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An intense neutron source, International Fusion Materials Irradiation Facility (IFMIF)
is planned under the collaborative program by International Energy Agency (IEA), and
the Conceptual Design Activity (CDA) started in February 1995. US, Japan and EU are
responsible to take a lead in coordinating accelerator, target and test cell design,
respectively. In order to exchange the current results of the study and to coordinate
the activities for the design integration, the first technical workshop on the lithium
target system was held in the period of July 18 - 21 at the Tokai Research Establish-
ment of the JAERI. This publication summarizes the materials presented in this meet-
ing. The presentations and discussions were organized with the identified CDA tasks.
It was confirmed that the reference design of the IFMIF target based on the previous
studies under FMIT and ESNIT, elaborated to meet IFMIF parameiers, is reasonable and
feasible. It was pointed out that the interface between accelerator and test cell
subsystems should be carefully investigated to avoid technical conflicts. Some design

options such as nozzle, backwall and lithium jet geometry, lithium purity centrol, and
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lithium vapor control, based on the current technoclogy were proposed to improve the

integral target system function, and further RED studies were suggested for design

integration,

Keywords: Fusion Material, Neutron, [rradiation, Radiation Damage. Lithium, Liquid

Target. Hydraulic Analysis, CDA, IFMIF, PMIT, ESNIT
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IFMIF-CDA Li-Target System (Final}
Workshop on July 18 - 21,1995

1st IFMIF-CDA Technical Workshop
on Li Target System

July 18 - 21, 1995
Conference Room No. 6 in Research Bld. No. 1
Tokai Research Establishment
Japan Atomic Energy Research Institute _
Tokai-mura, Naka-gun, Ibaraki-ken, 319-11Japan

July 18 (Tuesday)

{The planning m.eeting for Design Integration Meetihg in U. S. will be held
parallel with the target workshop in this afternoon }

9:30 Opening plenary session _ Chairman : H. Katsuta
18-1 Welcome address N. Shikazono
18-2  Status of CDA-Activities T. Shannon
18-3  Brief report of the workshop on test cell at FZK K. Noda

18-4  Discussion for this meeting schedule

10:40 Coffee Break (20 min.)}
11:00 Session of the perspective of target system
(Budget, Collaboration structure etc.) Chairman : T. Shannon
18-5 EU : S. Cevolani
18-6 US : D. Smith
18-7 JP : H. Katsuta

12:00 - 12:40 Lunch (Box lunch at the same roorh)
12:40 - 13:20 . Tour “Water Loop Facility”

13:20 Session of Discussion(I) Chairman : Y. Hoshi

18-8 Preliminary analysis for the Li- target (CDA-T-I-1)
Dynamic and thermodynamic stability of lithium jet ~ T. Hua (US)
«Thermal -hydraulic analysis of lithium jet with incident beam
I. Gomes (A. Hassanein, US)

— 3 —
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IFMIF-CDA Li-Target System (Finai)
Workshop on July 18 - 21,1985

15:30 Coffee Break (20 min.)

15:50 Session of Discussion(I) (Continue)
Overview and relation with anather tasks Y. Kato (JA)
*Thermal and Fluid dynamics of Li target flow M. Ida (JA)
*Thermal hydraulic analysis of the lithium jet S. Cevolani (EU)

18:20-20:00 Welcome Party (JAERI Akogi-gaura Club)

July 19 (Wednesday)

9:10 Session of Discussion (IT) Chairman : D. Smith

19-1 Preliminary analysis and conceptual design for target
assembly (CDA-T-1-1)
sNeutronics analysis of the lithium target T. Hua (US)
+Some comments on the backwall swelling H. Katsuta (JA)

10:15 Coffee Break (15 min.)
10:30 Session of Discussion (I} (Continue)

*Target assembly design: some parametric evaluations
S. Cevolani (EU)

*Proposal of the JAERI water loop test and target design
H. Nakamura (JA)

«Concept design for lithium target assembly ~ T. Hua/D. Smith (US)
12:00 Lunch (JAERI Akogi-gaura Club)
13:20 Session of Discussion (III) Chairman : S. Cevolani

19-2 Preliminary conceptual design for Li loop system layout and
its component design (CDA-T-1I-1,-2)

*IFMIF Li system Jayout and some component proposals
Y. Hoshi (JA)

Preliminary conceptual design for Li-loop system layout
L. Green (US)

+Ljthium loop component design and evaluation L. Green (US)

15:30 Coffee Break {15 min.)}
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[AFMIF-CDA Li-Target System (Final)
Workshop on July 18 - 21,1985

15:45 Session of Discussion (II1) (Continue)
19-3 Evaluation and specification of Accelerator - Target - Test Cell
interface (CDA-T-I-2)
sLithium vaporization from free surface A. Hassanein (US)
*Some comments on the lithium vapor pressure control
T. Konishi (JA)
*Investigation of the Li-evaporation rate
W. Cherdron (S. Cevolani) (EU)
17:40  Departure to hotel
July 20 (Thursday)
9:10 Session of Discussion (I1V) . Chairman : Y. Kato
20-1 Li purification system design (CDA-T-II-3)
*System design concept T. Konishi (JA)
*Proposal of on-line hydrogen isotope detectors T. Konishi (JA)
and experimental plan
*Lithium loop at TIT A. Inoue (JA)
10:20 Coffee Break (15 min.)
10:35 sRequirements and preliminary design for monitoring L. Green (US)
and Li chemistry process system
*Hydrogen/tritium recovery system D. Smith (US)
11:40 Tour “Proton Linac Facility”
12:20 Lunch (Box lunch at the same room)
13:00 Session of Discussion (V) Chairman : L. Green
20-2 Preliminary safety analyses for the Li-system  (CDA-T-V)

s A review of liquid lithium reactivity
G. Benamati (S. Cevolani, EU)
*Liquid metal systems safety requirements
G. Benamati (S. Cevolani, EU)
*Concepts for the chemical hazard and radiological hazard
T. Konishi (JA)
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IFMIF-CDA Li-Target System (Final)
Workshop on July 18 - 21,1885

20-3 Design items and schedules of the experimental facilities

for IFMIF - EDA (CDA-T-VI)

*Requirements for Li-technology test loop Y. Kato (JA)
and beam-on target experiment

sRequirements for water jet simulation test T. Hua (US)

15:45 Coffee Break (15 min.)
16:00 Session of Discussion (VI)
20-4 Data base for Li and its compounds (CDA-T-VID)
L ithium data base: Status report S. Cevolam (EU)
*Review of existing data base on lithium properties T. Hua (US)
20-5 Identification and prioritizing of major technical issues and
problems

sImprovement of the work breakdown structure H. Katsuta (JA)

17:40 Departure to hotel

July 21 (Friday)

9:10 Summary Plenary Session Chairman : D. Smith/ H. Katsuta
21-1 Summary Report
«Conceptual design and analysis for the Li target system
«Clarify the each homework items until next meeting
*Design Integration Meeting

21-2 Closing Remarks

11:30 Departure to Hitachi Kamine Hill for “Tea Ceremony”
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T. E. Shannon
The University of Tennessee

1, Status of CDA Activities

IFMIF-CDA Technical Workshop
Li-Target System
Tokai-mura, Japan
July 18-21, 1995

BASELINE DESIGN STRATEGY

1. Major System Workshops

Test Cell July 3-6 FZK-Germany
Lithiurn Target July 18-21 JAERI/Tokai-Japan
Accelerator September 11-13 Santa Fe, NM-USA
Design Integration ~ October 16-27 ORNL-USA

2. Workshop Objectives

Technical Review of Tasks Defined at KfK, Sept '94

Define Concept for Baseline Design
- Review WBS

- List Requirements

- List Design Parameters

- Define Configuration

Document Meeting
- Summary of Findings and Conclusions
- Copy of all Presentations
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BASELINE DESIGN STRATEGY
{(Continued)
3. Define Li-Target Tasks for Remainder of 1995
+ Provide Information for Design Integration Workshop in October
- Equipment Layout
- Facility and Utility Requirements
- Interface Requirements
+ Document Béseline Design Description by 12/95
4. Design Integration Meeting Later Today with Drs. Kendo and Maekawa

+ Additional Guidance Following Meeting

Major Conclusions from Test Cell Workshop
FZK, July 3-6, 1995

Test Volume low at 35 MeV
Recommend 40 MeV for 0.5 L >2MW/m2

5x20 Spot size looks good.

Possible interface problems for overhead access to Test Assembly and Lithium Piping
. 2o

Sensitivity Analysis required to determine impact of cross-section variation >4#MeV

He Cooling may be best choice for Test Assembly
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(presented at 1st IFMIF-CDA Technical Workshap on Li-Target System, July 18-21, JAERI, Tokai, Japan)

4. Perspective of IFMIF Li-Target System of Japan

H. Katsuta
IFMIF Target Systemn Group of JAERI

1. Budget for IFMIF-CDA (without Personnel Expense)

PY 1995: 0.4M$
PY 1996: 1.6MS$(Requested)

2. Organization

JAERI IFMIF Group
Department of Materials Research and Engineering
Materials Innovation Lab. (about 2{py)
*Planning and Promotion
*Testcell/Users

Department of Reactor Engineering
Intense Neutron Source Lab. (about 4{py)
*Li-target System
*Accelerator System

Nuclear Materials Research Committee(Dr. A.Miyahara)
JAERI, Universities, Companies

3.Perspective to IFMIF-EDA

Procedure to IFMIF-EDA
(1)Establishment of IFMIF-EDA Agreement(IEA) (1997.27)
(2)Approval for Reviewing Committee of JAERI International Collaborations
(3)Budget Request |
JAERI HQ -» STA -» Finance Ministry

4. Technical Perspective of Li-target System of Japan

(1) Computer Analysis: Thermal and fluid dynamic analysis of Li-target flow
(18-8)

(2) Experiment with a water loop: JAERI water loop test and target desi gn(19-1)
(3)Experiment with a Li-loop: on-line hydrogen isotope detectors and
experimental plan(20-1) (under the collaboration with Tokyo Institute of
Technology)

(4) Analyses and conceptual design: Li-system, Components(19-1,2,3; 20-1,3)
(5)Preliminary safety analysis: Chemical and radiological hazard(20-2)

(6) Li-data base; Li-vapornization rate
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Schematic lllustration of Beam-Target Interaction for a

Neutron Source Test Facility

Nozzle -—w

Neuirons

Test Area

Deuteron
Beam

)

Back Plate
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Li Jet Maximum Temperature, K
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Li Jet surface Temperature, K

Li Jet Maximum Temperature, K
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Power deposited at Jet surface, Jiem®/s

Li Jet surface Temperature, K
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Back Plate Temperature, °C
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Conclusions

Deuteron energy deposited and the resulting
Li target heating calculations seem to be
manageable for beam and jet parameters
analyzed. :

L arger beam sizes reduce thermal load inside
the jet and increase available test volume.

Thermal loads in the supporting back plate
are more tolerable with thinner plates.

Velocity perturbations resulting from jet-
thermal expansion and from beam deposited-
momentum seem to be small and may not
threaten beam stability.
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1. 4 Qverview and Relation with Another Tasks

IFMIF-CDA Li-target System Task Document (CDA-T-I-1)

Preliminary analysis for the Li - target (JAERI T. W. 18-8)

Y. Kato
IFMIF Target System Group of JAERI/JAPAN

1. Introduction

For the IFMIF reference target of 5 x 20 cm’, analysis of the thermal and
fluid dynamics have been made on the bases of the FMIT and ESNIT models.
However, these analyzes are limited in the phenomena of the inside lithium jet
flow.” Other important problem, the stability of free surface lithium jet, 1s one of
the critical issue of the target design and it could be only confirmed by the
experiment. Some water loop experiments will be started in JAERI from this

fall.

2. Overview of the thermal and fluid dynamics
Following conditions have been assumed in the analysis for the 35MeV
(30-40 MeV) , 250 mA deuteron beam:
a) Asymmetric nozzle
b) Stability of the free surface of jet flow is well satisfied
¢) Backwall curvature of 25 ¢m
d) Adiabatic heat condition of the backwall
e) Swelling of the backwall is small enough
f) Beam intensity is uniform and the energy is modulated
to have o= 0.5 MeV on gaussian spectrum.
g) Lithium vapor pressure near the free surface is 10” Pa
Under these conditions, the results of analysis for the IFMIF reference target
(total current: 250 mA, beam on target area: 5 x 20 cm?) shows that the boiling
margin at the peak of deuteron beam energy deposition is large enough but
rather severe at the near surface region.
The maximum limit of deuteron beam current can be tentatively defined
by the boiling margin at the near free surface and the results are shown n
(JAERI T.W.18-8, M. Ida et al.). We can see that the maximum current of
about 320 mA will be possible in the case of deuteron energy of 35 MeV and
average lithium flow velocity is 20 m/s. The value of this maximurm current
seems to be conservative. Because the restriction effects by surface tension of
the lithium and by short time of passing the target region for the void
nucieation and growth are not considered in these evaluations
The another methods to be able to get the increased deuteron current are:
I) Increase the free surface velocity of target jet flow
I} Increase the vapor pressure near by the free surface of jet flow

Above ideas will be proposed and discussed in (JAERI T.W. 18-83, JAERI
T.W. 19-1) and JAERI T.W. 19-3) respectively.
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3. Plan of water experiment in JAERI
To confirm the stability of target jet flow for the IFMIF reference target
we plan to do the simulation by JAERI water test loop. This experiments
include the following test itemns as options:
a) symmetric nozzle with 2-step reducer
b) down flow diffuser for recovering the static pressure
For the item a) some experiments with simple reducer had been
performed in FMIT but it was not adopted by some reasons. Now we
reconsider these problems and propose a new reducer to get easy design
parameter of the nozzle shape and to increase the free surface velocity
(JAERI T.W. 19-1, H, Nakamura).
For the second item b), some basic studies have been made by
K. Miyazaki of Osaka Univ. He confirmed the condition of stable flow and
pressure recovering. If the Li-system is designed and operated to satisfy this
condition the static pressure of latm can be obtained at the diffuser outlet. It
means that the pressure of quench tank cover gas is able to set latm and then
the height of the Li loop system can design to be shorter than the case of FMIT
type target assembly. This is because the suction side of EMP need not to get
the static pressure by the Li height to aveid cavitation.

4. Plans to the next stage

Some nozzle models (symmetric and asymmetric) will be analyzed
corresponding with the water experiment plan. The 3-dimensional flow
analysis will also be made for the estimation of the side wall effect.

The results of the water experiment will be made feedback to the design
of target assembly and we will make its further structural design considering
the exchange by remote handling . The target assembly of FMIT
type(reference type) and new JAERI type(option) will be both considered in
our design work until next summer and the final decision will be made after
discussion with each other till next fall.



JAERI-Conf 95-019

1.5 Thermal and Fluid Dynamics of Li Target Flow

IFMIF-CDA Li-Target System Task Document (CDA-T-I-1)

Preliminary analysis for the Li-Target (JAERI T. W. 18-8')

M. Ida, Y.Kato, H.Nakamura
IFMIF Target System Group of JAERI/Japan

1. Introduction

For Li target, two kinds of analysis are described in this paper. The first
one is an analysis of the thermal and fluid dynamics with a specific type of
asymmetric nozzle. The second one is an analysis of the fluid dynamics with &
another type of symmetric nozzle.

For IFMIF reference target of 50 x 200 mm’®, we should make certain of
no boiling in Li jet. The first analysis was made in order to find whether
boiling may occur or not. A specific type of asymmetric nozzle was chosen
tentatively. Calculated Li temperature was compared with boiling point obtaind
by calculated pressure.

As the result of the first analysis, it ts found that there would be no
boiling. To get more current of D* beam, we need an adequate nozzie with
higher Li velocity at free surface and uniformity of velocity distribution. The
second analysis was made in order to get an adequate nozzle. We propose a
double reducer type symmetric nozzle. The water loop test (JAERI T.W. 18-8)
is now under planning to use this nozzle too.

