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IFMIF-CDA Technical Workshop on Test Cell System
Karlsruhe, July 3-6, 1995

Summary

After a Conceptual Design Activity (CDA) study on an International Fusion Materials
Irradiation Facility (IFMIF) has been launched under the auspices of the IEA, working
groups and relevant tasks have been defined and agreed in an IEA-workshop that
was held September 26-29 1994 at Karlsruhe. For the Test Cell System 11 tasks were
identified which can be grouped into the three major fields neutronics, test matrix/
users and test cell engineering. In order to discuss recently achieved results and to
coordinate necessary activities for an effective design integration, a technical work-
shop on the Test Cell System was initiated. This workshop was organized on July 3-6
1995 by the Institute for Materials Research | at the Forschungszentrum Karlsruhe
and attended by 20 specialists working in the fields neutronics, fusion materials R&D
and test cell engineering in the European Union, Japan, and the United States of

America.

The presentations and discussions during this workshop have shown together with
the elaborated lists of action items, that on the basis of already existing concepts and
computer codes significant progress has been achieved in all three fields, and that
from the future IFMIF experimental program for a number of materials a database
covering widespread loading conditions up to DEMO-reactor relevant end-of-life dam-

age levels can be expected.

Neutronics:

On the basis of available neutron source functions, initial neutronic analyses for deu-
teron beam energies between 30 and 40 MeV have been performed for standard
loading concentrations of the high flux test cell region. The calculations also confirmed
earlier recommendations that a beam spot size of 5x20 ¢cm? is a good compromise
between maximum test volume, small flux gradients and flexibility of the test cell con-
figuration. Although an increase of beam energy from 30 to 40 MeV roughly doubles
the high flux test volume, serious reservations with respect to the correlated increased
high energy tail in the neutron spectra could not be dissipated. Therefore, uncertainty
analysis mainly on gas production and transmutation rates taking into account neutron
energies from 20-50 MeV are urgently needed. These calculations imply ongoing




efforts in establishing processed nuclear data for key nuclides in this energy range in
order to ensure that IFMIF adequately simulates the nuclear environment in fusion
reactors.

Test Matrix / Users:

For the high flux region, equivalent to a >2 MW/m? first wall neutron loading, detailed
specimen loading matrices have been elaborated. Assuming a beam-on-target avail-
ability of 70% in this high flux test volume of approximately 0.5 liter, damage levels of
15 to 40 dpa/year can be achieved. The present loading matrix is based on 7 miniatur-
ized specimen geometries, it allows within a ten to twenty year program the irradiation
up to DEMO-relevant lifetime doses in a wide temperature range, and different heats
from all three reference structural materials (ferritic/martensitic steels, vanadium
alloys and SiC/SiC composites) will be included. In contrast to former concepis the
specimens are encapsulated to avoid a direct interaction with the coolant.

While the high flux region has to provide materials data based on postirradiation
examinations, the medium and low regions are important for selected in-situ tests for
a design data base on structural materials and allow instrumented tests on special
purpose maiterials (e.g. Rf windows, diagnostic materials, ceramic breeding materi-
als). Although such experiments often require sophisticated techniques, significant
progress has been achieved the last few months. Even for in-situ tests with controlled
mechanical loadings design concepts are available in the meantime. However, a com-
prehensive matrix of reference in-situ and instrumented tests including out-of-cell
equipment requirements, has still to be established.

Initial listings of the equipment necessary to perform the various postirradiation tests
on miniaturized specimens at the IFMIF facility show, that beside standard hot cells for
structural materials with an estimated area requirements of nearly 500 m? additional
space will be necessary for tritium handling hot cells. An advanced hot cell facility
designed for post-irradiation examination of various kinds of miniaturized specimens
(“modular type hot cell”) was also proposed.

Test Cell Engineering:

An advanced design concept based on NaK as coolant is available for the high flux
test chamber. It can also be applied to conventional instrumented tests in lower flux
test regions. NaK is suitable within the temperature regime of interest for metallic
structural materials, and it's heat capacity guarantees sufficiently good temperature
control during beam-on and beam-off periods. On the other hand, experiences with



various helium gas cooled reactor and accelerator devices together with recent calcu-
lations have shown, that helium gas as a coolant allows similar package densities in
the high flux region, but might have advantages e.g. with respect to the allowable tem-
perature window, safety considerations and overall test cell flexibility. However, addi-
tional investigations for the helium cooling option are urgently needed to guarantee
temperature stability for “loss of beam” conditions and to establish an integrated test
assembly design. Therefore, a competing assessment of both concepts necessary for
a design integration was postponed a few months.

Finally, design concepts for the entire set of test assemblies were discussed and pre-
liminary shielding analyses, including estimations of the thickness of the test cell
walls, were performed. A more realistic analysis can be done only after a reference
test cell configuration is established.

AM







July 7, 1995
Page 1 of 3

IFMIF Test Cell Activities

(July - October, 1995)

Neutronics

Nuclear data library
Establish a suitable IFMIF library for neutron transport calculations with data format

consistent with ENDF6 - Reffo, Oyama

Neutron source term
Perform a comparison of available data and establish an improved neutron source term -

Gomes/Oyama

Uncertainty analysis
Perform a preliminary examination of the effect of high energy neutron tail on dpa, gas
production, transmutation (energies from 20 - 50 MeV) - Gomes

Take into account the possibility of increasing the D energy from 30 to 40 MeV

Analyze the impact of uncertainty of neutron source function on the neutron spectrum and
nuclear responses- Gomes/Oyama

Estimate the fraction of He/H transmutation products by neutrons greater than 20 MeV -
Gomes

Check mesh size effects - Oyama
Check whether the uncertainty fits into the range expected for DT fusion reactors - Fischer
Estimate nuclear heating rates versus location in test cell - Oyama

Determine dpa contours for the test cell down to at least 0.1 dpa to establish test cell size -
Gomes

Establish neutron shielding requirements based on reference IFMIF configuration and
established methodology - Monti
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IFMIF Test Cell Activities

(July - October, 1995)

Test Cell Engineering
Further develop the helium cooled test module design concept - Viola

Perform transient thermal analyses for "loss of beam" conditions to establish whether
required response time is feasible - Viola, Jitsukawa
Develop concept that meets requirements for the standard high flux loading - Haines,

Jitsukawa
Integrate design with test cell/establish a test assembly design concept - Haines
Establish an installation and removal approach - Haines, Hoshiya

Develop test assembly handling design - Antonucci, Haines
Select approach and define equipment requirements for test assembly handling
Define hot cell requirements for test assembly maintenance

Develop layout for PIE and hot cells dedicated to test cell operations - Martone, Noda

Develop Test Cell Design Parameters List - Haines

—10 —
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IFMIF Test Cell Activities

(July - October, 1995)

Materials/Users Group

Provide guidance on acceptable ranges of H/dpa, He/dpa and transmutaion/dpa for ferritic
steels, vanadium, and SiC-SiC - August 15 - Zinkle

Prepare a comprehensive table of reference in-situ experiments includng type of measurement
(dpalyr), irradiation volume requirements, and out-of-cell equipment requirements - October 1

- Moeslang/Noda
Create a list of materials of highest priority for neutronics analysis - August 1 - Zinkle

Fstablish requirements, including space and equiment lists, for the PIE and hot cells dedicated
to test cell aperations - August 1 - Moeslang/Noda

—_11—







Agenda

IEA Technical Workshop on the Test Cell System
for an
International Fusion Materials lrradiation Facility

Karlsruhe, Germany
July 3-6, 1995

Monday, July 3

12:00
12:30

14:00

14:30

18:00

Bus pick-up from hotel

Lunch
Chairman: K. Noda
Welcome address K. Ehrlich
Status of CDA-Activities T. Shannon
Short review of task descriptions A. Mdslang
Session on specimen geometries,
P.l.E. test matrix and cell configuration (CDA-D-3):
- Activities of JP K. Noda
- Activities of USA S. Zinkle

- Preliminary agreement on references (specimen geometries, test
matrix, specimen package), interaction with existing irrad. sources

Session on in-situ tests (CDA-D-5):

- Activities of JP K. Noda
- Activities of USA S. Zinkle
- Activities of EU A. Méslang

- First discussion of proposed experiments incl. feasibility

Departure to hotel

Tuesday, July 4

8:00

Bus pick-up from hotel
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9:00

12:30

14:00

22:00

Session on CDA-D-5 (Continuation) Chairman: J. Haines
Session on neutron source function (CDA-D-1):

- Neutron Source Term .Gomes

- Comments to distributed data Y. Oyama

- Discussion, further needs

Session on neutronics analyses of high flux standard test
module (CDA-D-2):

- Activities of JP Y. Oyama
- Activities of USA |. Gomes
- Activities of EU U. Fischer

- Discussion, consequences on cell configuration and design

Lunch

Session on processed nuclear data Chairman: M. Martone
(CDA-D-7):

- Activities of JP Y. Oyama

- Activities of USA . Gomes

- Activities of EU | U. von Méllendorff

G. Reffo
- Discussion of progress and problems

Departure to Monastery of Mauibronn and dinner in the castie
Ravensburg

Departure to hotel

Wednesday, July 5

8:30
9:00

Bus pick-up from hotel

Session on design concepts for

specimen loading (CDA-D-4) Chairman: Y. Oyama
- Activities of JP K. Noda

- Activities of USA J. Haines

- Activities of EU R. Conrad, R. Viola

- Discussion of different design concepts

Session on design concepts for typical test modules (CDA-D-6):
- Activities of JP K. Noda
- Activities of USA J. Haines

— 14—




12:45

14:00

17:30

- Activities of EU R. Conrad, R. Viola
- Agreement on initial reference design concepts

Lunch
Chairman: (S. Zinkle)
Session on materials testing equipment (CDA-D-8):
- Activities of JP K. Noda
- Activities of EU A. Méslang

- Initial agreement on main hot cell equipment

Session on reference test matrixes (CDA-D-9):
- Discussion of strategy and next step activities

Session on dosimetry design concepts (CDA-D-10):
- Activities of EU B. Esposito, M. Martone

- Activities of JP Y. Oyama
- General discussion incl.agreement on urgent activities

Session on assembling and Test Cell shielding (CDA-D-11):

- Activities JP K. Noda
- Activities USA J. Haines, I. Gomes
- Activities of EU M. Martone

- Preliminary agreement on reference test assemblies configuration

Departure to hotel

Thursday, July 6

8:30
9:00

12:30
14:00

17:30

Bus pick-up from hotel

Preparation of a summary including Chairman: K. Ehrlich
- short conclusions of each task

- L.unch:

- Elaboration of IFMIF Test Cell Activities with regard to the
Design Meeting (Oct. 1995, USA)

- recommendations from the present meeting to Li-Target and Accelerator
workshops

- Closing remarks

- Departure to hotel
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IFMIF-CDA : Test Cell Tasks and Responsible Persons*
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O  Not yet available (July 1995)







T. E. Shannon
The University of Tennessee

Status of CDA Activities

IFMIF-CDA Technical Workshop
Test Cell System
Karlsruhe, Germany

July 4, 1995




BASELINE DESIGN STRATEGY

1. Major System Workshops

Test Cell July 3-6 FZK-Germany
Lithium 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

Define Concept for Baseline Design
- Review WBS

- List Requirements

- List Design Parameters

- Define Configuration

Document Meeting




BASELINE DESIGN STRATEGY
(Continued)
3. Define Tasks for remainder of 1995
e Provide Information for Design Integration Workshop in October
- Equipment Layout
- Facility and Utility Requirements
- Interface Requirements
o Document Baseline Design Description by 12/95
4. Design Integration Meeting on July 4

¢ Additional Guidance Following Meeting







IFMIF/CDA-D-1 Document (Draft/July 3,1995) by Y. Ovama (JAERI)

IFMIF Test Cell/Users Task CDA-D-1:
Neutron Source Function for given Target-, Beam-, and Energy Parameters

Task Responsible: Y. Oyama
IFMIF Test Cell/Users Group of JAERI

1. Introduction

To evaluate neutron irradiation field obtained from d-Li neutron source of IFMIF (
international Fusion Material irradiation Facility), neutron source functions were prepared for
the proposed acceleration energies of 30, 35 and 40 MeV. The source functions are used for
neutronics calculations of damage parameters of standard samples located in front of the Li
target. The standard loading samples were specified for the CDA-D-2 that includes evaluations
of the irradiation characteristics when the test matrix is taken place.

The source function was calculated based on the method developed in the previous

work for ESNIT at JAERI.D For the present work, the two beam geometry and three
dimensional capability was added. Finally the source function was provided as the
homogenized distributed source by simplification and suitable for successive neutron transport
calculations. The neutron transport codes to be used are assumed for groupwise cross section
codes such as Monte Carlo codes MORSE-CG because only the HILO86 groupwise cross
section set is currently available for such high energy neutron transport calculation.

2. Nuclear Reaction Model

2.1 Deuteron Slowing Down

Aqﬁummg that the attenuation of deuteron flux through the range is negligible, the
l[lngldllUll uuougn UIC l[deLlU[y cdan Ut'} lldllblUllllCU {0 UlC lllngldllUll U_y UCULCIUH CllClgy
using stopping power. Here we replace the integration with respect to z' by the deuteron
energy which can be related to the depth z' by using the stopping power.

We calculate the d-Li reaction rate at deuteron depth z in the Li layer as follows:

N.J ( d*c ) 10y Evn)| 1 i\,
dQE, )., |(Q 1. E, )| (dE, 1 d2)

[n/s/st/MeV/cm] (2.1)
where (dEg/dX) is the stopping power of deuterons in Li, J the deuteron current density, N the

Li density, (d26/dQdE) the d-Li cross section, and Jacobian term. The stopping power is
represented for the incident energy range of 1-100 MeV as the following formula given in Ref.

dEy) _ (s8] 1o A7P Ayl
(dx)(bﬁ (1[3}[3120 §(InEg)

[eV/(10"atoms/em?)] (2.2)
where Eq = deuteron energy/deuteron mass [ke V/amu], B = v/c and Aj is given for lithium in
the table of Ref. 2 as Ag=0.00153, A7=21470, A g=-0.5831, Ag=0.562, A p=-0.1183,
A|1=0.009298 and A |2=-0.000166, respectively.

S(‘ 9 no )d7dQ Iﬂ/?dE

n, Ial)

2.2 Cross Section Model
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IFMIF/CDA-D-1 Document (Draft/July 3,1995) by Y. Ovama (JAERI)

The differential cross section is calculated by the same assumption as that of Johnson et

al.,3) except some modifications. The neutron production reaction of 7Li(d,n)gBe is only
considered for the main reaction among the possible reactions, and in the calculation of cross

sections the Serber's stripping reaction model®) and the evaporation process are taken into
account by the following linear combination.

d’c d’c d’s
dQdE, |~ 5| d0dE +Ac| Gade
n n/Serber "/Evapolation (2.3)
The first term by the Serber's theory is written as follows:
d2c 1 (Eq-Ep) Ep 0y
IOdE 2 3/2 \3/2
ddtalsener = (BB + ByBa " (05407 for [BrEg2 < 2AE)
=0 for [EnEa/2l 2 2(AE) 12
(2.4)
where Eq : Incident deuteron energv,
Ep : Binding energy of deuteron,
0q: VEvEy .
And the second term of evaporation process is due to compound reaction:
d*c — B, -¢(-E/T)
dQdE, Evapolation , (2.5)

where T:3.2VEJ/A ( A:mass number).

Here we modified the Serber's cross section by adding the energy cut-off ( E. = E¢/2 +

FWHM , full-width-half-maximum) for the neutron spectrum tail by Eq. (2.4), because the
high energy tail of Serber's spectrum breaks an energy conservation law and that model may be
valid only for a gross structure. This energy cut-off, however, can not eliminate producing the
negative energy neutrons in lower energy tail by this model. This may provide the
unreasonable increase of the lower energy neutrons below ~2 MeV, and also the break-up
reactions to two or three bodies should be taken into account for low energy range. Hence this
modification is not valid for such low energy region. The other type of reaction is also
necessary to be considered for the higher energy neutrons above Ey; Q-value of 15 MeV means

there is a possibility for generating the high energetic neutrons of Eq+15 MeV to the ground
state of residual nuclei. Since this is not considered here, higher energy neutrons are produced
only as an evaporation tail.

The Ag and A are energy dependent mixing parameters of two spectral shapes. The

energy cut-off of 6 MeV for Ag comes from the low energy limit of stripping reaction for L,

The shoulder of 10 MeV was introduced as an energy-weighting parameter but it was
insensitive. The parameter Ac was weighted for lower energy deuterons shown in Fig.2.1.

The energy cut-off of 2 MeV for the energy of coulomb barrier and the high energy cut-off of
[5 MeV for energy weighting parameter were introduced for Ac. The values of parameters in

Ag and A¢c were determined by the trial and error method to reproduce the measured spectrum

and angular distribution. The evaporation part is essential for representing the angular
dependence of neutron spectrum.,

2.3 Normalization and Validation
The source term of S(z,E,,Q)dzdQ, ,dE, ,, was normalized by comparison with the

experiment. The experiments were always measured at the position far from the target. This
measured flux corresponds to the followings:

— 26—
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The source term of S(z,E,,Q)dzd?,,,dE, ., was normalized by comparison with the

experiment. The experiments were always measured at the position far from the target. This
measured flux corresponds to the followings:

range

(D( En 4 Q)dQ Lal)dEn. Lab = [ J. S(Z’ En ’ Q)dZ]dQ Ix:den, Lab
surface

[ n/s/st/MeV] . (2.6)

The integration is performed from the Li target surface to deuteron stopping range, i.e., 13, 17
and 22 mm for 30, 35 and 40 MeV, respectively. The normalization was done at 32 MeV
deuteron energy using Lone and Sugimoto cxperiments(0:0), taking average of both
experimental value of flux integration above 2 MeV for emission at O degree direction. The
comparison with Sugimoto experiment is shown in Fig. 2.2. A good agreement can be seen as
a whole, though the peak shape is a little broad. The detailed comparison is given in Table 2.1
in percentage difference. The agreement is generally within 15%.

The angular distributions of the present calculations are shown in Fig. 2.3 for 250 mA
with a point approximation. Figs. 2.4 - 2.6 show the neutron spectra of 30, 35 and 40 MeV
deuteron energies at the forward direction for different polar angles.

3. Two Beam-on Target Geometry

At the KfK meeting on September, 1994, two separated beam injection ts
recommended to reduce the risk for development of high current accelerator. To check the
effect of two beam geometry on the flux distribution in the irradiation field, the program was
modified to calculate the flux superposed by two beams with a fixed angle. This calculation
was done for 100 x 100 mm square target configuration as shown in Fig. 3.1. The beam
angles of 0, 5 and 15 degrees from the center were examined in terms of volume-flux and flux

gradient relation.

The contour flux distributions are shown in Figs. 3.2-3.4 for the beam angles of 0, 5
and 10 degrees, respectively. The width of equal flux region increases with increase of incident
angle but decreases the depth. Thus, the flux gradient increases on the z axis. Figs. 3.5 and
3.6 show dpa rate and He production rate as a function of the distance from the target surface
and Table 3.1 summarizes the gradient of dpa and He production rates. The results show that
the beam angle within [0 degree could be within 10%/cm gradient, though the gradient
becomes steeper with increase of beam angle. As for the flux-volume relation, the beam angle
does not affect significantly as summarized in Table 3.2.

Thus it is recommended that the beam angle should be 10 degree from the center axis to
keep the gradient requirement. ‘

4. Simplified Source Function for Providing Homogeneous Distributed Source
(CDA-D-1 Deliverable)

To calculate the flux distribution inside the standard loading test matrix that specified at
the KfK meeting on September 1994, a neutron source function is requested as an input for
such calculations. This is the objective of CDA-D-1. However, the source term described
above is rather complicated. When we use the deuteron energy dependent source term, i.¢.,
depth dependent source term, the source file is very large and complicated for inputting to
successive neutron transport code. Therefore we made the simplified distributed source
function that can be used for the volumetric source input option.
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In this source function, the distributed source is given by averaged source over the
volume that defined by deuteron stopping range and the target area, and normalized by the total
neutron emission yield produced by total beam current. Hence the source function is given by

S(En, Q) [ n/s/st/icm3/MeV], i.e., three dimension data with energy, polar and azmuthal angles.
The number of energy bin was given by 17, 19 and 22 for 30, 35 and 40 MeV, respectively.
The numbers of polar and azmuthal angle bins were 30 and 26, respectively. The intensity of
source function was obtained by dividing the normalized total emission yield by the source
volume. The source volumes were defined by the target areas of 100x100, 50 x 200 and 25 x
400 mm? and the stopping ranges of 13, 17, and 22 mm for 30, 35 and 40 MeV, respectively.
The data format of the present source function is given in Appendix .

[5:9-43-9:4:3-4

s, Summary

To providing neutron source function, a detailed model is developed taking account of
deuteron deceleration and incident angle of two beam configuration. The present model was
compared with the recent experiments and confirmed within 15% accuracy in spectrum. The
analysis also found that the beam angle should be less than 10 degree.

To provide neutron source function suitable for analysis of neutron irradiation
characteristics for standard loading test matrix that specified for the task CDA-D-2, the
simplified source function was provided for 30, 35 and 40 MeV deuteron energies.
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Table 2.1 Comparison of the caluculated forward flux to the measured ones

(Measurement by M. Sugimoto, et.al. [Angle=0 degree, Ed=32MeV] )

Energy range Experiment Fraction to total flux Calculation CIE
for integration [n/sr/s/A) of 1-50 MeV

1- 2 MeV 1.2745+10 0.051 1.2048+10 0.945

2-10 MeV 7.6628+10 0.304 8.4601+10 1.104
10-15 MeV 8.4000+10 0.333 7.1235+10 0.848
15-30 MeV 7.71576+10 0.308 7.0637+10 0911
30-40 MeV 1.0979+ 9 0.004 1.3057+ 8 0.119
40-50 MeV 1.6340+ 8 0.00065

Table 3.1 Spatial gradient of DPA and He production distributions
(Ed=35MeV, 100 mm x 100 mm Target)

DPA on Z-axis

Beam angle (degree) Z=2cm Z=10cm Z=15cm Z=20cm
0,5 13% 9.3% 1.5% 6.7%
15 13% 11% 1% 9.7%

He production on Z-axis

Beam angle (degree) Z=2cm Z=10cm Z=15cm Z=20cm
0,5 9.2% 7.5% 6.8% 6.4%
15 9.9% 9.4% 10% 9.6%

— 90—




Table 3.2 Irradiation volume of neutron flux by three incident angles of deuteron beam.

Lower limit of [rradiation Volume [cm3|

neutron flux DPA -

(n/cm2/sec] /yr] 0 deg. o deg. 15 deg.
5x 10U 38 90.0 86.0 86.0
3x 10 23 417 413 372
1.5 x 101 12 1330 1320 1220
1 x 1044 8 2400 2360 2230
5 x 1013 4 489 4950 5380

Spectrum mixing parameters

Serber cross section Evapolation cross section
AsS
A ACA
SS1 |- — —
SS2 | — | SC1
l
) SC2
- - S
ESl ES2 MeV ECI EC2 MeV
SS1=0.06, SS2=0.04 ' SC1=0.01, SC2=0.001
ES1=6, ES2=10 MeV ECl1=2, EC2=15 MeV

Fig. 2.1 Energy dependance adopted for mixing parameters of two spectra
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Neutron flux [n/sec/cra’/st/MeV]
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Fig.24  JFMIF : Source neutron spectra with 30 MeV deuteron
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Fig.2.6 ~ IFMIF : Source neutron spectra with 40 MeV deuteron
on horizontal directions; (0=0-5 degrees)
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Li target

deuteron incident angle

Fig. 3.1 Neutron Flux and Spectrum Calculation Model at

Distance from target [cm]

Positions in Irradiation Field

[FMIF : mapping of volume-flux on x-z plane

(2 beam lines of 35 MeV; 0-deg.)
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IFMIF : mapping of volume-flux on x-z plane

20

,_
o)
T

(2 beam lines of 35 MeV; 5-deg.)

l T T l T T \( T
: / 5 3 —o—— 3.0e+14

—a

s N

- 1.5e+14
---1.0e+14

4 A l 1 4

5 0
x-axis distance [cm]

.33

10

Distance from target [cm]

20

[FMIF : mapping of volume-flux on y-z plane

(2 beam lines of 35 MeV; 5-deg.)

T T T T

,g_
W
b

fa—
-]
T

T T T T T T ] N
l / I i | —e— 3.0e+14
o \ 1 —8 - 1.3e+l1d
@ ? | —¢---1.0e+14

L
-5
y-axis distance [cm]




Distance from target [cm]

IFMIF : mapping of volume-flux on x-z plane

(2 beam lines of 35 MeV; 15-deg.)
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“He production [ppm/atoms/yr]
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IFMIF : *He production distribution on z-axis
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Appendix 1. Data Format of Provided Source Function

readme.txt

Data are written in the following format

No.I-record (a80)
No.2-record (a80)
No.3-record (3i8) idlt, iah, iav

No.4-record (10£8.2) (en(i),i=1,idlt+1)
No.5-record (10f8.2) (ah(i),i=1,iah+1)

No.6-record (10f8.2) (av(i),i=1,iav+1)

do j=1,iah

do i=1,iav

n=n+1

No.(6+n)-record (6d13.5) (S(.i,k),k=1,idlt)

enddo
enddo
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title card

comment on source condition

energy group, azmuthal angular

bins, polar angular bins

energy boundary (downward)

azmuthal angular boundary
(degrees)

polar angular boundary
(degrees)

source intensity
(n/sec/cm3 /4p)




Calculational Model for Surveying Neutronics Characteristics
in lrradiation Test Matrix

Source Condition

Source is provided as follows:

1) 2 beam with 10 degrees is assumed
2) neutron emission probability function is averaged along with deuteron

track
3) volumetric source is assumed to homogeneously distributed over the source

region which is defined as area of target multiplied by the deuteron range
4) source is provided as a function of energy, and polar and azmuthal angles

ie., 5S=5(En,8,®), in unit volume

source intensity distribution

& /\f/ realistic

¥ — homogenized

0
deuteron |«
energy  |35MeV

emission angle

) o

incident beam angle
(6, &)= (10,0) and (10,180)
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Neutron Source
Term
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e Four possible ways to model D + Li reactions:

1. Stripping of the deuteron's proton
e Neutrons are produced from the interaction of Deuterons 2. Formation of a compound nucleus followed by
with the Lithium Flowing Target. evaporation of neutrons.
3. Breaking up of the deuteron by long range Coulomb
potential.
 The general source term can be expressed by: 4. Interaction of the deuteron with only neutron from
the lithium nucleus.
2 ~
S(F E Q) - N d Z(Ed’En’Q) SOSE..5x - 3 and 4 are less likely than 1 and 2 due to low atomic
T dE,dQ n number of the lithium and relatively low energy of the

deuterons.

e Serber stripping model and Evaporation model are used
and their parameters are adjusted to agree with
experiments.

where:

N=1(y,z)Ng dy dz= number of deuterons at the
differential volume dxdydz around r.

d%3(Eq;En,Q)
dE,dQ

= Double differential macroscopic

cross section for the D-Li reaction.

The number of neutrons produced depend on the
number/flux of deuterons.

The number of deuterons depends on the total current:
N =6.242 x 10'® x current

The cross section for the D-Li reaction is based on fitting
of experimental data and on nuclear models.

ig/Germany/Q7/95/01

The weight of each model is a function of the deuteron
energy (serber high, evaporation low)

For 0(E,(E4 the Serber model gives:

d’c  do(Ed,9)
dQdE, dQ  |g

(Ed,En)

where

EpEqg
|:(En - Ed/2)2 + EbEd%}

teo-mif 5L

Ey, = deuteron's binding energy (~ 2 MeV)

S(EqsEn) = K f(En,Eq)

12/Germany/07/95/02




* For E,)E4 the Serber model breaks down for D-Li.
Dominant reaction is the ground and first excited states of

®Be. Experimental data is used in this region.

Implementation of the Source
Term to the Monte Carlo Code
MCNP

* Evaporation model - For E, (E4 classical model is used.

* Evaporation model - For E,)Eq e Process the cross section to generate
probability tables.
d?° _dzc(Ed,G)‘
dQdE,, do e

R(Ed’ En) 1. Make deuteron energy the independent
variable. Calculate the total D-Li cross section
for deuteron energy (40 deuteron energy
groups with a width of 1 MeV each). Multiply

]
R(E4,En) = T &Xp ( Tnj+g(EdsEn)

T=0.55E42

d(Eq,En)=.01E4 - 0.2min{E,,,.05E4}

* The energy of the generated neutrons is dependent on the

instantaneous deuteron energy.

iw/Germany/07/95/03

the cross section by the lithium atom density
and by the distance traveled by a deuteron
(with the energy of the energy group
considered) until it loses 1 MeV of its energy.

