structures from strorig thermal gradients. In addition the identification and
quantification of normal and abnormal transient behaviour of the target, operational
efficiency, fault propagation and damage Iimitaﬁoh aspects are relevant topics. Objectives of
the studies conducted in the frame of thermal — hydraulic and structural mechanics are: the
definition of the primary circuit flow configuration within the geometric constraints imposed by
the boundary conditions; the identification of the optimum target window design te minimise
thermal joads and pressure drops, and to avoid hot-spots and flow instabiliies; the
demonstration of reliable cooling of the safety-hull window using existing SINQ water circuits
as well as the structural integrity of the t'arget ve_ssel and internal components, and of the
safety huli. A furthér key action is the investigation of transferring the heat produced by the
proton heam in the target from the liquid metal to the secondary D,O cooling system by
' means of a reliable and manageable heat exchange unit. The design of the heat exchanger
(HEX) has to be élaborated in close connection with target tﬁermal-hydraulics and auxiliary
system adaptation (secondary coolant, control, etc.). Different heat removal systems were
discussed and a realistic design that ensures reliable cooling of the target metal without
exceeding given operating temperature limits {avoidance of freezing, overheating and
excessive temperature differences between hot and cold parts) and satisfies the
requ'irements of safety, shielding and the boundary conditions of the existing structures at
SINQ (geometry and auxiliary systems) has been worked out.

The previously mentioned activities include basic analytical studies, detailed numerical
simulations, and careful experimentation using actual and simulant materials. In the frame of

numerical simulations CFD analyses as well as associated stress analyses of the target

* Brian L. Smith and B. Sigg, PSILTH, MEGAPIE Baseline report MPB-4-BR-2/2_BR and MPB-5-BR-3/2_BR and
XB. -
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window (Benchmark) and of the safety windows were started. The HYTAS water experiment
and the Pb-Bi experiments (KILOPIE and Heated Jet experiment) to be performed in KALLA
(FZK) are related to t'he heat transport phenomena at the beam window, while the cooling pin
tests in which thermal exchange characteristics between LBE and an organic coolant are
determinate and compared with numerical calculations (ENEA), are related o the heat

exchanger.

5.1.2 Materials Behaviour in MEGAPIE relevant conditions®®

Regarding the structural material, the martensitic steel T91 was seiec.ted as reference
material for the target window on the basis that this st_eei offers the best compromise
between high irradiation damage resistance, reasonable compatibility with liquid Pb alloys,
good ability to sustain .energy deposition and industrial experience on transformability and
weldability. The proposed materials for the safety hull were the Al and Zr alloys {AlMg; and
Zircaloy-2) that showed a good behaviour in the Mark || experiment at SINQ, where the peak
fluence was up to 3.2x10 #' p/cm %

The materials related Work Package can be split in two parts, the first part mainly concerns
to the irfadiation issues, its objectives are (i) to assess the availability of the martensitic
steels in the required geometry and metallurgical condition (if) to specify the selected base
materials and welds practice, (i) to provide the rationale for the selection of the structural
materials of the window and the safety hull and (iv} to gather the mechanical properties of
non-irradiated and irradiated structural materials (taking into account the production of
spallation products, He and H) in a handbook. The second part addresses the evaluation of
the corrosion resistance of the T91 steel in flowing liquid metal without and with neutron /
proton irradiation, in MEGAPIE relevant conditions. The objectives of this second part are (i)
to characterise the T91 steel in terms of corrosion rate and cerrosion mechanism for both not
— welded and welded parts and consequently the possible requirements of structural
materials protection; (i) to evaluate the mechanical behaviour in.terms of tensile and fatigue
properties both in air and in molten Pb-Bi; (iii) to estimate the mechanical behaviour in LBE
with neutron / proton irradiation. To achieve these objectives several experiments are
foreseen: 1) Corrosion experiments on not welded and welded materials in static and flowing
liquid metal and under MEGAPIE relevant conditions, 2) fatigue and LME experiments in
static Pb-Bi on T91 steel in different heat-treated states, 3) the LISOR experiment which has
the aim to estimate the tensile and creep resistance of T91 steel in flowing Pb-Bi and in

presence of a proton beam.

® MEGAPIE Pilot-Target Level 1 Baseline Report Work Package X.7 SOLID-LIQUID INTERFACE, J. Konys
(FZK), D. Gorse (CNRS), C. Fazio (ENEA), F. Barbier (CEA), Y. Dai (PSI), T. Kirchner (Subatech)

® Selection of the industrial grade T91 on the basis of the presentation by J.L. Boutard, Y. Dai and K. Ehrlich
Cadarache Megapie Meeting, June 14" and 15", 2000. '
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'5.1.3 Liquid Metal Technology’
The technological aspects of the MEGAPIE system design, operation and decommissioning
are taken into account in the frame of the liquid metal technology studies. The objectives of
the technology task are for instance the evaluation of the pumping system, the assessment
of the purification system, the identification of consequences and solutions for contamination
problems, and the investigation of issues related to the operation procedures. Liguid metal
technology issues are strictly related with both the target and the ancillary systems designs
and the achievements of the objectives are supported by several experimental activities
covering all the fields related to the technology tasks. Experiments and literature reviews .
were foreseen for the following topics: |
- Literature review on the characteristics of the organic coolant chosen for the primary
heat exchanger. _
- Literature review, numerical calculation and experimental activities on LBE / coolant
interaction.
- Tests on the EM pump and flowmeter aimed at evaluating their performance and at
demonstrating whether cavitations couid occeur in the MEGAPIE conditions.
- Study on the need and adaptability of an oxygen control and monitoring system in the
MEGAPIE target. _
- Literature review and experimental ‘activities on the chemical and physical
characteristics of the Pb-Bi in the liquid and solid state. - '
- Theoretical and experimental evaluation of the LBE spallation products with a

particular attention on the gaseous products and Poloniurm.