2. Analysis of the Thermal and Fluid dynamics for Li-Target

Following 4 cases of analysises were made.

Case 1 : E=35MeV, V=20m/s
Case 2 : E=35MeV, V=17m/s
Case 3 : E=30MeV, V=20m/s
Case 4 : E=30MeV, V=17m/s
(E:D"energy, V :average Li flow velocity )

The analysis consists of following 2 steps for the precision in calculation.
Step 1 : analysis of fluid dynamics for nozzle and jet region (Fig.1)
Step 2 : analysis of thermal and fluid dynamics for jet region (Fig.2)

Using the code FLOW-3D, static and 2-dimensional analysis have been

made.
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2.1 Inputted and Assumed Condition
a) Velocity distribution  : Uniform at the inlet of Step 1
b) Heat condition : Adiabatic on the backwall and free surface
¢) Properties of Li - Constant in Step 1 ( temperature is 500K )
Function of temperature in Step 2
d) Estimation of viscosity : k-e turbulent model

e) Compressibility : Incompressible
f} Temperature of Li : 220C at the inlet
g) Heat distribution generated by D* beam :
Energy of D* :35MeV (Case 1, Case 2 )

30MeV ( Case 3, Case 4 )
( modulated to have SD=0.5MeV on Gaussian spectrum )
Current of D" beam : 250mA
Width of D*beam  : 200mm
Height of D" beam : 50mm

2.2 Results

(1) Velocity distribution ( Fig.3 , F1g.5)

The profile in Case 1 was nearly similar to the one in Case 2 and the
profile in Case 3 was nearly similar to the one in Case 4. Therefore, we can
see that these velocity distributions depend on the nozzle shape and jet
thickness rather than the value of average velocity.

Affected by the boundary layer formed in the nozzle region, the velocity
at free surface also as at backwall is lower than that in bulk Li. In the D*
irradiation range, the velocity at free surface is 46~72% of average flow

velocity in Case 1.

(2) Temperature of Li ( Fig.4 , Fig.0)

The temperature distributions in jet region are shown in Fig.4. With the
lower velocity, the temperature at free surface is a little higher than flat
temperature region nearby the surface. The maximum value of Li temperature
were shown at the location of 14.8mm depth ( Case 1, Case 2 ) and of
11.0mm depth ( Case 3, Case4 ). These locations nearly agree with the
D’ energy deposition peaks. '

In the width of about 2mm inside of the backwall, Li temperature is
220C. Therefore, an analysis with assumption of heat conductivity on
backwall will show the same result as this one. '

(3) Boiling margin ( Fig.6 ) ' o

The distributions of Li temperature and boiling point are shown in Fig.6.
The boiling point is the function of calculated pressure in Li jet. At the free
surface, the boiling margin is not so much as at the maximum temperature
point in Li jet. Therefore, with these nozzles and these D* energy deposition
curves, the maximum limit of D* beam current is defined by the boiling
margin near the free surface. Within this analysis ( with the assumption
of stability of the free surface of jet flow ), we can see that the boiling does

not occur in any case. ( see Table 1)
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2.3 Summary of the first analysis
In this analysis, we can summarize as follows :

(1) Affected by the boundary layer formed in the nozzle region, the velocity at
free surface is lower than that in bulk Li. However, a velocity distribution
depends on a nozzle shape and jet thickness. '

(2) For these beam condition (E=35MeV,30MeV 1=250mA on 50 x 200mm°)
and the average flow velocity of more than 17m/s, with those nozzles, the
boiling of Li does not occur in spite of lower velocity at free surface.

(3) The maximum current of 320mA will be possible in the case of D energy
of 35MeV and average Li flow velocity of 20m/s.( see Tablel) We can get
the increased D* current with increased velocity at free surface ( with
improved nozzle ).

Table1 Boiling Margin and Maximum Limit of D* Beam

at Free Surface at Max. Temp. Point Max. Limit of
D. Beam
T dT B.M. T dT B.M. Current

casel | 281 | 61K | 19K | 381C | 167K | 726K 320mA

Case2 | 291C | 71K 9K | 408C [ 188K | 668K 280mA

Case3 | 285C | 65K { 15K | 373C | 153K | 703K 300mA

Case4 | 299C | 79K | 1K | 399C | 179K | 645K 250mA

T : Li Temperature dT : Increase by D. Beam B.M.: Boiling Margin
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3. Analysis of the Fluid dynamics for Symmetric Nozzles
We can get more current of D” beam by increasing Li velocity at free
surface. This analysis was made in order to get an adequate nozzle installed in
upstream of the jet ( see Fig.7 ). As a adequate nozzle with high velocity at free
surface and uniform velocity distribution, Shima’s nozzle ( an improved but
simplified the Goldstein model based on potential flow theory ) was chosen in
this analysis.
In this analysis, following 2 types of Shima’s nozzles were chosen.
Nozzle 1 : single reducer (Fig.8)
Nozzle 2 : double reducer (Fig.9)
Using the code PHOENICS with body fitted coordinates mesh, static and
2-dimensional analysis have been made.

3.1 Inputted and Assumed Condition
a) Velocity distribution  : Uniform at the inlets (Z=300mm)
b) Property of the fluid : Constant as 20C Water
¢) Estimation of viscosity : k-e turbulent model
d) Compressibility : Incompressible

3.2 Results

(1) Momentum thickness ( Fig.10 )

We can see that a thin boundary layer in a nozzle region makes a high
velocity at free surface. But, it is difficuit to get the precise value of the
thickness of boundary layer, which is defined by the location where the
velocity is 99% of maximum velocity. Therefore, we estimate the efficiency
of nozzle by using the momentum thickness.

After the flow is reduced, both nozzles have very small momentum
thickness ( 0.2mm ~0.3mm at Z=-300mm) . From this point of view, we can

- choose both nozzles.

(2) Transverse component of velocity ( Fig.11, Fig.12)
We can define the “nozzle outlet” as the locatlon where the velocity
distribution is uniform. The locations are Z=-60mm for Nozzle 1, and

Z=-20mm for Nozzle 2.

At the nozzle outlet, U,{ transverse component of velocity ) in Nozzle 2 1s
smaller than U, in Nozzle 1. U, soon decreases along flow, but U, dose not
decrease s0 soon as U,. From this point of view, we can see that Nozzle 218
more desirable than Nozzle 1, because the component U may raise the

instability on jet flow.
3.3 Summary of the second analysis

(1) Because of the smooth reducing effect, Nozzle 2 is more desirable than
Nozzle 1.

(2) With Nozzle 2, we can get higher velocity at free surface than the asymmetric
nozzle which was chosen tentatively in the first analysis.
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4 Conclusion

(1) Affected by the boundary layer formed in the nozzle region, the velocity at
free surface is lower than that in bulk Li. However, a velocity distribution
depends on a nozzle shape and jet thickness

(2) For the IFMIF reference target, the boiling of Li does not occur in spite of
using a tentative asymmetric nozzle.

(3) We can get the increased D" current with increased velocity at-free surface
( with improved nozzle ).

5 Plans to the Next Stage

(1) Evaluation of the relation between the nozzle shape and the velocity
distribution ( the velocity distribution near the free surface especially ) to get
the optimum nozzle with high velocity of the free surface and stability

(2) Stability examination of the free surface with reference target area ( confirmed
by the water loop test and analysis ), which consists of examinations of 3D
effect ( effects of sidewall, effects of velocity distribution ) and time
dependent fluctuations

(3) Examination of the maximum value of velocity with stable free surface
within the capacity of Li circulation loop

(4) Estimation of super sonic pressure caused at the edge of D* beam profile

(5) Error estimation to confirm the boiling margin, which consists of errors in
manufacture, fluctuations under operation, and errors in numerical simulation

(6) Verification of the results in this analysis compared with the results in the
water loop test.
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Fig.7 Target Assembly ( Ilustration of the Water Loop Test )
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1. 8 Some Comments for the Backwall Swelling

H. Katsuta. Y.Kato
IFMIF Target Systemn Group of JAERI

1. Introduction

Li-target will have a limited life and must be designed for periodic remote
replacement. The life will be determined by the backwall integrity for the
operation.

(1) off-normal events:
*target backwall rupture or structural damage by disruption of the Li-jet or a
significant change in flow patterns for even a few millisecond.

(2)normat ope'ration:
* radiation induced distortion of the structure
* the critical dimension of the target structure will be affected by erosion and

corrosion of the backwall

2.Review of the deasign data of FMIT-backwall

(1) d-beam: 35MeV, 100mA

(2) Beam Window: 10mmx30mm(gaussian)

(3) Neutron Flux: Max.:3x10"*n/cm’ s (62dpa/y 6cc, 38dpa/y 20cc)

(4) Material: 316SS

(5) Thickness: 1.6mm(Li-jet: 19mm , Li-velocity: 17m/s)

(6) Temperature: _
(Test specimens: 50 to 650 C, the chamber is designed to contact with the
backwall when operating)

(7) Swelling:___ %

(8) Deformation: ___mm/y at center of the beam window on the backwall

(9) Life time: deformation limit of 2mm at center of the beam window on the

backwall ( 9month (plant availability)
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3. Design data of IFMIF-backwall

(1) d-beam: 30 to 40 MeV, 250mA

(2) Beam Window: 50mmx200mm

(3) Neutron Flux: 6.9x10*n/cm’ s(for 35MeV)
8.0x10"* n/cm’® s(for 40MeV)

evaluation at about 15dpa(10month operation)

(4) Material(canndidate) PCA, Ferritic SS, V-alloy
(F82H) (V-4Cr-4Ti)

(5) Thickness

(6) Temperature evaluation for the maximum temperature of 300 C
(Test Specimens: Max. about 1000C)

(7) Uniform elongation about 0.5% about 3%  about 8%

(8) Yield strength 800MPa  800MPa  400MPa
(unirradiated: 200MPa, 500MPa, )

| (9) Swelling (expected) <1% <1% ' <1%

(10) DBTT ' - about50 C -100 C

(11) Erosion and corrosion
(12) Radio-active waste
(13) Deformation (Life time)

(14) Remarks
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3. Design data of IFMIF-backwall
(1) d-beam: 30 to 40 MeV, 250mA
(2) Beam Window: 50mmx200mm
(3) Neutron Flux: 6.9x10"n/cm’ s(for 35MeV)
8.0x10" n/cm’ s(for 40MeV)
evaluation at about 15dpa(10Omonth operation)
(4) Material(canndidate) PCA,  Ferritic SS, V-alloy

(F82H) (V-4Cr-4Ti)
(5) Thickness .

(6) Temperature evaluation for the maximum temperature of 500 C
(Test Specimens: Max. about 1000C)

(7) Uniform elongation “about5%  about 8%  aboutl0%
(8) Yield strength 650MPa 480MPa 450MPa
(unirradiated: 200MPa, 480MPa, )
(9) Swelling (expected) <1% <1% <1%
(10) DBTT - over aging over aging

(11) Erosion and corrosion
(12) Radio-active waste
(13) Deformation (Life time)

(14) Remarks
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Tt . Nb

G S1 Hn P 5 Ni Cr ufe!
JPCA .06 Q.50 1.77 0.027 0.005 15.80 14.22 2.28 (.24
J316 G.058 (.81 1.80 0.028 0.003 13.52 16.75 - 0.005
K 0.02 0.48 1.486 0.015 0.005 17.56 17.89 2.6 0.29
C 0.02 0.51 1.56 0.017 0.007 15,8 15.4 2.4 G.25 0.08

B il Fe SA CH
JPCA 0.0031 0.0039 bal 1100CT /30min. 15 %
J316 0.001 - bal 1050C /30min, it ¥
X - 0.004  bal 1050C/1hr 20 %
C - 0.0018 bal "1100°C /1hr 20 %
USPCA  0.001 0.001 bal 1100°C /0. 5hr 25 %

Chemical Composition and Heat Treatment Condition(PCA)

&0
5 Umrradlated SA C 316 20% CW EBR-II
S ot 0 US PCR B3 HFIR
= o US PCA 25% CW HFIR
O -+ JPCA ANN HFIR
o 40r J JPCA 15% CW HFIR
81 >< 1S 316 20% CW HFIR
9 301 (Irﬂad‘jpdpaj
L
E 20 Unirradiated
O l_' 2 15-25% CW
j 'pll “.4, -

SR

0 # =4 .
0 100 200 300 400 500 700

Temperalure / C

Uniform Elongation as a function of Irradiation and Testing
Temp.(316S8.5)
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Total elongation/ %

0.2% offset yield stress / MPa
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50

30|

25

a5 ¢
a0

35}

20
15[

10

250°C 400°C 500°C
F82H —O— —0— —{
JPCA -@ -A -E

PN U YA AV S N T W

| R

15 20 25 30
Neutron damage / dpa

Total Elongation as a function of Neutron Damage(dpa)

35

900
800 -

700}

500|

600[

-----

400"
300}

200

~ 250°C 400°C 500°C
F82H —O— == ——
JPCA -@- -A -B-

t [T T S S SN S S T I S S W R B

100

10 15 .20 25 30
Neutron damage / dpa

Yield Stress as a function of Neutron Damage(dpa)
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— 8
17
]
ﬁ =
— 2
=
— =
— ¥y
1 | 1o
o = ) = =
Lo L < o <o fom}
o ~ o \ ~t
jet width mm | 220 160 110
flow rate Kg/sec| 364 | 26.5 18.2
jet average outlet temperature °C 277 299 334
jet maximum temperature °C 409 | 478 591
free surface maximum temperature °C 261 277 303
back plate maximum temperature °C 269 269 269
jet minimum boiling margin °C 446 431 370
free surface minimurmn boiling margin °C 24 ] -18
maximum pressure difference Pa |12409| 12443 | 12500
evaporation ratio at the free surface Kg/sec |33 e-11]| S.6e-11 116.0 e-11

Boiling Margin Profiles

Fig.
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[average jet velocity m/sec | 17 16 | 15 | 14 | 13 12|
Jjet average outlet temperature °C 277 | 281 | 285 | 290 | 295 | 301
jet maximum temperature °C 409 | 420 | 433 | 448 | 465 | 485
free surface maximum temperature °C 261 264 1 267 | 271 275 279
back plate maximum temperature °C 269 | 269 | 269 | 269 | 270 | 270
jet minimum boiling margin °C 446 441 | 435 | 428 | 421 412
free surface minimum boiling margin °C 23.8 | 21.1 | 180 | 145 | 104 | 5.6
maximum pressure difference Pa 1240911003 9681 | 8444 | 7291 | 6222
evaporation ratio at the free surface Kg/sec 3.3e11|3.8¢e-11|d.5e-11{55e-116.9e-11|9.0e-11
Fig. Parametrisation of the jet average velocity

CONCLUSION

1. The parametrisation concerned with beam energy
distribution, jet width, back plate curvature radius and
lithium velocity confirm that the limiting issue is the
boiling margin at the free surface.

The free surface boiling margin is mainly depending on
the void chamber pressure. This effect was quantified.

A certain optimisation seems to be possible with respect
to the parameters mentioned in item 1 (depending on the
safety limits and criteria)
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1.10 Proposal of Water Loop Test and Target Design

Hideo NAKAMURA, Y. KATO and M. IDA
IFMIF Target System Group of JAERI

1. Introduction (Background)

A well-defined stable Li jet with free surface to remove D+ beam power
with a minimum jet thickness is required for a controlled neutron irradiation
and maximum sample volume in IFMIF.[1] Therefore, Li jet should be
characterized in sufficient detail for the correct prediction of neutron flux
distribution in the irradiation sample.

Large amount of experimental results were obtained for the target of
FMIT.[2-12] However, there is a lack in the detailed description in the
accessible information, both in the experimental conditions and obtained results
for tested target models with critical design, which was empirically obtained
and still under improvement. Furthermore, to furnish a larger irradiation
volume, IFMIF may have taller jet flows than for FMIT, while characteristics
of the Li jet flows depend highly on such target geometry.