Produced a table for each deuteron energy for
the polar angle.

Produce other tables for each deuteron energy
and each polar angle for the neutron energy.

ig/Germany/07/95/04




The selection process is set as

following:

1.

Select a spatial interval and the deuteron
energy for the collision from the above defined
probability distribution.

Select the outcoming polar angle and energy for
the neutron from the appropriate probability
distributions.

Select the azimuthal angle from a uniform
probability distribution.

Use the nuclear model to better define the
neutron energy within each energy group.

Select the “y” and “z” coordinates (plane
perpendicular to the beam direction) of the
collision point from uniform probability
distributions (or any other suitable
distribution).

Select the “x” position inside the spatial interval
(selected in.item 1) from a uniform probability
distribution.

ig/Germany/07/95/05

Notes:

The cross section data generated for the FMIT
project by Fred Mann is given in milibarns per
steradian per MeV. Then, in creating the
probability tables, one has to integrate the cross
section along the azimuthal angle.

Straggling effects are not considered in this
formulation.

The loss of the deuteron beam intensity (less than
5%) is not considered in this model.

ig/Germany/07/95/06




Neutrons from the D-Li
Reaction

¢ Higher deuteron energy means:
1. Higher neutron production rate.
2. Higher average neutron energy
3. Higher number of neutrons above 20MeV

4. Thicker lithium jet.

1.C.Gomes - Argonne National Laboratory

Neutrons from the D-Lli
Reaction

¢ The higher the deuteron energy the higher
the lower the dE/dx value => penetrates
more until it loses a unit of energy.

¢ The higher the neutron energy the more
forward peaked 1s the angular distribution at

the generation point.

— 45—
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Table 1
Comparison of Neutron Generation Rate, Average Energy, and Energy
Distribution for Three Incident Deuteron Energies

Deuteron Incident Energy

30 Mev 35 MeV 40 MeV
Percentage of Neutrons Born in
Each Energy (MeV)
Interval (%)
fromOto 15 91.94 88.12 84.33
from 15 to 21 5.51 7.63 9.28
from 21 to 32 2.12 3.54 5.39
from 32 to 43 0.42 0.66 0.90
from 43 to 50 0.0022 0.059 0.10
Total Neutron
Generation rate
for a 250 mA D-beam
(neutrons/sec) 6.460e+16 8.364e+16 1.035e+17
Average Neutron
Energy (MeV) 5.36 6.06 6.71

6.80

\\

4.98

/

a1z

4

Average Neutron Energy [ MeV ]
4.04

20

L

100 130 16.0 190 220 250 200 810 340 370 400
Deuteron Energy [ MeV ]

2.

Figure 1. Average energy of the neutrons as a function of the deuteron incident energy.
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Conclusion

# There are important advantages, in terms of
neutron generation, in increasing the deuteron

energy.
¢ The 1ncrease 1n deuteron energy do not create

an unacceptable number of neutrons out of the

range of a fusion reactor.

¢ The neutron energy spectrum of a fusion
reactor is fully covered by the D-Li1 neutrons.

[.C.Gomes - Argonne National Laboratory
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IFMIF Test Cell/Users Task CDA-D-2:

Detailed Neutronics Analysis and Other Parameters for a Test Cell with
Standard Loading Configuration

Task Responsible: Y. Oyama
IFMIF Test Cell/Users Group of JAERI

1. Introduction

The task CDA-D-2 aims at performing quantative estimation of useful spatial volume
in the IFMIF irradiation field for the four standard loading samples with different cooling
materials. The reference conditions of the IFMIF deuteron beam-Li target configuration are
250 mA and 35 MeV for deuteron beam current and energy, and the target size is 50 mm x
200 mm square, respectively. The two beams of 125 mA are injected to the target with angle
of 20 degrees ( 10 deg from the center axis ).

The calculation was performed to obtain the relationship between the IFMIF
irradaition and the reactor equivalent irradiation. The parameters to be compare are followings:

I) Volume available for the desired dpa rate inside standard loading

2) Neutron flux distribution inside the loaded samples

3) Nuclear heating for the loaded samples

4) The dpa distribution

5) Gas production, transmutation
For the typlcal reactor irradiation conditions, the SSTR and DREAM demgn were adopted

Vi

which are using ferritic stainless steel and SiC for first wail and structurai materials, and water
and helium for coolant materials, respectively. The reference wall load was 5 MW/m?2,

2. Source Function

The source function providing energy spectrum, angular distribution and intensity of
neutrons emitted from Li target was given by the task CDA-D-1 that was reported seperately.
The source function was expressed as uniform distribution over the 35 MeV deuteron
stopping range, and then the distributed source is defined to that region. This approximation
to homogenize the source function inside the Li layer, neglecting the change of deuteron
reaction energy, is good approximation except for the positions very close to the deuteron
reaction region. The further approximation was adopted to reduce the sampling time of source
position, i.e., the source was placed at the 6 mm depth from the Li surface as a plane, where
the neutron production rate s highest as shown in Fig. 2.1. This approximation was checked
for flux distribution without sample and the results of comparison with volumetric source
showed a good agreement with 8%. This means the calculation error of the same order.

3. Standard Loading Model

Four standard loading configurations were specified at the KfK meeting as follows:
for iron sample,

1) Fe 50%, He (and Void) 50%,

2) Fe 50%, NaK 30%, Void 20%,
and for SiC sample,

3) SiC 50%, He (and Void) 50%,

4) SiC 50%, NaK 30%, Void 20%.

— 51—
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The test matrices with the standard loadings were averaged by the volume fraction and
homogenized. The estimated parameters are calculated for the element of 100% density. The
configuration model for calculations is shown in Appendix 1. The test matrix was placed at 2
mm from the target surface that was | mm backwall and 2 mm Li margin for the deuteron
range, i.e., for 35 MeV deuteron 19 mm thick Li target was assumed. The matrix region was
20 % bigger than the target area and 200 mm in thickness. For example, for the 50 mm x 200
mm target, the 60 mm x 240 mm x 200 mm matrix was placed.

Neutronics calculation was performed using the Monte Carlo neutron transport code,
GMVP, that was vectorized from MORSE-CG. The nuclear data library used is HILO86/J3
ihat was modified from HILO86 by replacing the daia below 20 MeV by JENDL-3.1 with sclf
shielding factor. The test matrix was devided into 20mm cubics, which corresponds 360
cubics for the 60 mm x 240 mm x 200 mm matrix, and each cubic was assigned to tarck
length cell detetor, as shown in Fig.3.1. The mass and atomic number deneisties are listed in
Table 3.1. The irradaition volume above the desired flux or dpa rate was estimated by
counting these cubics. The displacement energies used here are given in Table 3.2 for Fe, Si
and C. The dpa cross section and KERMA factors were extrapolated from 20 to 50 MeV.

4. Results
4.1 Volume-Flux Relation

The volumes to be obtained the flux over the desired flux are sumarized in Table 4.1.
In the table, the four cases of standard loading configuration for the reference target shape,
and the two other target shapes are compared. The cases without the matrix are also compared
for three target shapes. The maximum volume to be able to caluculate is 2880 cm3. Table 4.2
also gives the volumes to be obtained the dpa rate over the desired limit for Fe and SiC,
respectively.

Figures 4.1-4.13 show the contour graphs of the desired limit of dpa rate. The effect
of the Fe samples can be seen from Figs. 4 l -4 and 4.5-7, respectively. Th effect is ve
remarkable in the region below 10 dpa/yr. Figs 4-8-4.13 show the cases of SiC seperately for

dpa rates of Si and C.

Beam current dependence of the irradiation flux can be seen from Fig.4.14. The figure
plots the relation of volume to the obtained dpa rate for both cases of 250 and 300 mA . From
the dpa rate of 20 ppm/yr, the volume increases from 0.3 to 0.4 litter.

Flux gradients in front of the target are shown for two caases with and without test
matrix in Fig. 4.15. The requirement of 10%/cm for flux gradient (in dpa rate) is satisfied
only by 100 x 100 mm square target and by the uncollided flux as seen in the figures. The
thinner rectangle targets increse the gradient. For the case with standard sample loaded test
matrix, the gradient can not be reached to 10%/cm, and the gradients for four standard loading
cases are |5%/cm. The gradient of the direction parallel to the target surface is worse with the
distance from the target and worse with thinning the target area.

4.2 Gas production and dpa

Table 4.3 shows dpa rate, He production rate and He/dpa ratios for Fe. The ratio of
He production to dpa rate is around 14, so that the ratio is very close to the fusion condition.

4.3 Demo Reactor and Transmutation

For the reference case, two designs of the DEMO reactors were chosen from the
Japanese DEMO designs, i.e., SSTR and DREAM. The SSTR reactor uses F82-H steel for




IFMIF/CDA-D-2 Document (draft/July 3, 1995) by Y. Ovama (JAERI)

structural material and water for coolant, and the DREAM uses SiC and He, respectively. The
conceptual view of the reactor is shown in Fig. 4.16 and the calculation models for both
reactors is shown in Fig. 4.17 and 4.18. Figs 4.19 and 4.20 compare the neutron spectra of
both the averaged flux of IFMIF and the first wall flux of SSTR, and the first wall flux of

DREAM, respectively.

Fig 4.21 presents the production rates of major transmuted nuclides from Fe by the
IFMIF neutrons of 5x 10!+ n/cm?2s and from F82H steel by the SSTR neutrons of SMW/m?
wall load ( about 2.4 x10!4 n/cm?s) after 1000 days irradiation. The averaged spectrum in the
whole sample volume was used to calculate the transmuation, so that the 25 x400 mm? target
case is lower than the others. The transmurtaions of IFMIF are higher than the SSTR even
considering the flux intensity. Fig. 4.22 shows ratio of transmutation to the 55Mn production.
Tfhe productions of S*Cr and 53Cr are slightly different, where the 3!V is a product from 52Cr
of F82H.

Fig. 4.23 also shows the production rates for the SIC sample and the DREAM
reactor. It is seen from this figure that the production of 27Al and 24Mg in the IFMIF is larger
than the DREAM. The 2INe production comes from high energy reaction. The ratios to 25Mg
show that the production are two time higher for 27Al and four times higher for 24Mg.

4.4 Nuclear Heat

Nuclear heating in the standard loading samples was calculated and the results are
summarized in Table 4.6. For iron sample, the gamma-ray heating is 50% larger than neutron
heating, and for SiC sample, the gamm-ray heating is one tenth of neutron heating.
However, total heating is alomost the same for both samples and that is around 20-23 W/cm3
at maximum. The avearge heating is about half of the maximum.

5. Summary

From the present calculations, it can be concluded for Fe and SiC irradaition that:

Volume-Flux:

1) The reference target shape, 50 mm x 200 mm , provides 0.3 litter and 0.75 litter
irradiation volumes for NaK and He coolant cases, for 20 and 10 dpa/yr,
respectively. [f the 100 mm x 100 mm target is used, the 0.4 and 1 litter volumes
for 20 and 10 dpa/yr can be obtained. To increase the irradiation volume for the
reference target by 0.4 litter, the beam current should be increased by 300 mA.

2) The effect of sample loading, i.e., perturbation due to matrix, is about 20-40%
reduction of irradiation volume and the lower flux region has higher reduction.

3) For SiC, the 0.5 and | litter volumes can be obtained in the reference target for 20

and 10 dpa/yr of Si, respectively.
4) Flux gradient inside matrix exceeds 10%/cm and close to 15%/cm, though the flux

gradient without matrix is within 10%/cm.
Gas production, dpa and Transmutation:

) The He/dpa ratio ranges 13.6 to 14.5, and the ratio increases for the thinner target
of 25 mm x 400 mm.

2) For transmutation production from Fe, the production ratios of >*Cr is larger but
that of 53Cr is smaller than those of ferritic steel in the SSTR, i.e., the ferritic steel
and water cooling reactor.
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3) For transmutation production from SiC, the production ratios of 27Al and 24Mg
are larger than that of DREAM, i.e., SiC/He reactor.

Nuclear Heating:

) Nuclear heating by neutrons in the Fe matrix is alomost equal to the gamma-ray
heating, but neutron heating in the SiC matrix is ten times larger.

2) The total heating is about 20 W/cm? at front region of the matrix.
6. Concluding Remarks

1) The target size should be thicker than 50 x 200 mm square. For 50 x 200 mm
target, a 300 mA of deuteron beam current is required for Fe loading matrix to
exceed 0.4 litter for a region over 20 dpa .

2) The flux gradient inside the matrix is steeper than 10%/cm and close to 15%/cm.
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Table 3.1 The density and atomic number density of irradiated materials for IFMIF.

material density nuclide atomic number density

[g/cm3] [[x1024/cm3]
Iron 7.86 Fe 8.4760 x 10-2
23Na 4.4312 x 103

NaK 0.762
K 9.1312 x 10-3
Si 4.6860 x 10-2

SiC 3.12
12C 4.6860 x 10-2

Table 3.2 Displacement energy, Ep, of the irradiation samples.

Sample material

Displacement energy [eV]

C-12

Si

25

Fe
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Table 4.1 The cumulative volume of total flux by the sample materials and sizes in GMVP calculations.
Cumulative volume jcm?d]
Area [cm?] 24x6 12x12 48x3 24x6 12x12 48x3
Lower flux Fe-50% Fe-50% SiC-50% SiC-50% Fe-50% Fe-50% Without material
[fem¥/sec) NaK-30% NaK-30% NaK-30% NaK-30%
5.0x1014 112 80 64 64 160 0 64 128 0
3.0x10H4 416 440 400 400 480 240 368 480 240
1 .5%1014 896 944 880 896 1216 480 1088 1408 672
1.0x101 1296 1328 1264 1312 1600 696 1656 2192 1032
5.0x1013 1968 2000 2048 2096 2336 1224 2736 2880 2040
0.0 2880 2880 2880 2880 2880 2880 2880 2880 2980
‘ Neutron flux is integi tted over the whole energy region below 50 MeV
Table 4.2 The cumulative volume of DPA by the sample materials and sizes in GMVP calculations.
DPA cumulative volume of Fe [cm3)
Area [cm?) 24x6 12x 12 48 x 3 24x6 12 x 12 48 x 3
Lower DPA Fe 50% Fe 50% Fe 50% Without material
[/yr] NaK 30% NaK 30%
20 304 304 416 <240* 416 512 240
15 496 496 576 240 688 832 456
o 736 752 960 480 1120 1504 696
S 1360 1392 1648 912 2432 2792 1368
2 2240 2288 2528 1488 2880 2880 2568
0 2880 2880 2880 2880 2880 2880 2880
* The volume should be less than this value but can not be specified because of spatial resolution of
flux estimator
Table 4.2 (continued)
DPA cumulative volume of Si [cm3)] " DPA cumulative volume of 12C [cm3)
Area [cm2] 24x6
Lower DPA SiC 50% SiC 50% Without SiC 50% SiC 50% Without
{/yr] NaK 30% material NaK 30% material
20 496 496 512 0 0 0
15 720 736 864 0 0 0
10 976 1008 1360 176 176 80
5 1728 1840 2576 608 608 576
2 2736 2752 2880 1440 1440 1864
0 2880 2880 2880 2880 2880 2880




Table 4.3

The ratio of 4He and DPA of Fe for the sample materials and sizes.

Arca [cm?] 24x6 f2x12 483
Sample NZ}SS(@, Fe 50% NiengZ)%

e oy | 1118 s > S

4He/DPA 13.9 14.0 13.6 14.5

Table 4.4 Nuclear heating at front region (2 cm-thickness) of sample.

Nuclear heating by Fe [W/em3]

Nuclear heating by SiC {W/cm3}

12x 12

Area [cm?2) 24 x 6 48 x 3 24 x 6
Fe 50% o Fe 50% SiC 50% e
Sample NaK 30% Fe 50% NaK 30% NaK 30% SIC 50%
Average 9.593 9.473 11.76 5.726 1.303 1.208
Gamma-ray
Maximum 14,12 13,93 17.71 6.952 1.874 1.740
Neutron Maximum 9.483 9.498 10.29 6.464 17.61 17.63
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Fig. 4.1
IFMIF : mapping of Fe volume-dpa [/yr] on x-z plane
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Fig. 4.2
IFMIF : mapping of Fe volume-dpa [/yr] on x-z plane
(Fe-50% ; 24*6*20 cm?)
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Fig. 4.3

IFMIF : mapping of Fe volume-dpa [/yr] on x-z

plane (Fe-50%, NaK-30% ; 12*12*20 cm”)
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IFMIF : mapping of Fe volume-dpa [/yr] on x-z plane
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Fig. 4.6

IFMIF : mapping of Fe volume-dpa [/yr] on
x-z plane (nothing ; 12*12%20 cm?)
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Fig. 4.8

IFMIF : mapping of Si volume-dpa [/yr] on x-z plane
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Fig. 4.9

[FMIF : mapping of Si volume-dpa [/yr] on x-z plane
(SiC-50% ; 24*6*20 cm>)
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Fig. 4.10
IFMIF : mapping of Si volume-dpa [/yr] on x-z plane
(nothing ; 24*6*20 cm?)
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Fig. 4.11

IFMIF : mapping of C volume-dpa [/yr] on x-z plane
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Fig. 4.12

IFMIF : mapping of C volume-dpa [/yr] on x-z plane

(SiC-50% ; 24*6%20 cm?)
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Fig. 4.13

IFMIF : mapping of C volume-dpa [/yr] on x-z plane Dpa-Volume with beam current
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Major parameters of SSTR

Major Radius Rp 7.0m Bootstrap
Minor Radius ap 1.75m Current Ibootstrap 9 MA
Elongation K 1.8 Beam Driven
Triangularity S 0.3 Current  Ibeam 3 MA
Aspect Ratio A 4.0 NBI Power PNBI 60 MW
Plasma Volume V 760m3 Beam Energy Ebeam 2MeV
Plasma Current Ip 12MA Fusion Power Prysion 3000MW
Toroidal Field Bt 9T  |Power Gain 50
Safety Factor q(95%) 5.0 Total Thermal
Safety Kactor q(0) Ouiput Ptn 3710MVY
Toroidal Beta Bt 2.52% Max. Neutron
Poloidal Beta Bp 2.0 Wall Load Pn SMW/m?2
Troyon Kactor g 3.3 Gross Electric
Average Density <Nle> 1.45x1020m-3 Power Pec 1280V We
%veraget <nT> kv Net Electric

emperature <n> e
Effegtive Charge  Zerr 1.8 Fower Penet  1050MWe
He Concentration f(He) 0.05

golenold Coll
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F]g. 4.16 Bird's-eye view of SSTR
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Structure Ist Breeding Zone
F82H+water it
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Fig. 4.17 One-dimension Cylinder Model for ANISN of the SSTR.
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Production Rate [ ppm/cm®/1000day]
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Appendix 1 Geometry model for Analysis

standard sample loading for test matrix region
[) Fe 50%, NaK 30%, Void 20%
2) Fe 50%, Void 50%
3) SiC 50%, NaK 30%, Vois 20%
4) SiC 50%, Void 50%

reference reactor condition ‘
SSTR (Steady State Tokamak Reactor) proposed for DEMO by JAERI

Li,O/He cooling

parameters to be evaluated
1) neutron flux-volume relation
2) dpa
3) transmutation
4) activation
5) gamma-ray dose, gamma-ray heating

Code and Library
MORSE-CG + HILO86 or HILO86J (JAERI version)

Model configuration

Li margin backwall+space
3mm 2mm

deuteron range
17mm for 35MeV

200 mm
\ Lijet | # >
60 mm
A

t»’

deuteron beam

50 mm

IFEENEERRONEEEEN ]
B 0

INEEERENSNESEEERE N

o

Matrix Region

v

Source position for GMVP calculation
6 mm in depth
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Testing Volume as a Function of the
Material Loading

IFMIF Test Cell Design Meeting

Karlsruhe - Germany
Itacil C. Gomes

July 3-6, 1995

I.C.Gomes - Argonne National Laboratory
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Variation of the Testing

Volume for Fe, SiC, and NaK

Cases analyzed :

1. Influence of the beam shape
(2.5x40, 5x20, and 10x10)
2. Influence of the deuterons energy

(30, 35, and 40 MeV)
3. Influence of the material loading

[.C.Gomes - Argonne National Laboratory

Variation of the Testing Volume with DPA Rate
Above 20 dpa/fpy for 30MeV Deuterons - 250mA
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Variation of the Testing Volume with DPA Rate
Above 20 dpa/fpy for 35 MeV Deuterons - 250mA

¢ case #1 =50% Fe,

¢ case #3 =50% SiC,
50% vacuum

¢ case #4 = 50% SiC,
30% NaK, 20%
vacuum

1.C.Gomes - Argonne National Laboratory
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Variation of the Testing Volume with DPA Rate
Above 20 dpa/fpy for 40 MeV Deuterons - 250mA
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1.C.Gomes -

Variation of the Testing Volume with DPA Rate
Above 10 dpa/fpy for 30 MeV deuterons - 250mA

case #1 = 50% Fe,
30% Nak, 20%

50% vacuum

case #3 = 50% Si1C,
50% vacuum

case #4 = 50% SiC,
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Variation of the Testing Volume with DPA Rate
Above 10 dpa/fpy for 35 MeV Deuterons - 250mA
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Variation of the Testing Volume with DPA Rate
Above 10 dpa/fpy for 40 MeV Deuterons - 250mA

¢ c#l =50% Fe, 30% @1400
Nak, 20% vacuum 2 1200 mlmr
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I.C.Gomes - Argonne National Laboratory

Variation of the Testing Volume with
the Beam Cross-Sectional Shape -
35MeV Deuterons - 250mA Current
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Dimensions of
the Cross-Section
of the Beam (cm)
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Variation of the Testing Volume with
the Beam Cross-Sectional Shape -
40 MeV Deuterons - 250 mA Current
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Recommendations

¢ It is strongly recommended to have 40 MeV

incident deuteron energy as the reference
case for the IFMIF design.

¢ To keep as much flexibility in the design, in
terms of beam spot area and duplicated test
cells, to allow a broader application of the
facility - including some flexibility on the
deuteron energy.
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Variation of the Testing
Volume for a Few Fe densities

Cases Analyzed:
Fe 100% dense Fe 75% dense
Fe 50% dense Fe 25% dense

vacuuin

1.C.Gomes - Argonne National Laboratory
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Changes in Volume Due to Changes of the Fe
Density in the Test Assembly Region
30 MeV Deuterons - 250mA - 10x10 beam

¢ c#1 = vacuum
& c#2 =25% Fe
& c#3 =50% Fe
¢ cttd ="75% Fe
¢ c#5 =100% Fe

[.C.Gomes - Argonne National Laboratory
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DPA rate (dpa/fpy)

Changes in Volume of the High Flux Region
Due to Changes in Fe Density
30 MeV Deuterons - 250mA - 10x10 beam

¢ c#l = vacuum
& cH2=25% Fe
& c#3 =50% Fe
& cH#d =75% Fe
¢ c#5 =100% Fe

1.C.Gomes - Argonne National Laboratory
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Changes in Volume Due to Changes in Fe
Density in the Test Assembly Region
35 MeV deuterons - 250mA - 10x10 beam

¢ c#l = vacuum
& c#2 =25% Fe
¢ c#3 =50% Fe
¢ c#d =75% Fe
& c#t5 = 100% Fe

1.C.Gomes - Argonne National Laboratory

Volume (milliliters)
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Changes in Volume of the High Flux Region
Due to Changes in Fe Density
35 MeV Deuterons - 250mA - 10x10 beam

¢ c#l = vacuum
& c#2 =25% Fe
¢ c#3 =50% Fe
¢ cttd =75% Fe
¢ c#5 =100% Fe

.C.Gomes - Argonne National Laboratory

Volume (milliliters)
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Change in Volume Due to Changes in Fe
Density in the Test Assembly Region
40 MeV deuterons - 250mA - 10x10 beam
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Changes in Volume of the High Flux Region
Due to Changes in Fe Density -
40 MeV Deuterons - 250mA - 10x10 beam
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Volume (cc) with dpa rate above the indicated value
for different deuteron energies
10cmx10cm beam - 250mA

Vacuum DPA  /FPY
Deuteron 20 15 10 5 2
Energy (MeV)
40 544 873 1640 4490 16000
35 290 499 987 2810 10900
30 99 233 516 1600 6380
25% Fe DPA /FPY
Deuteron 20 15 10 5 2
Energy (MeV)
40 539 828 1450 3670 12800
35 304 504 987 2490 8790
30 121 251 531 1520 5490

I.C.Gomes - Argonne National Laboratory

Volume (cc) with dpa rate above the indicated
value for different deuteron energies
10cmx10cm beam - 250mA

50% Fe DPA /FPY
Deuteron 20 15 10 5 2
Energy (MeV)
40 493 743 1260 3020 9340
35 288 468 849 2120 6690
30 123 247 496 1350 4510
75% Fe DPA /FPY
Deuteron 20 1 10 5 2
Energy (MeV)
40 453 671 1110 2570 7380
35 257 403 692 1610 4630
30 116 225 429 1080 3260

[.C.Gomes - Argonne National Laboratory 85




Volume (cc) with dpa rate above the indicated
value for different deuteron energies
10cmx10cm beam - 250mA

100% Fe DPA / FPY
Deuteron 20 15 10 5 2
Energy (MeV)
40 419 613 988 2220 6090
35 257 403 692 1610 4630
30 116 225 429 1080 3260
1.C.Gomes - Argonne National Laboratory
Conclusions

¢ The influence of the material loading
scheme on the available volume for the high
flux region (above 10-15 dpa/fpy) is small

¢ The volume of the low flux (below 2-5

dpa/fpy) region is heavily affected by the
material composition and material density
in the test assembly region.

I.C.Gomes - Argonne National Laboratory — 86—



Influence of the Angle of

Incidence of the Beam on the
Available Testing Volume

§ wv

Cases analyzed: |
1. Single footprint with beams overlapping
2. Single footprint without overlap

Angles to the normal to the jet analyzed:
5, 10, 15, 20, 30, and 40 degrees

I.C.Gomes - Argonne National Laboratory
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Test Assembly

Lithium Target

/N \
/ﬂ/o N

Two Beams Incident on the Same Target Without
Overlapping the Footprint

I Cinmec - Arannne Natinnal T aharatorv

Test Assembly

lithium target

A /
\\ﬂﬁ%/

Beam # 1 Beam # 2

/

\

Two Beams on the Same Target Overlapping
the Footprints

1.C.Gomes - Argonne National Laboratory
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Influence of the Angle of Incidence of
2 Beams on the Testing Volume with
dpa rate above 40 dpa/ipy

Co

B5

E10
@15
E20
B30
B40

Volume (cc)

c#1 c#2 c#3

35 MeV -with 35 MeV - w/o 40 MeV - w/o

overlapping : :
overlapping overlappin
1.C.Gomes - Argonne National Laboratory Pping

Influence of the Angle of Incidence,
for 2 Beams, on the Testing Volume
with dpa rate above 30dpa/fpy
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35 MeV - with 35 MeV - w/o 40 MeV - w/o
overlapping overlapping overlapping

1.C.Gomes - Argonne National Laboratory 0
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Influence of the Angle of Incidence,
for 2 Beams, on the Testing Volume
with DPA rate above 20 dpa/fpy

500- =
450+ -
—_
8 400, 010 deg.
o 3501 5 deq.
E 300+ E 10 deg.
© 250 15 deg.
> 200 B 20 deg.
1501] B8 B30 deg.
10077 | ; 5 40 deg.
5041 11
01 O B
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35 MeV - with 35 MeV - w/o 40 MeV - w/o
overlapping overlapping overlapping

1.C.Gomes - Argonne National Laboratory

Influence of the Angle of Incidence,
for 2 Beams, on the Testing Volume
with DPA rate above 15 dpa/fpy

800+
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200 B 30 deg.
B 40 deg.
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0_ . 3
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Conclusions

¢ The angle of incidence, for 2 beams incident
on the same target case, does not not have a
strong influence on the testing volume.

¢ For large dpa threshold values the increase
in volume is significative when using large
angles, but the volume 1s small.

¢ For small dpa threshold values the uni-
directional beam or beams at small angles
have a slightly advantage over large angles.

1.C.Gomes - Argonne National Laboratory







Helium to DPA ratio

¢ Throughout the high flux region He/DPA
ratio varies from 10 to 14 (SS-316).

¢ From the materials analyzed (SS-316, V,
Nb, Fe) he to DPA ratios similar to the
fusion environment were calculated.