5.1.4 Neutronic and Nuclear Assessment®

The objective of neutronics and nuclear assessment is to evaluate neutron production,
energy deposition, radiation damage levels, spallation and activation products and radiation
level in the MEGAPIE target by means of computational tools. A key action of this task is to
compare and quality neutronic models and codes on a full scale 1 MW spallation experiment.
A Neutronic Benchmark to compare the numerical codes SPARTE, MCNPX, FLUKA,
LAHET, NMTC was also launched.

The main characteristic to be evaluated in the frame of the neutronic and nuclear

assessment is the overall neutron source performance. However, beyond the evaluation of

"MEGAPIE, outline for the workpackage LIQUID METAL TECHNOLOGY, G. Benamati (ENEA), C.Latgé (CEA),
V. Ghetta and D. Gorse (CNRS), J.Knebel (FZK}, P. Kupschus (SCK-CEN), Bernd Eichler {PSI)

® MEGAPIE, baselining document for the workpackage on NEUTRONICS AND NUCLEAR ASSESSMENT, Y.
Poitevin (CEA), E. Lehmann (PS1), T. Kirchner {CNRS), S. Leray (CEA), G. Fioni (CEA), JF. Lecolley (CNRS), F.
Haddad (CNRS), P. Eudes (CNRS}, JC. Klein (CEA), C. Broeders (FZK}, M. Carta (ENEA)
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nuclide inventory and source terms, which are crucial for performance, design and material
issues, the goals of this work package are also:

» to participate in the safety demonstration (radionucleide inventory),

» 1o give requirements and contributions for instrumentation & operation,

e to contribute to the qualification & development of nuclear data, spallation code and

calculation schemes.

5.2 First results obtained in the frame of the R&D Subtask

5.2.1 Thermal-hydraulic and structural mechanics

5.2.1.1 Computational activities

Computational Fluid Dynamics (CFD) simulations are being performed simultaneously by
different crganisations, concentrating on- differen_t aspects of the lower-target design.
Generally, the calculations support the basic concept of forced-convection, downward flow in
the annulus, a U-turn over the window, and upward flow in the riser, provided there is a
strong, supplementary cross-flow over the window itself, produced either by design
asymmetry or bypass fiow from a separate pump. The diversify of approach -different groups
working in paraliel- means that a large number of parameter variations are possible in the
study. However, much higher quality data will be produced if certain ‘cross - checks are
made. Consequently, a Benchmark Exercise has been defined in which a representative
(though simplified) thermal hydraulic simulation of the target window, with clearly specified
boundary conditions, is undertaken by all groups, and results are compared. Some detaits of
this exercise will be described.
The 1st Benchmark Test was made using the geometry based on actual Megapie
dimensions, but for this first exercise the guide tube is sianted and there is no bypass flow,
see f.igure 13. All CFD simulations are based on a total flow rate of 40 kg/s. Participants in
the Benchmark are PSI, CEA, FZK, CRS4, KAERI using the CFD codes CFX-4 and STAR-
CD. The data are being collected and a comparison will be made. Concerning structural
mechanics, the stress analysis of the lower target design was made with the ABAQUS code
{ENEA). From these first studies, it was possible to give some recommendations conceming
the design of the target, though some remained speculative until more information becomes
available: '
- For the elliptical beam footprint, better window cooling and less severe guide tube
heating are obtained for the case in which the bypass flow is aligned with the minor-

axis.
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- Better window cooling and, particularly, less severe temperature differences (and
associated stresses) in the lower part of the guide tube are obtained if the guide tube
is slanted at the bottom with bypass on large-gap side.

- With the slanted guide tube, there is evidence that the target could still be operated if
the bypass pump fails (but at reduced power).

- The target cannot be operated if the main pump fails,

- Bypass flow rate should be 2.5 kg/s (through a nozzle of about 200 mm®, resulting in
a discharge velocity of about 1 m/s}, and main flow rate 37.5 kg/s

- More studies are needed to optimise bypass nozzle shape, but a rectangular shape
of 10 mm/20 mm lcoks promising.

- Significant heat transfer occurs from (hot) riser flow to (cool} annulus flow, through
the guide-tube wall. A more even temperature distribution in the riser is obtained if the
guide tube is insulated above the spallation zone.

- Spacers should be inserted between the guide tube and the target hull (as low as
possible) to limit the bending of the guide tube as a result of differential heating in the
riser. With the insertion of the spacers the calculated max. Mises stress (to be around
50 MPay) in the target window is insensitive to the proposed design option. The max.
stress in the guide tube, on the contrary, is highly dependent on the design and it
would be reduced significantly by slanting of the guide tube end.

- Due 1o thermal expansion, the vertical extent of the target hull increases by 5.5 mm
and the guide tube by 10 mm from cold conditions.

1" Benchmark Test

Veincity [m %]

k) -
i Fag .