JAERI thus plans to perform water-loop experiments simulating the
IFMIF Li jet flows in the CDA, prior to the Li-loop experiments for the EDA,
to acquire experiences and data of the jet flow simulated by water. The
documented experiences for FMITI2-12] give a start point for this experimental
work for IFMIF.

This section summarizes a plan of the water-loop experiments, and a
target design for the initial experiment currently under preparation.

2. Objectives
Objectives of the present water-loop experiments are as follows.

(1) To observe structure and stability of water jet flow along a curved back-
wall, simulating the Li jet flow that covers a predetermined deuteron-beam
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irradiation region of 200 mm-wide and 50 mm-high with a certain spatial
margin to surrounding walls. _
(2) To partially confirm the FMIT experimental results. (It is difficult to give

exactly the same target geometry in the experiments without the detailed
description.)

(3) To prepare data base necessary for Li-loop experiments.

Simultaneously performed numerical simulation analyses (multi-
dimensional, free-surface jet flow) will provide an insight for the structure of
the target jet flow for both water- and Li-loop experiments. The prototype Li
target design will be defined based on these water- and Li-loop experiments
with an aid of the numerical simulations.

3. Preliminary Design of Facility and Target
The initial target design for the water-loop experiments is based on the
followings.

(1) Knowledge obtained by experiments for FMIT targetl2-12]
(Table 1 compares primary parameters of IFMIF and FMIT.)

(2) Existing models, correlations and data base for primary hydraulic
components such as reducer, diffuser, elbows and perforated plates[13, 15]

(3) 2D preliminary numerical analysis of Li jet (i.e. CDA-T-I-1 [2])
(4) Li jet simulation parameters -- Re, Fr (kinetic viscosity)

Table 1 Comparison of Design and Operation Conditions of
Lithium Target for IFMIF and FMIT

Facility IFMIF | FMIT
Li Flow Rate {m3/s) 0.096 * 0.032
Li Ave. Velocity (m/s) 20 % 17
Inlet Temperature (°C) 220 220
| Outlet Ave. Temperature  (°C) 262 270
D+ Beam Energy (MeV) 30 ~40(35%) 35
Beam Size (wide x tall) {mm) 200 x 50 30x10
Power Absorbed (MW) 7.5 ~10.0 3.5
Ave. Power Density (MW/m?) 750 ~ 1,000 11,700
Jet Width (mm) 240 * 100
Jet Thickness {mm) 207 19
Jet Reynolds Number (-) 4.0x105" 3.2 x 10°
Operating Pressure (Pa) 104 104
Radius of Back Wall {mm) 250 % 250

* Tentative for Initial Water Experiments
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3.1 Facility Overview

The water loop is prepared by modifying the existing Air-Water Two-
Phase Flow Loop in JAERI, as schematically shown in Fig. 1. The large water
pump (water head < ~40 m, flow rate < ~500 m3/h) of the water loop is used to
circulate demineralized water stored in the water tank (capacity < ~18 m3). A
branching pipe will be added to place the test section on the water tank. Piping
of the existing chiller unit will be branched to the water tank to maintain water
temperature low. To eliminate additional dissolution of air into water,
returning water is ejected well below the liquid level in the water tank by
extending return-pipings and furnishing a long drain channel to the test section.
These loop modifications in conjunction with an installation of the initial target
assembly are planned to be completed by the end of October, 1995.

3.2 Target Components

The target assembly is composed of several components as shown in
Fig. 2. Most walls are made of transparent Acrylic resin for a visual
observation of the jet flow behavior. Current design (design strategy) of each
component for the initial water experiment is summarized below.

(1) Flow Straightener Duct (Fig. 2)

s role - vanish flow history (secondary flow etc.), and
provide an uniform velocity distribution at reducer inlet

o structure - a rectangular duct containing several perforated plates
(FMIT design alike)

(2) Reducer (Figs. 3 and 4)
* role - form a precisely defined jet with uniform velocity
distribution, minimum boundary layer thickness and
minimum turbulence

- give a large space for irradiation sample as well as good
accessibility

e structure - double 2D-reducers with boundary layer stripping-off
system (new design, Fig. 4)
- wall curve by Shima reducer modell13]

(an improved but simplified Goldstein modell14] based on
potential flow theory)

» notes for the new design:

(a) - Measured back-wall static pressures for two FMIT target designs,
shown in Fig. 5, suggest that the radius size at the most converging part
controls static pressure profile along the reducer back-wall. Relatively
large radius which is given for small convergence ratios scems to be
preferable for a smooth decrease in the pressure.
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(b) The Shima model gives a (x, y) curve of symmetric 2-D reducers
by a set of simple equations as

%ﬂ{(—gdr1)tan_h‘1[cos6)+%(~%—1)h1[2[1—cos26)}+[ 2(—%+1) —[%Jrl”cose} )

X _

X=

E-de g {g-ye-[al ey -lsme ).
where a, b = width of inlet(6=0) and outlet(6=n). This can be one of well-

defined reducer geometries. The empirically-obtained FMIT asymmetric
reducer is difficult to reproduce rigorously without detailed information.

(¢) The double-reducer gives larger space for irradiation sample than a
single reducer (i.e. FMIT symmetric reducerl9 161},

(d) 2-D numerical simulations indicated that this double-reducer nozzle
creates a jet flow with low turbulence and thin boundary layer. Gradual
change in the velocity and pressure profiles is preferable for a stable jet

flow. (see CDA-T-I-1 [2])

(e) To experimentally observe the influence of boundary layer on the
behavior of the high-speed jet flow, a pair of sinter-type walls 1s planned
to apply to strip the boundary layer.

(3) Curved Back-Wall Chamber (Fig. 3)

» role - keep jet low-turbulent with minimum interfacial
fluctuations without surface and bulk flashing.

s structure - cylindrical with inner radius of 250 mm enclosed in
uniform-thickness walls ' (FMIT design)

- 240 mm-wide, 90 mm-high for back-wall part
(20 mm margin to side walls)

- Gas-phase pressure ~ water vapor pressure (diffuser case)

(4) Drain Channel (Fig. 3)
* role - transport high-temperature fluid away from vacuum system

without reversal of vapor and droplets generated by surface
and bulk flashing and/or splashing.

o structure - straight rectangular duct (FMIT design alike)
or - diffuser with straight rectangular duct
(new design)

« notes for the new design:

(a) The static pressure is expected to recover by the diffuser with no
flow choking at the diffuser inlet with the nominal water jet velocity.
This enables the gas pressure in the curved back-wall chamber to decrease
down to the water saturation pressure when water is discharged to the
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water tank under atmospheric pressure. A long gradual-curved channel
down to a quench tank in vacuum, employed for the FMIT target system,

"may cause an exposure of high-temperature Li core to vacuum and a
reversal of Li mist back to the target region.

(b) The diffuser can confine the free-surface region on which
evaporation of Li may take place. Recovery of the static pressure is good
to avoid flashing of the high-temperature core of the Li jet flow, and
contribute to increase the suction pressure of the Li loop EM pump.

(5) Other Feature
Liquid film at upstream of diffuser entrance (Fig. 3)

to decrease impact of free surface onto the diffuser curved-
wall entrance, to clean the bottom surface and to condense
vapor on the low-temperature film surface  (new design)

* notes for the new design:

(a) This is a trial to observe the influence of the liquid film onto the
diffuser inlet flow condition in the water-loop experiments.

(b)  The film is expected to bring splashed and solidified Li droplets on
the front wall, back to the Li jet. In the Li flow experiments for FMIT,
splashing of Li was found to be unavoidable during the flow transient
including the facility startup. A part of Li vapor from the elevated-
temperature surface of Li jet is further expected to condense on the low-
temperature Li film surface.

4., Test Items and Measurement Parameters
4.1 Test Items

High speed jet with free surface being irradiated by DT beam in vacuum
would indicate various responses depending on the fluid condition and loop
operating modes. Experienced responses in the water and Li experiments for
FMIT include splashing, flashing, bubbling, ripples (changing from 2D to 3D
along with the length of the jet). Most responses are expected to appear during
steady operation and some transient flow conditions that are included in the
usual operating procedures. The planned test items thus include

Transient operations  Startup and Shut-Down
with gradual change in the flow rate

Steady operation Parameters : loop flow rate (jet speed)
fluid temperature

Some transient responses, for example; sudden increase/decrease in the
flow rate, loss-of-flow and oscillation in the flow rate, may happen under
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accidental situations. Such unusual flow conditions may also be included in the
water-loop experiments.

4.2 Measurement Parameters and Instrumentation

The structure of the resulted high speed jet with free surface is measured
by various instruments which are basically the same as those used for the FMIT
experiments. Dynamic observation of the surface fluctuation by a high-speed
video will be performed with recording rates up to 40,500 frames/s.

« interfacial waves

wave length photograph, high-speed video

wave height photograph, ultrasonic
« velocity Pitot tube, photograph, high-speed video
* jet thickness ultrasonic, photograph, high-speed video
* jet pressure differential pressure cell, Pitot tube

5. Summary of Current Status

The water-loop facility is under modification (by the end of October)
with several new designs and various measuring instrumentations for the initial
target assembly mostly made of transparent Acrylic resin.

Visual observation of the jet flow behavior under various operation
conditions with a quantitative measurement is planned to perform.

6. Plans to the next stage

Several target designs such as
» FMIT counterparts (an asymmetric reducer),
» those obtained by numerical simulations, and
« those in response to the experimental and analytical results

are planned to be tested.
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Schematic lliustration of Beam-Target Interaction for a
Neutron Source Test Facility
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2 2  Some Comments for the Lithium Vapor Pressure Control

S. Konishi, Y. Kato, Y. Hoshi, and H. Nakamura
JAERI IFMIF Target System Group

1. Introduction

This topic is not an original task to be performed under the WBS, however
identified as important in several of the tasks being discussed in Japan.
Here, some preliminary thoughts are presented for further discussion to
better define the issue and plan a study to understand and solve it in the
CDA.
In order to design a consistent target system, followings are raised as
CONCerns;

Vacuum pumping from the vicinity of the target

Lithium vapor deposition

Li spill and splash from the free surface

Processing of vacuum exhaust

Boiling margin of the free surface

Operation temperature of the lithium loop .

In this section, some concepts to improve the technical difficulties about
these issues are suggested. Some R&D efforts, both designing and
experimental, are being planned.

2.0bjectives - Issues to be solved

Some concepts were worked out and being studied to solve the following
technical issues. The results, if they are found to be effective, feasible and

technically attractive, will be reflected in the target system design.

2.1 Vacuum pumping from the target
Although their is no.solid boundary between the accelerator and the

free surface of lithium target, as space in the vicinity of the target is
usually regarded as a virtually isolated chamber. The target assembly
including back wall are designed to facilitate easy replacement, while the
beam transport is not. For start up, shut down and other operation of
lithium loop, this target chamber should be mechanically isolated from
the beam line with a gate valve. In this chamber, one of the most important
species to be pumped is lithium vapor, and possibly lithium metal and
compounds aerosol, mist or small particles. Lithium free surface may
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desorb some deuterium or tritium by vacuum extraction and bombardment
by the beam. In order to maintain the good vacuum (~10* Pa) in the beam
line, dedicated vacuum pumpingijmrmBy the reasons above, this virtual
target chamber in the IFMIF system has rather unique circumstance, and
thus the requirements for such vacuum pumping system are quite special
and difficult to be met. Particular difficulty is related to the handling of
active lithium and radioactivity of tritium.

2.2 Lithium vapor deposition :

Lithium atoms evaporates from the free surface are released into the
vacuum in the molecular flow region, where no collision is anticipated
until such atoms hit the wall. Therefore the beam line and the wall of the
target chamber are exposed to the lithium vapor that finally deposits on
them. The amount of the deposit is a function of the temperature and
cubic angle, and is not significant from the stand point of lithium loss. It
could be a potential problem in the maintenance, because it will be a
mixed waste. Lithium spill and splash in the target chamber causes
similar problem. Depending on the start up scenario, inner wall of the
chamber may be wet with the lithium.

2.3 Processing vacuum exhaust

Lack of the vacuum pump that is compatible with and capable to
handle lithium metal requires a separation process of lithium from other
vacuum exhaust, such as foreline trap. Dominant species of the vacuum
exhaust from the target chamber and beam line will be, hydrogen isotopes,
oxygen nitrogen and inert gas. Light hydrogen (protium) comes from
nuclear reaction and residual moisture in the vacuum system that is
decomposed by the reaction with lithium. Major sources of oxygen are
also the moisture, oxide on the surface, and possible minor air leak.
Nitrogen could come from a Jeak. All of these elements can react. with
lithium, if they are mixed with lithium vapor in the target chamber or
vacuum piping from it. Therefore, exhaust gases except for inert such as
helium and argon, will actually trapped as a compound with lithium. It is
then rather reasonable if these species can be combined with the chemical

process of the main lithium loop.

2.4 Boiling margin of the free surface .

One of the major reason to limit the operation temperature of lithium
target to be low is to limit the evaporation problem. Even if the boiling
from the inside of the liquid film is avoided, vaporization from the free
surface that increase with temperature exponentially strongly require the
temperature to be kept minimal. On the other hand, lithium loop that 1s
operated at the temperature merely above the melting point has very narrow
window to stable circulate lithium. Effectiveness of the cold trap is rather
poor due to the small temperature difference between the loop and trap
temperature. If the loop temperature can be increased without increasing
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vapor pressure on the lithium target, the design and operation of the
lithium loop may be easier. Under the vacuum, no lithium vapor can be
expected to come back to the surface regardless of the pressure. If any
molecules exist near the surface of the lithium, temperature of the lithium
can be raised to the point correspondent to the effective vapor pressure.
The increased margin for the boiling point will allow the operation
temperature of the lithium loop to be more flexible, and relief design
constraint.

3.Results of the preliminary studies
3.1Evaporation of lithium
By the simplest model, evaporation of lithium atom from the free
surface exposed to a vacuum can be described by molecular kinetic theory.
Flux of the molecule passes through a unit of area is written,

d=Lny
d

and with Boltzmann distribution, the mean velocity is,

v= Vf(v)dv=f\/-<5;§77" , [f(v)dv =]

4
and thus is a function of temperature and pressure. Using vapor pressure,

rate of lithium evaporation is determined only by temperature. Figure 1
and 2 respectively shows the vapor pressure and flux of evaporating lithium
as a function of temperature. At 300°C, vapor pressure of lithium is 10°
torr and the loss from 5x20 cm area is estimated to be 0.55 g/day. This
seems not a significant number, and the actual temperature of the lithium
free surface is expected to be smaller. Some unexpected beam-lithium
interaction other than thermalized heat such as sputtering might increase
evaporation.

The direction of the lithium atom emitted from the liquid lithium is
believed to obey the cosine low, and the velocity will be Maxwellian, and
thus perpendicular to the surface line has the largest fraction. If the beam
is injected vertically into the jet, lithium flux comes into the beam line
will be maximum and cannot be pumped. Heat is removed by the kinetic
energy of the evaporated gas from the lithium jet. Taking account these
into the computer simulation of the lithium jet will describe the phenomena
well. In the vacuum where mean free path of the lithium atom is [onger
than the dimension of the target chamber, evaporated Li deposits to the
surrounding surface that is anticipated to be cooler than the jet. It should
be noted that the movement of lithium has the preference and is not
isotropic, and thus temperature and pressure cannot be defined. For instance,
partial pressure and temperature of the lithium vapor from the free surface
of the lithium may look like that from the temperature and saturated vapor
pressure of the jet, but is not at equilibrium because nothing comes Into
the jet at this partial pressure and temperature
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3.2 Differential pumping of beam line - target chamber interface
The required vacuum in the beam line is [x10“ Pa, that is in the same
order of lithium vapor on the 300°C surface. If the pressure in the target
chamber is maintained higher, temperature of the surface can be increased.
Differential pumping of the target chamber, and the interface with beam
line will provide such a different pressure. The inner surface of the target
cell will have to be heated to provide lithium vapor equilibrated with the
chamber. Vacuum exhaust from the target chamber contains significant
Li vapor, and needs separation process. Trapped lithium will finally have
to be recovered. -
Beam line will be equipped with several baffles to effectively isolate
from the target chamber by this differential pumping. ?&?3. Chowl goa a0l

3.3 Liquid lithium flow in the target chamber
The inner surface of the target chamber will have a deposit of major
part of lithium evaporated from the lithium jet. This lithium should be
periodically removed and recovered. As described in the design previously
reported in the plan of the water-jet experiment, small portion of liquid
lithium introduced into the target chamber will trap the evaporated lithium
and return it to the main loop@:\This concept is also applicable to recover
the spill and splash of lithium cbmes from the free surface.