¢ For 250mA a beam spot area of 100 cm?2
produces a very good agreement with the
fusion environment (in the high flux region)

I.C.Gomes - Argonne National Laboratory




distance ~ MAX value
s °o =-0,160cm — 1.13E+01 |
a = 0.000cm - 1.12E+01
+ = 1.000cm - L.I7E+01
L x = 3,000cm - 1.20E+01
I ¢ = 6.000cm - 1.24E+01
o v = 9.000cm - 1.26E:01
@
L
%
=
o
o
b
Ex)
(4] ot
g
é 7 - 1
& 1500 -ni2s -7.50 -3.75 0.00 3.75 7.50 11.25 15.00

direction perpendicular to the beam [cm]}

Figure 9 Helium production (appm/yr) to DPA rate (DPA/yr)-ratio. Profile
perpendicular to the beam and to the Jet for a 250 mA, 35 MeV, 10 x 10

cm- deuteron beam.
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Transmutation Rate in
Different lrradiation Facilities

[.C.Gomes - Argonne National Laboratory




Diffe;rent neutron energy spectra
= Different transmutation rates

- Vanadium transmutation cross-section
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Gradient of the Damage Rate

10x10, 5x20, and 2.5x40 beams
30, 35, and 40 MeV

1.C.Gomes - Argonne National Laboratory

—103—




Maximum DPA Rate for
Different Beam Spot Shapes

¢ The square beam 80
shape gives the R
highest dpa rate at the '3 60
back plate. Z 50 [10x10
L
. = 40 00 5x20
¢ The larger aspect ratio £ = 2.5x40
< 30 A -2X
the smaller the A g
maximum dpa value. = 10 -
0

30 35 40
Deuteron Energy (MeV)

[.C.Gomes - Argonne National Laboratory

Coordinate System Used to Plot the DPA rate profiles.

i

z-direction

y-direction /
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DPA rate Gradient for different beam spot areas
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Figure 4. Uncollided neutron flux gradient in percentile per millimeter for six different beam
cross sectional areas with the same 250 mA current, and same 35 MeV incident
deuteron energy.
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Conclusions

¢ The gradient value, in the direction of the
beam, does not differ too much from the

10x10 to 5x20.

# The gradient value, in the direction of the
smallest dimension perpendicular to the
beam, is much larger in the cases of 2.5x40
and 5x20 than 1n the 10x10 case.

1.C.Gomes - Argonne National Laboratory
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{IFMIF-CDA TASK TEST CELL /D2

U. Fischer, FZK-INR

Detailed neutronics analysis for a test cell with
standard loading configuration

| Objective

Principal purpose is to establish a relationship between neutron
source strength or neutron flux density and a reactor equivalent
neutron wall loading of 2 MW/m?, taking into account a suitable
fusion reactor spectrum or spectra.

Methodological approach |

I. Perform three-dimensional neutronic calculations for fusion
reactor model (ITER and/or Demo power reactor)

o Normalise to 2.0 MW/m? neutron wall load at first wall

e Calculate neutron flux spectra, damage rates, gas
production rates etc.

o Establish relationship damage parameters / neutron wall
loading - different materials & different spectra

IFMIF-CDA Technical Workshop on Test Cell System, Forschungszentrum
Karlsruhe, July 3-6, 1995
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IFMIF-CDA TASK TEST CELL / D2

Methodological approach (cont’d)

Il. Perform three-dimensional neutronic calculations for IFMIF test
cell using standard loading configuration

o Normalise to the first wall neutron flux density of fusion
reactor

e Calculate neutron flux spectra, damage rates, gas
production rates etc.

e Establish relationship damage parameters IFMIF / fusion
reactor '

I1l. Re-adjust IFMIF design parameters to achieve required neutron
fluxes/fluences, damage, gas production and transmutation
rates

IFMIF-CDA Technical Workshop on Test Cell System, Forschungszentrum
Karlsruhe, July 3-6, 1995
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IFMIF-CDA TASK TEST CELL /D2

Computational approach

e 3d Monte Carlo calculations (MCNP-code)
e Torus sector model for fusion reactor calculations

e Target - test cell model with/without wall scattering

e Nuclear cross-section data for MCNP transport calculations
e EFF-1, -2 & FENDL data libraries for E<20 MeV

e To be provided & processed for E>20 MeV (task D7)

e Damage, gas production & transmutation rate calculations
using 3d-MCNP spectra

e SPECTER, FISPACT
e Nuclear data for damage & activation calculations

¢ Available for E<20 MeV (EAF-3,-4, RFL-1, -2)
e To be provided for E> 20 MeV (task D7)

IFMIF-CDA Technical Workshop on Test Cell System, Forschungszentrum
Karlsruhe, July 3-6, 1995
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IFMIF-CDA TASK TEST CELL / D2

Status of D2-task (EU-FZK)

¢ 3d Monte Carlo calculations performed for fusion reactors

ITER: Water-steel shielding blanket

‘Européan Demo power reactor: Helium-cooled solid
breeder blanket with beryllium neutron multiplier

@

Neutron wall loading, first wall neutron fluxes, ‘damage &
gas production rates

Damage parameters vs. neutron wall loading

e 3d Monte Carlo calculations for IFMIF test cell pending

e lLack of nuclear cross-section data E>20 MeV for MCNP-
calculation of neutron transport

e Further strategy:

e Provide & process data for major isotopes of standard
test cell: *°Fe, 2N, *K (task D7)

e Obtain data from IFMIF-partners (EU-ENEA, JAERI)
e Perform MCNP-calculations for IFMIF test cell

IFMIF-CDA Technical Workshop on Test Cell System, Forschungszentrum
Karlsruhe, July 3-6, 1995
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IFMIF-CDA TASK TEST CELL / D2

Neutron wall loading, first wall flux.& current density

2
m

WL[MW ] =N, -Jm[cm"zs“]

2
N, =14.06MeV 16021107 /5 19+ <™
eV m-

J14= 14 MeV neutron current density

¢14= 14 MeV neutron flux density

<> = cosine of neutron flight direction
and surface normal

ITER 2.0 8.88-10" | 1.44.10" | 8.00.10"
(inboard)
Demo 2.0 8.88-10" | 1.15.10" | 7.14. 10"
(outboard)

Results of 3d Monte Carlo calculations normalised to a neutron wall
loading of 2.0 MW/m®

IFMIF-CDA Technical Workshop on Test Cell System, Forschungszentrum
Karlsruhe, July 3-6, 1995
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IFMIF-CDA TASK TEST CELL/ D2

(rast [10" cm?s] 4.65 4.40
Otot [10™ em?s™] 8.00 7.14
Ofast *At[ 102 cm™? | 1.47 1.39
' (btot -At[10% cm? ] 2.52 2.95

Results of 3d Monte Carlo calculations normalised to a neutron wall
loading of 2.0 MW/m? and an integral irradiation time of one year.

{FMIF-CDA Technical Workshop on Test Cell System, Forschungszentrum
Karisruhe, July 3-6, 1995
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IFMIF-CDA TASK TEST CELL /D2

Displacement damage [dpa] in first wall spectra

$5-316 steel 20.3 175
MANET steel 20.2 17.3
V15Cr5Ti 20.9 18.4
AlLO3 18.8 17.6
LisSiO4 9.4 | 5.7
BeO 11.1 10.8
CuzAu 2.52 2.25

Results of SPECTER calculations using first wall spectra provided by 3d
Monte Carlo calculations.

Normalised to a neutron wall loading of 2.0 MW/m? and an integral
irradiation time of one year.

IFMIF-CDA Technical Workshop on Test Cell System, Forschungszentrum
Karisruhe, July 3-6, 1995
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IFMIF-CDA TASK TEST CELL /D2

Helium production [appm] in first wall spectra

Iron 227.5 180.0
Chromium ' 360.8 281.9
Nickel 789.9 634.0
Copper 250.5 198.1
Vanadium 113.9 88.8
Beryllium 6510.0 | 5424.2
Carbon ' 4301.7 3371.1
Silicon 859.8 692.5

Results of SPECTER calculations using first wall spectra provided by 3d
Monte Carlo calculations.

Normalised to a neutron wall loading of 2.0 MW/m? and an integral
irradiation time of one year.

IFMIF-CDA Technlcal Workshop on Test Cell System, Forschungszentrum
Karlsruhe, July 3-6, 1995
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IFMIF-CDA TASK TESJ CELL /D2

Hydrogen production [appm] in first wall spectra

Iron 890.4 708.5
Chromium- 905.1 722.0
Nickel 3994.3 3222.3
Copper | 1262.6 1006.1
Vanadium 477.0 374.0
Beryllium 98.0 76.2
Carbon 1.15 0.884
Silicon | 1912.2 1523.7

Results of SPECTER calculations using first wall spectra provided by 3d
Monte Carlo calculations.

Normalised to a neutron wall loading of 2.0 MW/m? and an integral
irradiation time of one year.

IFMIF-CDA Technical Workshop on Test Cell System, Forschungszentrum
Karisruhe, July 3-6, 1995
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IFMIF-CDA TASK TEST CELL / D2

Displacement damage [dpa] in first wall spectra

fron 20.2 | 17.3
Chromium | 20.2 17.5
Nickel 214 18.6
Copper 20.5 17.7
Vanadium 20.7 18.3
Beryllium 6.93 6.92
Carbon 9.35 9.16
Silicon 27.0 24.3

Results of SPECTER calculations using first wall spectra provided by 3d
Monte Carlo calculations.

Normalised to a neutron wall loading of 2.0 MW/m? and an integral
irradiation time of one year.

IFMIF-CDA Technical Workshop on Test Cell System, Forschungszentrum
Karlsruhe, July 3-6, 1995
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IFMIF-CDA TASK TEST CELL / D2

Conclusions & future work programme

e Results of calculations performed for different fusion
reactors and spectra

e Neutron fluxes and spectra different at same neutron wall
loading

¢ Unique trend for gas production rates

o Corresponds to differences in (j)m
e Non-unique trend for dpa-rates

e Corresponds to differences in Ci)tot for structurali
materials

e No effect for light materials (Be, C)
e Further work programme
e Extend analysis to IFMIF test cell

e Establish relationship damage parameters IFMIF / fusion
reactor

IFMIF-CDA Technical Workshop on Test Cell System, Forschungszentrum
Karisruhe, July 3-6, 1995
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ITER 3-D Shielding Analysis - Main Results for Nuclear Responses to
the Inboard TF-Coil

U. Fischer, KfK
February 27, 1995

Basis: Updated global model (7.5° torus sector) including new shielding
blanket and divertor cassette design.

Computational procedure: 3-D MCNP-calculation using importance sampling
techniques (geometry/particle splitting’ with Russian Roulette); 320000 source
neutron histories, 10h CPU computing time on IBM 9021 mainframe .

Main results for nuclear response to the inboard TF-coil - maximum values at
the highest loaded part (120 - 200 cm above torus mid-plane). Normalisation
performed for fusion power of 1500 MW, integrat operation time of 3 years is
assumed,

Peak fast neutron (E>0.1 MeV) fluence to the SC: 6.52 10" c¢m?
Peak insulator radiation dose (Epoxy resin): 5.85 10° rad
Peak heating rate of magnet: 0.134 mW cm™
Pesak displacement damage in the copper stabiliser:  4.15 10 dpa
Peak total neutron flux density at the front of he SC;  1.02 10" ¢m™?s™
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IFMIF-CDA Test Cell/Users Task CDA-D-3

Specimen Geometry/Cell Configuration
(Test Matrix for Materials Selection, Miniaturized Specimens
and Specimen Arrangement Plan in Test Cell)

S. Jitsukawa :
IFMIF-CDA Test Cell/Users Group of JAERI

1. Introduction

Extensive use of miniaturized specimens is very important for
materials testing using IFMIF, since test volume of irradiation field of
IFMIF is very limited especially for the high flux region, in which
irradiation tests of structural materials are performed. In this task,
configurations and sizes of standard miniaturized specimens of
structural materials for irradiation testing are identified, and specimen
loading plan at the high flux region is described for the miniaturized
specimens of structural materials.

2. Test Matrix for Materials Selection

Irradiation effect on the (mostly) mechanical properties of
following structural materials will be examined for selecting out
candidate materials for prototype and demonstration fusion reactors.
Possible service temperature ranges for the materials are indicated in

the parenthesis.

(I) Low activation ferrite/martensite steels (300~500C)
(IT) Vanadium alloys (400~600C)
(1) SiC/SiC-composites (600~1000C)
(IV) Innovative materials; not specified (300~1000C)
Two to three heats are expected for each material.

Properties to be examined are,

(1) Tensile properties (including temperature and strain rate
dependencies)

(2) Creep under irradiation

(3) Fracture toughness

(4) Impact properties (Ductile to brittle transition temperature; DBTT,
Displacement rate dependence of fracture toughness)

(5) Fatigue properties (Fatigue life, Fatigue crack growth rate)

(6) Microstructure (Transmission electron microscopy)
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(7) Corrosion properties
(8) Physical properties (Thermal and electrical conductivitys)

Properties for (7) and (8) will be examined using specimens for
the other tests, such as tensile (IASCC by SSRT), fatigue (corrosion
fatigue) and other specimens. Specimens for only (1) to (6) will be
treated in CDA-D-3.

For the designing of reaciors, information of strain
(displacement) rate effect on tensile properties and their temperature
dependencies will be required. Characteristic events for fusion reactor,
such as plasma disruption can cause the temperature and rate ranges to
widen, and multiplicity of specimens for irradiation experiments to
evaluate model material behavior for designing seems to increase. For
instance, multiplicity of tensile specimens will be of 25 to 35. The
multiplicity for fatigue specimens will be larger. Also, in-situ iesis
occupying large space will be required.

It seems to be unrealistic to plan irradiation experiments with
such a large multiplicity. It may be reasonable to conduct irradiation
experiments with smaller test matrix not for obtaining design data but
for selecting candidate materials. Smaller test matrices are proposed in
table D3J-1 to D3J-9.

After the selection stage, a larger matrix (see table D9J-1) may be
applied to obtain design data base (or model behavior of material). An
example of the very small test matrices is also shown in table D9J-2.

3. Miniaturized Specimens
3-1. Miniaturized specimens and configuration of specimen packets

Miniaturized specimens are listed in Fig. D3J-1. Most of the
specimens are the same as those proposed by Grossbeck (ORNL) in
1993 for IFMIF, however specimens for creep, fatigue and crack
growth were changed. Configuration of the miniaturized hour glass
fatigue specimen is also shown in the figure. It should be noted that the
developments of the fatigue and crack growth specimens have not
completed yet.

Specimens will be packed to specimen packet, and the specimen
packets will be arranged in the test module for irradiation. Each packet
will contain one to six specimens. The geometry of the specimen packet
is determined by extending the outside dimensions of the specimen
bundle proportionally so as to make the specimen volume fraction of
50% in the packet. The volume fraction of 50% was proposed in the last
workshop at FZK but the fraction may be reduced in view of specimen
temperature control.
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The total volume of the specimen packets for the test matrix is
about twice as much as the volume of 500 cc proposed at FZK, and the
specimen packets will be irradiated dividing into two or three groups. It
may be required to make the test matrix smaller.

3-2. Arrangement of the specimen packets

Three reference beam foot prints were proposed at FZK. Plans of
specimen packet arrangement for these three beam foot prints are
shown in Figs. D3J-2 to D3J-7 and in tables D3J-10 to D3J-12.

A preliminary evaluation about the feasibility of specimen
temperature control was carried out in CDA-D-4. The result indicates
that side by side arrangement of specimen packets with different
irradiation temperatures may cause some difficulty for the temperature
control. Therefore, specimen packets were arranged in blocks for every
irradiation temperature. In the preliminary evaluation on temperature
control, helium gas was used as heat exchanging medium. For different
media, such as liquid metals, the result may be changed because of the
suitable thermo-physical properties for temperature control.

3-3. About the size effect of specimens for fracture properties tests

Values of fracture toughness and DBTT are rather readily
affected by the specimen size. Therefore, the size effects of the
specimens for these properties should be examined. The size effects for
fatigue specimens may aiso be importani.

Resistance for fracture of the structure is thought to depend on
toughness of the material (fracture toughness, DBTT, etc.), flaw size,
configuration and size of the structure. And, the size effect on the
fracture mechanism of the component of the structure mainly depends
on the minimum dimension. Wall thickness of FBW at the plasma facing
side is smaller than 10 mm in most of the current designs. On the other
hand, the minimum dimensions of fracture toughness and 1/3 Charpy
specimens are 4.6 and 3.3 mm, respectively. This indicates that the
specimen size is large enough to obtain fracture properties of the
material to estimate the stability of FWB with the materials.

However, fracture criteria in elastic plastic region and fracture
mechanisms of FWB, and effect of specimen size and configuration
should be examined to optimize test method and specimen
size/configuration. Following items may be examined for the
optimization.

(1) Application (ability) to the part of blanket structure with larger wall
thickness

(2) Comparison between DBTTs with 1/3 Charpy and (model) blanket
structure
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(3) Optimization of Charpy (bend) specimens; notch size, pre-cracking,
side groove, configuration at minimum cross section

(4) Structural strength of FWB in elastic plastic region

(5) Application of 1/3 Charpy specimen to evaluate temperature and
displacement rate dependence of fracture toughness

3-4. Other specimens

Because of the rather large estimated irradiation volume for the
test matrix, further miniaturization of the specimens may be required.
Also, developments of miniaturized fatigue and crack growth specimen
~is important. Deformation and fracture mechanisms for composite

materials are different from most of metallic structural materials. For

instance, plastic deformation of non-metallic composite material is often
accompanied with micro-cracking rather than plastic flow, which is
common for metallic materials. This may lead that structural design
criteria for structures with composites is different from that with
conventional metallic materials. In addition, microstructures of
composites are also different. Therefore, miniaturized specimen test
techniques optimized for composites as fusion reactor material should
be developed. R&D issues for test specimens and technique are as
follows.

(1) Miniaturization of tensile and creep specimens (to half as much as
current small specimens in volume; this seems to be possible)
(2) Development and demonstration of fatigue and crack growth

specimens
(3) Development of miniaturized specimen test technique for composite

materials
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Tabe 1&2/1

Table D3J-1 J-Test Matrix / Materials
Marenials N Dose (dpa)* Temperature (C)
F1,F2,F3,11 ) 50 300
I
- B 150 ]
FIFLF3, VI, V2, V31112 50 20
- 100
A _ 2150 _
FI,F2,F3, V1, V2, V3,11, 12 ‘ 50, 500
100:
150;
VLVZ V3 SICTSICo 28— 50 600}
100
150
SICTSic2 3 7T T T T TS R
S 100,
S -
I
SICT, SIC2, 13 . s 1000
B 100]
i j x 150
o {Number of heats
Fi,F2,F3 Ferntic 3
Vi, V2, V3 ‘Vanadium alloys 3
SICT, SIC2 :S1C/SiC Composites 2
11,12, 13 'Innovative alloys** 3
i Total 11

¥ Goal doses Structural materials of test modules can be danaged by irradiation,

and Reloading of specimens into new test modules may be carried out at 25, 50, 75, 100 and 125 dpa.

** Innovative alloys of 11, 2 and 13 are not specified, but are supposed to be compatible with
Ferrite/Martensite steels, Vanadium alloys and SiC/SiC composites in view of cross contamination, respectively
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Tabe 1&2/1

Table D3J-2 Volume of Specimens and Specimen Packets

Properties Configuration Specimen Volume |Packet Configuration™ No. of Specimens / Packet
(mm) (cm3) (mm) [Cross section(mm?2)]
Microstructure TEM disk /3 dia. x 0.25 ¢ 0.0018]13.5 x 4 x 4 [54] 350
Tensile §8-3/25x4.8x0.76 (1.52 for SiC) 0.1{6.5x 6.5 x 28 [182] 6
0.2 for S1C-tensile 3 for SiC
Fatugue 25x48x1.52 0.216.5x 6.5 x 28 [182] 3
Fracture toughness|0.18 DCT /127 dia. x 4.6t 0.57]15 x 15 x 15.5 [233] 3
Crack Growth 009DCT /127 dia. x 231 057115 x 15 x 15.5[233] 6
Bend/Charpy 1/3-Charpy /3.3x3.3x 25 0.2819 x 9 x 28 [252] 4
Creep 0.7-Pressurized Tube / 25 x 2.5 dia. 0.12]3.5 X 3.5 x 27 195) 1

* Dimentions were determined by extending them isotropically so as t0 make the volume twice as much as that of specimen
** Number of specimens in a packet x specimen volume x 2

Properties Number of Packets Total Packet Vol. [Total Packet Area
300C/400C/500C/600C/800C/1000C (Total) [(cm3) (cmZ)

Microstructure 37373137313 (18) 30 072
Tensile 9/15/15/9/3/3 (54) 63.9 083
Fatigue 12/18/18/12/6/6 (72) 89 137
Fracture toughness|18/27/27/15/6/6 (89) 346 231
Crack Growth 6/9/9/6/3/3 (36) 126 R4
Bend/Charpy 15/21/21/12/6/6 (81) 184 204
Creep 18/21727/15/6/6 (99) 32.67 94.0




1/7%1 3qelL

£EE0

LTT

ov'e

6v'¢

€311

€811

120

(gu)

«+dWNJOA 1384

— 137 —



—8el—

Table 3-14/1

Table D3J-3 J-Test Matnx / TEM disks
Marerials Dose (dpa) Temperature (C) |No. of specimens* |No. of packets**
F1,F2,F3, 11 50 300 20 1
100 20 1
150 20 1
FI,F2, F3, VI, V2, V3,11, 12 50 400 40 211 for F+I1 and 1 for V+I2
100 40 Z
150 40 2
F1,F2,F3, V1, V2, V3, 11,12 50 500 40 211 for F+11 and 1 for V+I2
100 40 2
150 40 2
V1, V2, V3, SICI, SIC2, 12,13 50 600 35 211 for V+I2 and 1 for SIC+I3
100 35 2
150 35 2
SIC1, SIC2, 13 50 800 15 1
100 15 1
150 15 1
SICI, SICZ, I3 50 1000 15 1
100 15 1
150 15 1
495 27

* Multiplication > 5
** Each packet will contain upto 50 specimens. And, will contain spacers, which will be located to separate different materials.
To avoid cross contamination, Ferrite/Martensite steels + 11, Vanadium alloys + 12 and SiC/SiC composite + [3 are supposed to be loaded in separate packets.

Total Packet Vol. {cm3) 3.9
Total Packet Area(cm?2) 9,72
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Table 3-14/1

2 for F+I1 and 2 for V+I2

2 for F+I1 and 2 for V+I2

2 for V+I2 and 3 for SIC+I3

Table D3J-4 J-Test Matrix / Tensile specimen
Marenals Dose (dpa) Temperature (C) [No. of specimens® [No. of packeis™*
F1,F2, F3, 11 50 300 12 2
100 12 2
150 12 2
F1,F2,F3, V1, V2, V3 11,12 50 400 24 4
100 24 4
150 24 4
F1,F2,F3, V1, V2, V311,12 50 500 24 4
100 i 24 4
150 24 4
V1, V2, V3, SIC1**% SIC2F%* 50 600 21 5
100 21 5
150 21 3
SICT*** "SIC2%** 13 50 800 9 3
100 9 3
150 9 3
SICT*** SIC2*** 13 50 1000 9 3
100} 9 3
150 9 3
297 63

* Multiplication = 3

** Each packet will contain 3 to 6 specimens. And, similar materials will be loaded into a same packet
To avoid cross contamination, Ferrite/Martensite steels + [1, Vanadium alloys + i2 and SiC/SiC composite + I3 are supposed to be loaded in separate packets.
*** Thickness of the tensile specimens for SiC/SiC-composite is twice as much as that for the other materials

‘I'otal Packet Vol.

(cm3)

‘Votal Packet Area (cm2)

74.529
114.66



Table 3-14/1

Table D3J-5 J-Test Matrix / Creep specimens
Marerials Dose (dpa) Temperature (C) [No. of specimens™ |No. of packets**
FI1,F2, F3, 11 50-150 300 12 12
FI,F2,F3, V1, V2, V3 11,12 [50-150 400 24 24
Fi,F2,F3, V1, V2, V3 11,12 [50-150 500 24 24
V1, V2, V3, SICI, SIC2, 12,13 [50-150 600 21 21
l; SIC1, SIC2, I3 50-150 800 9 9
(=4
|
SICT, SIC, 13 50-150 ' 1000 3 g
99 99
32.67
94,05

* Multiplication =3 (Test = 3)
** Each packet will contain 1 specimen
‘T'otal Packet Vol.(cm3)
‘Fotal Packet Area(cm?2)
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Table 3-14/1

4 for F+I1 and 4 for V+I2

4 for F+I1 and 4 for V+12

4 for V+12 and 3 for SIC+I3

Table D3J-6 J-Test Matrix / Fracture toughness specimens
Marerials Dose (dpa) Temperature (C) |No. of specimens® [No. of packets**
F1,F2, F3, 11 50 300 12 4
100 12 4
150 12 4
F1,F2, F3, VI, V2, V3 11,12 50 400 24 3
100 24 8
150 24 8
F1,F2, F3, VI, V2, V3 11,12 50 500 24 8
100 24 8
150 24 3
V1, V2, V3, SICL, SIC2, 12,13 50 600 21 7
100 21 7
150 21 7
SICI, SIC2, 13 50 800 9 3
100 9 3
150 9 3
SICY, SICZ, 13 50 1000 9 3
100 9 3
150 9 3
297 99

* Multiplication = 3 (Test =3)

** Bach packet will contain upto 3 specimens.
To avoid cross contamination, Ferrite/Martensite steels + 11, Vanadium alloys + I2 and SiC/SiC composite + I3 are supposed to be loaded in separate packets.

‘T'otal Packet Vol.

(cm3)

‘I'otal Packet Area(cm?2)

345.51
230.67
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Table 3-14/1

2 for F+I1 and 2 for V+I2

2 for F+I1 and 2 for V+I2

2 for V+I2 and 1 for SIC+I3

Table D3J-7 J-Test Matrix /Cra'ck growth specimens***
Marerials Dose (dpa) Temperature (C) [No. of specimens* [No. of packets**
F1,F2, F3,11 50 300 8 2
100 8 2
150 8 2
F1,F2,F3, V1, V2, V311,12 50 400 16 4
100 16 4
150 16 4
F1,F2,F3, V1, V2, V311,12 50 500 16 4
100 16 4
150 16 4
V1, V2, V3 SIC1, SIC2, 12,13 50 600 14 3
100 14 3
150 14 3
SIC1, SIC2, 13 50 800 6 1
100 6 1
150 6 1
SIC1, SIC2, 13 50 1000 6 1
100 6 1
150 6 1
198 45

* Test = 1 (Duplication = 2)

** Each packet will contain upto 6 specimens.

To avoid cross contamination, Ferrite/Martensite steels + I1, Vanadium alloys + 12 and SiC/SiC composite + I3 are supposed to be loaded in separate packets.
*** Half as thick as Fracture toughness specimen

‘T'otal Packet Vol.(cm3)
"T'otal Packet Area(cm?2)

157.05
104.85




—evl—

Table 3-14/1

3 for F+I1 and 3 for V+I2

3 for F+I1 and 3 for V+I2

3 for V+I12 and 2 for SIC+I3

Table D3]-8 J-Test Matrix / Fatigue specimens
Marenals Dose (dpa) Temperature (C) |No. of specimens* |No. of packets*™*
F1, F2, F3, 11 50 300 8 3
100 8 3
150 g 3
F1,F2,F3, V1, V2, V3 11,12 50 400 16 6
100 16 6
150 16 6
F1,F2,F3, V1, V2, V3,11, 12 50 500 16 6
100 16 6
150 16 6
V1, V2, V3, SICI,SIC2, 12,13 50 600 14 5
100 14 5
150 14 5
SIC1, SIC2, I3 50 300 6 2
100 6 2
150 6 2
SIC1, SIC2, 13 50 1000 6 2
1001 6 2
150 6 2
198 T2

* Test = 2 (Duplication = 1)

** Each packet will contain upto 3 specimens.
To avoid cross contamination, Ferrite/Martensite steels + I1, Vanadium alloys + I2 and SiC/SiC composite + I3 are supposed to be loaded in separate packets.

‘Total Packet Vol.