10,05 s o
e g

Maodel Chatline Yelocity Vectus

Figure 13: Taken from B. Smith (PSH), Thermal — Hydraulic and Structural Mechanic,
MEGAPIE Technical Review Meeting, March 5 — 6, 2002, Bologna, Italy.
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5.3.1.2 Expurinrental activities

& major step In dueduce the convective - diffualve heat transport phenomena in keminar and
furhuient fguid melal flow for g specific probdem Hke the couling of the MEGAPIE beam
wirglow s w combined expedmentabnumericnl effort by toating the “real” geomatry. Dug 1D
the iow FPrandt number of Bould metsls a decoupiing of kinematic and thermal tanedey

processes appears, which fa often not realed it cemmercigh CFD coddes, Therstons, a

wan motidde (HYTAS) cperating with wader and reprasenting the nearly MEGAPIE
geomatry at 101 soale has Deen bullh up and set inle opsradtion o FEZK, see fgure 14, In
paralel 10 the HYTAS module g laad bismuth experimerts (Heated Jot and KILOPIE) ars in
proparglion v the THEADES foop of KALLA &t FIZK, For the KILOME sxperiment, fur
nstanos, a protoryperelavant heal fux of up 1o 14 Wk s gt the centrs of the proton heam

wiltl e sirmutated using Heat Emiting Tempersture Sensing Surfaces (METSS)

Cocling pin tesis warg perfonmed gt the EXNEA site in Brasimone in order 1o measwrg the
thermal exchangs characteristios between the LBE and the disthermic of formed by partially

ydrogenated mbenyls {THT)

Figure 14 Taken From R, Steglity (FZK), HYTASD test facllity and Bt - up.

The tests wers perdormed with 2 flow ate of the diathermio ol in the range of 0.2 - L6 Vs
whilat the LBE ifow rale was Detween 414 - 08 Vs, Temperatyre mepsuraments were
pevformed ot the LBE and off infet ard outlel, with the thermocoupies placed on the test
sention as showad in fgure 15 The exparimendal results were compared with STAR-GD
naloutations and a good agreement hetwaen compuitational and experimental resulls warg

axpevienced. Donmestion coefficlenis exdrapolated oy the MEGAPIE condilions ware

001019 MEL LA CTEAT {PU} 08
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gvaluated 1o be 18100 WO for LBE ard 3188 W/AC-m for the ol and the Bavonst glabal

X

gxohange oneficient 1o be 2045 WAL nv

Figure 15 Taken from, P, Agostint {(ENEA}, firat absereations t'&’v::‘iui'ii?’:g from couling pin tests
gt Brasimone, MEGARIE Technival Review %‘« weting, March 5 - &, 2000, Bulogna, Haky

8.2.2 Materials Behaviour in MEGAPIE relevan! conditiong
5.2.2.1 radiation’

Fesults ooncemning the effects of radiation on the mechanical properties of mod, 30e 180
martensitio steal (T81), sedeiad as structural material or the Megapdie protory pam window
are axamined. Based on these resulls, the ssug of the service life of the wingow ig

Etfect of irradiation in 2 spaliation spectrum on the tensile properties of 181

Tensile tesis were perdormed on THY spenimens iradiated in & mbted neulran and proton
spactrum in SING Targetd, in the lempembure rangs 80 « 28070, The mandrmigm radiation
dose and He content wera 9.8 dpa and 780 appr. Most of the rradialed sampdes exhibited a
sisilar hehaviowr, ypical for radisted martensitic matedalz, Ag i i3 shown in figurs 16, all
the tested specimens, although ombrittied by bradiation, retained sigrufioant ductity as
svidenced by the vaiues of totgl plengation Jarger han 5 % in all cases) amd the smount of
nacking, which fook place before fracture, This fast ;‘}c;}i;';tfa o a ductie fracture mode, which

vl e checked shortly by Soaning Blectran Microsoope observations of fracture surfanas,

s e ranchanisst propenties of mod S0
,viﬁ’{':}w”\f 5 windowe.

santensitic wuels. Focnnt resuily mod (,N‘%s\gi;g
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Figure 18 Takar from Y. Dal (P81, Pralimingry studies of mardensitic steels rradiaiad
al SING Target-3, MEGAPIE Tachnical Heview Meeting, March 8 -~ 6, 2008,
Botogna, Hely.

Ettect of helium on the tensile properties of T91

Mirsaturg eostie specimens were implanted with He &b differen tlempedures {n the range

foly

S0-55070) and up 1o varlous coneenirations (from 825 o 8000 appm). The resulls obisined
s far nava shown it for g ghen mplanted concentrgtion, tensiie properties are much morg
affecied st 280°C than at higher lemperalures. Following implantation o 3000 appm at
25070, a vary %\;{;i‘ amcunt of hardening i observed, 1ogether with & tolal logs of ductility and

a predeminantly sergranular fracture mode, AUBEOY0, however, the spechmens implantad

the same oonoentration, sl retained signilicam ductily, Fecent implaniation expariments
performed up W F500 apom at 880°C, have shown that embrittiernent s ag pronounced for
thiz He congentration than fciowing implantations of 5000 appm Me. For 428 appm Me
implanted &t . 5 cuntiity e affected only 1o a limited extent, For specimens implardedd al
S2BRC with 12580 appm amd at 40070 with 2500 appm, ductlity ramains acoeptable. Further
axperimeris are wderway iy orcer o oomplete the data base of He elfecty on tengils
progeertizg as a funclion of the concendration and tempeomture. In atddition o tonais testing,
TEM and SANS wvestigations were camisd cul in an effort o underatand the pronounoed
syabrittting effect of hebur at iow tempargture, The proposed mecharism s he following: the
vary Bigh hardening measurad {ollowing implantation at E507C, 000 appm, is due 1o a high

ienaity of small He buliblea, This pronounced hardening, logether «ith g decrease of gralr

s 3 : o . O S S Ten s . .
moundary oohesion dus o the prasance of He'", tiggers the brittle, intergranuiar fraciure

e,

b 2
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Effert of rradiation o low temperature on impact propertiesfiracture toughness