3.4 Lithium diffusion pump

This concept provides the possible solution to evacuate the target chamber
and beam line with reduced load for exhaust processing, completely prevent
the lithium vapor flux into the beam line, and at the same time increase
the boiling margin of lithium jet.

Attached figure illustrates how the lithium vapor sprayed to the liquid
lithium would work. Diffusion pump, that is extensively used as commercial
product of oil-diffusion pump or mercury diffusion pump utilize the flux
of vapor that provide gases of momentum to desired direction for pumping.
This vapor flux from the nozzle is not isotropic, just same as the evaporation
of lithium from the jet, and has somewhat parallel direction. To this
direction, vapor has virtual temperature of boiling liquid T1, but to the
opposit direction, it is equivalent to cryogenic temperature where very
few molecules come out. If this vapor jet is sprayed to the evaporating
surface of the liquid lithium, lithium evaporation will be equilibrated
with the flux, that is equivalent to T1. Thus, boiling margin can be
increased and the lithium surface can be as hot as the temperature T1. At
the back of the nozzle, no vapor of lithium come through the jet due to the
collision, and thus net evaporation from the liquid lithium is zero. (In
fact, negative). As a result, from the target to beam hne, ideally no
lithium vapor will diffuse. Moreover since this is a diffusion pump, any
gas from the beam line will be transferred to the lithium jet and will be
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removed from the vacuum chamber.

Figure 4 shows the example of this lithium diffusion pump concept
applied to the lithium target. Lithium used for diffusion-pumping can be
provided from the main loop, and additionally heated to provide sufficient
vapor flux.. The lithium vapor is recovered in the main loop, either
directly injected to the free surface, or trapped on other surface and led to
the main loop. Pumped gas such as hydrogen isotopes, oxygen, and
nitrogen will react with active lithium, but they are anyway to be removed
by the main chemical loop that purifies lithium. Only inert gas such as
He will be pumped by additional backing pumps. Thus, lithium diffusion
pump is quite suitable in the aspect of entire chemical processing of
lithium and vacuum exhaust.

Diffusion pump vapor is typically at 107 torr~1 torr equivalent. With
this flux, any area facing to this flux is hit and filled in 107 sec, that
means the gas at the velocity of 1000 m/s can be hit at least once in 10 cm
of flight. The temperature of liquid lithium in the pump boiler is therefore
required to be heated to 500°C ~ 700°C.

The geometry and structure of diffusion pumps are well developed
and mature technology. No difficulty is anticipated to develop the lithium
diffusion pump, except for the material withstand high temperature lithium.

. m
4. Concludint repark
Several issues related to the target and its facing vacuum system are identified,

and possible methods to solve them are suggested. Although all of the
proposed concepts are rather premature, some may be valuable to pursue

for feasibility studies.
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3. Preliminary Conceptual Design for Li-loop System Lay-out and Component Design

3.1 TIFMIF Li System Layout and Some Components Proposal

Y. KATO, S. KONISHI, Y. HOSHI
IFMIF Target System Group of JAERI/JJAPAN

1. Introduction

The proposal of Li cooling system concept and general layout of primary
system, based on the design of critical components are presented in this

paper.

The reference systems comprise primary, secondary and tertiary systems.
The primary system has a branched subsystem "purification system". The
purpose of secondary system (organic) is to avoid direct Li-water
reaction in case of heat transfer tube failure. The capacity of primary
loop is decided considering that lithium absorbs 8.75MW of continuous
beam power. The cold leg temperature and flow rate is selected,
referring to the thermo-hydraulic analysis of Li jet. The resultant
average hot leg temperature is expected to be ~265°C,

The primary system operates under vacuum, but the pressure recovery
system may be adopted, if the effectiveness of a diffuser is verified by

hydraulic test planned in autumn.

The preliminary design of critical components, such as electro magnetic
pump, lithium cooler and tanks was executed to investigate whether or
not there are any technical difficulties. As a result, it proved that all
components can be designed and constructed, making use of much
experience with sodium, but it is desirable to clarify the uncertainties
peculiar to Li environments.

The general layout of primary system, based on the above components
design is given herein. However, this arrangements or floor area may
change after taking into account the component maintenance and measures

against L1 lcakage.

Finally, the authors pointed out the items which need considerable studies
or have to be cleared during CDA.
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2. System Design

Reference system consists of primary, secondary and tertiary loops. The
final system parameters and system concept are shown in Table 19-2-1
and Fig. 19-2-1, respectively. The followings are the key features.

(1) To eliminate secondary system (for instance, to employ heat pipe or
double-wall heat exchanger) may lead to simple system and low
cost. However, indirect organic cooling system was selected as
reference, taking the least probability of Li-water reaction more

important.

(2) The reference operational pressure is 107" Pa. The pressure
recovery system may be adopted, if the effectiveness of a diffuser

are demonstrated by a hydraulic test.

(3) The pressure of primary loop is higher than that of secondary
system at Li-cooler at any moment. This must be finally decided,

however, considering that:

a. how to detect the small leak
b. radicactive materials transfer
c. separation of mixture

(4) The surge tank is installed to absorb the thermal expansion volume
and uppermost piping volume or to keep stable operation of
purification system. From the view point of economy, elimination
of this system may be brought up for discussion.

3. Component Design
(1)  Primary Pump:

Electro Magnetic Pump (EMP) was selected, compared with
mechanical pump which gives impact on the system design as
follows.

a. free surface requires elevated layout and lithium level control

b. lithium leaking risk
c. higher pressure drop

The experienced capacity of EMP was investigated. (See Fig. 19-2-2)
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Up to about half the capacity of full flow (IFMIF), we have already
expericneed much with sodium in Japan. Also 10,000 {/min
(~3kg/em ) FLIP (Flat Linear Induction Pump) was designed,
constructed and tested more than ten years ago. The largest EMP
(44,000//min) manufactured by Toshiba is being tested in the

United States.

So there is no difficulties with design and construction, but Toshiba
says "The operational experience of small scale pump (~1,000.£/min)
would be desirable o confirm electro-magnetic properties of Li."

Electro Magnctic Flowmeter:

EMF, at present, is the best selection, because there is much
experience with sodium. However, this kind of flowmeter needs
absolute calibration, using gravitational flowing-down lithium.
Also it is desirable to operate under lithium environment.
Ultrasonic flowmeler may be the next candidate.

Lithium Cooler, Tanks, Valves:

There is no serious problems with design and construction. The
only data we nced are corrosion rate, heat-transer characteristics
and pressure drop after a long period of operation in lithium with
some level of impurities. (Ref. Fig. 19-2-3)

4. Layout

The general layout of primary system is shown in Fig. 19-2-4~Fig.
19-2-9, Howecver, this arrangements may be changed on modified as the
design get into details. The matters having important cffects on layout

are the followings.

(D
(2)
(3)
(4)
(5)
(6)

periodical exchange of target assembly
maintenance of active components (valves, pumps)
adoption of pressure recovery sysiem

shielding structures of components

measures against lithium leak {detection, accommodation, safety)

gas evacuation system design (vacuum pump, evacuation duct)
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5. Items to require great efforts

(1)

(2)
(3)

(4)

(5)

(6)

gas evacuation system

a. production rate of gaseous reaction products
b. selection of vacuum pump and evacuated gas treatment (tritium)

c. low pressure drop Li vapor trap
radiation damage of selected organic fluid

measures against lithium leak, from the view point of detection,
acomodation and safety

remote handling machine (periodical exchange of target assembly
and maintenance of active component)

estimation of dose rate for radiation shielding design (radicactive
materials deposition data)

impurities removal system (acceptable level, C/T or H/T design
data)

6. Conclusion

(1)

(2)

(3)

There are no difficult problems to design and construct lithium
components. However, lithium loop operation experience such as Li

Technology Test Loop is highly desirable to refiect uncertain
factors associated with lithium environments on detail design.

Among 5. ltems, gas evacuation system, measures against lithium
leak and remote handling system are the most important ones.

The major parameters, such as beam power and target size.
influencing the capacity of the cooling system shall be fixed as soon
as possible. Water loop test is indispensable for final judgement.
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Table 19-2-1 Specification of Target Cooling System

Primary System (Lithium)

Beam Power

Flow Rate
operating temperature

operating pressure Yacuum at
Target, Quench Tank

Piping Size

Velocity in Pipings

Velocity at Nozzle Exit
System pressure drop
Purification System Flow Rate

total inventory of primary system
Secondary System:

Cooling Fluid

Tertiary System:

Cooling Fluid

— 128 —

8.75MW
(35MeV x 250mA)

88 Z/s
220 °C

10°* Pa

6B/8B

4. 7m/s 2.7m/s
~20m/s (max)
2.5~3kg/cmz
<5%

~14m3

Organic Fluid
Therm S-600

Water
(cooling tower)
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Fig.19-2-5 Plan View of Primary Loop (3F)
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3.2 Preliminary Conceptual Li-loop Layout § Component Design and Evaluation

L. Green, G. A. Bayles, R. E. Witkowski, R. M. Slepian
Westinghouse Science & Technology Center

IFMIF-CDA Technical Workshop on Li-Target System

Tokai-Mura, Japan
July 18-21, 1995

flyv?ajm 1995 Westinghouse
' _ Science & Technaology Center

LITHIUM LOOP REQUIREMENTS

Jet Width 22-24 cm

Jet Thickness 2 cm {nominal}

Jet Velocity 17-20 m/s

Flowrate 75-100 Us

Beam Power 250 mA (upgradeable
to 500 mA)

Inlet Temperature 2200°C

Mixed Outlet Temperature 270°C (250 mA)

LG Vg2 Westinghcuse

July 18-21, 1995 -
Science & Technology Center
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COMPARISON OF IFMIF LOOP
REQUIREMENTS TO OTHER SYSTEMS

ELS ESNIT FMIT IFMIF
Lithium Velocity @ Target (nvs} 17 17 17-20
Jet Width (cm) 10 10 22-24
Jet Depth {cm) 2 19 2.0
Jet Height {em) 5 5 7-9
Main Loop Lithium Circ. Rate (I/s) |38 40 33.38 80-100
Beam Power {mA) NA 50 100 250 per target
Beam Width (cm) NA 3 (dia) 3 20
Beam Height (cm) NA 1 5
Cooling Heat Load (MW) NA 2 3.5 17.5
Max. Nitrogen Cone. (wppm) 60 10 400 TBD
Max. Carbon Conc. (wppm) TBD
Max. Oxygen Cone, {wppm) 100 10 10 TED
Max. 'Be Conc, (wppm) NA TBD
Max Tritium Conc. (wppm) NA TED
Max. Hydrogen Conc, (wppm) 10 60 TBD
53;’?:21.1995 Weslinghouse
Science & Technology Center

LITHIUM LOOP SUBSYSTEMS

Main lithium loop

Chemistry purification loop

e Impurity monitoring loop

o Lithium transfer system
¢ Main electromagnetic pump
53;:‘9‘_‘21 1995 Weslinghouse
' Science & Technology Center
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MAIN LOOP COMPONENTS

* Quench Tank

e Surge Tank

e Lithium Dump Tank

¢ Organic Coolant Dump Tank
e Main EM Pump

e Trace Heating, Valves

e Lithium-Organic HX

* Organic-Water HX

e Vacuum/Argon System

33;?;21 1985 Westinghouse
' Science & Technology Center

DESIGN CRITERIA & SIZE/VOLUME OF
IFMIF MAIN LOOP COMPONENTS
COMPARED TO OTHER SYSTEMS

ELS ESNIT FMIT [FMIF
Main Loop Lithivm Cire. Rate (I/s) 38 40 33-38 20-100
EMP-1o-Target Pipe Size (cm) 10.16 1016 10.16 15.24
Qeunch-to-EMP Pipe Size (cm) 15.24 15.24 15.24 20.32
EMP Qutlet Velocity (nmvs) 4.7 4.9 4.7 4.6
EMP Jnlet Velocity (m/fs) 2.1 2.2 2.1 2.6
EMP-1o-Target Pressure Drop (MPa} 0.077 0.088
Quench-to-EMP Pressure Drop (MPa) 0.010 0.001
Target Head Loss (MPa) 0.194 0.076
Lithium Cooler Pressure Drop {MPFPa) 0019 0.034
Total Main Loop Pressure Drop (MPa) 0.300 0.2
EMP Pressure Head {MPa) 22 0.360 0.275-0.5 |0.28
Main Loop Purnp Suction Head (MPa)  |0.04 0.04 0043
Quench Tank Capacity (1) 1900 900 2270
Surge Tank Capacity (1} 1900 . 2500
Dump Tank Capacity (I} 6400 6400 6400 TO00
Lithium in Piping, Heat Exch.(l) goo0 3750
[Total Lithium (1) 3800 4550 5940
Lithium Transfer Pipe Size (cm) 127 2.54
ijw V?a:m 1995 Westinghouse
FEE Science & Technology Center
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IMPURITY MONITORING AND
CHEMISTRY LOOP LAYOUTS
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Design Considerations for IFMIF EM Pump

§G| v$;_22 Westinghouse
uy Science & Technology Center

Major Design Objectives

e Proven Technology

¢ High Reliability

e Long Life

e Low Development Costs

5;;! v?s%m Westinghouse
4 Science & Technology Center
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IFMIF EM Pump Design Requirements

(Estimated)
¢ Design Flow Rate 100 /s (1580 GPM)
* Design Pressure 0.276 MPa (40 PSD
e Max. Lithium Velocity 10 m/s (40 ft/s )
* (Operating Temperature 200-350 °C (400-660 °F )
e NPSH 8.7 m (29 ft)
* Pump Cooling Nat’l. Convection
e Service Life 30 yr
:&;583-22 Westinghouse
Science & Technology Center
Design Options

* Design & Build Single New Pump

— ALIP
— SIP/HELIP
¢ Build 2 Parallel Pumps
— ELF Mark II :
— ALIP
s @ gcﬁzggg}f#:‘éhnology Center
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LLarge EM Pumps Have Been Successful

Existing EM Pumps for Selected Liquid Metals

100 - -
® Sodium
L % Sodium-Potassium
4 Bismuth ]
80 - ¥ Lithium e
[ ®pc ]
noc
60 F- >
5 b AU
5 K ALIPY A ¢ * ]
o [ oon ecc F.LIF 3
40 -
3 SIF & aLip ® FLP
ALC
& HREMP
20 ®siP =
S S
10 100 1000
LG Vg5 Flow Rate (/s)

July 18-22

Design Recommendat

e Parallel Pumps

~ Proven History

— No Development Required
— 61% Cost of Single Pump
— Meets All Requirements

— Length: 2.13 m (84 in)

— Diameter: 0.213 cm (16 in)
— Weight: 614 kg (1350 1b)

LGVgé
July 18-22

Pressure (kPa)

Westinghouse
Science & Technology Center

Nn

|
ELF Mark Il Performance

1000 et
800

600

400

Design Point A

Flow Rate (I's}

Westinghouse
Science & Technology Center
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ANNULAR LINEAR

INDUCTION PUMP
EXPERIMENTAL LITHIUM SYSTEM (ELS)

s

MARK 11
STRUMENTATION STANC
N JON HION POWER STANCHION
_ THERMOGOUPLES . .
STATGR RETENTICN BANDS PUMP & HEATER
POWER CONNECTIONS
Iy, LAMINATIONS =9
[ HANDLING SUPPORT
TRACE HEATERS, -
oy 8l
LIQuID AR/

Lo, Xy it
%
[ P >
/ A
TCGRFEDG FIN ,

TORPEDO CASE COILS FLUX AETURN TRACE HEATERS

i a2 e

CASE DIFFERENTIAL
EXPANSIGN AELLOWS
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MAIN LOOP ISSUES

Material Choice
— S8S316 L.