{cm3)

‘T'otal Packet Area (cm2)

85.176
131.04
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Table 3-14/1

2 for F+I1 and 2 for V+I2

2 for F+11 and 2 for V+I2

2 for V+I2 and 1 for SIC+I3

Table D3J-9 J-Test Matrix / Crack growth specimens***
Marerials Dose (dpa) Temperature (C) |No. of specimens® |No. of packets**
F1,F2, F3, 11 50 300 8 2
100 g8 2
150 8 z
FI,F2,F3, V1, V2, V311,12 50 400 16 4
100 16 4
150 16 4
FI,LF2, F3, V1, V2, V311,12 50 500 16 4
100 16 4
150 16 4
V1, V2, V3, SICT, SIC2, 12,13 50 600 14 3
100 14 3
150 14 3
SICI, SIC2, I3 50 800 6 1
100 6 1
150 6 1
SICH, SIC2, 13 50 1000 6 1
100 6 1
150 6 1
198 45

* Test = 1 (Duplication = 2)

** Each packet will contain upto 6 specimens.

To avoid cross contamination, Ferrite/Martensite steels + 11, Vanadium alloys + 12 and SiC/SiC compaosite + I3 are supposed to be loaded in separate packets.
*** Half as thick as Fracture toughness specimen

‘T'otal Packet Vol.

{cm3)

Total Packet Area(cm?2)

137.05
104.85



—GrlL—

Table 3-14/1

Table D3J-10 100 x 100 mm Beam foot print

Temperature ~~ 'Specimen_ 7 Number of Number Number of
© . o packets of packets Specimens
o in the row
- XxZ Y*
. __ _300TEM T 6 3 60
- ~Tensile/Fatigue 5 3 153624
| e Creep 3 4 12 12
e ~_ Fracture toughness/Crack growth’ 3 6 18 36/24
173 Charpy _ 3 4 9 36
- i 400 TEM 1 6 6. 120
- Tensile/Fatigue ' 10. 3 30,72/48
Creep ‘ 6! 4] 24 24
Fracture toughness/Crack growth 6. 6; 36:72/48
e 1/3 Charpy 5 4 18] 72
o “500TEM T T T T 1 6 6. 120
- Tensile/Fatigue 10 3 30 72/48
o B __ Creep “ 6! 4 24 24
o —'Fracture toughness/Crack growth! 6! 6 36:72/48
13 Chapy T T o 5 4 18 72
- 600 TEM - ; 1 6 6, 105
T ensile[Fatigue I; 10 3! 30163/42
e Creep 3 6 4 21 21
- T Fractre tg&_JOhness/Crack growth 3, 6 30163/42
- - 1/3 Charpy 5 | 4% 18 . 63
‘ i |
- SOO‘TEM 1 1 6 3 45
[ Tensile/Fatigue | 5 3 15]27/18
ICreep i 3 4 9 9
Fracture toughness/Crack grow[h 2; 6, 12,27/18
- 1/3  Charpy ‘ 3] 4| 9] 27
| j |
IOOOXTEM ‘ 1 6 3 45
‘Tensile/Fatigue ! 5 3 15,27/18
‘Creep i 3 4] 9! 9
Fracture toughness/Crack growth 2 6 12/27/18
173 Charpy | 3 4] 9 27
*7Y and Z corresponds to the beam thickness and beam incident direction, respectively.
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Table D3J-11 200 x 50 mm Beam foot print

Table 3-14/1

Temperature

Specimen Number of Number Number of
(C) packets of packets Specimens
o in the row
- ) XxZ Y
- ~_ 300TEM _ T 3 3 60
. Tensile/Fatigue g 2 15 36/24
" “Creep 6 2 12 12
_ Fracture toughness/Crack growth 6 3 18 36/24
1/3 Charpy 5 2 5 36
- 400 TEM 2 3 6 120
i Tensile/Fatigue ; 15 2, 30,72/48
- Creep | 121 2 24i 24
‘Fracture toughness/Crack growth, 12. 3 36:72/48
- 1/3 Charpy | 9 2] 18] 72
- 500 TEM 7 3 6. 120
I Tensile/Fatigue 15 2 30-72/48
‘Creep ! 12] 2. 24, 24
- —_Fracture toughness/Crack growth 12 3 36172/48
- ~ 13Charpy S 2 18, 72
S 600 - TEM 2. 3 6 105
iTensile/Fatigue i 15] 2 30163/42
- T Creep ; 1 2! 21 21
Fracture toughness/Crack growth 10! 3 30:63/42
173 Charpy 9i 2 18 63
- TR0 TEM ~ 1 T 3 5 43
Tens:lc/Fatigue ] 8 2 15127/18
'Creep ‘ 5 2 g 9
Fracture toughness/Crack growth' 4 3 12]27/18
"1/3 Charpy ! 5 2 9i 27
. ! 1
1000. TEM i 1 3 3 45
_Tensile/Fatigue 1 8 2 15127/18
_ Creep } 5] 2 0 9
_ Fracture toughness/Crack growth 4 3 12127718
]l/3  Charpy 5 2 9 27
*Y and Z corresponds to the beam thickness and beam incident direction, respectively.
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Table D3J-12 400 x 25 mm Beam foot print

Table 3-14/1

| Temperature

erature |Specimen Number of Number Number of
© packets of packets Specimens
j in the row
T e e e - XxZ Y ,
e 300 TEM 3 1 3 60
- TensilefFatigue 15 I 15 36/24
- Creep 12 1 12 12
- Fracture toughness/Crack growth 9 2 18 36/24
- 1/3 Charpy 9 1 9 36
S 400 TEM 6 1. 6 120
Tensile/Fatigue 30, 1. 30,72/48
‘Creep ! 24 I 24 24
Fracture toughness/Crack growth, 18, 2, 3672748
3 1/3 Charpy | 8: I g 72
- ~ 500 TEM _ 6: 1 6: 120
N - ‘Tensile/Fatigue 30 1 30772/48
L _ ‘Creep_ 24 1 24 24
- "Fracture toughness/Crack &owth 18! 2 36172/48
o - 1/3 Charpy 18 T 18 72
- - 600 TEM ~ i 6 1 6 105
o - ‘ Tensile/Fatigue - 30; 1] 30163/42
_ - - Creep 21; I 21 21
- ~Fracture toughness/Crack growth 15 ! 30163/42
- ‘1/3 Charpy 18 1 18 63
f i |
800 TEM 1 3 i} 3 5
' Tensile/Fatigue E 151 1 15[27/18
iCreep 9! 1! 9 9
Fracture toughness/Crack growth 6 2, 1227718
- __1‘/3“ ‘Charpy I 1 9 27
; | i
T000TTEM 3" T 3] 45
-Tensile/Fatigue j 15: 1 15,27/18
‘Creep ! 9! 1] 9] 9
iFracture toughness/Crack growth 6 2 12127/18
[1/3 Charpy 9 ] 9 27

*Y and Z corresponds to the beam thickness and beam incident direction, respectively.
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Miniaturized specimens

Microstructure: TEM disk 3mm diameter

Tensile: SS-3(25x5x0.75) or smaller specimen

Creep: Pressurized tube (2.5-3mm diameter)

Fracture toughness: DCT (4.5mm thick)

Impact (DBTT): 1/3-Charpy or Pre-cracked

Fatigue: Miniaturized hour glass
Crack growth: Half thickness DCT

Fig

/. t=1524

O —onf

p-N

|

I

|

‘ \Cross Section at Center
| |

|

|

%/ R0.625

.D3J-1 A miniaturized hour glass fatigue specimen
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Fig. 2 Arrangement of specimen packets (mm)
100 x 100 beam foot print, 50% specimen volume fraction
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Fig. D3J-3
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Fig.3 Arrangement of specimen packets(mm)
200 x 50 beam foot print, 50% specimen volume fraciion
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Fig. D3J-4 Fig. 4 Amangement of specimen packets (mm)
) 400 x 25 beam foot print, 50% specimen volume fraction
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Fie. D3J-5 Fig. 5 Arrangement of specimen packets II
g- 100 x 100 beam foot print (mm), 50% specimen velume fraction
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Fig. D3J-6

Fig. 6 Arrangement of specimen packets II

200 x 50 beam foot print (mm), 50% specimen volume fraction
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Fig. D3J-7

400

Fig. 7 Arrangement of specimen packets Il

400 x 25 beam foot print {(mm), 50% specimen volume fraction
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Summary (CDA-D-3)

1. Small specimens are listed.
SS-3 tensile, SF-1 fatigue, 1/3 pre-cracked Charpy (Bending), etc.

2. Test matrices are listed.
11 heats including Ferrite/Martensite steel, Vanadium alloys,
S1C/SiC composites plus not specified Innovative materials
Temperature range 300 to 1000C
Goal dose 150 dpa

3. Total volume for the matrix is estimated.
about 1000 cc

4. Future work is proposed.
Volume fraction of the specimen:
samller fraction for temperature control may be required
Test matrix: large total volume
Small specimen: needs for further development;
Fracture specimen and Specimens for composites.
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Difference from U.S. proposal for CDA-D-3

1. Bundle of specimens

U.S. Smaller maximum thickness of specimen bundle
i1s employed for a small temperature distribution.

2. Irradition plan

U.S. 2 batches
Japan 1 to 3 batches; not specified

3. Fatigue specimen
U.S. SF-1 and
HFIR hour glass (not for materials selection)

Japan  SF-1




PROPOSED REFERENCE SPECIMEN GEOMETRIES AND
TEST MATRIX FOR THE HIGH-FLUX REGIONS OF IFMIF

S.J. Zinkle
Oak Ridge National Laboratory
Oak Ridge, TN 37831-6376

1st CDA Workshop on IFMIF Test Cell System
Forschungszentrum Karlsruhe
Karlsruhe, Germany
July 3-6, 1995
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IFMIF Users/Test Cell Subgroup Task CDA-D3:
Reference Specimen Loading Matrix

The purpose of this document is to outline a prototypic specimen loading matrix for the high

flux (equivalent to >2 MW/m? first wall neutron loading) region of the International Fusion
Materials Irradiation Facility (IFMIF) as part of the conceptual design activity for this facility
(Users/Test Cell subgroup task CDA-D3). This document relies heavily on a previous
evaluation performed in 1993 by the Neutron Source Working Group under Annex II of the
Implementing Agreement for Research and Development on Fusion Reactor Materials for the
International Energy Agency ("Test Volume Considerations for an [FMIF", D.G. Doran,
chairman, May 1993). The specific objectives of the present document are twofold, namely 1)
to identify reference miniaturized specimen geometries for IFMIF, and 2) to develop a
preliminary reference test module loading for the high flux region of [IFMIF based on accepted

miniaturized specimens. For the purposes of this document, the conversion between first wall

neutron loading and displacements per atom is taken to be | MWa/m2=11 dpa (this is the
appropriate relation for Fe and V in the STARFIRE first wall fusion neutron spectrum). The
reference specimen loading matrix for the lower flux regions of IFMIF will be developed in the
near future, and will be incorporated into this document at a later date.

Preliminary neutron flux calculations for the IFMIF test cell suggest that the high flux
region will have a volume of < 0.5 liter. This irradiation volume is comparable to (or slightly
smaller than) the typical irradiation volumes available in existing fission neutron reactors, e.g.,
~0.6 liter for the Removable Beryllium positions in the HFIR reactor. It is therefore clear that
extensive use of miniaturized specimens will be required for the IFMIF tests, and that only a
limited number of materials can be tested. Establishment of an irradiated properties data base for
DEMO will certainly require extensive use of both [FMIF and fission reactor irradiation sources.
It is assumed that fission reactor facilities will continue to be available to perform scoping
urradiation tests on experimental or innovative alloys, and that IFMIF will only be used to test
materials that have demonstrated good radiation resistance during high-dose (>50 dpa) fission
neutron irradiation.

Table 1 lists a tentative test matrix of the materials, irradiation temperatures and doses (in
dpa) for the high flux region of IFMIF, A total of 6 irradiation temperatures ranging from 300 to
1000°C are considered to be of interest for evaluating the radiation resistance of first wall
(including divertor and limiter) and blanket structural materials. From an engineering viewpoint,
it does not appear to be feasible to simultaneously control with good accuracy these 6 widely
different temperatures within a limited test volume of ~0.5 liter. Therefore, it is assumed that
this range of temperature would be accomplished in separate "low-temperature” and "high-
temperature” irradiation campaigns. The "low-temperature" irradiations would utilize 3 side-by
side test chambers that would operate at coolant temperatures of 300, 400 and 500°C, whereas
the "high-temperature" irradiation series would be performed at 600, 800 and 1000°C. Suitable
insulation would be utilized to inhibit heat transfer between the test assembly chambers. Figure
1 shows a schematic of the proposed reference set of 3 side-by-side irradiation chambers,
assuming a deuteron beam "footprint” of S cm by 20 cm. A thermal insulation layer of 1 cm
thickness is assumed between the irradiation chambers.

Considering the reference availability for IFMIF of 70%, the high flux region would
produce a damage level of ~15 dpa in vanadium and ferritic/martensitic steel in one calendar
year. Therefore, approximately 10 years would be required to achieve a DEMO-relevant lifetime
dose of ~150 dpa. Given the uncertainties of the radiation resistance of the capsule containers
and test assembly materials, it would appear to be prudent to plan for periodic (i.e., every one to
two years) removal of the test assemblies for inspection and possible replacement. A subset of
the irradiated specimen matrix could be removed for testing at these times, and the remaining
specimens could be re-encapsulated (along with some additional unirradiated specimens) for
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further irradiation. Maximum utilization of the IFMIF could be achieved by sequenua_ cycling
between the "low-temperature" (300-500°C) and ”thh temperature” (600-1000° C) irradiation
assemblies. For example, the "high temperature" assemblies could be inserted into IFMIF
immediately after the withdrawal of the “low-temperature” assemblies. Inspection (and
replacement, if necessary) of the test assemblies, removal of specimens for testing, and
specimen re-encapsulation could be performed on the "low temperature” assemblies during the
subsequent one to two years that the "high temperature” assemblies are being irradiated. If any
of the alloys exhibited poor radiation resistance during the postirradiation specimen testing, all
specimens for that alloy could be replaced with unirradiated specimens of a more promising alloy
(depending on programmatic requirements). The total irradiation program would require a
facility lifetime of about 20 years to achieve doses of 150 dpa at all temperatures. By selective
streamlining of the specimen matrix at periodic intervals (and replacement of tested specimens
with new specimens), the complete dose-dependent behavior up to ~150 dpa of two or more of
the most promising fusion structural materials could be obtained at dose increments of ~20 dpa
during this time frame. An example of a possible facility schedule for alternating low-
temperature and high-temperature irradiation campaigns is shown in Table 2.

Although the detailed specimen matrix for IFMIF will be dependent on alloy developments
that occur over the next 10 years, the three leading candidates for the first wall and blanket
structure of DEMO are considered to be ferritic/martensitic steels, vanadium alloys, and SiC/SiC
composites. Two to three variants of each of these materials are included in the reference IFMIF
specimen matrix. Some space is also reserved for a limited number of unspecified alternative
materials ("innovative alloys"). It is unlikely that this specimen matrix can be significantly
reduced, since IFMIF must meet the needs of more than one DEMO design.

The tentative reference specimen geometries are shown in Figs. 2-8. It is anticipated that
seven different specimen geometries will be used for investigation of key properties such as
density and microstructure, tensile properties, fatigue strength, fracture toughness, crack
growth, impact behavior, and irradiation creep. It is anticipated that further development will be
required on several of the specimen geometries to verify their suitability for providing
engineering design data. In particular, the miniature SF-1 push-pull fatigue specimen shown in
Fig. 4 is still under development at JAERI and has not yet been tested. However, it is
anticipated that the miniature SF-1 fatigue specimens would at least provide qualitative
information that could be used to compare the fatigue behavior of the various candidate materials
and could be correlated with fission reactor irradiations. Larger push-pull hourglass fatigue
specimens could be irradiated at later times (e.g., 10-15 years after the start of facility operation)
on one or two materials that show the most promising overall radiation resistance behavior.

The tentative reference geometries for the specimen packets that house the various specimen
types are shown in Figs. 9-15, and the results are summarized in Table 3. With the exception of
the TEM disk packets (which would contain up to ~80 specimens), a total of one to six
specimens would be encapsulated in each packet. It is anticipated that the exterior of these
packets would be kept at a constant temperature by liquid metal coolant. The maximum
thickness of the specimen packets may be limited by nuclear heating effects, depending on the
method of specimen encapsulation in the packets (He vs. liquid metal encapsulation).
Preliminary calculations indicate that the maximum nuclear heating in the high flux region of

IFMIF will be ~3.2 W/g (25 W/cm3 in ferritic/martensitic steel). Therefore, the maximum
specimen thickness that will keep temperature gradients below 1°C is ~3 mm for a specimen
cooled with liquid metal on both faces. Specimen encapsulation in He gas would produce larger
differences between the specimen temperature and the temperature at the exterior of the packet,
due to thermal contact resistances. For example, using a He gas-gap thickness of ~75 pm
between the stacked TEM disks and the packet wall (Fig.9) in order to accomodate void swelling
up to ~10%, the temperature difference between steel TEM disks and the packet wall would be
~10 °C. The packet dimensions shown in Figs. 9-15 have been sized so that the maximum
temperature difference between the specimens and the packet wall is <10°C for He gas
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Table 1. IFMIF Test Matnix / Matenals

Matenals Dose (dpa) Temperature (‘C)
FM1, FM2, FM3*, 11, I12* 20-150 300
FM1, FM2, FM3*, Vanl, Van2, Van3*, 11, I12*, SiCl 20-150 400
FM1, FM2, FM3*, Vanl, Van2, Van3* 11, 12* 20-150 500
Vanl, Van2, Van3*, SiCl, SiC2, I3 20-150 600
SiCl, SiC2, 13 20-150 800
SiC1, SiC2, 13 20-150 1000
Number of heats
FMI1, FM2, FM3* Ferritic/martensitic steel 3
Vanl, Van2, Van3* Vanadium alloys 3
SIC1, SIC2 SiC/SiC composites 2
11, 12*, 13 Innovative alloys 4
Total 12

* TEM and tensile specimens only
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Table 2. Calendar Years of operation (assuming 70% facility availability at 2 MW/m2!
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Table 3. Volume of Specimens and Specimen Packets

Properties Geometry (dimensions in mum) Specimen Packet Configuration* No. of Packet
Volume {cm) Specimens per | Volume**
(cm3) [cross-section area, cm?) Packet (cm3)
Microstructure TEM disk (3 diam. x 0.25 t) 0.0018- 0.4 diam x 2.5 {1.00} <80 0.4
Tensile SS-3 (25 x 4.8x 0.76) 0.091 0.55 x 0.7 x 3.0 [2.10} 4 1.16
Fatigue SF-1 hourglass (25 x 4.8 x 1.52) 0.18 0.55 x 0.7 x 3.0 [2.10] 2 1.16
Fracture toughness |0.18 DCT (12.5 diam. x 4.6 t) 0.57 0.6 x 1.5 x 3.0 [1.80} 2 2.7
Crack Growth 0.09 DCT (12.5 diam. x 2.3 1) 0.28 0.7 x 1.5 x3.0[2.10) 4 3.15
Bend/Charpy/DFT | 1/3-Charpy (3.3 x 3.3 x 25) 0.28 0.9 x1.2 x 2.85 [2.56] 6 3.08
Creep 0.7-Pressurized Tube (25 x 2.5 diam.) 0.13 0.4 diam x 2.85 [1.14] | 0.36

* Dimensions were determined according to standard packing arrangements used for fission neutron irradiation capsules
(see accompanying text)
** Includes space occupied by the specimen container

: Number of Packets Total Packet Vol.

Properties 300C/400C/500C/600C/800C/1000C low T + high T Total Number of Specimens
(low temp. + high temp. loadings total) (cm?3) (low temp. + high temp. loading)

Microstructure 2/4/4/412/2 (Ist loadings: 10+8 packets) 443.2 up-to 800+640
3/5/5/5/3/3 (2nd loadings: 13+11 packets) 5.2+4.4 up to 10404880

Tensile 9/15/15/10/5/5 (1st loadings: 39420 packets) 45.2+23.2 156+80
12/18/18/12/7/7 (2nd loadings: 48+26 packets) 55.7+30.2 192+104

Fatigue 10/20/18/18/10/10 (1st loadings: 48+38 packets) 55.7+44.1 96+76
10/20/16/16/12/12 (2nd loadings: 46+40 packets) 53.4+46.4 92+80

Fracture toughness|7/13/13/9/5/5 (1st loadings: 33+19 packets) 89.1+51.3 66438
8/14/12/10/8/8 (2nd loadings: 34426 packets) 91.8470.2 68+52

Crack Growth 2/4/4/4/2/2 (1st loadings: 10+8 packets) 31.5+25.2 40+32
3/5/5/5/3/3 (2nd loadings: 13+11 packets) 41.0+434.6 52+44

Bend/Charpy/DFT [4/8/8/8/4/4 (1st loadings: 20+16 packets) 61.6+49.3 120496
4/8/7/7/4/4 (2nd loadings: 19+15 packets) 58.5+46.2 114490

Creep 20/44/40/48/20/20 (1st loadings: 104488 packets) 37.4+31.7 104+88
16/36/28/36/16/16 (2nd loadings: 80+68 packets) 28.8+24.5 80+68
Totals: Ist loadings: 264+197 packets 3254228 up to 1382+1050

2nd loadings: 253+197 packets 3344256 up to 1638+1318
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Table 4. IFMIF Test Matrix / TEM disks

.

Materials Dose (dpa) | Temperature (“C) No. of No. of packets**
specimens*
FM1, FM2, FM3, SiCl, etc. 20 300 35+ 1
11,12, I3 20 (2nd set) 1
FM1, FM2, FM3, SiCl, I1, 12, I3 40 35+ 1
30 35+ 1
120 35+ 1
150 35+ 1
FM1, FM2, FM3, Vail, Van2, Van3, SiCl, eic. 20 400 50 2
11,12, 13 20 (2nd set) 1
40 50 2
80 50 2
120 50 2
150 50 2
M1, FM2, FM3, Vanl, Van2, Van3, SiCl, etc. 20 500 50 2
11,12, 13 20 (2nd set) 1
40 50 2
80 50 2
120 50 2
150 50 2
Vanl, Van2, Van3, SiCl, SiC2, 13, etc. 20 600 30+ 2
20 (2nd set) |
40 30+ 2
80 30+ 2
120 30+ 2
150 30+ 2
SiCi. SiC2, 13, etc 20 800 15+ i
20 (2nd set) |
40 15+ i
30 15+ !
120 15+ 1
150 15+ !
SiClI, SiC2, 13, etc. 20 1000 154 1
20 (2nd set) {
40 15+ 1
30 15+ 1
120 15+ |
150 15+ |

* Multiplicity > 5. Additional alloys may also be irradiated in these capsules, assuming they have chemical compatibility with

the'main candidate materials.

** Each packet will contain up to SO specimens of the same alloy class (or otherwise compatible materials). Inert refractory
TEM disks will be used to separate different materials, Vanadium alloys will be packaged separate from other materials.

Total number of packets -
Total Packet Vol. (cm3) -
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Table 5. IFMIF Test Matrix / SS-3 Sheet Tensile specimen

Materials Dose (dpa) | Temperature ("C) No. of No. of packets**
specimens*
FM1, FM2, FM3 20 300 12 3
I1, 12, SiCl 20 (2nd set) 12 3
FMI1. FM2, FM3, 11, 12, SiCl 40 24 6
FMI, FM2, 11, SiCl 80 16 4
FM1, FM2 120 12 3
FM1, FM2 i50 12 3
FMI1, FM2, EM3, Vanl, Van2, Van3 20 400 24 6
11, 12, SiCl 20 (2nd set) 12 3
FM1, FM2, FM3, Vanl, Van2, Van3, Il, I2, SiCl 40 36 9
FM1, FM2, Vanl, Van2, I1, SiCl 80 24 6
FM!, FM2, Vanl, Van2 120 24 6
FMI1, FM2, Vanl, Van2 150 24 6
FM1, FM2, FM3, Vanl, Van2, Van3 20 500 24 6
11, 12, SiCl 20 (2nd set) 12 3
FMI1, FM2, FM3, Vanl, Van2, Van3, I1, 12, SiCl 40 36 9
FM1, FM2, Vanl, Van2, I1, SiCl 30 24 6
FMI, FM2, Vanl, Van2 120 24 6
FM1, FM2, Vanl, Van2 150 24 6
Vanl, Van2, Van3, SiCl, SiC2 20 600 20 5
13 20 (2nd set) 4 1
Vanl, Van2, Van3, SiCl, SiC2, I3 40 20 5
Vanl, Van2, SiCl, SiC2, I3 80 20 S
Van!l, Van2, SiCl, SiC2 120 24 6
Vanl, Van2, SiCl, SiC2 150 24 6
SiCl, SiC2 20 800 8 2
13 20 (2nd set) 4 1
SiCl, SiC2, I3 40 12 3
SiCl, SiC2, I3 80 12 3
SiCl, SiC2 120 12 3
SiCl, SiC2 150 12 3
SiCl. SiC2 20 1000 8 2
3 20 (2nd set) 4 1
SiCl, SiC2, I3 40 12 3
SiCl, SiC2, 13 80 12 3
SiCl, SiC2 120 12 3
SiCl, SiC2 150 12 3

* Multiplicity = 4 at low (<80 dpa) doses and 6 at high doses (duplicate specimens tested at different temperatures or strain rates);
multiplicity =2 to 3 for SiC specimens (these specimens have twice the normal SS-3 thickness)
** Each packet will contain 4 specimens of the same alloy class

Total number of packets -
Total Packet Vol. (cm3) -
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Table 6. IFMIF Test Matrix / SF-1 push-pull fatigue specimens

Materials Dose (dpa) Temperature ("C) |No. of specimens*] No. of packets**
FM1, FM2 20 300 8 4
I 20 (2nd set) 4 2
FMI1, FM2, 11 40 12 6
FMI, FM2. 11 80 12 6
FM1 120 4 2
FMI 150 4 2
FMI1, FM2, Vanl, Van2 20 400 16 8
11, SiCl 20 (2nd set) 8 4
FM1, FM2, Vanl, Van2, I1, SiCl 40 24 12
FM1, FM2, Vanl, Van2, 11, SiCl 80 24 12
FMI, Vanl 120 8 4
FMI, Vanl 150 8 4
FMI1, FM2, Vanl, Van2 20 500 16 8
11 20 (2nd set) 4 2
FM1, FM2, Vanl, Van2, 11 40 20 10
FMI, FM2, Vanl, Van2, 11 80 20 10
FMI, Vanl 120 8 4
FMI, Vanl 150 8 4
Vanl, Van2, SiCl, SiC2 20 600 16 8
13 20 (2nd set) 4 2
Vanl, Van2, SiC], SiC2, I3 40 20 10
Vanl, Van2, SiCl, SiC2, I3 80 20 10
Vanl, SiCl, SiC2 120 12 6
Vanl, SiCl 150 8 4
SiCl, SiC2 20 800 3 4
I3 20 (2nd set) 4 2
SiCl. SiC2, I3 40 12 6
SiCl, SiC2, I3 80 12 6
SiCl, SiC2 120 3 4
SiCl, SiC2 150 8 4
SiCl, SiC2 20 1000 8 4
I3 20 (2nd set) 4 2
SiCl, SiC2, I3 40 12 6
SiCl, SiC2, I3 80 12 6
SiCl, SiC2 120 8 4
SiCl, SiC2 150 8 4

* Multiplicity = 4 (4 specimens tested at different strain ranges for each irradiation condition to roughly determine

the fatigue curve)

** Each packet will contain 2 specimens of the same alloy ciass.

Total number of packets
Total Packet Vol. (cm3)
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Table 7. IFMIF Test Matrix / Disc Compact Tension Fracture Toughness specimens

Materals Dose (dpa) Temperature ('C) |No. of specimens*| No. of packets**
FM1, FM2 20 300 6 3
Il 20 (2nd set) 2 1
FM1, FM2, 11 40 8 4
FMI, FM2, Il 80 8 4
FM1 120 6 3
FM1 150 6 3
FM1, FM2, Vanl, Van2 20 400 12 6
11, SiCl 20 (2nd set) 6 3
FMI1, FM2, Vanl, Van2, Il 40 14 7
FMI1, FM2, Vanl, Van2, Il 80 14 7
FMI, Vanl 120 8 4
FM]1, Vanl 150 8 4
FMI1, FM2, Vanl, Van2 20 500 12 6
11 20 (2nd set) 2 1
FMI, FM2, Vanl, Van2, Il 40 14 7
FM1, FM2, Vanl, Van2 80 12 6
FM1, Vanl 120 8 4
FM|, Vanl 150 8 4
Vanl, Van2, SiCl 20 600 8 4
SiC2, I3 20 (2nd set) 6 3
Vanl, Van2, SiCl, SiC2 ) 40 10 5
Vanl, Van2 80 6 3
Vanl, SiCl 120 4 2
Vanl 150 4 2
SiCl 20 800 2 1
SiC2, 13 20 (2nd set) 6 3
SiCt, SiC2, 13 40 8 4
SiCl, 13 80 4 2
SiCl 120 2 1
SiCl 150 2 1
SiCl 20 1000 2 1
SiC2, I3 20 (2nd set) 6 3
SiCl, SiC2, I3 40 8 4
SiC1. I3 80 4 2
SiCl 120 2 1
SiCl 150 2 1

* Multiplicity = 3 (allows for testing at different temperatures and/or strain rates); multiplicity = 2 for I1, SiC

alloys

** Each packet will contain 2 specimens of the same alloy class or otherwise compatible materials.

Total number of Packets —
Total Packet Vol, (cm3) -
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Table 8. [FMIF Test Matrix / Disc Compact Tension Crack Growth specimens (2.3 mm thick)

Materials Dose (dpa) Temperature (‘C) | No. of specimens*| No. of packets**
FMI1, FM2 20 300 4 1
It 20 (2nd set) 4 I
FM1, FM2 40 4 I
FM1, FM2 80 4 1
FM1 120 4 !
FM1 150 4 |
FM1, FM2, Vanl, Van2 20 400 8 2
I1, SiCl 20 (2nd set) 4 1
FM1, FM?2, Vanl, Van? 40 8 2
FMI, FM2, Vanl, Van2 80 8 2
FMI, Vanl 120 8 2
FMI, Vanl 150 8 2
FMI, FM2, Vanl, Van2 20 500 8 2
Il 20 (2nd set) 4 1
FMI1, FM2, Vanl, Van2 40 8 2
FMI, FM?2, Vanl, Van2 80 8 2
FMI1, Vanl 120 8 2
FM1, Vanl 150 8 2
Vanl, Van2, SiCl, SiC2 20 600 8 2
13 20 (2nd set) 4 1
Vanl, Van2, SiCl, SiC2 40 8 2
Vanl, Van2, SiCl, SiC2 80 8 2
Vanl, SiCl 120 8 2
Vani, SiCl 150 3 2
SiCl, SiC2 20 800 4 1
13 20 (2nd set) 4 1
SiCl, SiC2 40 4 t
SiCl, SiC2 80 4 I
SiCl, SiC2 120 4 i
SiCl. SiC2 150 4 l
SiCl, SiC2 20 1000 4 1
B3 20 (2nd set) 4 1
SiCl, SiC2 40 4 1
SiCl, SiC2 80 4 1
SiCl, SiC2 120 4 1
SiCl, SiC2 150 4 1

* Multiplicity = 2 (Duplicate specimens tested at each irradiation condition)
** Each packet will contain up to 4 specimens of the same alloy class.