Data relative © radiatinn offents on inpact propertesicughness of 501D manensitic

stols are very scarce In the temperature range relevan o the MEGAPHE window (250

SEYCY For instance, a DBTT of 9790 e, g DBTY ehilt of 1755 and 2 toughness transition

ternpersture (a1 MPavmi of 50°0 was measurad on samples inadiated at 300 °C up o

3

G& dpa’’. Fesults of impast wsts on TS samples wradisled in BOR-GG Jradiation
partormed 8 part of Spire, @ 33070 up © ghout 3540 dpal will be avallable in future and
clarity this pioture. in addition, also He effects on impact properties will be studied within the
SPIRE omgramme uyaing alphy particle implantations in the noich region of Chamy

SPRRETISNGS,

Camments on the sevice life of the Megaple window

Accurding to the lgtest avallable data’®, in the central, most radiated part of the window {55
o in diameter) the lemperature range for the inner wall in contant with Ph-Bi i3 285- 340°(
The inner wall has the hghest stress pvel which mmaing however relatively low {maximum
vaiue of the von Mises squbvalent stress ik about 30 MPal The hntlest region s glso the
most iradiated with ol dps damage {resp. He conten?) evaimind © reach 28 dpa (1580
appm Hed for a service time of ¥ months, The ooldest region of the central part will
BXpEAence a radiation load of 17 dpa together with 850 appm Me within the same service
e, This correspondds roughly 16 the ézmc%éa’z‘nm ternparature and irradigtion oad {dpa and
appm Hed of the T91 tensite specimens inaddiated 1o the highest fluence in SING targel-3,
which retainesd significant ductility as shown by the results of the tensile testa, Tensile dula
sorresponding to e iradiation oad of the hollest region are not availalde, Mowaver, the
rasudts of the tensile tests on He implanted specimens at 385°C, 1250 appm show that 791
stif retaing ducility. Adthough this concentration B somewhat lower than the 1880 appm
eipected after B months {implantadion at 32573, 2800 appm will be carried wut shartlyl, one
siouid add thar the simulation sepeniments gre perlormed with an implartation e
:vfz;‘};)r()x%ma'tfzé}; 7 orders of magnitde bigher than the He orsation rale m the window
Theratore these expedments give “congervative 7 infermations as regards He effeci on
tenaiie propesties, since the oonsequence o & higher creation rate ia a higher bubble density
ang henoe more proncunced hardening. Connarning e radistien-induced Jegradation of
npact properties and foughness, data s lackng, as mentioned above, in the temperalua
rangs of intarest, both for imadiation in fisgion or spadiabion erarmnments. Date in the relevant
temperature range and radiation oad Wil be provided by inpact tasts 1o be pertonmed on

T8t angd EMIG Charpy samples which have been madisted in SIED targer4. One ool

Rt

iy

14 . .
T Rexsien ot b, Efeots of rafiatinns in Materials, TR nternadional Syrmposdum, ASTM TP {185 (200 &78
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nowever must be stressed here, The low valise of the maximal streas In normal service
congditions & obhviously 3 favowrable parameter, sinog & will load 1o low stress Intensity lantorg
for wisting delects, thus lowering the danger of sudden trittde fallure. Low giress intansity
faciors are alsn favourable with respact 1o oossible LME. Nevertheless, the sxisting dats do
not gifow detenmining whather the matedals propedies will sl be sulficent toflowing ning
months of irradistion {or the window © coemate safaly, Based on the resulls of the lensile
twats mentionad above, it s suggestadd not 10 exceed the dps damage and He range reached
v e specimans pradiated in Mark 1, Le, o Bmil the senvine time © 45 morths, Onoe naw
results wre available (He effects on tensite properties and DBTT, DBTT shift and toughness
fofiowing radiation g high dose at 33070, LISOR auteomes, lensiie and impact 1est resulls
for the specimens iradiated in SING targetd) the possible service tme will have © be

I ~

L 8 ~'
FEASSENsed,
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£.2.2.2 Liguid Metal corrosion and mechanical behaviour

Corrosion in dynamic conditions

Concerning the svaluation of the oomosion msislance of the T8 st in PL-BI 2 first
putimation was perormed t::m m; inte consideration the P70 experisnce gained in e
Fusion Tachnoeingy Pm«;ramqw Here the corrosion tests pedonmed on marlansilic steals
are brought © a gerneml @au&i’mn, wlanh g

v 10 (28890719873 ¥ g
where v is the corrosion rate in [pmiyL T the temperature in K]V the velocity of the hgud

melal Im/e] and d the hydradic diameter [m]. This equation was eended to the MEGAPIE

corglittons and prafiminery corosion rales were caivulated. For nstance the corrosion rate

cainuiated for a fixed wbe diameter of 0.05 m 2 lguid metsd velooity of 0.5 mis and ¢
raraperature of 400 °0C corresponds 10 27 umdy.

Dvnamic Ph - B corosion tests ware performed with wo different instalintions one located

at SEA (CYCLADY and ong at ENEA (LECQR). The expariments were conductad in both

oases N dynamic f:omi'z?éom: bl with differart parameters, Iy the LEZOR leop the T91
sargies were corraded &t 400 7C and with a How velocity of the liguid matal of 1 mds with a
Fio nwmber in the tast sootion of 10° The oxygen concentration, which was messured with
glectrochaminal pxygen seasor planed in the test saction of the oop, was aboid 1w,

°%. in these condions, alter 1300 b, a weight loss of the T91 sleel wag observed
arresponding 1o a corresion rate of 25 wnly, The micrograph of the cross section of the

specimen reported n figure 17 shows that the Hgud melsl coroded uniformly the steal

surface, An astirmation of the corraainn mte with the esquabion previcusly reported and using
s .......................................................................