EM Pump

* Organic coolant radiation damage

Shielding requirements

53;‘19;_;1 1985 Weslinghouse
' Science & Technology Center

OTHER AREAS CONSIDERED

* Loop Enclosure
— Carbon steel lining in test cell and lithium cell

— Nitrogen inerting/heat removal from normal
operation
— Argon injection under accident conditions

 Remote Maintenance Considerations
— Dominated by "Be activity
— Significant potential contributions from #?Na, **Na, o
corrosion products W) e
— Large uncertainties in solution and plating out of "Be
— Local shielding of large surface area—/components
(LHX, Traps, EM pump, drain valve)

55];1981-:1 1995 Waestinghouse
' Science & Technology Center
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OTHER AREAS CONSIDERED (cont’d)

e Safety Features |
— Steel module enclosures, modular design

— Lithium ionization detectors (LIDs) for leak detection
and location (feasibility demonstrated)

— Jonization smoke detectors

— Argon flood system

— Fast main dump valve

— Carbon microspheres for fires

53;59121 1995 Westinghouse
' Science & Technology Centet

OTHER AREAS CONSIDERED (cont’d)

e RAM
— Loop availability requirement ~95% for system
availability at 70%
— Access to LHX tubes required for plugging/sleeving

— Tradeoff of maintenance vs redundancy

¢ Shutdown and decommissioning

LG vg 14 Westinghouse

Juty 18-21, 1995 .
S Science & Technology Center
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4. Li Purification System Design
4,1 IFMIF Chemical System and R&D Proposal

S. Konishi, Y. Kato, and M. Takahashi
JAERI IFMIF Target System Group

1.Intropduction
The Objective of this task is to provide a database on closed lithium loop
for purity control and impurity processing in the IFMIF target system. In
order to stably operate the target and reduce the radiological hazard, it is
necessary to maintain the purity of the liquid lithium. For the design of the
lithium circulation system, both impurity detection and removal technologies
should be developed and evaluated. It is considered that the IFMIF
community shares the accomplishment of the liquid lithium loop technology
achieved as the prototype FMIT loop in early 1980s. Also, Japan has
established a design data base for ESNIT lithium loop. The activity of this
task is therefore focused on evaluation of integrity and improvements of
some key issues to meet the modern and realistic requirements to be applied
for future IFMIF loop. Both designing and some experiments are being

performed .

2.Technical outline of task

Evaluation of existing technology of impurity detection and processing is
being performed with the reference design based on the results of ESNIT
design study. Some of the critical components are considered to require
R&D activity. This task pursues the hot and cold trap design for removal
of impurity such as Be, O and N. Detection and removal of DT by some
other approaches is considered. Experiments are planned to verify the
feasibility of some techniques to be reflected to improve the design in the
CDA phase.

Actual handling of lithium loop is planned in the part of this task using an
apparatus operational in the Tokyo Institute of Technology.

3.Plan and current status
3.1 Lithium loop design study
Design of the lithium chemical subloop for ESNIT is being reviewed
and modified to meet the requirements for IFMIF. Evaluation of Lithium
chemistry data base and component design of the components such as ;
Cold Traps, Hot Traps, Impurity measurement, and Hydrogen isotope
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separation are planned. Some alternatives are considered for hydrogen
isotope processing. Experiments are expected to provide the information
on, system processing characteristics, scalable data for capacity of impurity
processing, impurity behavior database, and suggested desirable system
configuration, operation capability and limit for IFMIF relevant conditions.
Data will also be utilized in the safety analysis and entire facility design.
The results to be obtained until the end of 1995 will provide sufficient
data to allow decision on the lithium chemical process and further testing
of the integrated system.

3.2 Hydrogen sensor development
New type of hydrogen sensor is under fabrication and planned to be
tested in stand alone experiments. Based on the results, a prototype of the
sensor assembly will be tested in a lithium loop in 1996. Cold trap may
also be tested to verify the performance.

3.3 Lithium loop test
The lithium loop in the Tokyo Institute of Technology is one of the

few valuable resource to be available for TFMIF CDA. It origmally was
constructed for the study of the lithium-heliu two phase flow for liquid
breeding blanket application, but is also capable to flow pure liquid lithium.
It has almost all of the essential components required to operate lithium
loop such as EMP, quench tank, cold trap, plugging indicator and
instrumentations. In this year, the operation of the loop as it is, and
possible to obtain some impurity analysis in actual loop will be attempted.
Particularly the impurity concentration and species under practical condition
will be valuable information. Some "grab” samples will be taken fro the
operating loop and will be chemically analyzed offsites. In 1996,
experiments on the purity control such as measurement of effectiveness of
the cold trap, and some field tests of the hydrogen sensor will be planned.
Currently, preparation for the operation of the loop, and sampling from
working loop is performed.

4, . Results
Prelininary considerations and system analysis are made for the entire

material flow and processing in the IFMIF target system. Followings are
some of the results of the conceptual designs that will identify the technical
issues to be further pursued by R&D efforts as well as design.

4.1 Lithium chemical loop design
The reference design of the lithium chemical loop is based on the

ESNIT design, and no major problem or change is identified yet. In
order to achieve the required impurity level, only a part of the lithium
will be taken from the main target loop to the purification process. It is
pointed out from the safety stand point that the total lithium inventory
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is desired to be minimized. Since the generation rate of the impurity in
the loop is anticipated to be the same level, only the proportion of the
lithium to be sent to the purification system will increase, without
changing the capacity of the purification system.

Oxygen and nitrogen impurities are trapped respectively at cold and
hot traps. These impurities are anticipated to come mainly from air in
the occasions in itnitial loading and periodical maintenance. The hot
trap for nitrogen removal is therefore planned to be used mainly such
initial cleaning. Amounts of incoming these impurity elements in normal
operation are unknown and the current design is not quite ready to
handle if they are significant. Possible minor leaks in the beam line
vacuum would be the one of the major source. Beryllium generated by
the nuclear reaction will be one of the major source of activities in the
lithium loop and trapped as nitride. It may be needed to induce some
nitrogen on purpose for this purpose if the nitrogen is consumed and
exhausted during the operation. Because the cold trap will accumulates
the "Be and other impurity nuclides, radiation shields will be required.

4.2 Hydrogen trapping options

Control of hydrogen isotopes in the lithium is one of the issues to be
solved during the CDA. Inventory limit of the tritium in the lithium
loop must be considered in the selection of process. Currently both
cold trap and hot trap are considered for hydrogen removal. Major
source of hydrogen isotopes are, deuterium beam, hydrogen comes from
moisture in the residual gas after the initial loading and maintenance,
outgasseing in the beam transport, and tritium produced by nuclear
reactions. Approximately 2 x10'" atoms per mA/s of beam is estimated
to generate by direct reaction. Reaction of lithium-6 with slower neutrons
are not estimated, but could be significant and thus tritium production
rate could be larger than the previous estimations. Trapping of D and T
by yttrium is simple, and probably cost less than other options, but the
regeneration will not be realistic. The traps will be relaced, and the
trapped tritium and hydrogen isotopes are disposed as the form of yttlium
hydrides in a metal container. Although the tritium will be immobilized
at the trap, the total inventory will be in the order of several 10 grams
in 9 month period of operation. It is concerned that the total tritium
inventory in the loop may likely be limited, or the entire facility might
be regarded to handle large amount of tritium, that requires special
attention and regulations.

Cold trapping of lithium hydride and periodical regeneration for DT
recovery is more complicated, but technically more desirable to extract
tritium. In this option, multiple traps will be prepared in parallel, and
while one is on line for trapping, the other is regenerated. During the
regeneration cycle, the trap is heated and evacuation or carrier gas
stream extracts the DT from decomposing lithium hydrides to out of
the lithium loop. Other trapped species such as lighium oxide will
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remain in the trap until the disposal of the trap whenever appropriate.
Hydrogen isotope mixture including tritium will be removed from the
Joop and disposed. This option will allow to control the tritium inventory
in the loop, and thus limit the amount of tritium that could be released
in the case of major leak of lithium. Due to the small difference of the
operation temperatures between the loop and the trap, and relatively
large solublity limit, it is concerned that the trapping efficiency of
hydrogen may not be good.

In order to improve the efficiency to recover tritium, continuous addition
of deuterium in the purification subloop, followed by the cold trapping
and isotope can be considered. This option will minimize the tritium
inventory in the loop. With a significantly reduced tritium concentration
and inventory in the loop, it may be expected that the target system
would not be regarded as a tritium system. For the increased amount of
total hydrogen isotopes to be handled, isotope separation followed by
the regeneration of the cold trap will be required to minimize the volume
of waste. Thermal diffusion process is expected to be the best for this

purpose.

4.3 Processing of vacuum exhaust

A processing system for the vacuum exhaust from the target, quench
tank, beam line, cover gas for Li pretreatment or maintenance, and any
other primary loop of the IFMIF is identified as a major part of the
chemical process that needs a special attention in the aspect of the
radiation control. One of the major path for the operational impurity
removed from the IFMIF system is the solid waste. Radioactive beryllium,
nitrogen, oxygen and other impurity elements are trapped/filterated in
the form of solid lithium compounds. The other path of the material
from the primary loop to outside is the exhaust system, and the
performance of this would be the dominant factor in the estimation of
the impact to the environment.

The target lithium that is exposed to the beam should always be
evacuated to maintain the vacuum in the beam line in the range of 10*
Pa. Anticipated species of the gas are, hydrogen isotopes, moisture,
helium and other typical residual gases in a vacuum chaber. Beam
transport will also be evacuated, and the exhaust will contain tritium as
a-product of reaction in the beam line. The exhaust of these vacuum
pumps will therefore require special features for the tritium system.
The pumps should be oil free to prevent contamination with tritiated
oils. Organic materials are subject to the permeation of tritium, and
possible radiation damage that would eventually cause unexpected leak.
The exhaust should be treated for tritium removal. Possible options
are, gettering with active metal such as titanium or uranium, or oxidation
followed by adsorption, depending on the oxygen and moisture contents.
Although significant amount of materials will be activated with neutron
particularly in the test cell region, the airborne activity from the vacuum
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exhaust may be the major source of the release into the environment.

Particular technical difficulty is anticipated for the pumping of lithium
vapor that should be handled as radioactive contaminant. Currently the
only available technique is a kind of foreline trap backed with oil-free
vacuum pump train. The traps will separate the lithium vapor from the
exhaust as a deposit. If lithium makes aerosol or particulates, they may
not be trapped, or a filter that will considerably reduces the conductance
is needed. The trap should be periodically replaced or regenerated.
None of the known oil-free vacuum pumps are known to work well
with lithium deposites. Especially turbo molecular pumps are often
sensitive for deposits that causes error on the movement of the rotor.
Some concepts to capture and/or prevent the lithium vapor mixed with
the vacuum exhaust aresuggested and considered as a part of a Japanese
CDA tasks.

Secondary containment of the IFMIF system and exhaust process is
also studied as a chemical system interfaces with lithium loop. Inert
cover gas for lithium and secondary containment atmosphere may contain
small amount of tritium and some other radioactive materials, and that
should be processed before released to the environment.

4 4 Electrochemical hydrogen sensor

It is possible to monitor the chemical potential of hydrogen in liquid
metal using solid protonic conductor. Attached figure 1 shows its
principle. Solid protonic conductor cell with hydrogen permeable
electrodes on both sides of the membrane generates an electromotive
force corresponding to the difference of the chemical potential on both
sides of the electrodes. This electromotive force is proportional with
the ratio of logarithmic hydrogen partial pressure on both sides. When
one side of the electrode is exposed to the known concentration of
hydrogen standard, and the other dipped in the liquid lithium, the real
time hydrogen concentration in the lithium can be monitored
continuously. Some kinds of ceramics and other materials are constdered
as the electrolyte. Electrodes should be hydrogen permeable while
compatible with liquid lithium. Vanadium, Niobium and Palladium or
these clad materials are considered.

If the feasibility of this cell is verified, it may also be used for extraction
of hydrogen isotopes from the liquid lithium. Since the principle of
sensing is reversible, with a voltage across the electrode can theoretically
transfer hydrogen from one side to another. Required voltage and
compression is expressed by the same equation, and 100mV is sufficient
to achieve several order of magnitude of hydrogen
compression/extraction. Amount of hydrogen to be extracted is expected
to obey Coulomb’s law. Because the rate of hydrogen coming into the
lithium loop is small, (less than 300mA equivalent including tritium),
the technical difficulty to scale the cell to the desired capacity is expected
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to be small.
Preparation of the proof of principle experiments of above concepts is
undergoing. If the results will be favourable, the results will be reflected

in the process design.

5 Concluding Remarks

Although the experience of operation of liquid lithium is available
from the achievements of FMIT, and many of the components and techniques
of FBR would be helpful, maintaining impurity levels in the loop is
technically quite premature. Particularly, real time monitoring of impurity
species and concentration is not an available technique. Improvements in
this field is highly desirable. When regarding the chemical system of the
entire IFMIF system, it is suggested that the exhaust processing and
integrated control of hazardous materials will require more intensive design
study. Lithium chemical loop is only a part of such an total system.
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D-Beam

Told Trap Cooler
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pmt

—'—%rganfvacuum Su'\m)

Gold Trap Coeler

Quench Tank
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(O TS

Qrganic Lithiun
Gooler A
B Surge Tank
EMP
=D
LN =}
Cooling = e [
Water Pump (%>
Organic Pump '
v
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Hot Trap ’ *

~

Lithium Circulation &
Purification System

Dump Tank
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4.2 Requirements and Preliminary Design for Li Chemistry Monitoring and
Process System :

L. Green, G. A. Bayles, R. E. Witkowski
Westingihouse Science & Technology Center

IFMIF-CDA Technical Workshop on Li-Target Syétem
Tokai-Mura, Japan
July 18-21, 1995

‘1;3 v?;m s Westinghouse
e Science & Technology Center

SOME LITHIUM ISSUES REMAINING
FROM ELS/FMIT EXPERIENCE

e Beam on target behavior not confirmed

e Limited experience with hot and cold traps. Additional
development, esp with hot trap getter materials for
nitrogen recommended

e Limited on-line monitoring experience (PTI, resistivity
meter). Further development recommended

e No heat exchanger

 Development of sampling/analysis methods for O, C,
radioisotopes identified

e Remote analysis in the presence of "Be impurity

o High vapor deposition rates near target in target beam
tube - effect on instrumentation

Lavg2 Westinghouse
In -21, 195 R
July 18-21, 1885 Science & Technelogy Center
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BEAM ASSOCIATED IMPUKITY BUILDUP
(NO REMOVAL)

Be
Saturation: 0.2 appm (1.4 X 105 Ci)

Tritium |
Saturation: 171 appm b 0
20 years 116 appm -
Deuterium

=1 appm/day

LGvg3 .
July 1621, 1995 Weslinghouse
Science & Technolagy Center

IMPURITIES IN ELS LITHIUM (WPPM)

oty Ramge oo~
H 40-80 50
N 6-60 | 15
O 1533 25
C 02-11 2
Si 300-450 350
Ca 400-30 *
Al - 500-200 *