Total number of packets
Total Packet Vol. (cm?)
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Table 9. IFMIF Test Matrix / Bend or Charpy (dynamic fracture toughness) specimens

Materials Dose (dpa) Temperature ("C) | No. of specimens*| No, of packets**
FMI1, FM2 20 300 12 2
Il 20 (2nd set) 6 1
FM1, FM2 40 12 2
FMI, FM2 80 12 2
FM1 120 6 1
FMI 150 6 1
FMI, FM2, Vanl, Van2 20 400 24 4
11, SiCl 20 (2nd set) 12 2
FMI, FM2, Vanl, Van2, SiCl 40 24 4
FMI, FM2, Vanl, Van2, SiCl 80 24 4
FMI1, Vanl 120 12 2
FMI, Vanl 150 12 2
FM1, FM?2, Vanl, Van2 20 500 24 4
il 20 (2nd set) 6 1
FM1, FM2, Vanl, Van2 40 24 4
FMI, FM2, Vanl, Van?2 30 24 4
FMI, Vani 120 12 2
FMI, Vanl 150 12 2
Vanl, Van2, SiCl, SiC2 20 600 24 4
3 20 (2nd set) I
Vanl, Van2, SiCl, SiC2 40 24 4
Vanl, Van2, SiCl, SiC2 80 24 4
Vanl, SiCl 120 12 2
Vanl, SiCl 150 12 2
SiCl, SiC2 20 800 12 2
I3 20 (2nd set) 6 |
SiCl, SiC2, 13 40 12 2
SiC1, SiC2 80 12 2
SiCl, SiC2 120 12 2
SiCl 150 6 1
SiCl, SiC2 20 1000 12 2
3 20 (2nd set) 6 1
SiCl, SiC2, I3 40 12 2
SiCl. SiC2 80 12 2
SiCl, SiC2 120 12 2
SiCl 150 4 1

* Multiplicity > 4 (2 test temperatures, 2 loading rates)

** Each packet will contain up to 6 specimens of the same alloy class.

Total number of packets
Total Packet Vol. (cm3)

— 168 —

!




Table 10. IFMIF Test Matrix / Pressurized Tube Irradiation Creep specimens

Materials Dose (dpa) Temperature (‘C) |No. of specimens*| No. of packets**
FM1, FM2 20 300 12 12
11 20 (2nd set) 4 4
FM1, FM2 40 8 8
FM1, FM2 80 8 8
FM1 120 4 4
FM1 150 4 4
FM1, FM?2, Vanl, Van2 20 400 24 24
11, SiCl 20 (2nd set) 8 8
FM1, FM2, Vanl, Van2, SiCl 40 20 20
FM1, FM2, Vanl, Van2 80 16 16
FM1, Vanl 120 8 8
FMI1. Vanl 150 8 8
FM1, FM2, Vanl, Van2 20 500 24 24
Il 20 (2nd set) 4 4
FM], FM2, Vanl, Van2 40 16 16
FM1, FM2, Vanl, Van2 &0 16 16
FMI, Vanl 120 3 8
FM1, Vanl 150 8 8
Vanl. Van2, SiCl, SiC2 20 600 24 24
13 20 (2nd set) 4 4
Vanl, Van2, SiCl, SiC2 40 24 24
Vanl, Van2, SiCl, SiC2 80 16 {6
Vanl, SiCl 120 8 8
Vanl, SiCl 150 3 8
SiCt, SiC2 20 800 12 12
I3 20 (2nd set) 4 4
SiCl, SiC2 40 3 8
SiCl, SiC2 30 8 8
SiCl 120 4 4
SiC1 150 4 4
SiCi, SiC2 20 1000 12 12
3 20 (2nd set) 4 4
SiCl, SiC2 40 8 8
SiCl, SiC2 80 8 8
SiCl 120 4 4
SiCl 150 4 4

* Multiplicity > 4 (specimens loaded with 4 or more different gas pressures)

** Each packet will contain | specimen. The SiC/SiC specimens will contain a metal bladder insert (further
analysis is required to determine if meaningful creep data can be obtain from thin-wall SiC/SiC specimens, due to
the limited number of plies).

Total number of packets —
Total Packet Vol. (cm3) -
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INTRODUCTION

 The reference IFMIF design assumes that the high-flux region (>2 MW/mZ2
neutron wall loading)* will have a volume of ~0.5 liter

- IFMIF high-flux irradiation volume is comparable to typical volumes in

fission reactor capsules (e.g., ~0.6 liters in HFIR removable Be positions),
but many capsules can be accommodated in fission reactors

» Miniaturized specimens must be extensively used in IFMIF
-validity of miniaiurized specimen daia musi be established
¢ Development of an irradiated properties data base for DEMO will require both

IFMIF and fission reactor irradiation sources

- IFMIF will be used to test materials that have demonstrated good radiation
resistance during high-dose ((>50 dpa) fission neutron irradiation

*1 MWa/m2 ~ 11 dpa in Fe, V (Starfire 1st wall neutron spectrum)
The mimimum damage rate in the high flux region would be ~15 dpa/CY,
assuming the reference availability of 70% for IFMIF

The three leadmg US candidates for the 1st all/blanket structure of DEMO

[ % ot "‘nr i wiangrfs
apc 1o lll— ulllal LULLDIL

e Each of these materials have a different range of operating temperatures
- 300 to 500°C for ferritic/martensitic steel

- 400 to 650°C for vanadium alloys
- 600 to 1000°C for SiC/SiC composites (He coolant)

 An adequate assessment of these three materials requires a minimum of 6
irradiation temperatures (300, 400, 500, 600, 800, 1000°C)

e The proposed operation scheme for the high-flux region of IFMIF utilizes
alternating "low-temperature” (300-500°C) and "high-temperature" (600-
1000°C) campaigns

- Irradiation campaigns are conducted in 10 to 20 dpa segments

- test assemblies are inspected/replaced during the out cycles, and some of
the irradiated specimens are tested (remainder are re-encapsulated)

- Achievement of DEMO-relevant lifetime doses of ~150 dpa will require a
facility lifetime of more than 20 years (40 year plant lifetime desirable)
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KEY MATERIAL PROPERTIES CAN BE EXAMINED
USING MINJATURIZED SPECIMENS

Tensile properties (sheet tensile specimen)
Push-pull fatigue properties (miniature hourglass specimen)
Fracture toughness (disk compact tension specimen)
Fatigue crack growth parameters (disk compact tension specimen)
Dynamic fracture toughness/ flexural strength (notched bar)
Irradiation creep (pressurized tube)
Microstructural stability (TEM disk)
Typically ~800 TEM disks and 400-600 specimens of the remaining
geometries would be irradiated in each campaign in the high-flux region

(note: FMIT high-flux matrix contained 4,450 specimens, with 3290 TEM disks and
1040 mini-tensiles)

i
E c C
& Chamber A |-2 ChamberB8 |2 Chamber C
s © ©
3 3
[ 2 2
< variable —#-<as i
1cm 1cm /
= = S5cm
20 cm

Fig. 1. Proposed reference 3-chamber geometry for high flux region of the IFMIF test cell

gage width=1.5 mm

Fig. 3. §S-3 miniature sheet tensile specimen
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— 1.25 mm
— min. diam.

Fig. 4. SF-1 miniature push-pull fatigue specimen (hourglass gage region

and sheet end tab regions)

12.5 mm 4.6 mm

Fig. 5. Mini (0.18T) Disk Compact Tension Fracture Toughness Specimen

12.5 mm

Fig. 6. Mini (0.09T) Disk Compact Tension Crack Growth Specimen

3.3 mm

25 mm

Figure 7. Charpy/bend bar/dynamic fracture toughness specimens
(V-notch not shown for Charpy bars).

25 mm

2.5 mm

Pressurized irradiation creep tube (0.25 mm wall thickness).

Fig. 8.




SUMMARY OF PROPOSED REFERENCE

Property

HIGH-FLUX SPECIMEN MATRIX

Mulitiplicity at ~ Volume occupied” % of total volume

each irrad. (cm®)

condition
Microstructure/ >5 0.025 0.2%
swelling
Tensile 4-6 1.2 10%
Fatigue 4 2.3 18%
Fracture toughness 3 4.0 32%
Crack growth 2 1.6 13%
Bend bar/ dynamic >4 2.0 16%
fracture toughness
Creep >4 1.4 11%

Total: 12.5 cm®

"includes space occupied by specimen container

SPECIMEN ENCAPSULATION

» individual specimens will be encapsulated in packets to avoid possible
contamination from the test cell coolant (NaK/He)

* encapsulation medium is different for the 3 materials; therefore, each packet
will typically contain only specimens from the same material

- Na (or NaK or He) for ferritic/martensitic steel
- Li for vanadium alloys (better scavenging of impurities, e.g. oxygen)

- He for SiC/SiC (Li attacks grain boundaries in SiC)

* the maximum packet size is restricted due to nuclear heating effects for He-

filled packets

- all packets are sized so that the maximum temperature difference between
the specimens and the packet wall is <10°C for He encapsulation
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spiing-loaded space
for swelling and
disassembly cut

25 mm

30 mm

2 mm gap for
disassembly cuts Corrugated spring

7 mm minimum (1 mm on each
side lor disassembly cuts)

4 mm

§.5 mm minimum
(including 0.35 mm wall thickness)

Fig. 10. §S-3 miniature sheet tensile specimen packet (4 specimens per packet).
) Packet wall thickness = 0.5 mm.
Fig. 9. TEM tube packet {up to 80 specimens per packet).

30 mm 29 mm minimum (includes

3 mm gap for swelling and
disassembly cutting)

2 mm gap for :
disassembly cuts 7™ Corrugated spring

7 mm minimum (1 mm on each
side for disassembly cuts)

16 mm minimum ({includes 1.5 mm
gap for swelling and disassembly cut)

. B
5.5 mm minimum

5.6 mm minimum

Fig. 11. Miniature SF-1 push-pull fatigue specimen packet (2 specimens per
packet). Packet wall thickness = 0.5 mm.

Fig. 12. Miniature (0.18T) disk compact tension specimen packet (2 specimens
per packet). Packet wall thickness = 0.5 mm.
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Corrugated
spring
29 mm minimum (includes
3 mm gap for swelling and

disassembly cutting)

12mm
(includes 1.1 mm
gap for swelling)

15 mm minimum (includes 1.5 mm
gap for swelling and di nbly cut}

3.3mm

a— P

9 mm (includes 1.4 mm spring gap

.
2.3 mm Fig. 14. Bend bar/ Charpy/ dynamic fracture toughness specimen packet (6
7 mm minimum specimens per packet). Packel wali thickness = 0.5 mm,

(includes 1.4 mm corrugated spring gap)

Fig. 13. Miniature (0.09T) disk compact tension specimen packet for crack growth
measurements (4 specimens per packet). Packet wall thickness = 0.5 mm.

28.5 mm

Fig. 15a. Specimen packet for pressurized creep tube (He gas option, 1 specimen per
packet). The packet wall thickness is 0.5 mm and the He gas gap between the
specimen and packet wall is 0.25 mm

28.5 mm
minimum

7.5mm

15 mm

Fig. 15b. Specimen packet for pressurized creep tubes (liquid metal option, 8 tubes per packet).

The packet wall t
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hickness is 0.5 mm and the spacing between pressurized tubes is 0.5 mm
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CONCLUSIONS

A high-flux irradiation volume of ~0.5 liter is considered to be the minimum

acceptable size for performing qualifying lifetime irradiation tests on materials
for DEMO

- capability for future upgrades of IFMIF should be a priority

« Flux gradients within the high-flux region should generally be less than

1%/mm (larger gradients are allowable near the periphery of the beam
footprint)

» Although the primary mission for IFMIF is evaluation of irradiated materials

for fusion energy applications, the US believes that consideration should be
given during the design for other potential users (basic science programs,
accelerator-based spallation neutron sources, etc.)
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FIGURE ‘9. Influence of Displacement Rate on Swelling of Annealed AISI 304L
and 5% Cold-Worked AISI 316 in EBR-II.




R1 STEEL

Swelling(%) Swelling (%)

Swelling (%)
A Y A [ ? Q 0
a) T=450°C b)T =500°C ¢)T=550"C p high
I
10k 10} | 10_ | c')o ‘plb\x
i (- I
J I e i 5
! " o - ! l
' ; { i o I
] 1! ! !
5| ! 5 ! :' |
+°i +l+ ;’o Sk - o
of ! V4
‘_;_i ++°i ] i
0 /) ¢ ° i+ {
- +9 5 v 9 5 i joo
IO%H' /+ / + ol o
’/o <+ [o]
Damage(dpaF) Damage (dpaF) »! Damage(dpaF)
0 B e e
40 60 80 40 60 80 20 40 60 80
Figure 2 : Isothermal swelling of the Rl steel irradiated as central (0O
or pheriphereal (+) positions in RAPSODIE core

—183—




SWELLING (AV/V, %)

100

80

60

40

20

5“/‘0”6(‘ e'l' al-
T, Nuel, Mater

(SS-1SF (]989)

ORNL—DWG 87—15253

! l [
MODEL PREDICTIONS
500 °C, CW 316
10x 407 dpa/s
5 x40~ 7 dpa/s
—— 2.5 %4077 dpa/e

7/

7/
7
Vv

’

/

I

4
s

/

/]
s
/ // -

100

S"A:)”er‘ of ol
j Nuc_', MOC‘QF, (§S_IS-7 (/?88)

Temperature depend-
ence of swelling

! /
/ s/
. s
‘/[ ,..v/
0 20 40 60 80
DOSE (dpa)
ORNL —DWG B7—15255
5 T T T T ] T
SA, PCA, 9145 dpa
& FFTF, 0.5 appm He/dpa
4 |— © ORR, 18 appm He/dpa —
— O HFIR, 47 appm He/dpa
32
=
~ 3= 7
>
<
©
=z
a2 = -
_1
w
=
n

observed in HFIR, FFTF
and spectral tailoring
experiment also
indicates need for
appropriate He/dpa ratio.

AN amo;:]'e rO\"'e N

r
600
IRRADIATION TEMPERATURE (°C)

—184—

700




—G8l—

R E. Stoller |
j-,/‘\fuxc.l. Moﬂ(ef‘. ,_’_Zi(/??(l

Possible confounding factor, damage rate in MFE-4 was
~1/8 that in FFTF or HFIR; but,

(%)

SWELLING

ORNL-DWG 89-16641

SO T
B MFE-4,
25— {2-14dpa —
| ('OL\) ?!\AX> _{
20 — —
1.5 — —
10 — ~°\ 24 % Ni ]
7/ \\
B // 34% °\ 7]
0.5 |— // //”O*\ \ —
/!, \\ ,\/'A
— /7 — |
_L v ol \:\
0 (-G<ls, —~745% ﬁb —
o= ]
-05 I J 1 l 1 l
300 400 500 600

JRRADIATION TEMPERATURE (°C)

SWELLING (%)

ORNL-DWG 85~16640

e L B B
- ] -— -4
\ 24 % Ni AD-1,
251 \ 9-fidpa
" \ (h"'jh {/“’5
\ =
\
2.0 — \ —
L]
B \
\ |
\
1.5 — \ —
\
- A\ ]
\\
10 \ _
3 A \
L 0;5\5°’ \ ]
~ \
05 |— RN —
B b= S\ |
459 \\\\\\
0 ~a _
-05 | | ] | o
300 400 500 600

IRRADIATION TEMPERATURE (°C)

« temperature depend-

ence of swelling
change and higher loop
densities observed in
MFE-4 not consistent
with damage rate ex -
planation.

similar comparison of
Fe-Ni-Cr ternary alloys
irradiated in MFE-4 and
AD-1 (EBR-II) indicates
that lower damage rate
did not increase swel-
ling (Hamilton, et al,
1989)

higher Helium led to
somewhat lower swel-
ling and altered tem-
perature dependence







IFMIF-CDA Test Cell/Users Task CDA-D-4

Engineering Concept for Standard Loading
(Feasibility of Specimen Temperature Control)

S. Jitsukawa
IFMIF-CDA Test Cell/Users Group of JAERI

Specimen temperatures can be controlled for prescribed
irradiation temperatures during stable neutron beam generation. For
specimen packets in CDA-D-3, cooling by flowing helium gas is
available for specimen temperature control during irradiation.

Pulse operation and plasma disruption may introduce temperature
change of FWB. To evaluate irradiation effect on materials including
the effect by such temperature changes, it is desirable to have an ability
of specimen temperature control independent from beam heating. This
may be excess for irradiation experiment for materials selection, but it
seems to be necessary for the irradiation tests to obtain design data base.

Temperature change during irradiation accompanied by beam
intensity change or beam interruption may introduce unexpected effects
on the irradiation-induced microstructural and property changes. Beam
interruption for about 1 s is thought to be occurred several times per
week for IFMIF. For such short beam interruption, annealing of
radiation damage would not occur substantially, and the specimen
temperatures should be maintained for the prescribed irradiation
temperature for restarting of irradiation. Beam interruption with much
longer period should to be taken into account in terms of annealing out
of damage structure. For the beam interruption, ability of specimen
temperature control independent from beam intensity may be required.

Allowable range of temperature change during irradiation and
beam interruption has been discussed but not yet concluded. This is true
for the duration allowable in terms of annealing out of radiation
induced microstructure by keeping specimen temperature to an elevated
temperature during longer beam interruption time. Following items
may be discussed with respect to temperature control of the specimens.

(1) Allowable range of temperature fluctuation
(2) Allowable duration to prevent from annealing out of radiation effect

after beam stop
(3) Ability of temperature control for simulating pulse operation and

plasma disruption
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Feasibility of specimen temperature control at various beam
intensity levels including beam interruption condition will be examined.
Major material of the test module is supposed to be austenitic stainless
steel. To minimize irradiation induced degradation, the temperature
may. be kept below 400 C for the module structural material of
austenitic stainless steel. Helium gas is selected as a heat exchanging
medium. Although helium gas cooling can cause problems for vanadium
alloys, it allows rather easy maintenance comparing with liquid metal as
a coolant.

2. Method of temperature control and the feasibility

Ability of temperature control by flowing helium gas was
estimated by numerical calculations. Specimen bundle was modeled to
be semi-infinite cylinder in shape with cross sectional area
corresponding to that of bundle of six tensile specimens. Specimens are
located in pipes to separate two gas flow systems. Figure D4J-1
illustrates the model for the numerical calculation.

It was estimated to be feasible to control the specimen
temperatures when beam heating was of about 50 W/cc. However, it was
difficult to control the temperatures without beam heating (some of
helium gas flows were supposed to heat the specimens to keep the
specimen temperature). Figures D4J-2-1 to D4J-2-4 show the results.
The temperature gradients along the helium gas flow and the
temperatures of the pipes were calculated in the case of the inlet
temperatures of 750 C, 350 C and 20 C for flowing gas in gas gap 2.
The calculated temperature gradient for the inlet temperature of 750 C
is too large. Conclusions obtained from the calculation are as follows.

(1) Because it seems rather difficult to keep temperature of the
structural materials of test modules low enough to minimize radiation
induced degradation, the test modules should be designed for easy
exchange.

(2) Specimen packets should be arranged in the test module to make the
temperature difference between adjacent specimen packets small. It may
be good to arrange specimen packets into blocks for every irradiation
temperature.

(3) It may be better to use beam foot print (beam spot) of smaller
height.
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Specimen: Stainless steel
Flow: 2 MPa, 20 m/s Helium

T
J \,\/

\

Plan view
(Helium flowing @

direction)
\ SN

View from _ //Gas gap 1
Beam 2| | - —Pipe wall
incident % 4~ Gasgap?2
direction é ~ Specimen

m I

10.14 mm B

‘ V\ Cross sectional view of a model
Helium flow 0 Helium flow 1 for temperature calculation

FLO FL1 :
(FLO) (FLD (For actual calculation, the model

was simplified with beam elements)

Fig. D4J-1 The model for specimen temperature calculation
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Summary (CDA-D-4)

Numerical calculation was conducted on a close packed model
Side by side specimen arrangement (with different temperature)
Helium gas as a heat exchnaging medium
Temperature control without beam intensity fluctuation

Temperature gradient along He (at high temperature) flow
with zero beam heating 1s estimated to be considerably large.
Direct heating by electric current or electric heater

may be necessary.




Task CDA-D-4: Design Concept for the
High Flux Test Chambers

Presented by
J. R. Haines (ORNL)
at the
IFMIF-CDA Technical Workshop
on the Test Cell System
July 5, 1995
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High Flux Test Chamber Design Topics

« Assumptions and design features
o Test specimens and hoiders
« Chambers

e Thermal/hydraulic performance

Assumptions / Design Parameters

for High Flux Test Module Design

« Three chambers/module each operating at a different temperature
o Low temperature module - 300°C, 400°C, 500°C
« High temperature module - 600°C, 800°C, 1000°C

Coolant - NaK (78% Na, 22% K)
- Low temperature chambers (< 600°C) constructed from HT-9 ferritic steel
+ High temperature chambers constructed from Nb-1Zr

« Requires high vacuum (<10-7 torr) or extremely pure inert environment
to prevent oxygen embrittlement
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Guidelines Used for Arranging Specimen Holders
in High Flux Test Module

« Depth = 50 mm, based on damage rate ~ 20 dpa/yr
s Height = 50 mm, based on beam size

« Width treated as an independent variable

. Determined based on providing the required number/types of
specimens, wall thicknesses, space for coolant and insulation

between chambers

Key Issues for Test Cell Design

e Is there enough high-flux test volume?

o Dilemma: Structural material for test modules should withstand the neutron
fluence for testing lifetime - but - this material will not exist (at least in the
sense of being qualified) until IFMIF is operated

o Test specimens may have to be removed periodically and installed in
new modules

¢ Requirement for high temperature (> 650°C) tests creates major difficulties
« Refractory material required for structure
o Nb-1Zr alloy rapidly embrittles at these temperatures
¢ Must have extremely pure inert gas environment or high vacuum
e Vacuum barrier wall reduces neutron flux to test chambers and
must be cooled
- High activation
¢ High temperature coolant line couplings must be developed

e High pressures required to avoid boiling NaK
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HIGH FLUX TEST SPECIMEN PACKETS

EXTERNAL
& A.oo—«) r VOLUME = 376.99
INTERNAL
1 VOLUME = 242.65
HOLDER
30 VOLUME = 134.34
SPECIMEN
VOLUME = 90
_ INTERNAL
MICROSTRUCTURE COOLANT
" A " VOLUME = |52 . 65
7.5
EXTERNAL
K( /a‘ VOLUME = 1,350
6*“)\ INTERNAL
_1' VOLUME = 942.50
HOLDER
30 VOLUME = 407.50
SPECIMEN
VOLUME = 230.00
INTERNAL
FATIGUE COOLANT
(BENDING) VOLUME = 712.50
IICII
v s EXTERNAL
/\\\/ VOLUME = 3,150.00
’\\\ INTERNAL
VOLUME = 2,436.00
—}_ HOLDER
VOLUM = 714.0
20 OLUME 0
SPECTMEN
VOLUME = 1.120.00
INTERNAL
COOLANT
~ VOLUME = 1.,316.00
CRACK GROWTH
IIEII
EXTERNAL
@ 4.00—= = VOLUME
I~ INTERNAL
"_1 VOLUME
HOLDER
30 VOLUME
-_1 SPECIMEN
VOLUME
A
INTERNAL
COOLANT
C?EEP VOLUME
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TENSILE
IIBII

o A -y

|
FRAZTURE
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= 376.292

= 288.53

= 238.063

EXTERNAL
VOLUME = {,350.00
INTERNAL
VOLUME = 942.50
HOLDER
VOLUME = 407.50
SPECIMEN
VOLUME = 236.00
INTERNAL
COCLANT
VOLUME = 706.50
EXTERNAL
VOLUME = 2,700.00
INTERNAL
VOLUME = 2.030.00
HOLDER
VOLUME = 2.030.00
SPECIMEN
VOLUME = 1,120.00
INTERNAL
COOLANT
VOLUME = 910.00
EXTERNAL
VOLUME = 3.240.00
INTERNAL
VOLUME = 2.552.00
HOLDER
VOLUME = 688.00
SPECIMEN
VOLUME = },680.00
INTERNAL
COOLANT
VOLUME = 872.00




THE SPECIMEN PACKETS HAVE BEEN POSITIONED
WITHIN EACH CHAMBER IN A COMPACT ARRANGEMENT

300° C,400°C,500° C MODULE
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ST LOADING

300° C
02- MICROSTRUCTURE (A)
29- TENSILE (B)
10- FATIGUE (BENDING) (C)
27- FRACTURE TOUGHNESS (D)
22- CRACK GROWTH (E)
24- BEND/CHARPY/DFT (F:
20~ CREEP (G)

400° C
)4- MICROSTRUCTURE (A)
5~ TENSILE (B}
20- FATIGUE (BENDING) I
3- FRACTURE TOUGHNESS (D)
Jd4~ CRACK GROWTH (E)
28- BEND/CHARPY/DFT (F)
14~ CREEP (G)

500° C
Jd- MICROSTRUCTURE (A)
5~ TENSILE (B)
8- FATIGUE (BENDING) .C)
'3- FRACTURE TOUGHNESS D)
Jd- CRACK GROWTH (E)
8- BEND/CHARPY/DFT (F)
i0- CREEP (G)




THE SPECIMEN PACKETS HAVE BEEN POSITIONED
WITHIN EACH CHAMBER IN A COMPACT ARRANGEMENT

600° C,800°C, 1000° C MODULE
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| ST LOADING

600° C
04- “'"ICROSTRUCTURE (A)
|0O- "ENSILE (B)
18- ~ATIGUE (BENDING) (C)
09- -RACTURE TOUGHNESS (D)
04- "RACK GROWTH (E)
08- =END/CHARPY/DFT i{F)
48- CREEP (G)

800° C
02- “ICROSTRUCTURE (A}
05- TENSILE (B)
10- “ATIGUE (BENDING) (C)
05- “RACTURE TOUGHNESS (D)
02- ZRACK GROWTH (E)
04- 3END/CHARPY/DFT (F)
20- ZREEP (G)

|000° C
02- WICROSTRUCTURE (A)
05- TENSILE (B)
10- ~ATIGUE (BENDING) (C)
05- “RACTURE TOUGHNESS (D)
02- ZRACK GROWTH (E)
04- =2END/CHARPY/DFT (F)
20- -"REEP (G)