ST
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the LECOR paramaters ulicated 3 oorosion rals of €3 umy, demonsiraling that the

corrosion e was inftislly overestimated,

Figure 17 Taken fraer O, Fazo ot gl ?f.ﬁ%ii{?‘iér'zaty resuits on the bahaviour of T91 exposed

iy fieawing Ph-Bi, MEGAPIE Technical Feview Mesting, March 5 - 8, 2002, Bologna, Haly,

The OYCLAD msting comdifions were: temperalire it the test section 470 °C, the Pb-BI
vedoites were 0075 mfs for about 1208 b and 1.74 /s for abnit 400 b the oyygerz cortent
patimatind on the basis of messuremenis performed before and alter st was 1075wl %. In
these conglitions the TE1 sieel showed again a loss of weight (see glso SEM- micrographs
reported In fgure 18 and a stream affect coultd be obsarved. The measurad corresion rales

weerer 1) B4 pmdy on the upper sampde placed downstraan al 0075 nvs - and 18 umfy on the

>

owar sample plaved upstrearn. 2) gl 1.74 mvs of flow rgle the downstream {upper) sample
eotibited a corrosion rate of 1200 umdy and the upstrearm (owern sample showed a rale of
893 unly. Also for the TYCLAD experiment, the previously reported equation was used {0
caiiiate the corrosion rate and the estimated values were 38 pmiy for the lower velocity of
Fr-Bi and 812 umfy for the higher velocity of Po-BL In the OYGLAD expariment a stream
affect on the corrosion rate was observed, neverthaless it could b shown that the sorasion
rate caloulated with the Po-171] enuation using the thermal and hydrgulle chamotarigtics of
the CYGLAD bop did nat reflects the rea! behaviour of the materigh in iowing Fb-8L

a) esterd af 0.075 s b st ol 1,74 mys
Figure 18 Taken rom A Tardaln et al, Corrosion of staals by Ph-Bi, MERAPIE Technioal
Review Meating, March 5 - 8, 2002, Bologna, italy,

\\3

TE Barbier, Megagke Technival Meuting, Cadarache, dune PE

34745 _ PRT- FIKW-OT D001 00153 MEGAPHE




5.2 3.3 Mechanics! behaviour of Marlensitic steel sxposaed to liguid Ph-8Bi

Concarning the mechanical bebaviour of the T gleal v i contact with Phe-B, Liguid
Matal Embritiiernent (LME) tesis as wedl as tonalie toste on cormoded spavimens and straes
corresion tests were performed. Besuits of fatigus oxperiments arg available only from the
MANET H steal

LME and tensiie tesiy

Ths LME tagts have shown thal on 791 normsl heattreaied stesd no LME ooours, whillst on
specimens nardenad and nofched LME was cbserved, Further, LME teste performed on only
nutehed apacimens with A%, 28 cover gas has evidenced that Hy could play & sighificant

roie 30 the steel embntisment {(see Hgure 143
kS 3

1&.,3. 4 i3 " .i:f.‘f‘
rovi-head displeosmant fumy
thure 19 Taken from D, Gorse, 57 intermational Workshop on Spaliation Maerials
Technologtes, May 18 -~ 24, 2002, Chardeston, Seuth Caradin

TO1 stesd tenste specimens varg inserted in the leg section of the LECOR vop and tegted
n e same coradidons as repnned previoushy, Aller 1500 by, the lensile spocimens werg
axdracted from the tost seotion andd tensie tested at B73 K. The tenslie spanimens axhibded a
ot elongation reduction and a deoresse in the arew reduction facton As reported in figure
e, the fractography performed o those specinems, showed that the stesl exhibited o mixed
duciile - beittle fracture mode. ! was assuned thal these Hindings oould be due © the Pb-BY
farg-term eoposition and the aggressiveness of the BL Teonslle tests were also periormed
dirantly in the fowing lpid metal with the LISOR loop. In this case the stes! used was the

MARET 1 stesl andd alen in this case ¥ v observed that the ducliity of the sleal wasg
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reduced at n testing emperaturg OF 300 70 and again a mibked dustiie - brittle batlure mods

el b obgaresd,

psd oo Giet W Eox ;
2% SE 348 8 P33 A0 9 LECGE FRAZ. 384

Figure 20: Taken from O, Fazio, Status of corosion investigation, MEGAPIE-TEST
Technical meating, CEASadlay | June 25, 2002

Fatigue experiment in liguid metal

s

Fatigue tests In Ph-Bl were performed alsce on MANET stesls. The tests were made in ¢
strain-pontrofied mode at 280 “C. The stain amplitudes yead were 0.2 ~ 3.3 ~ 3.5 0.7 and
the fraquansy 1 Hzo Tests weare performed both in ar and in PHBI {stagnant), The resulty
showed that the oyole number N, s signiicant fower In the PREBE environment with respect i
the air, The Betime is reduced by factors of 2 up to 7. The orack propagation in PbBi s very
fast compared o air'”

Even if fatique tests on TH1 stedd as well as mechanical tests in flowing Buuid metal with
proten fpution radiation are not completed, some expenmental evidence showed that

thera ooudd be an elfect due 1o the presence of B on the mechanical properties of the T9

steel raduning the meohanical performances of the steel. Further tsts are needed 10 canfirm
this trend, and in addition the grotection of the window materals could hopame relevant for

MEGAPIE,

5.2.2.4 Corrogion protection

Sinoe the axygen controt and monitoring methads, useful also for the In-alty exidation, have
heen discardad for MEGAPIE (see nest paragraph), artificial coatings insleard 10 the back up
soludion could bacorne he mforence ong. I has been also shown that aluminiced costings
cieainet vin pack — comentation or GESA are very resistant in P8 even al high

wmperatire (800°CY, but 38 & drawback i seams that these fechnitues are not siilalde ©