*Concentration decreased stéédﬂy dur'iﬁglloop' 6tjeration |

IJS] "?52.31 1995 Weslinghouse
v Science & Technology Center
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CHEMISTRY LOOP COMPONENTS

e Cold Trap ("Be,O)
200°C

e Hot Trap (H,D,T)
250°C

¢ Hot Trap (N,C)
550°C

e EM Pump

e Flow Meters

* Valves

* Trace Heating

e Vacuum/Argon System

:S,,v f;z, 1985 Westinghcuse
Science & Technelogy Center

DESIGN & SI2E/VOLUME REQJIREMENTS FOR
IFMIF CHEMISTRY LOOP COMPONENTS, &
COMPARISONS TO OTHER SYSTEMS

ELS ESNIT FMIT IEMIF
Cold trap Material S8 58 55 §S
Cold Trap Size {m) 060D,22H 0780D,22H TBD
Cold Trap Throughput (I/s} 0.19 0.5 TBD
Cold Trap Temp (°C) 194 200 200 200
Hot Trap #1 Material Titanivm Yttrium Sponge Yittrium
Sponge
Hot Trap #1 Size (m) 0.410D,134H[0.560D, 1.0H TBD
Hot Trap #] Throughput (I/s) 10.19 0.1 ) TBD
Hot Trap #1 Temp (°C) 550 243 550 243
Hot Trap #2 Material NA Ti Sponge NA Ti Sponge
Hot Trap #2 Size (m} NA 056 0D,22H [NA TBD
Hol Trap #2 Throughput (I/s} |NA 0.05 NA TBD
Hot Trap #2 Temp (°C) NA 550 NA 550
Piping Votume () iy
Surge Tank Volume (I} 380 TBD
LG Vg Weslinghouse

July 18-21, 1995 i
Science & Technology Center
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IMPURITY MONITORING LOOP COMPONENTS

¢ On-Line Meters
— Hydrogen (+ QPMS)
— Oxygen
— Nitrogen
— Resistivity

Off-Line Monitoring
— Flow through tube sampler (FTTS)

EM Pump, Valves, Flowmeters

Vacuum/Argon System

Lavg 6 Westinghouse
July 18-21, 1995 . .
uy Science & Technology Center

CHEMISTRY CONTROL AND IMPURITY MONITORING LOOP INTERFACE

[ ettt ettt i
' IMPURITY MONITORING LLOOP : : : ) CHEMISTRY CONTROL LOOP
E g [ ] 1 1
= T
1 r
FAQOM SURGE ! 1 ll ¥
TANK : :
1 1 3
] 3 )
: ' ¢ HOTTRAP| HOT TRAR | GOLD TRAP
1 3
1 ' . Ta Main Organi
' IR
[==] ! ;
| ) '
\ I Cooler Oullet
' | |
5 A X 1 ' e}
: i P
L 1 1
H 1 ?
1 1
1 1 1
1 1
= [ [

1
TO MAIN LOGP

4 TO DUMP TANK

ij.:gz: 1985 Waestinghouse
Science & Technology Center
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ADVANTAGES OF ON-LINE NON-
METALLIC IMPURITY MONITORING

s Safety
— prompt indication of air in-leakage
— prompt indication of HX leakage
— prompt monitoring of trap performance
— reduces probability of particulate formation
— eliminate hazards of lithium handling
* (Corrosion
— reduces probability of rapid corrosion
— longer life of components
* Handling
~ remote handling of highly radioactive samples
— possibility of contamination
— complexity of chemical analyses

LG Vg 10 .
July 18-21, 1595 Weslinghouse

LITHIUM RESISTIVITY MONITOR

e State of the Art

» Not impurity species specific
— High sensitivity to nitrogen
— Moderate sensitivity to hydrogen
— Very low sensitivity to O, C

e Simple and robust, useful as monitor for large
impurity excursions, e.g. air in-leakage

+ Can provide approximate nitrogen
concentrations in conjunction with hydrogen
meter

LG Vg 11 stin
July 18:21, 1998 Westinghouse
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ON-LINE HYDROGEN METER

» Diffusion through a metal membrane

* Qualified in sodium and lithium systems
— Nb, Nb-1Zr membrane for lithium

* Linear response demonstrated over a wide range of hydrogen
concentrations

— Sensitivity and stability enhanced at high temperature
(~500°C)

* Quadrupole mass spectrometer (QPMS) added for isotopic
mformation

ISSUES
* Concept feasibility fully demonstrated
» Additional loop testing under prototypical IFMIF conditions

LG Vg 12 Westinghouse
duty 18-21, 1993 Science & Technology Center

HEH PRESSURE

HOMIZATION GAUSE

LIS !

T Y

[ON PUMP

HYDROGEN FLUX

THERMOCOUPLE WELL

LiQUID METAL HYDROGEN METER

REPLACEABLE PROBE R
SooiuM ouT

FORE PUMP
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SCHEMATIC OF
WESTINGHOUSE LIQUID
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ON-LINE OXYGEN METER

e Yitrium doped thoria (YDT) electrochemical

concentration cell

¢ Requires low nitrogen impurity concentrations for

acceptable electrolyte lifetime

o Limited tests in lithium at 480°C provided good results
e Small size, compatible with H meter housing

ISSUES

e Requires confirmatory testing of YDT electrolyte

compatibility in the lithium

LGVg 14 Westinghouse

July 18-21, 1985
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MOLTEN SALT
ELECTROCHEMICAL

JAERI-Conf 95-01%

ON-LINE NITROGEN METER

o Potentially, nitrogen is major impurity
¢ Lithium nitride highly corrosive

* No experience in on-line monitoring from sodium
applications

e Large database on chemistry of the lithium-nitrogen
system

¢ Molten salt (LiCI-LiF-Li,N} electrolytic cell identified as
a promising concept

e Iron membrane material for electrolyte containment

ISSUES
* Requires significant development program

LG Vg 16 Westinghouse

Jfuly 18-21, 1935

Science & Technology Center

Iron Membranes

Science & Technology

Westinghouse
Center

Reference Electrode

@

Liquid Lithium Eavironment

NITROGEN METER
Insulating [; 7‘
Z)7

Feedthrough

Congsezl
Moiten Salt
Electrotyte

July 18.21, 1595

LG Vg 17
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STATUS SUMMARY OF ON-LINE IMPURITY METERS

Meter Status
Resistivity  Well developed

Hydrogen Well developed & commerically
available for Na. POP demonstrated
for Li

Oxygen Well developed and commercially
available for Na, feasibility
demonstrated for Li

Nitrogen Concept identified

LG Vg 18
July 18-21, 1895

Development Requirements

Minimal. Demecnstration of use as N
meter when coupled to a hydrogen meter

Minimal. Long term confirmatery testing
with attached QPMS desirable

Long term compatibility of solid
electrolyte in Li

Extensive. POP and long term testing
required

Westinghouse
Science & Technology Center

FLOW THROUGH TUBE SAMPLER (FTTS)

1

s Proven state-of-the-art technique

e Removal of small bulk samples for off-line

analysis

e Both filtered and un-filtered systems tested in

ELS

LG vg 19
July 18-21, 1995

Westinghcuse
Science & Technology Center
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5.2 FMBA Approach and Safety Consideration on IFMIF

S. Konishi, Y. Kato
JAERI [FMIF Target System Group

1.Introduction
The Objective of this task is to provide a preliminary safety assessment of
the lithium loop and entire target system of the IFMIF. The target system.
involves considerable amount of liquid lithium and activated impurities
including tritium, and thus is the major chemical and radiological hazard in
the entire facility. It is necessary in the early stage of the conceptual
design to identify the possible hazards and reflect the safety assessments
into the system design. The expected outcome of the task is a rough
concept of the future safety analysis to be planned in the design directed to
the immediate construction, and to provide some safety related aspects that
may contribute in the design options. It is not an intention of this task to
expand the safety analysis of the entire facility, or to provide any quantitative
safety data base. Although there is no definite design available now, such
an analysis is expected to provide an important aspects in the CDA. The
result will also be reflected in the site determination and site specific

preparation.

2.Technical outline of task
The activity in this task is focused on the Failure Mode and Effect
Analysis of the entire target system design, and some related areas. This
approach is expected to be most appropriate to provide the safety related
information and consideration in this early design phase. Safety aspects
will be given for comparison of technical options in the conceptual design.
It is also suitable to provide common understanding and standardized measure
among parties involved in the CDA. Assumable failures, accidents and
problems in the system are being identified, and rated and classified for
the seriousness, effects and probability. No quantitative analysis is attempted.

3. Plan and current status
FMEA are being made on the following hazards of the target.

Chemical hazard : Lithium fire
loss of vacuum of the target chamber
malfunction of chemical system
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minor and major leak of lithium
interaction problem with beam line
Beryllium

Radiological hazard :Beryllium
Tritium
Other activated materials
neutron and radiation from test cell

Activity has started in this year, and some example FMEA were generated
on generally accepted concepts of target and lithium loop, without considering
any specific design that are not available in this phase of the CDA. This
preliminary analysis is scheduled to be completed by October 1995, and
will be revised by interaction with the ongoing target system design after
that.

3. Results and findings
3.1 Lithium loop hazard

The most important events to be considered is a major leak of the
liquid lithium and the resulting fire. Although the probability is very
low, and the system will be designed to prevent such an event with
highest priority, this hazard will remain as a most important accident to
be considered. The largest impact is related to the release of radioactive
materials to environments. Significant amount of the radioactivity in
the target system could be airborne form such as lithium aerosol. From
this aspect, to minimize the inventory of lithium is essential, because
lithium is the only medium of the movable hazardous material, and its
amount can only be controlled by the concentration in it. Propagation
of the event to accelerator or test cell region is of major concern, and
thus isolation between these subsystems should be considered in the
design. Containment of the lithium loop and its major components
have a significant impact on the potential safety of the lithium system.
It is not difficult and thus lithium fire is not a serious issue.

3.2 Target stability and back wall

Instability of the target lithium film is a major concern. Bubbles,
boiling, instability that generates thin part in the liquid film, and a
sudden stop of loop flow are possible, and the overall probability of
such an event cannot be estimated at this time. The risk and hazard of
this event should be considered in conjunction with the thermal resistance
of the back wall and the response of the interlock that should stop the
beam. The result-of the exposure of backwall to the beak is anticipated
to be catastrophic and typical time constant of the phenomena when a
material is exposed to 100 kW/em® of power is in the range of milliseconds.
It is strongly recommended to increase the reliability and tolerance of
the back wall to maximum level to obtain a response time for interlock,
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however the speed of the detection of off-normal event on target is
questionable. In the safety point of view, isolation of target from beam
line and cell is difficult, and thus effect should be considered in these
subsystems.

3.3 Confinement of radioactivity

Movable radioactive nuclides, particularly tritium is a major hazard
for the environment in the case of accident. Site inventory of tritium is
usually a good measure, however in the lithium target system, the mobility
of tritium could be an important factor. Tritium trapped and immobilized
on some solid media may need a different consideration.

Multiple confinement of tritium and other movable nuclides should
be considered in the entire IFMIF system. Particularly vacuum exhaust
that is anticipated to contain relatively high level of activity will need
careful designing to be acceptable for any of the possible IFMIF sites.
In the off-normal events, isolation of primary subsystems of beam,
target and test cell is not reliably achieved. Containment in the test cell
region to prevent mitigation of back wall rupture is needed. Secondary,
and if needed, tertially confinement should be considered for inert cover
gases for target and test cell.

Contamination and radiation control in the beam line is currently
unknown. It is suggested for accelerator design to assess possible
radiological hazards in both normal and accidental conditions.

3.4 Activation
Activation of the construction materials, equipments and solid materials

in the IFMIF system induced by the scattered neutrons is not a hazards
in the FMEA, because they are not specific in accidents. However,
very high activity around the lithium target limits the access of workers
for emergency operation or quick mending, and any other efforts to
minimize the damage in the accidents. Interlock, remote handling and
fail safe design is extremely important.

Although the effects of the neutron that strayed or is back-scattered
from test cell are not estimated in the target system, activation and
tritium production by thermal neutron may not be negligible.

3.5 Beryllium
Chemical hazard of beryllium is expected to be negligible when
compared to the hazard resulted from any leak of lithium. However in
the leaked lithium, the gamma activity of beryllium is anticipated to
attribute a possible major dose of workers.

3.6 Beam line interface
Some of the events anticipate excess evaporation of lithium that would
~ diffuse to beam line vacuum. Acute effect is a poor vacuum, that can
be handled by pumps. Differential pumping will be effective to maintain
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a sufficient vacuum in the beam line, however no known pump can
handle considerable amount of lithium vapor. Accumulation of lithium
in downstream beam line may cause contamination and problem such
as fire and chemical hazard in maintenance that needs exposure to air.
Here, the needs for a vacuum pump that can handle lithium vapor and
tritium is identified as a major technical issue.

4. Recommendations

Although it is too early to make any conclusions at this stage, several
suggestions and recommendations can be drawn from this ongoing safety
analysis. It is generally agreed that the IFMIF is technically feasible in near
future, however some of the components, design and techniques require R&D
activities to complete the entire facility to be safe and acceptable. As
considered above, for instance, confinement and potential hazard of
radioactivity is a major concern. In general, various technologies required
for IFMIF as a nuclear facility are in the very early stage. Some from FBR
technology will be applicable, but handling of tritium, vacuum, high energy
beam and lithium are rather new.

Fiffects that mitigate from target to other subsystems are not considered
here, but seems important. Further analysis is recommended.

The IFMIF as a whole, can be regarded as a new type of nuclear facility
that has various features to be shared with fusion reactor and blankets. Many
of the safety technology to be developed to complete the IFMIF facility may
be expected to be applicable for fusion reactor. Moreover, it is suggested
that not only for material irradiation study, IFMIF can actively be utilized as
a major facility to study fusion nuclear technology.
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Attachment: example of FMEA
The FMEA is being made for some of the target systems of IFMIF in
accordance with a typical format. No quantitative analysis is made, and
only possible causes and effects of off-normal events are identified and
evaluated.

FMEA ratings
Detection easiness
A easy immediately detected and alarmed
B limited detected with delay or needs observation
C difficult no detection available
Frequency
A operational events more than once per year
B likely events 1/y~10%1y
C unlikely events 102~10%/y
D extremely unlikely events less than 10-4/y
Risk
I  operational caution required
II danger limited function
III  minor hazard immediate halt and repair
IV major hazard accident, damage of facility
V  extreme possible environmental effect
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FAILURE MODES AND EFFECTS ANALYSIS FOR IFMIF TARGET SYSTEM

1. LITHIUM LOOP

COMPONEN

EMP

L1
plumbing

heat
exchanger

cold trap
hot trap

PURPOSE

Circulate
liguid
lithium

Circulate
liquid
lithium

remove
beam heat

impurity
control

FAILURE
MODRE

Process

lIeak

stop

insufficient
flow

Process
leak

plugging

internal
leak

stopped
oil

oil
leak

Plugging
t

Iﬁalf unction
breakthrough
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EFFECT DETECTION
lithium in B.Pressure
Zndary flow
containment
lost A Pressure
target flow  flow
low A, Current
target flow flow
lithium in B .Pressure
2ndary flow
containment
lithium in air B.Pressure

flow
lost A Pressure
target flow  flow
Jithium in B .Pressurece
oil
possible

rad release

loss of
cooling

minor
contamination

loss of
flow

impurity
mn Li
possible
main loop

plug
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MITIGATION
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PREVENTION FREQUENCY

Leak check

current check D

interlock
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check

Leak check

detect
minor leak

impurity

control

alarm,
interlock

A.temperature alarm,

B. pressure

A, flow

B.plugging
meter

interlock

leak check

monitor
DP

impurity
monitor
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2. TARGET ASSEMBLY

MITIGATION
FAILURE OR
COMPONENT PURPOSE MODE EFFECT DETECTION PREVENTION FREQUENCY RISK
Ll absorb minor excess B.flow Interlock A v
beam instability backwall monitor?
power heat
major £Xcess B.flow Interlock B v
instability backwall monitor?
heat
excess Liin A. pressure  interlock A 111
evaporation beam line of vacuum
back wall form Li swelling improper c.” replacement A 111
film Lifilm
rupture Liin test B. 77 replacement  C v
cell interlock
target maintain poor Liin A. pressure  interlock A I11
chamber vacuum vacuum beam line of vacuum
failure in possible A rad interlock B v
exhaust radiation monitor v
pProcess release

Here, for instance, minor instability of the lithium flow is identified as frequent
and serious. It is because a wave on the free surface or formation of bubble
may allow deuterium beam to hit the backwall with near the maximum stopping
power, and destroy it in some milli-seconds. Reflecting this result, the target
design should either improve backwall, stability of the target, or change the
logic so that the target and test cell design can experience such an event
frequently without any mojor safety concern.
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5. 3 Requirements for Li-technology Test Loop and Beam-on-target Experiment

Y. Kato, T. Aruga, S. Konishi
IFMIF Target System Group of JAERVJAPAN

1. Introduction

In the IFMIF-EDA activity we should make practical and final designs of
lithium target system. Some critical issues will be still remained at the end of
the IFMIE-CDA. To clear these issues before construction of real Li-target
system , practical experiments in the EDA term will be required by use of :

i) Litechnology test loop

ii) Beam-on target test facility

2. Concept and design requirements for the Li technology test loop

We think that main IFMIF Li-loop components are able to design and
product on the base of sodium technology so that the R & D of them should not
be made in this Li technology test loop except the issues concerning chemical
behavior and/or some new proposal in IFMIF-CDA. The following
experimental certifications should be made and its results will be made feed
back to EDA design work.

a) Surface stability of target Li jet flow for reference IFMIF target.

b) Corrosion /Erosion of target assembly (nozzle, backwall, etc.)