THE SPECIMEN PACKETS HAVE BEEN ARRANGED
IN ROWS TO ACCOMMODATE COOLING

COOLANT
LINE

SPECIMEN
PACKETS

COOLANT
LINE

DIRECTION

THE HIGH FLUX TEST MODULE
IS DIVIDED INTO THREE CHAMBERS

600°C CHAMBER
800°C CHAMBER

1000 C CHAMBER

25 mm ID COOLANT
SUPPLY

25 mm ID COOLANT RETURN

600 C - 800’ C - 1000’ C MODULE
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ZORROSION/VACUUM
~——— COVER

P
<
i— 10

—1000°C
CHAMBER
60

/

62

800° C
CHAMBER

!
<t
{
!
~
i s
0
|

200
r

83

€]

THE HIGH TEMPERATURE MODULES
INCLUDE A VACUUM BOUNDARY

600" C

CHAMBER "“\\\\

Module Sizes and Concentrations
for First Four Loadings

Ext. Dimensions (mm) Concentrations
Loading Structure + NaK
No. Width | Depth | Height |{ Specimens Coolant Void
Ist Low Temp [| 214 54 64 44% 31% 25%
2nd Low Temp |l 214 54 64 45% 30% 25%
Ist High Temp || 158 54 64 44% 30% 26%
2nd High Temp|| 176 | 54 64 44% 31% 25%

These results agree well with the guess made at Oct 94 Karlsruhe Meeting:

50% Fe, 30% NakK, 20% Void
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Coolant

Velocity in

Velocity in

Thermal Hydraulic Analyses

i

Assumptions

gh-Flux Chamber

Peak Nuclear Heating Rate

Decay Length for Nuclear Heating

Chamber Wall Thickness

Min Temperature Margin Below Saturation

100
=
ST
ol
-3
A 1
o
0.
- 0.1
)
©
3 0.01
«
7))
0.001

NaK
3m/s

38
3
w

50 MW/m3
88 mm
2 mm

10 °C

Saturation Pressure for NaK and Na

:l LI J T T ITIII T T7T 1T 17T T 17 T T 1T 71 T 1T1T7 lIIIE

E H ¥

" NaK ,/—
— _Na e

E /// 3

C ///

I //

E / //

A E

:/ ]

[ .} § IS . | | I I | § I I | i | | T I | | S . J |

400 500 600 700 800 900 1000 1100 1200

Temperature (°C)
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Required Coolant Operating Pressure

ﬂ-‘:n. 6 N 1 ¥ T T T T T T T T T T T T T A
E ¢ [
5 ,
o C / ]
2 4 / :
o - ~—i— AP + F’sat /
oo, / )
> - / ]
5 oo / :
s | N A ]
. i M#@/>/ } M
. " ‘\;P ]
= C - ]
% 0 s o S Lrﬁ J_M% i Lt 1$ai [

200 400 600 800 1000 1200
Coolant Inlet Temperature (°C)

NaK Coolant Performance Is Acceptable
for Temperatures < 800 °C

Pressure drop ~ 0.03 MPa (5 psi)

Flow rate to high-flux module ~ 6.8 kg/s (9 L/s)

All specimen temperatures are held within 20°C of coolant inlet temperature
+ Coolant temperature rise through high-flux chamber < 5 °C
o Temperature difference through specimen holders < 10 °C
« Convection film drop along 2 mm thick walls < 2 °C

Inlet pressure of 0.2 MPa adequate for all testing temperatures except
1000°C case

+ Inlet pressure of 0.6 MPa required for 1000°C tests
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HELIUM COOLED AND MODULAR DESIGN TEST
CELL FOR IFMIF HIGH FLUX REGION

R. Conrad, R. Viola
CEC-JRC IAM Petten

Ist IFMIF-CDA Technical Workshop on Test Cell System
Forschungszentrum Karlsruhe

July 3-6 1995
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REQUIREMENTS FOR AN IFMIF IRRADIATION
TEST CELL

-OPERATIONAL FLEXIBILITY
- PROPER SPECIMEN IRRADIATION ENVIRONMENT

-INTEGRATION WITH THE OVERALL CYCLE
(ASSEMBLY, IRRADIATION CONTROL, PIE)

-REMOTE HANDLING

-REDUCED RISK FOR OVERALL FAILURE.
MECHANICAL SIMPLICITY

-ABILITY FOR UPGRADING

-EASY MODELLING

PROPOSAL:

A HELIUM-COOLED MODULAR DESIGN TEST
CELL FOR IFMIF HIGH FLUX REGION

-HELIUM ENSURES GOOD COMPATIBILITY WITH
STRUCTURAL MATERIALS.

-NO NEUTRON SPECTRUM DISTORTION
-NO SAFETY IMPLICATIONS. LICENSING
-MUCH EXPERIENCE ON HELIUM COOLING
-MODULAR DESIGN

-RELOAD IRRADIATION RIGS
-INDEPENDENT TEMPERATURE CONTROL

-REDUCED ENGINEERING RISK




HIGH FLUX REGION - TEST CELL LAYOUT

Vi

63 mm

FLUX

OO|OOJO0O| |

OOI0OIOOIOOIOO
ROIO

OQ]00
0000000000

TEmeT Ly MMM ey v e
mir

TEST CELL - GENERAIL VIEW

ACCESS PORT

GASIN " GASIN
~y e )

SPACER

IRRADIATION RIGS

ACTIVE VOLUME

¢ SPACER
. ///é//// \f\\ik\\
AS Ows ouT
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CANISTER WITH RECTANGULAR RIGS

RIG RIG
RIG RIG
COOLANT
RIG RIG
RIG RIG

CANISTER

HIGH FLUX REGION - CANISTER WITH 10 mm RIGS

CANISTER




REQUIREMENTS

*ASSUMPTIONS:

-NUCLEAR HEATING: 5 W/g
-15 mm DIAMETER RIGS

-SPECIMEN DENSITY: 10 g/cm’
-IRRADIATION TEMPERATURE >250 °C.
-COOLANT INLET TEMPERATURE: 50 °C

*COOLING REQUIREMENTS:
-MINIMUM CONVECTION COEFFICIENT:
h ~800 W/m'’K

-OPERATING CONDITIONS FOR h =2000 W/m’ K
-PUMPED COOLANT VELOCITY: Vp ~22 m/s
-COOLANT PRESSURE: P ~ 10 bar
-COOLANT FLOW RATE: 0.3 kg/s
-COOLANT OUTLET TEMPERATURE: ~51 °C

-PRESSURE DROP (SPACERS, ELBOWS, RIGS):
AP < 0.2 bar

TEMPERATURE CONTROL

-TEMPERATURE GRADIENT DEPENDS ON THE
NUMBER: hV/kA

-ABSOLUTE TEMPERATURE CAN BE CONTROLLED
WITH GAS OR LIQUID METAL GAPS

-FINE TUNING CAN BE ACHIEVED VARYING GAS
COMPOSITION (He, %He/(1-%)Ne, Ne, etc..) IN GAPS
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LOW CONDUCTIVITY MATERIAL (SS 316) AXIAL TEMPERATURES LOW CONDUCTIVITY MATERIAL (SS 316} AXIAL TEMPERATURES

SS 316 K=16 WimK LOW CONDUCTIVITY MATERIAL
RADIAL TEMPERATURES (C) AXIAL TEMPERATURES (C)

300. RVA
[294.4 294.4
[288.9 [288.9

GAP

[283.3 [283.3
R77.8 — p77.8
p72.2 \ 0722 I ——
R66.7 \ 266.7
261.1 \ 261.1
255.6 \ 255.6

250. 250.}

0. 0.806 1.611 2417 3222 4.028 4.833 5.639 6.444 7.25 Q. 0.256 0.511 0.767 1.022 1.278 1.533 1.789 2.044 2.3
n Coordinate System O Y Coordinate System 0

1 O4. Temperature 1 04, Temperawre
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TEMPERATURE DISTRIBUTION FOR ONE SS 3x3xL (mm) BAR
h= 1000 W/isgm K - 0.6 mm Gap
TEMPERATURE DISTRIBUTION FOR A 3x3xL (mm) BAR I[N A ROW
h =1000 W/sqm K- 0.3 mm Gap
(only 1/4th shown)
MAXIMUM TEMPERARURE DROP = 4.0 Deg. C

{only 1/4th shown)
MAXIMUM TEMPERATURE DROP = 3.5 Deg. C

D
k3

b
5
173
5
2
¢

IRRADIATION ELEMENT
(TOP VIEW)

COOLANT

TR

EEEEEEE

(TOP VIEW)

COOLANT

IRRADIATION ELEMENT

SPECIMEN COOLANT

COOLANT




CONCLUSIONS

-HELIUM COOLED TEST CELL IS A VIABLE OPTION
FOR IFMIF

-MECHANICALLY SIMPLE (RELIABILITY, EASY
MAINTENANCE, COST)

-OPERATIONAL FLEXIBILITY

-INDEPENDENT TEMPERATURE CONTROL

-REDUCED RISK DUE TO OVERALL FAILURE

-SCALEABLE CONCEPT
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PRELIMINARY WORK ON REFERENCE IN-SITU
EXPERIMENTS AND TEST FACILITIES FOR IFMIF

S.J. Zinkle
Oak Ridge National Laboratory
Oak Ridge, TN 37831-6376

1st CDA Workshop on IFMIF Test Cell System
Forschungszentrum Karlsruhe
Karlsruhe, Germany
July 3-6, 1995
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INTRODUCTION

e Numerous in-situ tests are required to establish the design data base of
materials

 Itis assumed that only a few in-situ tests will be necessary for structural
materials; present analysis concentrates on “special purpose materials”

- ceramic insulators

- Rf windows and feedthroughs

- diagnostic materials (fiberoptic cables, windows, magnetic coils, etc.)

- ceramic breeding materials

e Development of an irradiated properties data base for DEMO will require both
IFMIF and fission reactor irradiation sources




Low-flux chambers

Medium-flux
chambers

High-flux
chamber

D+ beam 29004941

T

20 dpa/FPY ~8 dpa/FPY 1 dpalFPY
(@_X‘OC\‘:\O( 710
~ 0.0l dpaf FPY for
ECH W‘mo(o@’/
J‘cgpercono(ac'/l\*y moyué%
Cemperends)
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PARTIAL LIST OF IN-SITU TESTS

e Ceramic insulators
T..~20 to 500°C; doses ~0.1 to 10 dpa

- radiation induced conductivity/radiation induced electrical degradation

- mechanical properties/ IASCC (known to be severe in ceramics for aqueous
environments

—8lg —

e Dielectric windows/ feedthroughs for Rf heating systems (mainly ceramics)
ICRH, LHRH: T,.~20 to 400°C; doses ~0.1 to 10 dpa
ECH: T,.~77 K; doses <0.1 dpa

- loss tangent, thermal conductivity (measure in-situ or after low-temperature
transfer to avoid point defect annealing effects)

- mechanical properties/ IASCC

- trittum diffusion (ionization enhanced diffusion effects)
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PARTTAL LIST OF IN-SITU TESTS (continued)

e Optical materials (fiberoptic cables, silica windows, etc.)
T,.~20 to 400°C; doses ~0.001 to 1 dpa

- optical absorption

- luminescence

e various plasma diagnostics (magnetic coils, etc.)
T, ~20 to 400°C; doses ~0.01 to 10 dpa

e Blanket materials (ceramic breeders)
T..~300 to 700°C?; doses ~1 to 50 dpa

- tritium release rate in the presence of different sweep gases

e Superconducting magnet components (ex-situ testing after cryotransfer?)
T, ~4 to 100 K; doses <0.1 dpa
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UNRESOLVED QUESTIONS

e What is the minimum “useful” irradiation flux for potential tests in IFMIF

- anticipated maximum dose for organic insulation, superconductors, and
ECRH windows is ~107 dpa; this implies that irradiation fluxes as low as
~0.01 dpa/FPY (107 dpa month) might be useful

- need calculations of neutron flux in the low-dose regions of the test cell
e What provisions should be made for modifying the neutron and gamma ray
spectrum 1in the different test regions

- maintain a highly moderated neutron-spectrum in one of the low-flux
chambers, and a “hard” neutron spectrum on the other chamber?
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Introduction

In-situ experiments are the closest approach to real fusion con-
ditions. Although fully instrumented material property tests
under irradiation often imply a sophisticated technology, there
is a strong need to investigate selected in-situ properties. Rele-
vant in-situ experiments should address urgent material prob-
lems which cannot be investigated by other techniques.

= [nteraction with blanket designers

With respect to Tokamak specific loading conditions, postirradi-
ation tests ofien are a significant simplification, since the irradi-
ation and (creep-)fatigue load are separated, i.e., the irradiation
modified microstructure is completely developed before the
mechanical test is started.

Several in-situ mechanical tests from light ion irradiation facili-
ties indicate, that the material response on simultaneous long-
term irradiation and mechanical loading cannot be simulated by
conventional postirradiation tests and that in-situ experiments
therefore are really needed for a valuable material development.

Selected in-situ push-pull (creep-)fatigue and stress corrosion
tests on structural materials can also confirm whether the bulk
of the postirradiation data are conservative with respect to real
fusion conditions, and to what extend safety margins can be
reduced, if fusion devices can hardly be constructed because of
too conservative materials data.

With respect to ceramics, again available results from charged
particle and neutron sources confirm the fundamental differ-
ence between e.g. in-beam and postirradiation electrical proper-
ties.
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Categories of necessary in-situ experiments

In-situ irradiation tests include any simultaneous combination
with at least one of the following loadings:

‘Thermally and/or mechanically induced
(dynamic) stresses and stains

—— push pu"
fatigue specimen

Corrosion in gaseous or liquid environ-
ments: Irradiation induced stress corro-
sion (liISC)

Crack growth
specimen *

Coolant-coating compatibility

hollow push pull
fatigue specimen
with coating

Test of modules & mock-up’s

requires blanket
relevant dimen-
sions*; too large
for IFMIF test cell

*disregarded in the following

A universal testing machine in combination with a hollow push-
pull fatigue specimen meet the buik of the above requirements
and offers a large field of possible loading conditions.

Practically independent of the irradiation the universal testing
machine allows the following creep-fatigue modes:

push-pull; e.g. R = -1
stress/strain controlled
with/without dwell periods
thermal fatigue

beam cycling experiments

ORCHONORO,
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Specimen development

A suitable specimen design has been already developed

(Ref: “Development of miniaturized specimens for in-situ creep fatigue
tests in an intense neutron source;” E. Daum, E. Diegele and A. Méslang;
IEA Internat. Symp.on Miniaturized Specimens for Testing of Irradiated
Materials; H. Ullmaier, P. Jung (eds); 22-23. Sept. Julich, Germany.), p.168.

Hollow push-pull fatigue specimens ensure high flexibility with
respect to

O choice of coolant (gaseous or liquid)
O dynamic temperature variations;
T is measured with small thermocouples welded at
different parts of the gauge length and controlled by
the flow rate of the coolant inside the tubular specimen
O T-stability;
an additional ohmic heating system (a.c.-power)
ensures T-stability nearly independend of y- heat flux
O coolant-coating interactions
by using specimens coated at the inner surface

M16
T ,
hollow push-pull
! fatigue specimen
|
;
I x
o~ | 88"
\ .
|
o with or without
N §
W
NN |
PN
pal:Kne
colant
(He, Na, NaK, PbLi, Li)
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Specimen development (cont’d)

Elastic and elasto-plastic calculations were performed with the FE code ABAQUS to
develop and optimize the specimen geometry. Only the active deformation volume of
the push-pull fatigue specimen is assumed to be irradiated. For the calculations auste-
nitic steel has been used with a Young's modulus of 175,000 MPa in the elastic
regime, a plastic tangent modulus of 17,500 MPa beyond that limit, a heat load of
Q = 100W/cm’ and a specimen temperature of 300 °C. This assumptions are cer-
tainly conservative for ferritic/martensitic steels or V alloys and the heat deposition
can easily be removed using e.g. room temperature He-gas with 2 atm pressure as
coolant inside the tubular specimen. An advantage of the proposed set-up is the pos-
sible replacement of gaseous coolants by liquid ones to study radiation assisted crack
corrosion or to investigate the compatibility with ceramic coatings under fusion rele-
vant conditions.

For specimens with a cylindrical length of 10 mm, a diameter of 8 mm and 0.4 mm
wall thickness the FE calculations performed show that excellent homogeneous
thermo-mechanical test conditions can be achieved The temperature variation in the
irradiated volume is 10 K maximum. Thermal stresses induced by the temperature
field are less than 2 MPa (axial as well as hoop), cf. figs. a,b. In contrast, a wall thick-
ness of 2.4 mm (instead of 0.4 mm) results in a temperature field with objectionable
high gradients of up to 78 K as fig. ¢ shows. Finally, the homogeneity of stress fields

under push-pull test is demonstrated under elastic and elasto-plastic material behav-
iour. Under elastic conditions (see fig. d) the deviation of axial stress from nominal
stress is less than 2% within the irradiated volume, whereas under cyclic fatigue con-
ditions of Ag; = 1% (i.e. under elastic-plastic conditions), there is a moderate variation

in axial and hoop stress especially at the end of the gauge volume of up to 8% (e)

To improve this stress-strain transition at the end of the gauge volume, the radius of
curvature is increased to 100 mm for the fabricated fatigue specimens made of the
tempered ferritic/martensitic steel MANET I. Standard strain controlled push-pull
fatigue tests with R=-1 at elevated temperatures have already shown (see fig.), that
within a broad load range all fatigue properties of such hollow specimens are similar to
conventional solid specimens, that is, the generated data can be regarded as material
specific. The average surface roughness was 3-5 mm for both specimen types.
Although the application of hollow specimens is limited in the low cycle fatigue regime,
where total strain amplitudes above about Ag; = 0.9-1% leads to specimen buckling at
elevated temperatures, this is no real limitation for near term fusion devices, which
require in the present design concepts a fatigue life of at least 10,000 cycles and con-
sequently much lower stain loadings.
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Feasibility considerations

Background

O

In-situ push-pull fatigue experiments with sophisticated
technologies are already running in some high energy light
ion facilities.

All these facilities are fully instrumented and remote con-
trolled.

Small temperature gradients up to high heat loads Q
(e.g. Q < 90 W/cm? at 450°C) are achieved routinely already
with Helium-gas (Tye = R.T., pye = 2.5 bar) as coolant.

Critical aspects

O Miniaturization is controlled by the size of the push pull

rods rather than by the specimen dimensions.

= Within a foot print of 5x20 cm? only about three

simultaneously running in-situ (creep-Matigue tests

seem to be realistic.

Long-term experience (>4000 h) under irradiation for critical
aspects already available, e.qg;

seals of specimen under fatigue conditions
thermocouples (0.1 mm &)

load cell (stress- measurement

Extensometer (strain measurement)

Specimen failure scenario

Helium gas coolant concept

ONORORONONG)

v-heat production outside the foot print area can be
removed by additional coolant channels e.g. in the
push-pull rods or the load frame.

Final construction of overall in-situ test facility (load frame,
coolant concept, equipment, vacuum chamber) needs feed-
back from P.L.LE. assembling.
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Load Cell

Sufficiently small load cells are already tested in strong radiation
environment, e.g. :

Load cell U9A (HBM® GmbH, Darmstadt)

<>
L
Nennkrift !
ennkrarie:
2 kN...20 kN ?
>
Ny

Dimensions
UgA
“’Mm;f Kugel R 40
21 T
34
' |
[ ~G7H—~ 24,5—] '—m:}'
60 22694 T f
— el B 5l
o1 T e~ 26,5——
|
- Lol Kugel R40
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Helium gas coolant loop

Long-term experience for He-loops operating in neutron and
tight ion irradiation facilities is available.

According to the proposed in-situ fatigue design, the following
lay-out of a He-gas loop was found to be sufficient

(Tspecimen = 250 °C) for the med-flux region (<8 dpalyear) of
IFMIF downstream the P.L.E. module:

O He inlet (hressure pipe) , <2.5 bar_; . 25 °C
O He outlet (suction pipe) >1.5 bar,,s <35 °C*
O He pressure drop (specimen & rods) <0.9 bar

O He-gas throughput 12 x 1073 kg/s

O Compressor size 240 m3h 25 kW
O He-gas purity (C, N, O) < 0.1 appm

schematic view of He-gas loop

load
frame

filter B

filter A

heat
exchanger compressor

I 7

* at specimen outlet
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Technik und Umwelt

IFMIF - In-Situ - Experiments
Preliminary design of rod drive

. linear motor
y guide bush
/>\ rotating shaft
(v)’ sleeve bearing
cross head
@ 5 ﬁ gliding shatt
A
~5cm
\
load cell
(10 kN)
5cm
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Forschungszentrum Karlsruhe
Technik und Umwelt

IFMIF - In-Situ - Experiments
Proposed design of push pull rod

Load Cell
(10 kN)

<— coolant inlet

= electrical isolation

- geal

| power connection
(ohmic heating)

/ screw cap
' N
g % 51 adapter

central plane

5cm

hollow push pull
creep-fatigue specimen

l, coolant outlet
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Forschungszentrum Karlsruhe
Technik und Umwelt

IFMIF - In-Situ - Experiments
Preliminary design of universal testing machine

rod drive
—— cross head
7 cm
push pull rod

extensiometer

hollow specimen

|‘r—rJ L___‘J T beam foot print

—t— Cross head
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Test matrix considerations for instrumented tests

O

O

in contrast to the postirradiation module only very few
specimens can be irradiated in an in-situ test assembly.

“Accommodation for instrumented tests in the lower flux
region” (see user requirements, D.G. Doran 1994).

As a consequence displacement damage accumulation will
he only moderate {Actual values needs to be determined by
MCNP code on the basis of more detailed designs).

Implications of these strong boundary conditions are:

=
=

e

End-of-life dpa levels seem to be unrealistic.

Broad database production on “in-situ properties” not the
goal of instrumented tests in IFMIF.

However, on the basis of a formal inieraction and a ciose
cooperation with the design community, selected in-situ
experiments should give relevant answers on urgent and
critical problems which cannot be solved by conventional

tests.

Therefore, in conirast io P.I.E. needs, a detailed and com-
plete definition of a final test matrix for a 10-15 years irradi-
ation programme already during the CDA phase seems not

to be necessary.
We should rather arrive on feasible concepts for highly flex-

ible in-situ test facilities

Nevertheless, requirements for a preliminary test matrix on
critical material problems will be given.
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Preliminary matrix* for in situ test facility

Experiment 1: Material development; Creep-fatigue; Holdtime at Ty

1.1 [Low T irradiation embrittlement: f/m steel 1 |Thermal (evtl. thermo-mechanlical), unlaxial 104 cycles,
does it occur under these condi- . Tmin = 250 °C, Tpax = 550 °C 2 years
tions? He tawen = 2 1 (at Tpyay)

Clamping at Ty, = (Tpin + Tmax)/2
fatigue life T = command variable; o(t), {t) measurement

1.2 [irradiation embrittlement, V alloy 1 Thermal (evtl. thermo-mechanical), uniaxial 10? cycles,

Interstitial pick-up to be defined |Tmin = 350 °C, Tipax =700 °C 2 years
He tawen = 2 h (at Tyyax),

Clamping at Ty, = (Tiin + Trmax)/2
T = command variable; o(t), e(t) measurement

1.3 jirradiation embrittlement Innov. alloy 1 |Thermal (evtl. thermo-mechanical), uniaxial 104 cycles,
to be defined | Tmin =coolant Inlet, Ty, coolant outlet 2 years
He tawen = 2 h (at Tray)

Clampling at Ty = (T + Tinax)/2
T = command varlable; o(t), e(t) measurement

* Depending strongly on actual blanket designs

O i irradiation hardening is expected to control fatigue life, it might be sufficient to reach the quasi saturation of the irradiation
induced hardening (<10 dpa in many alloys) for an accepted assessment of long-term creep-fatigue properties. That is, to
“adjust” the thermal or thermo-mechanical load to about 10 cycles.

O During maintenance periods the (polished) specimen surface can be examined in detail with a long range optical microscope
(e.g. QUESTAR™ , 1-2 um resolution) in order to evaluate crack initiation and propagation.

Experiment 2: Material development; Creep-fatigue; Holdtime at Ty,

la
Low T Irradiation embrittlement: f/m steel 1 Thermal (evil. thermo-mechanical), uniaxial 101 cycles,
does it occur under these condi- . Tiin = 250 °C, Tpppx = 550 °C 2 years
tions? He tawen = 2 h (at Teyin)
Clamping at Ty, = (Troin + Tmax)2
T = command varlable; o(t), e(t) measurement
2.2 lirradiation embrittlement, V alloy 1 Thermal (evtl. thermo-mechanical), unlaxial 10% cycles,
Interstitial pick-up to be defined |Tmin = 350 °C, Trpax =700 °C 2 years
He tawei = 2 h (at Tryq),
Clamping at Ty = (Tiin + Tmax)/2
T = command variable; o(t), £(t) measurement
2.3 {lrradiation embrittlement Innov. alloy 1 |Thermal (evtl. thermo-mechanical), uniaxial 10% cycles,
to be defined |Tmin = coolant inlet, T,,,, = coolant outlet 2 years
He tawen = 2 h (at Tpyp)
Clamping at Tpy = (Tyin + Tmax)/2
T = command variable; o(t), e(t) measurement
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Experiment 3: Material development; Welds & Joints; Creep-fatigue

3.1

Welded/ joined deformation
volume;
stress/strain concentrations or

f/m steel 1

Thermal (evtl. thermo-mechanlcal), uniaxial
Tmln =250 OCI ngx =550 °C
tdw;;ll =2h, waell to be defined

stress/strain concentrations or
embrittlement
in/near heat affected zones?

He

embrittlement He Clamping at Ty, = (Tiin + Tmax)/2
In/near heat affected zones? T = command variable; o(t), e(t) measurement
3.2 {Weided/ joined deformation V alloy 1 Thermal (evtl. thermo-mechanical), uniaxial 10% cycles,
volume; to be defined | Tmin = 350 °C, Tyyay = 700 °C 2 years
stress/strain concentrations or tawell = 2 h, Tqyen to be defined
He
embrittlement Clamping at T, = (Tyin + Tmax)/2
in/near heat affected zones? T = command varlable; o(t), e(t) measurement
3.3 |Welded/ jolned deformation Innov. alloy 1 | Thermal (evil. thermo-mechanlcal), unlaxial 10 eycles,
volume; to be defined |Tmin = coolant inlet, T,y = coolant outlet 2 years

tawell = 2 h wae” io be defined
Cilamping at Ty, = (Tinin + Tax)/2
T = command variable; o(t), e(t) measurement

Experiment 4: Material development; Coolant coating compatibility

e e

4.1 |Sultable instrumentation to f/m steel 1 Thermal (evtl. thermo-mechanical), unlaxial 104 cycles,
measure electrical conductivity to be defined | Tmin = 250 °C, Ty = 550 °C 2 years
of coating | tawent = 2 O, Tgwey to be defined

llquid metal | Clamping at Try = (Tryin * Tiax)2
T = command variable; o(t), e(t) measurement

4.2 |Suitable instrumentation to V ailoy 1 Thermal (evtl. thermo-mechanical), uniaxial 10% cycles,
measure electrical conductivity to be defined |Tmin = 350 °C, Tax = 700 °C 2 years
of coating , tawen = 2 h, Tgwey to be defined

Hiquid metal Clamping at T, = (Tmin + Tmax)/2
T = command variable; o(t), e(t) measurement

4.3 |Suitable instrumentation to Innov. alloy 1 {Thermal (evtl. thermo-mechanical), uniaxial 10% cycles,
measure electrical conductivity to be defined | Tmin = coolant Inlet, Tp,,y = coolant outlet 2 years
of coating . tawen = 2 h Tyyey to be defined

liquid metal Clamping at Ty, = (Tiyin + Tmax)/2
T = command varlable; o(t), &(t) measurement

* Depending on actual blanket designs and progress in coating development

Experiment 5: Critical design issues

To be defined; e.g. adjust loading conditions of of-normal operation events

— 238 —




Preliminary Conclusions

in-situ experiments are the closest approach to real fusion con-
ditions. In-situ fatigue properties e.g. can differ fundamentally
from those of postirradiation tests.

A suitable hollow push-puli (creep—)fatigue specimen meets
together with a novel concept for a miniaturized universal test-
ing machine inside a vacuum chamber the requirements for:
- simultaneous and independent in-situ tests on 3 fully
instrumented specimens
- efficient heat remove and temperature control
design relevant standard material characterization tests under
in-situ conditions
~ flexibility with respect to
specimen - coating - coolant combinations, and
irradiation - heat - mechanical load combinations.