8 Kakbad, s
vaviestoe, Soidn |

EWothehop oo Spallation Materials Technohogies, May 19 - 24, 3003
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cout the MEGAPIE window gewmnedy, Altemative sohdions ooudd be TN based coalings
shigined vin PVD o the DLC coating, but predminary sompatibiily festz with Ph-BI and

fowing Ph-B are mandaiory,

5.2.3  Uguid metal lechnology

The aotvities podorned i the bame of the Hauid metal echncingy oovers a wide rangs of
dizviplines and ouches differert pans of the MEGAPIE target and gnaifary sysieme. The first

resuits are heregfter fotord
&2.3.1 Grganic covlant and Water
The suggesiad dinthermic fdd for the intermediale heat exchangsr is based o partially

hyrhogenatad terphenyls {THTY, some proparties are reprtad in table 3.

sition ami Some Broperties of Diphyl-THY

 Cherrioal compositio (ot = 230.3 30 | Mainly mixture of part, hydrgenated
2485 torphenyls phus halance
R AR el hy*if(,cw*;o ted biphenyl and

""?’rcper ios a

3 yribsat ’zt 23
808 mbar at 380°C

YROGUT [UEREUNS L3 mhar

018 kS K for LBE at 30070
0.858 mPuas for water gt 4070
4 .35 for waler gt 40°C

i' mgans negliginle actvation of THT
mdar nautron irrgdintion

QM‘«gn fon

A lrersture review was made 1o evalugle the amour of raddichysis and the composition of the

iﬁy-ﬁmfjuctﬁ af the THT in reactnr conditions and under glechron « irraciation. in this review #

was argued that the decomposition of THT and the consecquent production of high boiiirzg;;
arpducts would be of no concern, when the MEGAPIE comditions arg taken intd acoount,

addition # has been discussed that conceming the gas genoration, mainly hydrogen can be

s b THT decompoesition and the produced hydrogen gas oould

produced, as a GorssgLien
be corsinunusty absorbed, re-sity, with the CuOiCall gystenm,

Since water s the coclant in the salety il of the targel, a prebminary caloulation with the
MATINA code has bean parformed in order o evadusle the pressure inoresse dup 10 the

LBEAvaler mteraction 58 a consequence of the three-wall rugiure inclderd, The saloulabions

37745 f“ T~ FRON-CT-2001-001 58 MEGAR! £




have shown that there am nNo CONNems o pressurization. Mowever, B i worth mentioning
that the MATINA code has been developed for stearmn eopinsion, thus i ig most suitable for
higher temporatures and Dressures. B oan be advised that o the futwre LBESwatsr

irteraction expenmeanis in MEGAPIE relevant condifions are worthwhilie.

Electromagnetic Purnp and Bow s

Profrinary tests were oonducted on the protolype of the Aiwvm nagretic pump system
devetoped al tIPUL (Riga tor the MEGAPIE target. The main operationg! pammeters of the

Bt prootype pump were: Madmur teeperatire, 320 "C0 marimum LBE indlow i@i?!;ﬁ}ﬁ%?’iﬂi’iﬁ&'ﬁ,

446 0 masirmr vedooity iy the EMP channsd, 2 s, The EM pump was tested at IPUL
ordar 1o determing its flovw raie - presswre drap pedormance, ses fgure 27, and i3 flow rate
- wotage characteristios. Further tests poriormad on the EM pump in e lemperature range
150 - 500 “0 with a LBE flow « 10 ¥s and a EMP pressure of .38 bar were compigted in g
satiafying way. The cavitalion lssus was rested as well with nonmal and ravarse How. In both
cases no savitation could be detected. In these tests the LBE flow ity was measirad with
an slectromagnetic flow meter developed at IPUL and 2 MD flow meter (rverted” Venturd
wube). The EM flow mpter was charantensed as weall and a calibration altlempt was also done.
Mowever, B owas shown that the acowacy of the electromagnetic flow meter was not
acceptable due o high data dispersion and more tesis are nesded, see figurs 22, Fulure
activities forasean arg more esis with reverse flow for the cavitabion topic and BEM pump

fong-ierm pedformance ests at 450 ©

,,,,,,,,,,,,,,,,,,,,,, EMP text

pressure, bar

‘LB?E flow rate, s

?;gwe 21 Taken from Slementevel al, Electromagneto Pumps System
Prototype LBE Test i?’i}bduﬁﬁf«}uiy 2007, mresented at the, PO

rreating, Sepamber 3, 2008, PBIE Bwitzeriand,

38445




pressure, bar

Figure 220 Tahan frors S Dementievst, al, Electromagmets Pumps Systern Profotyps LBE
Tenl i?i)bdun@«duiy 2002, presenied & the, PLG mesling, September & 2000,
B Bwdtradar

5.2.3.2 Oxygen controd and monitoring in BEGAPIE

A ke effost on the development of oxygern control and monitoring methods s belng done
worhdwicn, The reference iygen monitoring method in Pb-Bl is an Electrachemicnl sangor
constructed with Ytna stabilised Ziroonia as soiid elechrolyle. Soveral types of sensors were
developsn and studies on sullable calbrabon :*w{‘mda as well a5 endurance tests arg il
onguing. The current drawbacks of these sensors are mainly the gignal instability, thelr high

pperatinn fenperaiure (higher than 300 “G) and thelk resistance againat thermal shonk, In

addition also oxygen control methods are studied and these are based on the addition of
Pydrogen - water mikturs or separate addition of oxygen {or P and hydrogen, The

cxygen . contral and monitoning methods 10 be used for the Sy silyT oxidation, thus the
carrgsion resistance pnhancamend of the stast are sl under development. Further, as stated
in the previous paragraph the altermathve protecion method, e, the anificial coating, for the

struciural materials, considerad as a back - up solution ould became ag the referance aneg,
b1 turn, the B ard drain procedurs should be accurately evaluated slso in term of oxyygen

montest and maonitoring, in erder © eold plugiing roblams,
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£.2.3.3 Physical - chemival and metatiurgicat characterisation of PH-BI