¢) Feasibility of large capacity EMP (or parallel operation of smaller
size EMP) ,heat exchanger and some components or devices which
are proposed in the CDA activity.

d) Calibration of EM Flowmeters

e) Calibration of on-line impurity monitors and the function of
chemical processing system

f) Function of the exchangeable target assembly by remote operation.

) Emergency counter operation for Li leak, EMP trouble and others.

The components ar devices tested in this loop could be used again in the

real Li target system if their features are proved. The draft of the Li technology
test loop is shown in Fig. 1.
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3. Beam-on target experiment

The main purposes of the beam on target experiment are:

A) Analysis of the boiling phenomena in the target L1 jet flow

B) Evaluation of the vaporization rate of Li by thermal evaporation and
by spattering

C) Stability confirmation of Li flow at the beam-on.

For the IFMIF reference target size (5 x 20 cm) and the beam conditions
(250 mA), boiling margin and vaporization rate of Li are assumed to be not so
severe. In the present status, there are no high current ( >100 mA,35MeV, CW)
deuteron or proton accelerator which could be used for IFMIF target study in
Japan. _
However the maximum current density and /or the maximum target size
along with the vertical flow direction for evaluating the surface boiling
phenomena could only be demonstrated by the beam-on target experiment.

There seems {0 be two ways:
1. Beam-on target experiment should be done by use of real accelerator

of IFMIF.

2. Even by the lower power accelerator, basic beam-on target
experiments should be made by adjusting the target conditions such
as the Li flow velocity. Some these accelerators which are now

operating seem to be the candidate

If we take the second situation, we should take care for the energy
deposition curves of lower deuteron (or proton) energy in the Li to analyze the
surface (boiling) phenomena. Fig. 2 ~ Fig. 3 show the energy deposition of
deuteron and proton beam in the Li of about 200 C (beam energy dispersion:

o =0.5MeV). From these figures it is clear that the beam energy lower than
2 MeV could not be used for the boiling simulation because the beam stop
range 1s too short.

4. Plans to the next stage

1. Practical lithium technology test loop will be designed until March,
1996. The loop should fundamentally corresponds to the JFMIF
lithium system and the feasibility test of its main components can be

performed by it.

2. Inregard to the beam on target experiment, the deuteron (or proton )
accelerator which can practically be performed the lithium target
experiment will be surveyed.
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Basic Concept of the Lithium Technology Test Loop

Fig. 1
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Fig. 3 Proton Energy Deposition In lithium (200 C}
i (A): H(E)=2 MeV, 0=054eV (B): H(E)= 1.0 MeV o=0:5MeV
| (C): H(E)= 0.5MeV, ¢=05MeV (D): H(E)=0.1 MeV, o= 0:5 MeV
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5 5 Lithium Jef Simulation

Presented by
Thanh Hua (ANL)
at the
IFMIF-CDA Technical Workshop
on Li-Target System
Tokai-mura, Japan
July 18-21, 1995

An IFMIF Target Simulation Study Has Been

Selected as a PhD Dissertation Topic

+ This presentation is being made on behalf of Karani Gulec, a PhD candidate
in the Nuclear Engineering Department at the University of Tennessee

Committee members include:  Art Ruggles
John Haines
Tom Shannon
Paul Stevens

+ Qutline of PhD dissertation effort

Concentrating only on the hydraulic stability of the Li film target
+ No thermal effects
Perform linear stability analysis and compare with previous results
(analysis and draft paper completed)
Define experimental apparatus and test conditions for Li jet simulation
(nearly completed)
Construct experimental facility (complete by ~ Fall '95)
Perform experiments (~ during the next year)
Perform CFD analyses to compare with experimental results - TBD
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There Are Three Nondimensional Numbers
Which Define This Type of Flow

Reynolds No. = Re = p U3/ u = inertia force / viscous force .

Weber No, = p U238 /vy = inertia force / surface tension

Modified Froude No. (based on centrifugal force)
= Fr. =R /& = inertia force / body force normal to flow direction
+ For the Li target, the centrifugal force >> the gravitational force

geent = U2/ R ~ 1600 m/s2 >> g

+ Must select flow parameters (R, 8, U) to match these three numbers

A Water Flow Experiment Can Be Used to Simulate the
Hydraulic Stability Conditions for the IFMIF Li-Target

+ There are two hydrodynamic instability mechanisms for the Li-target case

 Kelvin-Helmholtz Type -- Caused by interaction of inertia forces and
surface tension (linear stability analysis for potential/inviscid flows)

« Gortler Type -- Caused by interaction of the radial pressure gradient in
the boundary layer and centrifugal forces

« By matching the Froude, Weber, and Reynolds numbers, water can simulate
the stability features for the Li-target

« Air-shear and gravitational effects must be mitigated in the water
simulation

+ Velocity matching at the water-air interface is planned

« l.ower velocities in water simulation lead to a concern about the
relative importance of gravitational forces

» Target orientation will be studied to determine the importance of
gravitational effects
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Linear Stability Analysis Results

« Centrifugal and gravitational forces are found to be second order effects

« Linear stability analysis establishes the balance between surface tension and
inertia forces as the most important (first order) effect in stability

>
ke Vs R[(Rp)/ (R T2 required for stability

k = wave number of perturbation
Vs = velocity at the boundary layer interface
R = radius of curvature for solid plate

§ = film thickness

R’ = radius of curvature for free-surface (R - 9)
T = surface tension

p = fluid density

Basis for Similarity Between
Water Flow Simulation and Li-Target

« Ratio of boundary layer thickness to jet thickness is the same at angle 9 for
fixed Re, We, Frc '

Kelvin-Helmholtz Instability -- For fixed values of Re, We, and Fr¢:

« Wave number depends only on the Froude number and Weber number
k = Fr. Wel/2

« Ratio of wavelength to jet thickness is the same
A =< Well2

« Ratio of wave velocity to velocity at free-surface is the same
viU = Weli8

Gortler Instability -- TFor fixed values of Re, We, and Fre:

« Gortler number at any value of 0 is the same
Go(6) = constant {(Re Fr¢ g3)1/2
where 9 is the angle traversed along the constant radius of curvature plate

— 214 —



JAERI-Conf 95-019

Velocity and Length Scales
for Ii Target Simulation

Velocity Scale:

U' = (Y'/YLi) (uri/p’) ULi

Length Scale:

L' = (yLi/Y") (u'/uLi)?2 (pri/p’) LLi

Flow Parameters Required for Water Simulation
at Various Temperatures

 Since some water properties vary greatly from 0 - 100°C, various scales are
possible

» Reference Li flow conditions: T = 220°C, U = 17 m/s, R = 0.25 m,
& = 21 mm, Nozzle Width = 0.5 m

Twater (°C) 20 50 80
Lyw/Lui 9.2 2.96 1.37
Uw/Uv; 0.1 0.17 (.25
Vol Flow Rate (L/s) 1510 270 83
Pump Power (kW) 8.7 4.7 2.8

Conclusion: Water temperature of 80°C selected as the reference for
simulations because of reasonable length scale and flow parameters
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What Are the Differences Between This Work
and Hassberger's FMIT Experiments?

« Analytically determined stability conditions are known

+ Tests over a range of parameters are needed to confirm or modify

relationships
« Qutput from this study is different:

« We seek a more fundamental understanding of flow stability, i.e. we
plan to perform a systematic evaluation of stability, but will likely not
have the final IFMIF target parameters (design is still evolving)

« Hassburger's focus was on verification/validation of the FMIT design

« Also, we are going to develop a numerical model of this flow. The model

is intended to be a flexible engineering tool for designing/evaluating the
TFMIF target. The experimental data will be used to validate the model.

Experimental Setup

Valve
el
"o
J Flow Straighlener
Target Vibration Isolators
e T e e T

PRV

I
|
3 |
ll Tank K‘ . ;

Heater/Heat Exchanger
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Breakup length, m
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Breakup length of water jet in air and Li jet in vacuum

Jet diameter = 2 cm

iy
[}V

P

1

—_
O
|

Li in vacuum

water in air at 1atm

L L DA

N
8 10 12 14
Velocity, m/s
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IV. Concluding Session
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1. Improvement of the Work Breakdown Structure

H. Katsuta,Y .Kato
IFMIF Target System Group of JAERI

Confirmation and Discussion Items

1. Summary of the Task Description

2. Work Breakdown Structure

(1)Major technical issues and ploblems

(2)Critical path and prioritization

3. Technical Interface [tems

4, Task Sharing

5. Home Tasks for the Design Integration Meeting
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CDA-T-I-1
CDA-T-1-2
CDA-T-1I-1

CDA-T-II-Z

CDA-T-I-3

CDA-T-IV
CDA-T-V
CDA-T-VI

CDA-T-VI

JAERI-Conf - 95-019

A targ
Initial work - packages
As aereed at KfK workshop
Preliminary analysis and concept design for Li target assembly
Evaluaton and specification of target—beaﬁl-test cell interfaces |
Preliminary conceptual design for Li loop system lay-out

Li loop comporent design: evaluation and specﬁicatlon of
cornponent design and performance

Li chemistry process system: define requirements and develop
preliminary design

Remote handling system (no effort during inital phase)
Preliminary safety analysis/evaluation

Design of experimental facilities: préh&ninarf evaluation of
experimental facilities

Review and evaluate existing data base on Li properties
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: 0000
Level-0 ntence Neutron source
I ! ]
1000 ' 2000 3000
Level-1 : .
Accelerator Target . Test Cell
[ I | l |
2100 2200 2300 2400 2500 2600 2700 2800
Level-2|Li Target System | | Cooling System || LeakageLi Remate Total TotalEvacuation | | Total Power Other
recavering Operation Control Systermn Source System.|| System
Systam System System
2110 2210 2310 _2410 2510 2610 2710
Level-3 TargetAssembly  |-Primary |- TargetSystem [ Targetassembly Normal Radio Active Commercial Line
2120 Cooling System| Building ExchangeSystem Operation GasEwvacuation System
Target Interface 2220 2320 2420 Control System | Systemn
Beam/Test Cell  |_primary L LeakageLi Repair of Cooling | 2520 2620 272t _
Purification recovering SystemComponent - Emergency General Emergency Line
System System /ExchangeSystem  Control System  Evacuation System
2330 . Sistem
- Leakageli
Detection System
2340
~ Li Fire Extinguish
System

Position Structure (from Level O to Level 3)
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Level-2

Level-3

Level-4

Level-2

Level-3

Level-4

Position Structure (Partiaf—Z)
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Li Target System

2100

2130
Target Assembly

2120
- Target Interface —-
Bearm/Test Cefl

2121

— Interface Structure

ofBeam/Target
2122

- EwvacuationSystem

2123

- EmergencyShutdown

system
2124

L Interface Structure

of Test Cell/Target

Position Structuré (Partial-1)

Cooling System

2200

2210

2111

— Structure of

Li Flow Rectifier
2112

2113
— Backwall
2114

2115

r— Measuring System
2116

L Interface of
Target/Li System

— Primary Ceooling
System

2220

— Primary
Purification
System

2230

— Zry Cocling
System

2240 -

— wWater Cooling
System

2221

Cold Trap

2222, .

Hot Trap{1}

2223

Hot Trap(2)

2224

Surge Tank

2225

Cooling Gas System
2226

EiP

2227

Piping

2228

Valve

2229

Impurity Menitoring
System

2230

Control System
2231

Measuring Devices
2232 ) .
Radfation Shielding
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2211

— EMP
2212

— Heat Exchanger
2213

— Valve
2214

— Piping
2215

—— Quench Tank
2216

— Dump tank
2217

— Control System
2218

—- Measuring Devices
2218

— Radiation Shielding
2220

L— Gas System

I— Structure of Nozzle

|— Down Stream Guide



ot it a e o B e e Ll %

JAERI-Conf -95-019

L 2340.

Li Fire Extinguish

System
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Position Structure (from Level O to Level 3)

2600
Level-2 Total Evacuation System
2610
Rachoactive Gas
Level-3 Evacuation System
2620
- General
EvacuationSystem
2611
— Tritium Treatment
Level-4 Facility
2812
—— DtherRadiolsotope
Treatment Facility
Position Structure (Partial-3)
cooo
Levei-0 Intence Neutron source
|
I [ ]
L -1 1000 2000 3000
evel Accelerator Target Test Cell
2100 2200 2300 2400 2500 2600 2700 2800
Level-2 U Target System || Cooling System || Leakage Li Remote Total TotatEvacuation || Total Power Other
recovering Operation Contrel System Source System.|| System
System System System
2110 2210 2310 2410 2810 2610 2710
Level-3 Target Assembly ~Primary - TargetSystem | Targetassembly - Normal Radic Active Commergial Line
2120 Cooling System| Building ExchangeSystem Operation GasEvacuation System
Target Interface 2220 2320 2420 Contro} System | System '
Beam/TestCell  |_primary L LeakageLi - Repair of Cooling | 2520 2620 2720 ‘
P i 5 c rL Emargency Line
Purification recovering ystem Component —Emergency General g
System System /ExchangeSystem  Centrol System  Evacuation ystem
2330 Sistem
- LeakageLi
Detection System
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Main Work Items {Conceptual Design, R & D)

2110

Position 2120
Work (2111- 2116) (2121-2124)
(1) Stability of Li jet (1) Conseptual interface structure
(filow velosity, shape, cause of (with HEBT & test cell)
instability, error estimation, upper and {2) Estimation of Reaction products
down flow system) (ref. 2110(5))
Conceptual | 12y Analysis of boiling margin in Li jet (3) Estimation of the concept of
Design {cause of uncertainty-gas containment emergency shutdown
rate, growth of void etc.-and error (4) Selection of vacuum pump
estimation) (logic of repair and/or exchange)
{3) Behavior of Li mist (5) Li vapor trapping device of low
(4) Selection of backwall material and pressure drop
damage estimation
{erosicn/corrosion, swelling)
(5) Estimation of reaction products
(1) Jet stability test by water for (1) Estimation of vacuum purnp
reference IFMIF-Target size feasibility for metal vapor
R&D (2) Beam-on target test by Li loop for (2) L vapor trapping device of low
CDA-EDA boiling and spattering analysis pressure drop
(3) Estimation of backwall life time
(4) Li evaporation & deposition behavior
Correspond. CDA-T-I-1 CDA-T-1-2
IFMIF-Task
Main Work [tems (Conceptual Design, R & D)
Rosition 2210 2220
Work (2211- 2220} (2221-2232)
(1) Selection of coaling system concept (1) Evaluation of impurity production rate
(Number of loop, flow rate, structural Acceptable leve! of impurities
material, necessity of 2ry system ) ¢2) Selection of cold trap outlet temp.
Conceptual | (2) Lithium data base (3) System design
Design (3) System design (4) Compenent design
(4) Design conditions of components (5) Conceptual design of main components
(5) Conceptual design of components (feature, size, structure, weight etc.)
(feature, size, structure, weight etc.) Layout of components
(6) Layout of components ' "1(6) (concept)
(concept)
) (1) -Evaluation of features of C/T & H/T
(1} Certification test of Li components by by Li loop
Li-Technology test loop{2MW-8MW )
R&D (2) Test of i iteri
CDA-EDA es ‘0 impurity monitering system
by Li loop
Correspond.] CDA-T-li-3, CDA-T-I-2, CDA-T-VI CDA-T-l-2, CDA-T-I-3, CDA-T-Vi