The hollow fatigue specimen is already tested and feasibility
considerations on the universal testing machine and a helium
gas coolant loop has been done.

Not the level of specimen miniaturization limits the number of
in-situ tests but the size of the push-pull rods and the specimen
instrumentation.

Categories of necessary in-situ experiments and boundary con-
ditions for a test matrix has been discussed.

An initial test matrix for a 8-10 years program on 12-15 speci-
mens was proposed; requires further discussions.
Final test matrix needs close and ongoing cooperation with the
design and SSTT communities.
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IFMIF-CDA Test Cell/Users Task CDA-D-5

Necessary In-situ Experiments for All Classes of Materials Investigated
and Concepts for In-situ Test Facilities

S. Hamada, K. Noda, Y. Katano
IFMIF-CDA Test Cell/Users Group of JAERI

1. Introduction

In-situ experiments using IFMIF are important to evaluated materials
irradiation behavior during operation of fusion reactors, since some materials
properties are substantially affected by radiation effects under irradiation. In
this task, necessary in-situ experiments for structural materials, ceramic
breeders and ceramic insulators/diagnostic materials are identified, and some
preliminary concepts of in-situ experiment facilities are described.

2. Structural Materials
(1) In-situ experiments for structural materials

The objects of in-situ experiments are phenomena which may occur by the
interaction between irradiation damages and other environmental conditions
during irradiation. In-situ experiment items are as follows:

(1) Creep

(2) Stress-Cracking Corrosion

(3) Fatigue

(4) Corrosion Fatigue

(5) Creep-Fatigue

(6) Creep-Fatigue in Corrosion Environment

Creep tests under irradiation could be replaced by creep tests using
pressurized tube specimens for which creep is evaluated by PIE.

(2) Requirements for in-situ experimental facilities.

- Usage of miniaturized specimens is desirable.

- Temperature control and monitor during irradiation.

- Systems to detect strain and load.

- Consideration of life time of these systems under irradiation.
- Size and volume of facilities are as small as possible.

- Good remote-handling.

- Structure for easy sample exchange and maintenance.

- Control of water quality in IASCC tests.
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(3) Experimental conditions
1) Materials

Low activation ferritic steels, Vanadium alloys, SiC/SiC composites,
Innovative materials

2) Specimen size/shapes

Usage of specimens with a rod shape such as hourglass type specimens is
desirable for tests related to fatigue.

3) Test conditions

B Temperature :
Ferritic steels (300 - 500 C, corrosion;100-300 C)
Vanadium alloys (400 - 600 C)
SiC/SiC composites (600 - 1000 C)
Innovative materials (300 - 1000 C)

B Atmosphere :
Helium gas for experiments of fatigue and creep- fatigue.
High temperature and high pressure water for tests in corrosion
atmosphere. ’

Fatigue; 0.1%/s

Stress-cracking corrosion:1X107

B Flux and Fluence; 5-20 dpa/y and 50- 150 dpa

In-situ experiments up to high fluence are somewhat difficult (unrealistic)
from standpoints of measurements for long period and occupation of large test
volume. Some ideas to shorten in-situ test period are required. In case of
IASCC, combination of irradiation up to medium fluence levels in the
stress/corrosion environment applied state without in-situ measurement (simple
jig may be needed but the occupied space is not so large.) and in-situ
experiment at high fluence levels may be useful.

4) In-situ measurements
B Strain
B Temperature
B [oad
B Cycle number for fatigue tests
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(4) Proposed concept of the in-situ test facility for structural materials

1) Measurement systems
B Strain measurement system

B Temperature monitoring system

2) Control systems
B Temperature control system
including coolant gas and heating system
Loading system
B Maintenance system of water quality for tests in corrosion
environment

3. Ceramic Breeders

(1) Necessary In-situ Experiments for Ceramic Breeders
-Materials development phase-

*Most designs of fusion blanket are made with concept of continuous tritium
recovery during operation.

*In-situ tritium recovery experiments up to end of life are important for
materials development and fusion blanket design.

*Moisture (HTO/H,O) in environment has large influence on materials
properties of ceramic breeders.

*All irradiation tests for both in-situ measurements and PIE to evaluate tritium

release performance and durability should be carried out in in-situ experiment
systems in which moisture level can be controlled by sweep gas.

(2) Requirements for In-situ Experiments
1) Materials

Present candidate materials ; Li,0, Li,ZrO,, Li,TiO,, LiAlO,, Li,SiO,
Innovative materials

2) Specimen sizes/shapes

Various shapes of ceramic breeders (blocks, pebbles, tubes) are used for
fusion blanket designs. Specimen sizes/shapes affect temperature gradient
during irradiation. Microstructures development in irradiated specimens was
found to depend on temperatures and temperature gradients. So, specimens
with some kinds of sizes/shapes should be examined.

— 243 —




*Disks (10 mm in diam. X 2 mm in thick.)
*Pellets (10 mm in diam. X10 mm in height)
* Pebbles (1 mm in diam.)

*Compatibility test specimens;
Breeder ( disks, 5 mm in diam. X 1.5 mm in thick.)
Structural (disks, 5 mm in diam. X 0.5 mm in thick.)

3) Test conditions:

*Neutron flux; 5-10 dpa/y (Medium to low flux region)
*Neutron fluence; Max. 40 dpa

*Temperature; 300-900 C

*Sweep gas; He, He+H, (0.1-1 %)

4) In-situ measurements:

*Tritium release rate
*Temperature of specimens

5) PIE:
Mechanical integrity, Dimensional change, Density change,
Microstructural change, Fracture strength,

Tritium/Helium retention, Thermal conductivity,
Radiation damage, Compatibility, Li burn-up, etc.

6) Others
*Size/volume of in-situ experiment capsules is as small as possible.
*Neutron fluence/spectrum is monitored at proper specimen position by
measurements after irradiation.

*Neutron flux monitor during irradiation.

(3) Proposed Concept of the In-situ Test Facility for Ceramic Breeder
-Materials development phase-

1) Irradiation capsule of In-situ experiments

a) Irradiation capsule for disk specimens

*Sweep gas capsule with gas gap for specimen temperature control.
*3 capsules at 3 different temperatures for each materials.

*1 capsule contains 5 specimens.
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b) Irradiation capsule for pellet specimens

*Sweep gas capsule with gas gap for outer specimen surface temperature.
*1 capsule at 1 temperature gradient for each materials.
*1 capsule contains 2 specimens.

c) Irradiation capsule for pebble specimens

*Sweep gas capsule with gas gap for temp. at outer surface of pebble bed.
*1 capsule contains a pebble bed (1 cm in diam. x1 c¢m in height).

d) Irradiation capsule for compatibility test specimens

*Sweep gas capsule with gas gap for control of specimen sets temperature.
*3 capsules at 3 different temperatures.
*1 capsule contains 12 specimen sets for 6 kinds of breeders and 3 kinds of

structural materials.
2) Measurement/control system

*Sweep gas supply system
*Released tritium measurement/monitor system
*Temperature control system (including coolant gas and gap gas control

system)

(4) Necessary In-situ Experiments for Ceramic Breeders and Requirement for

Them
-Design database acquisition phase-

*In-situ tritium recovery tests up to end of life should be preformed for selected
materials with selected shapes at selected temperature and atmosphere
conditions for the reference blanket design.

*Irradiation tests are desired to be carried out in spectrum-tailored neutronic
conditions using specimen sets (breeder, coolant, neutron multiplier, structural

materials) and specially-designed irradiation capsules, from the standpoint dpa
and Li burnup.

(5) Proposed Concept of the In-situ Test Facility for Ceramic Breeder
-Design database acquisition phase-

1) Irradiation capsule of in-situ tritium recovery tests.

2) Sweep gas capsule with gas gap for specimen set temperature control.
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3) Specimen sets consisting of breeders, coolant, neutron multiplier, structural
materials

4) Measurement /control system including sweep gas supply system, tritium
release measurement system, temperature control system.

4. Insulator Ceramics/Diagnostic Materials
(1) Necessary In-situ Experiments for Insulator Cerarhics/Diagnostic Material

*Radiation Induced Conductivity (RIC) and Radiation Induced Electrical
Degradation (RIED) degrade electrical insulation properties of ceramics
during irradiation. RIC can be measured only during irradiation. Although
RIED can be measured after irradiation, it is expected to occur at low fluence.
IFMIF cannot be frequently stopped to check RIED. Thus, in-situ experiments
for electrical resistivity of insulator ceramics are necessary to investigate RIC
and RIED.

*Since dielectric loss changes due to RIC and RIED, in-situ experiments for
dielectric loss of insulator ceramics are required.

*Luminescence due to irradiation can be measured only during irradiation.
Optical absorption due to radiation-induced defects can be detected after
irradiation, but optical degradation of optical diagnostics materials occurs at
low fluence. In the same reason as the case of electrical resistivity, in-situ
experiments for optical properties of optical diagnostics materials are needed.

(2) Requirements for In-situ Experiments

1) Materials:

ALO,, MgO, AIN, MgALO,, SiO,, Si,N,, Optical fiber (Currently available

273
material, materials development)

2) Specimen sizes/shapes:

Disks (8.5 mm in diam. x 0.2 mm in thick); Electrical resistivity
Rectangular (25' x 10* x 3 and 5' mm?); Dielectric loss
Fiber wire (0.25 mm in diam. 30 pieces x ~8000 mm); Optical properties

3) Test conditions:

Neutron flux: 107 to 20dpa/y (Medium to low flux region)
Neutron fluence: 10° to 50dpa
Temperature: RT-800C (Design depend)

Liq.He to -180C (Cryogenic window)
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Additional condition:
Applied electric field (for RIED) 1-1.5kV/cm

4)In-situ measurements:

Electrical resistivity (RIC/RIED)
Dielectric loss
Optical absorption/Luminescence

(3) Proposed Concept of In-situ Test Facility for Insulator Ceramics/Diagnostic
Materials

1) Irradiation capsules
a) Irradiation capsule for electrical resistivity (disk specimens)

* RIC/RIED measurement specimen holders with gas gap/heater for
specimens temperature control.

* One specimen holder contains 16 specimens. (2/material x 8 materials)

* 4 specimen holders at 4 different temperatures.

* One capsule contains 4 specimen holders.

b) Irradiation capsules for dielectric loss (rectangular specimens)

*Dielectric loss capsule with gas gap/heater for specimens tempcrature
control.

c) Irradiation capsule for optical properties (optical fiber)

* Optical absorption/luminescence capsule with gas gap for specimens
temperature control.

* One capsules contains 3 specimens.

* 4 capsules at 4 different temperatures.

2) Measurement/control system
* Temperature control system
* RIC/RIED measurement system

* Optical absorption/luminescence measurement system
* Dielectric loss measurement system
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Irradiation Capsule for Pebble Bed
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IFMIF-CDA Test Cell/Users Task CDA-D-6

Design Concepts for Typical Test Modules and Their Interface with Test

Cell
(Proposed Concepts for Test Modules and Their Interface with Test Cell)

T. Hoshiya, K. Noda
IFMIF-CDA Test Cell/Users Group of JAERI

1. Required Functions for Test Modules

Test modules have to include necessary functions to carry out all the
irradiation experiments for several kinds of specimens in packets; structural
materials, ceramic breeders, insulator ceramics, diagnostic materials and
advanced materials. For structural materials, it is important to carry out heavy
irradiation experiments (fluence dependent experiment) and the Post
Irradiation Examination (PIE) for the design of the structure of fusion
reactors. For ceramic breeders, insulator and diagnostic materials, the in-situ
experiments (CDA-D-5) is also indispensable for analyzing time dependent
phenomena such as continuous tritium recovery during operation.

It is also key issues for improvement of performance of test module to
provide good interfaces with Test Assembly and Test Cell and also to shorten
the time required for the replacement and maintenance of test module from
the standpoint of function desired for test modules,

2. Test Modules and Their Interface with Test Cell
(1) Required items of test modules

Test modules have to possess the sufficient removal capacity for heat
generation of packets to realize proper specimen temperature control.

It is also necessary to provide the good performance of quick and easy
insertion / removal of test modules, because replacement and maintenance
time governs all the function of the test module, test assembly and test cell in
terms of the efficiency and the reliability.

Required items of test modules are as follows:

- Realization of goal temperature and neutron fluence (dpa) of specimens

- Removal of heat generation by nuclear heating and gamma-ray heating

- Quick and easy replacement (insertion and removal) of test modules

- Monitoring / diagnostic system

- Coherent interfaces with test assembly and test cell

- Cleanup system to prevent radioactive contamination in remote replacement
and maintenance procedures
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(2) Proposed Concepts of the Test Module
1) Monitoring / diagnostic system

- Temperature and fluence monitoring during irradiation

-Taking into account of proposed packet volume (CDA-D-3), flux region
have to be separated into two parts; high flux region and medium and low
flux region as shown in the contour map of neutron flux (Fig. D6J-1) with
respect with standard beam size (20 x 5 cm?2).

- Temperature regions in test modules are needed to be separated into three
parts; high temperature region, medium temperature region and extremely
low temperature region.

- Usage of multiple thermocouple which can be used for the synchronous
measurement of multi-point of specimen

- Usage of fluence monitor and the Self Powered Neutron Detector (SPND)

- Usage of the Close Circuit TV (CCTV) system including SiO; optical fiber
with irradiation resistance

2) Quick and easy replacement (insertion and removal) of test modules

By using shape memory alloy (SMA) driving element, the quick
replacement technique can extensively apply to the design of test modules,
test assembly and test cell. The SMA joints can be used for connecting and
disconnecting the coupling in a few minutes by simply controlling the SMA
temperature. Two different kinds of SMA can be used for driving element of
joints or connectors in medium temperature region (RT - 373K) and in high
temperature region (373K - 873K). One is Ti-Ni based SMA for use in the
medium temperature region and the other is Ti-Pd based high temperature

SMA (HTSMA) for use in the high temperature region.

- Quick Replacement Technique (including remote handling and
maintenance) using SMA driving element

- Remote handling robotics
3) Re-instrumentation and Re-irradiation technique

- Re-instrumentation system with re-installed thermocouple, SPND and
fluence monitor

- Re-irradiation system after irradiation of specimens with medium and low
fluence to obtain heavy damage of specimens
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4) Homogenization technique of damage levels of specimens in IFMIF
irradiation field with flux gradient ( See CDA-D-9)

- Rotating system of test module during irradiation
- Exchange system of specimen irradiation position in test modules

5) Differentiation in function between test modules

- In-situ test module ~ ceeeeeee- special test module
- Heavy irradiation test module ~ --------- same above
- Re-irradiation test module ~ ----o-ee- same above
- Re-instrumentation test module ~ -------- same above
- Sweeping gas test module ~ ---emeeee same above
- Cryogenic temperature test module --------- same above
- Pulse irradiation test module ~ --------- same above

- Normal irradiation test module
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IFMIF : mapping of Fe volume-dpa [/yr] on x-z plane
(Fe-50% ; 24*6*20 cm®)
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Task CDA-D-6: Design Concept for
Typical Test Modules

Presented by
J. R. Haines (ORNL)
at the
IFMIF-CDA Technical Workshop
on the Test Cell System
July 5, 1995
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Topics for Typical Test Module
Design Concepts

- Assumptions/design features
- Arrangement of modules

« Cooling system equipment

Assumptions and Design Features

for Test Modules
Five modules including the high-flux module
Number of Total
Number of Chambers Volume
Region Modules per Module (L)
High-fiux 1 3 0.5
Intermed.-flux 2 2 6
Low-flux | 2 1 8
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IFMIF/CDA-D-7 Document (draft/July 3, 1995) by Y. Oyama (JAERI)

IFMIF Test Cell/Users Task CDA-D-7 (Interim):

Provide Processed Nuclear Data between 20-50 MeV for Relevant
Elements

Task Responsible: Y. Oyama
IFMIF Test Cell/Users Group of JAERI

.
1. Imtroduction

Energy of neutrons generated by IFMIF includes higher energy than 20 MeV,
i.e. to about 50 MeV. Thus nuclear data of neutron cross sections up to 50 MeV is
required to esimate irradiation conditions and to design the facility itself for shielding
and safety. However, the present available nuclear data library with high energy is the
ENDE/B-VI high energy file but it includes only four nuclides. Since 1990 evaluations
of high energy neutron nuclear data have been attempted under Japanese Nuclear Data
Commitee, according to request by ESNIT group for the purpose of damage
characteristics evaluation study. The process of evaluation usually needs long period
due to iteration by reviewing. This activity was taken over by [IFMIF CDA task. The
evaluations were repeated together with modification or correction of the evaluation
code EGNASH. The code was finally established to the SINCROS-II system with the
EGNASH-IV code.

2. Nuclides to be included

Priority of nuclides to be evaluated was selected by two ways:
1) Cross Section for Neutron Transport

This includes nuclides for damage analysis of a test matrix, e.g., stainless steel (
Fe, Cr, Ni, Mo, V, Ti) and alumina (Al, O), for shielding design, e.g., stainless steel,
concrete ( H, O, Al, Si, Ca, C, Na, K, Mg), and for acceleartor components (Cu, Fe,
L1). From these materials, the following priority was assigned:

Ist priority  H, O, Al, Si, Fe

2nd priority  Ca, Cr, Cu, Ni

3rd priority  Li, C, N, Na, Mg, K, Ti, Mn, V, Mo
2) PKA Spectrum and Transmutation Cross Section

This includes nuclides for damage analysis of stainless steel, alumina, etc. and
for activation estimation of the accelerator facility. The following priority was assigned:

Ist priority  Li, N, O, Si, Al, Fe, Cr, Ni, Cu
2nd priority  Ca, C, Na
3rd priority Mg, K, Ti, Mn, V, Mo

Finally the following nuclides were selected for evaluation.
H, Li, Be, C, N, O

and
Al, Si, Ca, Na, Mg, K, Ti, Cr, Mn, Fe, Ni, Cu, V, Y, Mo, W
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IFMIF/CDA-D-7 Document (drafi/July 3, 1995) by Y. Oyama (JAERI)

For light nuclides, Monte Carlo code SCINFUL
For intermediate nuclides, SINCROS-II system (including EGNASH-IV)

The file format follows the format for intermadiate energy nuciear data proposed in the
NEANSC working party. (Appendix 1)

4. Processed Library

The processed library for neutron transport calculation will be prepared for the
library of the MCNP code. The PKA spectrum file is also prepared from the evaluated
nuclear data file by using the ESPERANT code.

5. Progress

The first set of evaluated files will be released by the end of March, 1996, and
the version-up will be performed with addition of new evaluations. The first set will
includes Fe, Cr and Ni, at least.

SINCROS-II SCINFUL
JENDL-High Energy File Decay Data Library

[V ]
v \ v

ESPERANT Modified NJOY TRANSM

R Tt

PKA Spectrum MCNP Processed | Calculation ¢
DPA Cross Section Library
KERMA Data Transmutaton
Activation
CDA-D-7

Needs of cross section task for IFMIF
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ENSDF INPUT DATA DWUCKY
DISCRETE LEVELS DIRECT INELASTIC
DATA EGNASH-4 SCATTERING DATA
file 8 file 33
MASS TABLE & DCHAIN
file |
I l
PARTICLE & REACTION INPUT DATA GENERAL DDX
GAMMA-RAY CROSS for OUTPUT DATA DATA
SPECTRA SECTIONS CASHY
file 10 file 12 file 14 file 44 file 15
XTOPRO THICK XTOTHI XTOB10 CASTHY | | GAMFIL XTOI5B
Production Neutron Group Activation General ENDF/B-V1
Cross Yield Constant Cross Purpose MF=6
Sections in for Sections File DATA
for Thick Cross ENDE/B ENDEF/B
Gas & Isotope Target Section
file 10

Flow of Data processing in SINCROS-II system
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to be submitted to the NEANSC/WPIEC/SG13 meeting at Data Bank on Dec. 9, 1994

Proposal of Format for Intermediate Energy Nuclear Data

T. Fukahor
Nuclear Data Center, Department of Reactor Erzgmeermg,
Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki~ken, 31911 Japan

and

AJ. Koning
Netherlands Energy Research Foundation ECN
P.O. Box 1, 1755 ZG Petten, The Netherlands

1. Introduction ‘

NEANSC Working Party on International Evaluation Cooperation (WPIEC) has started
a research cooperation on the intermediate energy nuclear data (IEND) as subgroup 13
(SG13). SGI13 is organized to research and solve common problems about the [END
evaluation. One of the common problems of SG13 is to make recommendation of IEND
format. A survey has been made on the requirements for an evaluated nuclear data file for
accelerator-based transmutation by Koning[1], and the report included the format of existing
evaluated IEND and recommendations. A few status and reviewal reports{2,3] for evaluated
[END file were presented in the Gatlinburg Conference.

From the summary of Luquuy collected uy mk‘uCLuLﬂ, uic maJux apyuCﬁhOIlS of IEND
are medical use, accelerator-related applications; I.e. spallation neutron source, waste
management, and space and astrophysics. These applications need isotope production cross
section and double differential light particle, gamma-ray, meson and primary knock-on atom
(PKA) spectra for neutron-, proton— and photo—induced reactions, fundamentally. Though
it is necessary to include individual product nuclides for isotope production cross sections,
it seems that composite particle spectra, which are not identified the emitted reaction and
summing up the same particle from all the reaction channels, might be enough to use for each
application. It is no meaning to separate the energy region in consideration of format. From
these points of view, physical quantities which should be included in evaluated IEND files
are defined and their format is proposed in this report.

2. Included Physical Quantities and Format for IEND

2.1 Physical Quantities

The physical quantities which are necessary for evaluated [END files are roughly
classified into cross section (MF=3), angular distribution (MF=4), energy spectrum (MF=5)
and double differential particle, gamma-ray, meson and PKA emission spectra (MF=6). Since
MF=4 and MF=5 can be combined into MF=6 in ENDF-6 format, only MF=6 should be
considered in this report.

For the cross section, total (neutron—induced reaction only), elastic scattering, total
reaction (non-elastic), discrete inelastic scattering (not always) and fission channels should
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be included, and isotope and particle production cross sections are also important. In the case
of combination with existing lower energy evaluated file, neutron capture and (n,z) reaction,
where z is light charged particle from proton to alpha, cross sections are might be included

as an peutron disappearance Cross Section.
The angular distributions for ‘elastic and discrete inelastic scattering, and fission

neutron spectrum should be considered. The double differential cross sections must be
included for neutron, gamma-ray, proton, deuteron, triton, He-3, alpha, pi+, pi0, pi-, (K+,
K0, K-). Fission related quantties are also included.

2.2 Format and Some Rules
ENDF-6 format must be selected fundamentally. For evaluated [END file, some

quantities must be newly defined. The MF number is defined in section 2.1, and MT number
is as following.

MT MF  quantities
1 3 - total (only for neutron-induced reaction)
2 3,6 ° elastic scattering
3 3 total reaction
5 3,6  isotope production by spallation and evaporation processes
18 3,6  fission (FP yield is stored in MF=6, MT=18)
51-90 3,6  discrete inelastic scattering (not always)
102 3,6  capture (only for neutron—-induced reaction)
103-107 3,6  (n,z) reactions (only for neutron—induced reaction)
151 2 resonance information (only for neutron—induced reaction)
201 3,6  neutron production
202 3,6  gamma production
203 3,6  proton production
204 3,6  deuteron production
205 3,6  triton production
206 3,6  He-3 production
207 3,6  alpha production
208 3,6  pi+ production (if necessary)
209 3,6  pi0 production (if necessary)
210 3,6  pi- production (if necessary)
211 3,6 K+ production (if necessary)
212 3,6 KO production (if necessary)
213 3,6 K- production (if necessary)
451 1 general information
452-458 1 fission—-related quantities

For conservation of consistency, some rules should be promised inside the format, for
instance, sum rule. The evaluation information and comments are included m MF=1. [f
fission reaction channel is included, the fission—related quantities, for example, fission neutron
spectra (MF=5, MT=18), average prompt neutron number (MF=1, MT=452,455,456), fission
product distribution (MF=6, MT=18), etc., should be compiled. For sum rule, 1) (MF=3,
MT=1) = (MF=3, MT=2) + (MF=3, MT=3), 2) (MF=3, MT=3) = (MF=3, MT=5) + (MF=3,
MT=18), 3) For MF=3, MT=201, 203, 204, 205, 206 and 207, the contributions of elastic
scattering and fission channels are not included. For the angular distributions of elastic and
discrete inelastic scattering channels, it can be compiled both in MF=4 and in MF=6,
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LAW=2. For fission neutron spectrum, both MF=5 and MF=6 can be used. Other detail of
rules for MF=6 are listed below:

MF=6, LAW=0: in the case of only the isotope production ratio (MT=3) to
MF=3, MT=5 is included (unknown distribution).

MF=6, LAW=1: for MT=201-213, using Legendre coefficients or Kalbach
systematics. '

MF=6, LAW=2: for MT=2, 51-90 (discrete two-body scattering), using
Legendre coefficients or tabular expression.

MF=6, LAW=5: for MT=2 of charged particle (charged particle elastic
scattering). ‘

MF=6, LAW=T7: for MT=201-213, using table type format, and
MT=5 in the case including the isotope production ratio to
MF=3, MT=5, and the PKA spectra.

3. Summary ,
From the assumption which many applications for [END require the physical quantities

of cross section and double differential cross section, the format for evaluated IEND file is
proposed. ENDF-6 format is fundamentally selected, and some rules on compiling evaluated
data are discussed. Though it is one of compiling options, the discussions for physical
quantities and their format are very helpful to evaluate [END and generate evaluated [END

files.
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CDA-D7 - Neutron Cross
Sections up to 50 MeV

IFMIF International Workshop on the Test
Cell Design

Karlsruhe - Germany

Itacil C. Gomes

Argonne National Laboratory
July 3-6

[.C.Gomes - Argonne National Laboratory
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Required Neutron Cross
Section Information

¢ Transport Cross Section for Neutrons up to

¢ 50-70 MeV - this would include:
1. Total
2. Scattering
3. Neutron Emission - (n,xn)

¢ Activation Cross Section - would include all
possible reactions and products cross sections.

Available Information in US - Neutron
Transport Cross Section: HILO Library

¢ R.G.Asmiller, J.M.Barnes,and J.D.Drischler

¢ Up to 400 MeV

¢ Flements: H, B-10, B-11, C, N, O, Na, Mg, Al,
S, K, Ca, Cr, Fe, N1, W, and Pb.

¢ 66 neutron groups and 22 photon groups.

¢ Except for S and Pb, the cross sections below
20 MeV are based on the ENDF-BV with P5
Legendre expansion (sulfur and lead are based
on ENDF-BIV with P3)

1.C.Gomes - Argonne National Laboratory
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~ Available Information in US - Neutron
Transport Cross Section: HILO Library

¢ The data show that the total cross sections
tend to decrease above 20 MeV.

¢ The HILO multigroup cross sections prescnt
a general good agreement with experimental
data - Figure.

¢ The tabulated values of the elastic and
nonelastic cross section show a significant
decrease as the neutron energy goes higher.

A £, IIA

Available Information in US - Activation

Cross Section: REAC Library

¢ F.M.Mann/B.Wilson(LANL)

¢ Cross Sections up to 50 MeV are available
in two different group structures: 99 and 63
neutron groups.

1.C.Gomes - Argonne National Laboratory
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Problems with the Available
Cross Section Libraries

¢ They are mostly based on nuclear models
without enough nuclear data to validate the
models.

¢ It is an agreement that more experimental
data 1s required, but the availability of funds
1s very limited in this area.

¢ HILO contains only a few elements and more
elements are required for truly represent the
D-Li NS environment.

Current US Activities in
Nii~laar Nata EialAd
Nuclear Data Field

¢ Most of the work being developed in the
nuclear data field is basically theoretical.
¢ Many experimental facilities were shut

down and there is no perspective of a
change in this scenario.

¢ There still are a number of experts highly
qualified, in both, data acquisition and data
analysis.

1.C.Gomes - Argonne National Laboratory
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Current US Activities in the
Nuclear Data Field

¢ ANL - most of the nuclear data activity was
eliminated, only Donald Smith still in the
laboratory.

¢ LLNL - R.White, M.Chadwick, D.Resler,
M.Blann and others. Neutron scattering,
(n,xn),..... mostly for medical applications.

¢ LANL - T2 Division. P.Young, G.Hale,
R.MacFarlane. High energy, some exp’s

Current US Activities in the
Nuclear Data Field
¢ There is a current mentality that nuclear
data acquisition is not needed anymore, and
that the available data can fulfill the
requirements for present and future designs.

¢ The fusion community, despite being aware
of the problems, does not see as an
immediate need and very low or none
investment is made to improve the available
data.