A raview on general thermodynamin and thermephysioal properties of the binary aulentic
sioy PhBi, i the bould state was prepared. The PL-Bi phase disgram was distussed with
;m:"f.'u’:u%;;sf' referances 1o Houldus owrves and sudestic compositions s well ag the
wrmophysical properties as volume mass, thermal capacly, dyoamic visoosity, surizge
anergy, vapour pressure, slectrisal and thermal conductivity wer nree;mrtﬁe&*’

Due to the perspuctive o freere the Hguid metal in the MESAPE wrget {consiterad as &

lank of the heating systerm or for inactive il and drain), atientfor was put on the ability of the

sulid PoO-BE o expard after solifification, dup o recristallisation. Volume change rale’™ and
muacharical properies’ " were measurad and iinked wach other to caloulate with structural
mmchanic ools the assoniated shress on the window and the target”. The volume change
sxperments, as reported In figire 28, showed that 4 volume ncrease starts immediately
alter solicification of the LBE and exhibiied a slesp phase during the first 80 min sed then i
grows gradually, The beheviowr of the frst phase is guile dependant on the lesting
ternperature, at 35 “0, the wolume increase, including the second phase, s very slow and
after 20 howrs the saturation value s not resshed. O the other band at 110 70, the changs
is rather guick snd easily reached 16 the saturglion value,

The measursd saturation valug s about 1.2%. However, it was glse expenanced that this

value may depend on the higtory of the procedurs of solicilivation.

X

e

The Eiastic moduius measured with comprassion tests on aged LBE was at 20 *0 about 8

a angd ot 894 7C lesg then § GPa. As reported in figures 24 and 25, the yiald stress
measured ab differer strain mtes exbibited at each temperatire an increase with increasing
the strain rale and al the same strain rade § decreased with inoreasing the temperalure.
Typical values of vield stress used, for the siress calodations grer 4 MPg (at 94 S o a
sirain rate of 19107 and 1 MPa {at 112 °C for a8 strain rate of 1-10%, Moreover, for the
saloulations 1t was assurmed an isotropin volurme expansion of the LBE and no s {a periest
pond). A LBE layer-Dy-layer solidification was assumed i the target and the caloultions
showed that the LBE eipansion could produns high stress Doth in the window and in the
target, The stress pvel increases mainly with the hesght of sofidified fayer and the LBE yieid
stress, Both parametens, and consequently e stress level, can be contraited, i pringiple, by
sppropriats wmperature contral bath i space (i %pfofi and in tme {conling rate). For
nstance, with an LBE solid laver of 350 mym ab 110 °C, the maximum Mises stress in the

window e below 240 MPa (100 MPa on the beam axig) in addiion it was shown that the
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Hiayer, can st altect the el stress level in the winglow

rroduction of expansion cavities can reducs the madmsn
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stresses 0 the arget and n the window,

Figpare 33 Taken from Y. Takeds, P8 Beporl, TMRY 0801, 13.02.01
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Figure 24 Taken from Y. Dai el sl Compression Vests on PRI sl [hHlenmy

Tomperabees and Straireniies, Megasis POG moesting, Beplember 3, 2002,
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Figure 28 Taken from ¥. Dal b, al, Comprassion Tests on PuBi & Different Temperalurag

and Stradrerates, Megaple PCGG mpsting, Seplember &, 2002, P8, Switzedanid,

5.2.4 HNeulronic and Muciear Assessment

The obiective of Neutronics and Nudear Assessment is D evaluate, by meang of
computational lools, neutron production, energy deposition, radiation damags levels,
spaifation and activation products, radmbion level in the MEGARIE wirgel. A key action of this

sk is o compare and qualify neutronic models and codes on g full soale 1 MW gpailation
axpariment, A Neutronic Benchmark o compars the numerical oodes: SPARTE, MINPX,

FLUEA, LAHET, NMTC was also lnunched,

The main characierstic © be svalugted @ the ?‘r;mm‘e of the neutroms amd raciesy
assessment i3 the owerall neutron source pedormance, Howsver, bayond the evaluation of
nuciide nventory and source fems, which are cruchal for performances, design and materig!

iaues, the

goals of s work package are also,

- o participate 1o the sefety demonstrabion {radionuciads inventory)

~ o give recuirarments and cordribution for instrumentation and operation;

-~ o contribuids to the gualifivation and dw slopment of nuciear data, spuiiation cotde an

calouiabion schemes,

The first noutmnic benchmark involved the gasociabions GEA, PEL ENEA, CNRY, JAER] &
F2K and the codes used were SEFARTE MONPK, Fé..i}%’i&, LAMET NMTC. The goal of the

w0 avaluste neutronio parformanos
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with the foliowing characteristiog incldent proforng snwrgy 875 MeY, tola beam power 1 MW,
currsrt 1,74 maL Bach sssoeiation usad i gven specification and ditferent hypothesis, The

2

output daty wars: haat de;g;{mi’z o i PL-B, heatl depusition in the 3181 guide tubs and AlMg,

o §

tmrk wadl, heat daposition in the 781, the Sficaioy and the A, windows. The decay heat in
Pred, in the 2180 quithe tube, In the 191, the Jiroaloy and the Albyg, windows, Activation in
P i the 3180 gulde wibe, n the 191, the Srealoy and the AMg, windows, Neutmn
currents and fuxes distribution, He and Mydrogen production ard dpa in structural materials,
spatiation produnts vield i LBE damages.