IFMIF-Task
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Main Work Items (Conceptual Design, R & D)

Position 2300 © 2600

Work (2320- 2330) (2611)
(1) L detection system for Large , 40 Preliminary estimation of tritium
medium, small scale leakage and loop management facility
shutdown seguence ' (survey for safety criteria of release,
Conceptual - (detector, leakage Li drain concept release rate are included)
Besign etc. are included)

(2) preliminary safety analysis

1(1) Development of L detection system for
Large , medium, small scale leakage and

CSA&E%A detectors
: (2) Li fire test and evaluation code for
larger than medium scale leakage
Cérrespond. T : T
ME s | CDA-T-V CDA-T-V,
TFMIF-CDA : Tasks of Lithium Target System*
R e : . : Other [tems
1-1 120 -1 12 II-3 V VI VII {Update)
E U SR g
e o | | e ° e
T 1 — T 051
U s . ® o @ ® @ 7 _ o US-2
JP-1
] P @ ] ® ¢ @ O ® - Jp.2
JP-3

* Specified as Work Package in the IFMIF-CDA Workshop at Karlsfuhe, Sept. 1994

JP : O :Tritium safety, ' JP-1: Water Experiment, JP-2: Basic Li purification experiment, JP-3 : Detailed WBS
US : O : Review of existing data base,” US-1 & 2 : Neutrenics analyses of the Li target and target system

—» DPlease confirm / update the dots O , and if necessary add the other items like JP column and its footniotes.
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IFMIF-CDA Technical Workshop on Lithium Target System
JAERI Tokai, July 18 - 21, 1995

Summary

The Conceptual Design Activity (CDA) study on an International Fusion
Materials Irradiation Facility (IFMIF) has been launched under the auspices of
the IEA. The structure of working groups and relevant tasks have been defined
and agreed in an IEA-workshop that was held September 26 - 29 1994 at FZK,
Karlsruhe. For the Lithium-target System following seven tasks were identified:

CDA-T-I-1: Preliminary analysis and concept design for Li-target assembly,

CDA-T-I-2: Evaluation and specification of target-beam-test cell interfaces,

CDA-T-II-1: Preliminary conceptual design for Li-loop system lay-out,

CDA-T-II-2: Li-loop component design: evaluation and specification of
component design and performance

CDA-T-II-3: Li-chemistry process system: define requirements and develop
preliminary design

CDA-T-IV: Remote handling system (no effort during initial phase)

CDA-T-V: Preliminary safety analysis/evaluation

CDA-T-VI: Design of experimental facilities: Preliminary evaluation of

experimental facilities
CDA-T-VII: Review and evaluate existing data base on Li properties.

In order to discuss on the results recently achieved and to coordinate
necessary activities for an effective design integration, a technical workshop on
the Lithium-target System was initiated. This workshop was on July 18-21 1995
at JAERI Tokai Japan and attended by 25 representatives from the research fields
of lithium technology, mechanical engineering and fusion materials in the United
States of America, the European Union and Japan.

The presentations and discussions made during this workshop were
concentrated to extractions from FMIT/ESNIT experiences to IFMIF parameters.
Concepts of free lithium jet (no backwall) and replaceable backwall for the
TFMIF lithium target were presented. A water loop simulation test for the IFMIF
lithium target design was proposed. For the safety analyses of the chemical
hazard and radiological hazard, the concept of Failure Mode and Effects Analysis
on IFMIF was presented.

The reference design concepts and major design parameters were
considered. For the Design Integration workshop (in October at ORNL), design
parameters, especially those for Target Assembly (Li-jet, velocity, inlet
temperature; nozzle; interfaces), Li-loop System (1 or 2 loops), and Safety and
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Support System were requested to be prepared. Dr. H. Mackawa was nominated
to provide a first draft of these parameters and to distribute them for comments.

The followings were requested as the interface issues:

* Heat loading to the backplate and structure of the test assembly have to be
defined by the test cell system group.

* Atmosphere in the test cell, particularly the option for maintaining a vacuum to
minimize the impact of backplate rupture on the accelerator, will also be defined
jointly with the test cell group and safety people.

* Specifications of the interface between HEBT and the lithium target including
vacuum grade in the HEBT have to be defined by the accelerator system group.

* Access directions have to be discussed among the test cell and Li target groups
for the maintenance and exchange of the target assembly and test samples.

CDA-T-I-1 (Preliminary analysis and conceptual design for target assembly)

Three Li-target design options were presented in “Conceptual Design for
Lithium Target Assembly” (US). The objectives were to develop an improved
target design for IFMIF, specifically to

a) simplify/optimize maintenance,

b) enhance target lifetime,

¢) improve reliability,

d) improve safety features, and

e) identify/prioritize major technical issues.

The three target design options evaluated were:
A) FMIT-type, Option A
(requires frequent replacement of entire target assembly),

B) Option B (replacement of backwall only),

C) Option C (free jet, no backwall replacement).
Option B and C appear to offer major advantages in terms of maintenance,
lifetime, facility availability and cost. At the moment the reference target design
was derived from extrapolation of the FMIT design. Further efforts were
requested for the free jet type target design. It was agreed to conduct an
independent assessment of the free jet concept as a possible alternative.
Additional development work is also needed and requested for Option B.

The dynamic and thermodynamic stability of free jet was analyzed in
“Dynamic and thermodynamic stability of Li jet” (US) The results were
favorable (stable free jet and no nucleation) under IFMIF conditions mainly
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because of the larger beam spot (order of magnitude lower beam power
deposition density) than that in FMIT. However, hydraulic stability testing is
needed to confirm the analysis. Testing in low pressure environment (vacuum if
possible) is important because the jet is significantly more stable in vacuum than
in air due to the absence of aerodynamic interaction. For the same reason of
lower beam power deposition density, jet velocity as low as 10 m/s may be
sufficient provided the lithium evaporation rate from the surface is acceptable.

The thermal hydraulic code calculation (HIJET) and some analytical results
at the IFMIF beam-on target conditions were introduced in “Thermal hydraulic
analysis of lithium jet with incident beam” (US). Velocity perturbations
resulting from jet thermal expansion and beam deposited momentum were
evaluated by this code and the results were shown to be small for targets with or

without a backplate.

Present status on the analysis of target jet in JAERI/JAPAN was introduced
in “[1] Overview and relation with another task” (JA), and the results of
thermal hydraulic analyses for reference IFMIF conditions were shown in “[2]
Thermal and Fluid dynamics of Li target flow” (JA). The maximum deuteron
beam (35 MeV) current could be increased to 320 mA at least from the critical
boiling margin near surface region when jet velocity is 20 m/s. If we consider
the conditions of bubble growth in the jet and also the effect of lithium super heat
, the maximum current may further be increased. The fluid analysis for double
reducer/nozzle system were also shown in this presentation. This symmetric
reducer could improve the surface jet stability and surface jet velocity. The
results will be confirmed by JAERI water experiment.

Recent activity on this task in E.U. was presented in ‘“Thermal-hydraulic
analysis of the lithium jet” (EU). Most of the analytical results for the reference
IFMIF target conditions were consistent with that of JA. and U.S.

In “Neutronic analysis and conceptual design for target assembly” (US),
preliminary neutronic analyses have been conducted in the following areas:
a) Impurity production in the lithium jet
b) Nuclear responses of target system
¢) Interface with Target/Test Cell assembly
d) Effect of back plate curvature on Test volume
Typical conclusions were :
1) Tritium generation rate in jetis  15g/fpy

2) Be-7 production rate is ~ 0.003 atms/d*ion.
3) He production rate in Li is ~ (.09 atms/d*ion.
4) Back plate damage rate is ~70 dpa/fpy for 40MeV dion.
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More detailed analyses are needed for final design configuration.

It was pointed out in “Some comments for backwall swelling” (JA) that
backwall would have limited life in the normal operation and would require
periodic remote replacement. Backwall rupture or structural damage at off-
normal events should also be considered. For the IFMIF conditions, 3 candidate
backwall materials , Austenitic steel, Ferritic steel and Vanadium alloy were
estimated with the properties of a) uniform elongation, b) yield strength, c)
swelling (expected) and d) DBTT. Swelling will be small (< 1%) for the above
candidates but possible rapid loss of ductility is an issue for austenitic steel and
DBTT is a concern for the ferritic steel.

Boiling margin was evaluated in “Target assembly design : some
parametric evaluations” (EU) for the parameters of beam energy distribution,
jet/beam width, back plate curvature, chamber pressure and lithium velocity. The
following typical result are reconfirmed :

a) Boiling margin at free surface region is the most critical issue and
controlled by kinetics of evaporation.
b) The boiling margin is dependent mainly on chamber pressure
and is not significantly affected by jet curvature.
¢) Large internal boiling margin is calculated for IFMIF conditions.

The plan which is now going on to make the simulation test of IFMIF
reference target was reported in “Proposal for JAERI water loop test and
target design” (JA). A well-defined stable lithium jet is essential for IFMIF,
however there is a lack of detailed description (experimental conditions and
results) for lithium target. JAERI now plans to perform water loop simulation
tests being this fall, 1995. The main purposes are as follows:

a) Observe structure and stability of water jet along curved backwall
of IFMIF reference design.

b) Partially confirm FMIT results.

c) Prepare the data base necessary for lithium loop tests.

d) Target design based on analysis and simulation parameters .

Some test parameters for IFMIF lithjum loop system operation will be

estimated in this Oexperiments:
(Start-up/Shutdown, steady operation and optimum instrument setup).

Double reducer and diffuser proposed in this report are the new options of

target assembly which will be expected to improve the surface jet stability
/surface velocity and static pressure recovery of jet downflow.
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CDA-T-1-2 (Evaluation and specification of target-beam-test cell)

A parametric analysis of the lithium evaporation from the jet free surface
based on the reference design parameters was presented in “Lithium
vaporization from free surface” (US),. Such calculations showed that the
surface evaporation was relatively small for the mentioned operating conditions.
Also, it concluded that higher beam energies, lower beam current-densities and
higher jet velocities reduce Li vaporization rate. Further analysis is needed for
the evaluation of the impact of the vaporized lithium, its transport and
condensation and its interaction with the beam.

Several issues related to the target and its facing vacuum system were
considered in “Some comments for the lithium vapor pressure control” (JA).
Some methods to solve such issues were proposed:

*Differential pumping
*Liquid lithium flow in the target chamber
*Li-diffusion pump.

A computational method (FIDAP code) for the determination of the lithium
evaporation from the free surface was illustrated in “Investigation of the Li
evaporation rate” (EU).

CDA-T-II-1 (Preliminary conceptual design for Li-loop system lay-out)
CDA-T-II-2 (Li-loop component design :
evaluation and specification of component design and performance)

The lithium system design was referred to a three loop scheme in “IFMIF
Li system layout and some components proposal’” JA): the primary lithium
loop, a secondary organic loop and a third water loop. A purification loop is also
set in the primary loop. The design refers basically to the experience coming
from the proven sodium technology; some uncertainties peculiar to the Li
environment are to be investigated. A pressure recovering diffuser is foreseen for
the recovery of the lithium pressure. Among the items to require great efforts,
gas evacuation system, measures against lithium leak and remote handling system
are the most 1mportant ones.

A preliminary conceptual design for the Li-loop system layout, component
design and evaluation are presented in ‘“Preliminary conceptual Li-loop layout
& component design and evaluation” (US). This layout refers again on a three
loop system. In this case, the use of two pumps in parallel is foreseen. The
design is based on the experience acquired with sodium technology.
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CDA-T-I1-3 ( Li purification system design)

For this task, 3 papers were presented as follows:
1) Design and test of lithium chemical loop (JA).
2) Requirements and preliminary design for Li chemistry
monitoring and process system (US).
3) Hydrogen/tritium recovery system (US).
All the items in these presentations were separated into following two
categories.

(A) Li purification system design

Li purification and on-line impurity monitoring systems were proposed and
discussed. Well established cold trap and hot trap technologies in sodium system
can be applied and some promising on-line monitoring system were proposed.
The feasibility for the process should be confirmed in the Li loop at IFMIF
conditions.

Following concepts were being considered for the IFMIF reference design.

Impurity Li Purification Method Temperature
T.D,H Cold Trap ~ 200 °C

or

Yttrium Hot Trap 250 - 265 °C
0, C, Be Cold Trap ~ 200 °C

or |

Ti Hot Trap 550 - 600 °C
N Ti Hot Trap 550 - 600 °C
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Impurity Monitoring Meter Status
technique
T,D,H On-line Diffusion Membrane Requires further
& Electrolyte development
0O Sampling or Solid Electrolyte Requires further
On-line development
N Sampling or Resistivity Nonspecific
On-line Low sensitivity
or
Molten Salt Electrolyte Requires extensive
development

On-line monitoring of H and T is considered most important. Sampling
monitoring of other impurities may be sufficient.

(B) Tritium system safety

The concentration of tritium which will give a partial pressure of MPC
(Maximum Permissible Concentration in air) is 40 appm. The tritium system will
be designed within the MPC limit. Tritium inventory in the Li-target system was
suggested to be minimized. Basic tritium confinement system (zoning and
multiple confinement) for IFMIF was discussed and agreed.

Processing of vacuum exhaust and active effluent was pointed out as an
issue and thus further design effort will be made.

CDA-T-V (Preliminary safety analyses for the Li-system),
CDA-T-VI (Design items and schedules of the experimental facilities
for IFMIF-CDA)

For the first task (CDA-T-V), two papers were presented: In “A review of
liquid lithium reactivity” (EU) , the reactions of Li with atmospheres (air, N,
0,, ....), Coolant (water) and structural materials (steels, concrete including the
compatibility) were estimated. General conclusion is that at the maximum Li
temperature which is expected about 300 C, the reactions tend to evolve
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relatively slowly rather than explosively. However for the reaction with water,
two items such as high quantity of hydrogen produced, and also high quantity of
heat released are the important issues in the safety design.

In the “Safety analysis of the target” (JA), the activity is focused on the
FMEA (Failure Mode and Effect Analysis) of the entire target system design and
related areas. A number of chemical and radiological hazards were considered
and classified according to risk. The basic concept of the confinement of
radioactivity, particularly of tritium, was introduced.

For the second task (CDA-T-VI), three reports of
1) “Requirements for Li-technological test loop and beam on target
Aexperiment” (JA)
2) “IFMIF facility safety requirements” (EU)
3) “Requirement for water jet simulation test” (US)
were presented.

In the first paper, it was emphasized that the basic technology of the Li loop
components except the Li chemistry processing system have been established
through the sodium technology. As well as the beam-on target experiment, their
feasibility tests might be performed by the real IFMIF facility before normal
operation of irradiation test. In the second paper, requirements and design
criteria for about 14 items including Li containment, Li-heat removal, purification
etc. were considered. In the last paper, the optimum conditions for the water
simulation test were reported. One of the results shows that the water
temperature of 80 C is desirable because of reasonable length scale and flow
parameters. Some of the results will be available in JAERI water experiment.

CDA-T-VII (Data base for lithium and its compounds)

Present status of E.U. activity on this task was reported in “Lithium data
base: Status report” (EU). From the collected data used by each participants to
the IFMIF-CDA , a recommended data base will be produced.

Some essential physical properties of lithium (density, thermal conductivity,
electrical resistivity, viscosity, vapor pressure, surface tension, specific heat and
enthalpy) were presented in “Review of lithium physical and thermal
properties” (US). The graphs of the properties in SI units (temperature
dependence) and corresponding empirical equations were shown with
references. Data set of thermal diffusivity was requested to be included.
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