This Hrst benchmark bas providad a kb of numerical results showing howsver for sorme daty
wrge discrepancies amonget differart codes. Although an assessment s st ongoing in
order W olanty the origin of the differences, the oblained rosults aliews] 10 gel already 8 Hirst

rough mdication on the neutrondog of the MEGAPIE target,

Adefiional and more fooalised calnudations were peetorned with the FLUKA code king mio
acoourt the latest desion paramsters for the target and the nowest Deam profiles {see figure
26}, Concerming the power denzity, hent deposition and expected dps valugs the resulls are
the foﬁc;-wiﬂg; :
Max, current density in the centen §1.75 pAdom’
- Max power depositiors 316 Wioer for the Ag3 outer container shell of the
ipwer target enclosurs (322 Wiy for the inner sholl);
~ Rax. powst t;ie'ep{;f;itim iy the TO1 Bouid metal container: 880 Wiem™;

- Max. powsr deposition in the DO 155 Wiom™,

- Max dpa rate 19 dpa (T81) and @ dpa (nner AIMG3 shell)

o
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Figure 26:  Updated bearn profile (Robrer Dearn profile) ourrent density along the X
ardd Y axie ot dilfferent positions v and X respactively.

The projeot agresd on using ihe codes PLUKA and MONPY for parforving a sl set of

rederenny caloulations on all the required paramasters.
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& SAFETY AND RELIABILITY ASBESSMENT (Subtask 1.3)

Tre Profiminary Sefety Analysis Beport (PSAR) hag been completsd {n German) and i3 now

o an intemal PSE review rourgd.

The main safely problems are dus o the volatile radivactive zpallation produsts in
oorjunction with supposed ow probabidity acoidents, |
These are
The possible refease of girhome activity due 1o g leakage from one of the firat
comtainments of radivactive gases, Lo, otweer gas |, insudation gas |, or rapped gases
of the 6l and draln system, despite of the quallly managerent, These gystems have
1w e enviosed in second cordainments thal will be Kepd st under pressure refative 1o
that of the surrounding roomeg, sven in the case of  leakage.
PEL wands o slay below the Bmits of radionctive smissions above which an
emergency system is regulred. As a oonsequence, we will have 1 prove that the gas
containmersts will sterud the strongest possibie earthquake at the PH site.

- The main hazard o the Fo-Bl containgr within the targe! system i3 the rse In beam
powesr density up to 20 okl in case of an unscattered proton beam or g ooy in beyy
setting, An independent detector coupled with g fast beam shut off will contrad the
boarm density dghtn frort of e beam window.

A plane omsh foliowed by a kerosens fire had © bo oonsidersd, The possible

consequences can be kept within the limits mentionsd above.

Today the PEAR s composed of the foflowing chaptars

- Ohamer 1 with soma definiions  {glossaryd amnd basiy infermetions {shon
desoription of the project and the installation, sxisting Hoense) objsctive and
westification of the projest.

Chapter £ describes the axisting SHNG instaiiation,

- Chapler 3 gives a unctionally desription of the ?vifiém?’iﬁ nataliatinn and mein
sormpenents {Target systorm, materiad proparties of the Lbh grul the spaliation
products, thermohvdrauiic and strustural mechanics and the main ancillary
yatoms),

Thapder 4 presents the houndary condditions for radioactivity and radiation-
protpotinon ab SING and the mpact of the MEGAPE nperatics,

~ Chapter & surmarises the incident and saloty congidarations { yr{ﬁ%tian aganst
irrusion o mutsice, incidents directly related o MEGAPIE,

~ Chapter & covers the survaiilance and the wasts management,

PST- f”wnhv”? & C*.JE%”}?S'Q ’%/3?3\)&?33?‘ V?M"\"f i?’i}’ 008




- Chapter 7 summarises the safety relevant organisation and

- Chapter 8 gives details on the quality management of the MEGAPIE project.

At a later stage of the project an English version of the PSAR will be available. Within the
MEGAPIE-TEST project the deliverabie D11 will directly deal with the safety aspects of the
MEGAPIE Target.

7 LICENSING (Subtask 1.4)

The licensing process for the operation of the MEGAPIE {arget will be an iterative process

with the corresponding Swiss authorities. Up to now the following steps have been

undertaken for licensing:

- Informal pre-information of the Swiss relevant authorlty (BAG);

- Assessment of the PSAR by a PSI internal group of radioprotection, radiochemist,
accelerator and licensing experts; '

Formal request for licensing of MEGAPIE with submittal of PSAR was scheduled for mid-

June 2002. The assessment of the PSAR by BAG, probably with the help of independent

experts, will require more time than anticipated. The deliverable D12 is directty dedicated to

thié subtask. |

8 CONCLUSION

in the present document we summarised the design status of the target and the
corresponding main anciliary systems of the MEGAPIE spallation target. The design is
accompanied by a strong effort in R&D activities where the available results have been
discussed in this report. '

For both, the target design and the R&D support activities, there will be a final deliverable
report that will be issued at the end of the target design phase.

Within the MEGAPIE initiative ahd the MEGAPIE-TEST project we have for the first time
engineers and designers working in close interaction with teams working on related design
support and R&D activities. Although it is not evident to get both sidés progressing in parallel
an important progress has been achieved. Already today relevant information is available on
the feed back for the future design of ADS spallation targets, as a preparatlon for the work to
be done within WP 3 of the MEGAPIE-TEST project.




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