[.C.Gomes - Argonne National Laboratory
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[.C.Gomes -

Current US Activities in the
Nuclear Data Field

Lately, most of the activities in US, in the fusion
area, are product of international collaboration.

Collaboration in terms of acquiring, analyzing,
and processing “high energy” neutron nuclear data
is desirable for US.

JAERI-Tokai has a major program to develop data
> 20 MeV - Satoshi Chiba.

A closer interaction and information exchange in
this activity can produce beneficial results for all
parties.

Argonne National Laboratory
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U. von MollendordT ‘ 3 July 1995
Forschungszentrum Karlsruhe
~ Institut fir Neutronenphysik und Reaktortechnik

IFMIF-CDA Task D-7

Provide processed nuclear data for neutron energies 20 - 50 MeV

Status. at FZK:

The data are to be used m neutron transport calculations, Task D-2. For
the combined tasks, D-7 + D-2, three possible pathways were identified:

(D

Obtain calculated nuclear data for £, = 20... 50 MeV for Fe-56, Na-23
and K-39 from Inst. of Nuclear Power Engineering (INPE), Obninsk,
Russia; '

combine these with available data in < 20 MeV range;

perform Task D-2 using this processed library + MCNP-4A code.

(2)
Calculate data for E, = 20 ... 50 MeV using ALICE code;

other steps as in way (1)

(3)

Perform D-2 using PROSDOR, an available combination of the MCNP
and HETC codes. HETC is a Monte-Carlo code that calculates itself the
cross sections as they are required. In PROSDOR, a neutron treated by
HETC is handed over to MCNP as its energy goes < 20 MeV.
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Expected quality ifferences between ways (1), (2), (3):

e  Way (3) is questionable for £, < 50 MeV because reactions in HETC
are modeled for E, > Eyinq .

e  Way (1) is likely superior to way (2) because of refined modeling. INPE
uses anALICE version mod.iﬁed in several aspects, as e.g.

to include clqster emission algorithms (d, t, He-3, He-4),
to use ihe Generalized S'upcr“ﬁuid Modei for level densities,
and others.

= Way (1) = Stage 1 in FZK D-7 Task Description

Stage 2 = fully evaluated nuclear data and

more nuclides;
input from ENEA and/or JAERI

e  Fe-56 data in ENDF/B-VI format obtained from INPE.

e Na-23 and K-39 data expected by 31 July 1995

The next three pages‘ show the integral cross sections of some of the
*Fe + n reactions as functions of E,.
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1. Background and Objectives
Evaluated and processed nuclear data in the 20 to 50 MeV energy range

have to be provided as these are not existing in standard fusion nuclear data

files.

2. Technical outline of task
Calculation/evaluation of nuclear data relevant for neutron transport in
20-50 MeV ‘incident neutron energy range; processing of such nuclear data

into a library for use in the MCNP Monte-Carlo code.

3. Task description

For executing neutron transport calculations, the MCNP (or any oiher)
code requ,irés a library of the pertinént nuclear data, i.e., for every nuclide
present, a multitude of integral, single-differential and double-differential
cross sections of nuclear scattering and reaction processes as functions of
incident neutron energf.

This library has to be produced using a Processing Code from a file or
files of Evaluated Nuclear Data.

Evaluated nuclear data are cross section data that have been prepared
for a given nuclide on a combined basis of theoretical and genefal system-
atical knowledge on one hand and experimental data from cross section
measurements on the other. In the absence of experiments, nuclear data
based only on theory and systematics can be used with a certain degree of

confidence.
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TASK CDA-D7
NUCLEAR DATA BASE

INTERMEDIATE REPORT ON
REVIEW OF EXISTING DATA

G. REFFO

NUCLEAR DATA NEED

e particle spectra
e gamma-emmission spectra
e angular distributions

are needed for

e machine functioning

e material damage (gas production, transmutation)
e shielding

e activation
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REVIEW OF EVALUATED FILES

TRANSPORT FILES

ENDEB-VI
EFF

JEF
JENDL-3
BROND
CENDL
FENDL

ACTIVATION FILES

ENDFB
EAF
JENDL
ADL

REAC
! }U EW Fgu’.bL.]
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OTHER PURPOSE FILES

ENDFHEG6

e partial x-sections not given, only total n-
and gamma-production,

e comparison with expt. data not possibie

e ddx given only at 20 and 40 MeV

e spectra calculated with code ALICE

e ALICE covers a broad spectrum of
energies at the expense of using simplified
formulations. Preeq. mechanism in terms
of hybrid model , with no MSC-MSD
process treatment in terms of quantum
mechanical approaches; C.N. no spin and
parity conservation allowed, no nuclear
structure details included.

HILO
e partial x-sections not given, only total n-
and gamma-production, (480 az.d 20 M¢ g, //l/
e intranuclear cascade evaporation model
adopted, not suitable for low energies,
same deficiencies like ALICE.
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((24-CR-50(N,T)23-V-48,,51G,,SPA)

(24-CR-50(N,N+D)23-V-48 ,SIG,,SPA) +
(24-CR-50(N,2N+P) 23-V-48,,81G,,SPA))

+1 2.2500E+01

(J,NP/A,295,150,7801)

(24-CR-53(N,HE3)22-TI-51,,SIG,,SPA)

2.2500E+01

(W,QAIM,3007)

(24»CR-O(N,X)VI -H-3,,51G,,SPA)

2.2500E+01

(W,QAIM,8007)

REVIEW OF TXFTL DATA

Table 2. Experimental and evaluated data status

REACTION EXP. DATA (MAX. ENERGY) EVAL. DATA
(MeV)
IRON
(26-FE-O(N,TOT),,SIG) 194 YES
(26-FE-Q(N,EL),,S1G) 26 YES
(26-FE-O(N,NON),,SIG) 25.5 YES
(26-FE-54(N,INL)26-FE-54,PAR,DA) 26 NO
(26-FE-O(N,INL)26-FE-0,,SIG) 20.6 NO
(26-FE-56(N,2N)26-FE-55,,SIG) 21.8 NO
(26-FE-56(N,3N)26-FE-54,SIG) NO NO
(26-FE-O(N,3N)26-FE-0,SIG) NO NO
(26-FE-56(N,P)25-MN-56,,SIG) 20.3 NO
(26-FE-0(N,D)25-MN-0,,SIG) NO NO
(26-FE-O(N,X)1-H-3,,SIG,,SPA) 20 YES
(26-FE-0(N,X)0-G-0,PAR,SIG) 65 YES
VANADIUM
(23-V-O(N,TOT),,SIG) 32 NO
(23-V-O(N,EL),,SIG) NO NO
(23-V-O(N,NON),,SIG) NO NO
(23-V-51(N,INL)23-V-51,PAR,DA) NO NO
(23-V-0(N,INL)23-V-0,,SIG) NO NO
(23-V-0(N,X)0-NN-1,EM,DA/DE) 25.7 NO
(23-V-0(N,X)0-NN-1,EM,DE) 25.7 NO
(23-V-51(N,2N)23-V-50,,SIG) 21 NO
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(23-V-51(N,3N)23-V-49,,SIG) NO NO
(23-V-51(N,P)22-Ti-51,,SIG) NO NO
(23-V-51(N,D)22-Ti-50,,S1G) NO NO
(23-V-0(N,1-H-3),SI1G,,SPA) 22.5 NO
(23-V-0(N,X)0-G-0,PAR,SIG) NO NO
CHROMIUM

(24-Cr-0(N,T0T),,SIG) 81.4 NO
(24-Cr-0(N,EL),,SIG) 21.6 NO
(24-Cr-0(N,NON),,SIG) NO NO
(24-Cr-52(N,INL)24-Cr-52,PAR,SIG) 21.6 NO
(24-Cr-0(N,INL)24-Cr-0,PAR,DA) 21.6 NO
(24-Cr-0(N,2N)24-Cr-0,,SIG) 21.0 NO
(24-Cr-0(N,3N)24-Cr-0,,SIG) 22.5 NO
(24-Cr-56(N,P)23-V-56,,SIG) NO NO
(24-Cr-50(N, 1-H-3),SIG,,SPA) 22.5 NO
(24-Cr-53(N,1-HE3)22-Ti-51,,SIG,SPA) 22.5 NO
(24-Cr-0(N,X)0-G-0,PAR,SIG) NO NO

Legend to Table 1 and 2
SIG - cross section

DA - angular distribution
PAR - partial cross section
SPA - spectrum

EM - emission (inclusive)
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NEED FOR COORDINATION

What we are doing is an ad hoc file for IFMIF project
i.e. an IFMIF-FILE

One should remind that

e the needs for IFMIF-file overlap with ongoing
activities (national and ) international (e.g. FENDL),

except that IFMIF needs span a wider energy range

e which thing justifies additional work to be done for
One can imagine to proceed in two ways:

e performing independent evaluations and then
choosing the best (duplications of work will occur)

e sharing the work

o & }-u‘gu‘}'\j LST X;: "r‘*u’it«d,
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IFMIF Users/Test Cell Task CDA-D-8
Requirements for a commen facility for materials testing at the IFMIF-site

K. Watanabe, K. Noda and T. Konishi
IFMIF Users/Test Cell Task Group of JAERI

1. Introduction

In the preparatory activity of [FMIF-CDA, a common facility for
materials testing at IFMIF-site was considered to be required for effective use
of IFMIF. The objectives of CDA-D-8 task is to define needs of common
facility for materials testing at International Fusion Materials Irradiation
Facility (IFMIF) site and to develop the requirements for the facility and test
equipments to be installed .

2. Needs of A Common Facility for Materials Testing at IFMIF-site

IFMIF will be only one intense neutron irradiation facility to meet
international demand for fusion reactor materials development and testing in the
stage of development for fusion demonstration or prototype reactors. The test
volume of IFMIF, especially for high flux region in which irradiation testing of
structural materials will be carried out, will be very limited. In order to obtain
various kinds of materials data in the limited test volume, a large number of
miniaturized specimens will be irradiated especially in the high flux region of
IFMIF, as described in CDA-D-3 task. In addition, various kinds of in-situ
experiments will be carried out in neutron irradiation field of IFMIF to obtain
data of materials properties during irradiation (i.e., during operation of fusion
reactors).

An advanced Post Irradiation Examination (PIE) facility for the
miniaturized speciniens is required to perform the PIE of a large number of
miniaturized specimens with high efficiency. In the PIE facility, testing
equipments installed in specially-designed hot cells for PIE of the miniaturized
specimens should be fully automatized to realize the testing with high
efficiency. Such a special PIE facility, which is not currently available, is
required as one of common facilities for materials testing at IFMIF site.
Furthermore, it is desirable that the facility has functions to test materials
properties before irradiation, from the standpoints of obtaining the data before
irradiation with reliability and accuracy levels same as those for PIE.

In IFMIF, irradiation testing at various temperatures will be performed at
various neutron fluences up to high damage levels such as 150 dpa. Therefore,
the test modules and packets used for irradiation of the specimens have to be
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sometimes changed in the case of testing at high neutron fluences, in order to
keep integrity of the test module and the packets. In respect of the specimens
for low to intermediate damage levels, such specimens will be removed from
the test module after the prescribed irradiation period such as around one year.
So, a facility to reload the irradiated specimens to new or different test
modules for further irradiation is required at IFMIF site as well as a facility to
disassemble the test module and remove the specimens from the packets for
PIE. Such facilities are very useful for reloading the irradiated specimens to
test module after non-destructive PIE, which may realize acquisition of
materials irradiation data with high reliability and high efficiency. In-situ
experiments using the irradiated specimens will also be valuable to evaluate
materials properties under irradiation at high neutron fluence. In order to
perform such in-situ irradiation experiments, the above-mentioned facility for
reloading the irradiated specimens needs to be constructed at IFMIF site.

3. Requirements for A Common Facility for Materials Testing at TFMIK-
site

The main activity in this facility is focused on the examination of
specimens irradiated with IFMIF. In IFMIF, the post irradiation examination
(PIE) are supposed to be conducted for a larger number of miniaturized
specimens, because of the limitation of irradiation volume which is common to
the d-Li stripping reaction type intense neutron irradiation facilities. The PIE
facility at IFMIF site should have the excellent function and capability for PIE
of miniaturized specimens from viewpoint of operation and maintenance.

Very preliminary requirements for the PIE facility were developed by
considering (1) handling and materials tests for miniaturized specimens, (2)
process for PIE, i.e., loading , disassembling, classification, dosimetry,
measurements, maintenance, machining of specimens, assembling of re-
irradiation test module etc. , (3) three levels (low, medium and high) of radio-
activity for irradiated materials, (4) tritium handling in PIE procedures
(Materials without tritium contamination; structural materials [ferritic, SiC/SiC,
gas-cooled vanadium alloy] , ceramic insulators and diagnostic materials,
Materials containing tritium/with tritium contamination; ceramic breeders,
Li-cooled vanadium alloy, etc.).

Tritium handling system for PIE will follow the regulation and design
requirements specific for large amount of tritium that will be applied for the
entire IFMIF facility. General feature of such system are, 1)Multiple (usually
3) confinement system 2)Inventory accountability and control and 3) Multiple
detritiation systems. Besides the technical features for PIE facility, these three
functions will be added to the equipments for handling of tritiated/tritium
containing samples.

The preliminary requirements for hot cells and glove boxes in the PIE
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facility are as follows:
(1) Hot cells for miniaturized specimen tests

Handling of miniaturized specimens requires precise and sensitive
handling, which may performed by fully-automatized test equipments or
advanced manipulator systems. High efficiency of PIE for a large number of
miniaturized specimens are also requested to obtain materials irradiation data
by the time expected from the time schedule of prototype or demonstration
fusion reactor development. Thus, miniaturized specimen tests are considered
to need to be performed by fully-automatized test equipments. Such
automnatized test equipments required frequent maintenance for proper
operation in hot cells. Therefore, the hot cell structure has to have capability
for quick maintenance of test equipments in the cell. In Energy Selective
Neutron Irradiation Test facility (ESNIT) program, modular type hot cells for
materials PIE was proposed as advanced PIE facility with high efficiency and
flexibility.

The modular type hot cell system consists of modular type cells,
removable box, decontamination cell, maintenance room and removable box
exchange system. The removal boxes which contain equipments are installed in
modular type cells. The removable box exchange system enables rapid
exchange of the removable box to carry out maintenance of the equipment. The
box containing the equipment to be repaired is transferred to decontamination
cell for decontamination of the equipment before repairing. On the other hand,
another box containing the equipment in perfect condition is installed just after
the removal of the former box. Such a rapid exchange of the removal boxes can
realize to shorten maintenance /repair time of equipments. Thus, the modular
type cells are required for effective use of fully-automatized test equipments
for miniaturized specimens.

(2) Tritium handling hot cells

Irradiated ceramic breeders specimens contains tritium and some of them
have high level radio- activity (Li,ZrO,, LiAlO, etc.). Irradiation tests of the
ceramic breeders will be carried out using sweep gas capsules, and therefore
most parts of tritium generated is expected to be released from the specimens.
Thus, retained tritium levels may be not so large in normal irradiation
condition. However, the ceramic breeders should not be handled in the cell
same as that for the other specimens containing no tritium to avoid tritium
contamination of the other specimens. This tritium handing cell will be
conventional stationary type hot cell with high level airtight for tritium
contamination of the leak rate no greater than 0.1 vol% / hour level. The cell
will be filled with inert, nitrogen or air depending on the samples to be handled,
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and the gas will be continuously circulated maintaining negative pressure.
Tritium in this stream, either in the form of hydrogen (HT) or chemically bound
in moisture or hydrocarbon will be removed by catalyst or getter. Moisture of
atmosphere in the cells should also be controlled, by the reason that moisture
affects materials properties of ceramic breeders. Gas removed from the cell to
maintain the negative pressure will be processed by a detritiation system and
- will be stacked. 4

In the primary enclosure, tritium generated in the sample will be
contained in a highly gas tight containers. Since most of the samples are
anticipated to be tested with sweep gas during irradiation, maximum amount of
handling tritium are expected to be less than several grams. Amount of tritium
entering and leaving from the cell will be assessed for accounting purpose. The
handling of tritium enclosed in a container or bound form and the amount less
than 100Ci per cell may not require closed cycle atmosphere processing.

Vanadium alloy specimens irradiated in packets with lig. Li bond will
be also contaminated with tritium, and it will be better to handle such specimen
in tritium handling hot cells. However, number of tritium handling hot cells
should be minimized, because tritium handling facility requires tritium removal
systems which is somewhat expensive. From this standpoint, use of gas cooling
system for temperature control of vanadium alloy is desirable to avoid
generation of unnecessary tritium.

(3) Glove box systems for low gamma-ray level specimens

Most of ceramics are low activation materials, and some ceramic
materials will be irradiated in low flux region. So, some fraction of ceramics
specimens will have only low gamma level. Some of ceramic breeders, i.e.,
Li,0, have only very low level gamma-ray activity. Such specimens should be
handled in glove box systems which enables easy handling. Atmosphere
control for these gloveboxes will be same as for the above mentioned tritium
hot cells. Some of the equipments for the atmosphere control and processing
can be shared with both hot cells and gloveboxes.

(4) Loading /storage cell

This cell will be used for the loading and storage of the irradiated
specimens and test modules. In addition, non-destructive examination of
irradiated specimens, e.g., X-ray radiography, mensuration, etc., are also
performed for further irradiation tests. For the loading /storage cell, separation
of tritium-contaminated specimens from the other specimens is needed.
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(5) Disassembly cell

This cell will be used for dismantling of test modules, machining of
irradiated specimens and assembling of re-irradiation test module. In respect
of disassembly cells, a cell for tritium handling (for ceramic breeders) should
be built in addition to another cell for materials containing no tritium or without
tritium contamination,

(6) Specific requirements for tritium handling

The rooms that will be equipped with tritium handling hot cells and
gloveboxes are regarded as tertial containment of the tritium that works as a
final boundary against tritium release to the environment in the case of
emergency. Such rooms are air tight, and the negative pressure in it will be
maintained. Necessity of tritium removal/recovery function in the room is
currently uncertain. The inner surface of the tritium handling rooms should be
painted or coated to prevent acute and chronological soaking of tritium.

It should be noted that the entire IFMIF facility will very likely be
regarded as a major tritium handling facility and be subject to the regulation and
design requirements specific for large amount of tritium.  Tritium is anticipated
to exist in almost all part of the IFMIF system. Major sources will be, Li target,
irradiated blanket materials, and irradiated samples containing lithium. It is
important that the tritium handling facility for PIE and test cells are to be
consistent with the rest of the IFMIF facility .

4. Test Equipments required

Experimental matrices (specimen loading plan) for structural materials,
ceramic breeders and ceramic insulators/diagnostic materials are described in
CDA-D-3 and CDA-D-9. On the basis of the information described in CDA-D-
3 and CDA-D-9, the following test equipments required for PIE were
preliminarily identified. Development of test matrices for all kinds of fusion
materials has just started. Information on required equipments will be further
provided from CDA-D-9 task.

(1) For loading and storage for irradiated material and test modules,
and non-destructive testing;

X-ray and neutron radiography, dosimetory, viewing tool
(TV, periscope), mensuration tool, helium leak detector, etc.

(2) For dismantling of test modules, machining of irradiated specimens and
assembling of re-irradiation test module;
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Numerically controlled milling machine, electron beam welding
apparatus, electric discharge processing apparatus, micro-cutter, etc.

(3) For sample preparation for metallography/ceramography;

Polishing apparatus (glinding, electrical etching, ion milling), diamond
cutter, etc.
(4) For metallography/ceramography

Optical microscope, transmission electron microscope, scanning electron
microscope, etc.

(5) For mechanical property measurements;

Miniaturized specimen test equipments (tensile test, Charpy impact test,
fatigue test, corrosion fatigue test, etc.) , mensuration equipment, etc.

(6) For physical property measurements;

Thermal conductivity measurement apparatus, optical absorption
measurement apparatus, electrical resistivity and dielectric loss
measurement apparatus, X-ray diffractometer, etc.

(7) For chemical analysis;

Mass spectrometer, X-ray fluorescence analyzer, various spectroscopy
apparatus, etc.

5. Summary

A common facility for materials testing at the [IFMIF-site are needed for
extensive PIE of miniaturized specimens with high efficiency, reloading of
irradiated specimens for high fluence level irradiation, etc. Requirements for
the PIE facility were preliminarily developed. Modular type hot cells are
required for high efficient PIE of a large number of miniaturized specimens
using fully automatized test equipments from the standpoint of quick
maintenance of the equipment. Tritium handling hot cell and glove boxes are
needed for handling of ceramic breeders, etc. In addition, test equipments
required for the PIE facility were preliminarily identified.
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Proposal of CDA-D-8 Task Schedule

(1) Development of preliminary needs and requirement for a
cominon facility at IFMIF siie

[July, 1995]

(2) Preliminary identification of required equipments for a

common facility at IFMIF site
[July, 1995]

(3) Report on the requirements and required equipments for a
common facility at IFMIF site based on CDA-D-9 task
[October, 1995]

[Beginning of 1996]

(5) Conceptual design of a common facility at IFMIF site
[Summer, 1996]
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Forschungszentrum Karlsruhe
Technik und Umwelt

IFMIE-CDA Technical Workshop
on

Test Cell System

Karisruhe, July 3-6 1995

Required Test Equipment for Materials Testing at IFMIF-Site
CDA-D-8

Preliminary Considerations

A. Mosiang
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Test equipment necessary for:

@ Post irradiation examination (PIE) for all kinds of
irradiated specimens

® Investigations on unirradiated control specimens in order
to have references for

postirradiated and in-beam irradiated specimens
@& Quality control: - all kinds of specimens
- instrumentation
- irradiation devices
(® Capsulation and encapsulation of specimen packets)

Note: The overall test capacity should guarantee, that
out-of-beam examinations are less time consuming than

the irradiation experiments itself.

Tentative reference specimens to be tested

@ Postirradiation tests (according to e.g. CDA-D-3):

O TEM disk 0.25 mm x 3 mm ¢
O Sheet tensile specimen 0.76 mm X 4.95 mm x 25.4 mm

O Disc compact tension crack growth
23mmx 125 mm &

O Disc compact tension fracture toughness
4.6 mm x 12.5 mm &

O Charpy-V bars 3.0 mm x 4.0 mm x 25 mm
O Pressurized tubes 25 mmx 2.5 mm <
O Push-pull fatigue specimen
3.0 mm x 4.95 mm x 25.4 mm

@ In-situ tests (according to e.g. CDA-D-5), e.g.:

i P Tubular specimens:
O push-pull creep-fatigue: inner & 8.00 mm

O coolant-coating compatibility: outer &: 8.80 mm

O Irrad. Ind. Stress Corrosion: Crack growth
specimens

— 312 —




Expected specimen yield

® Postirradiated specimens (according to CDA-D-3):

Microstructure (TEM disk) 370
Tensile 55
Crack growth 15
Fracture toughness 25
Charpy-V 45
Creep (pressurized tubes) 40
Fatigue 40

*assuming 150 dpa in 10 years

@ [n-Situ irradiated specimens (according to CDA-D-5):

Analyses of fraciure and microstructure;

expected specimens: < blyear

€@ Aged specimens:

To minimize data scatter, about 2-3 times more mechanical
tests on unirradiated reference specimens are usually nec-

essary.

® Li-Target back plate (to be discussed)

Investigations after intensive neutron exposure.
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Hot Cell Test Equipment Considerations for IFMIF

Material Test Facilities

- Tensile tests 2 universal testing machines
(10 kN and 800 °C in vacuum)
- Charpy-V tests 2 instrumented devices

(<50 Joule, -195 °C - 600 °C
- Tension crack growth tests 2 test devices

- Fracture toughness tests 2 test devices
- Pressurized tubes 1 size determination
instrument

1 leakage test device
- Creep-fatigue tests

thermal 3 thermal fatigue devices
Isothermal & thermomech. = 2 univers. testing machines
(10 kN, 800 °C in vacuum)

HotLabs: 50 m?
Operation: 35 m?
Charging: 35 m?

Metallography

- specimen preparation TEM, REM

- cutting 1 lead box

- punching, prethinning 1 lead box

- final thinning 1 glove box
- transfer locks for charging of devices and specimens
- waste depository 1 lead box
- Metallographic investigations

- surface morphology 1 lead box

- auto radiography 1 lead box

- 2 optical microscopes 1 lead box

Hot Labs: 40 m?
Operation: 30 m?2
Charging: 30 m?

Microscopy

- Transmission Electron Microscopy
- Scanning Electron Microscopy

50 m? (total)
35 m? (total)
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Hot Cell Test Equipment Considerations for IFMIF (cont’d)

Non-destructive investigations |- Activation Analysis

v-Spectroscopy: 1 Ge-detector
1 SiLi- detector

-Visual inspection, photo documentation 1 lead box
- Weight determination 1 lead box
- roughness determination 1 lead box

- electrical and thermal conductivity analysis 1 lead box
- Micro-hardness test device

25 m

[YCJNN4 B O B N B

Furnace equipment

- aging and annealing of specimens;
capability for long-term thermal treatments
at different temperatures in high vacuum: 8 furnaces

'HotLab: 25 m?
Operation: 15 m?

Creep-Rupture Test Facility
(necessity to be discussed)

- Creep-rupture test devices (<10KN)
for long-term creep tests in vacuum 8 devices

HotLab: 32 m?
Operation: 20 m?

Specimen Treatment Facility

- specimen transfer lock
- dismantiing

- storage capacity

- welding equipment

- specimen fabrication machining e.g. from Li-Target back plate
(sawing, forming, spark erosion, polishing, etc.)

- fabrication of coatings

HotLabs: 50 m?
Operation: 30 m?
Charging: 30 m?




Required Hot Cell Area - Preliminary Conclusions:

To investigate postirradiated and in-situ irradiated metal specimens
at the IFMIF site, the following hot cell area is required. Existing hot
cells are the basis of the area and test equipment considerations.

Material test facilities 120 m?
Metallography 100 m?
Microscopy 85 m?
Non-destructive investigations 40 m?
Furnace equipment 40 m?
Specimen treatment facility 110 m?
Total area )y 495 m?

Some additional area might be necessary for:

QO

N

O

O
O
O

postirradiation investigation of ceramics and composites,

long-term creep rupture tests or any special tests
necessary to establish an engineering data base,

maintenance of activated accelerator & Li-target devices,
quality control of specimens and equipment, and

photographic laboratory.

The total estimated area is significantly above that one in the “Refer-
ence IFMIF Configuration” from 5 Dec 94, but still well below the hot
cell areas in some Research Centers.

The discussed hot cell area and test equipment should be able to
establish for the irradiated classes of materials all relevant data for
an engineering data base at the IFMIF site within a sufficiently short

time.
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IFMIF-CDA Test Cell/Users Task CDA-D-9
Development of Overall Test Matrix

S. Jitsukawa, K. Noda, Y. Katano
IFMIF-CDA Test Cell/Users Group of JAERI

1. Introduction

Test matrices to obtain data base of FWB structural materials, ceramic
breeders and insulator ceramics/diagnostic materials are treated in CDA-D-9.

Test matrices for selection of FWB structural materials are also
described in this task. For design data base (model materials behavior), test
matrices of in-situ tests may be included. However, test matrices of in-situ
tests for structural materials are not treated in the following description. On
the other hand, in-situ tests will be the major tests for ceramic breeders and
insulator ceramics/diagnostic materials. These will be carried out at the areas
with rather small dose rate, and the volume limitations for these tests may not
be severe. Items and examples for these tests are shown in CDA-D-5.

2. FWB structural materials
(1) Irradiation period for test matrices in CDA-D-3 (standard matrix)

Figure D9J-1 (left) shows dose rate in collided condition as a function
of distance from the target. Total volume for the standard test matrix in CDA-
D-3 (STD matrix) is estimated to be about 1000 cc. The volume corresponds
to occupy to the distance of about 100 mm from the Li target. Dose rate at
about 100 mm will be 6 dpa/y. This will be 15 % of the rate at the target
surface. To make even accumulated dose for the specimens loaded at different
distances, specimens loaded at the position close to the target may be
exchanged periodically for the specimens loaded at the position with lower
dose rate. Averaged dose rate by the exchanging for the specimens (or the test
matrix) loaded at positions up to 100 mm will be 15 dpa/y. That for the
specimens at positions up to 50 mm will be 25 dpa/y. Average dose rate for
the specimen group is also shown in Fig. D9J-1 (right) as a function of the
distance or the thickness of specimen group. The availability of IFMIF is
supposed to be 70 % in the figure.

Dose rate for each specimen will change by the position exchange. The
ratio of dose rate in the change will be 6 and 2.6 for the thickness of 100 and
50 mm, respectively. The thickness for the ratio of two will be 35 mm. Dose
rate change may introduce some effects on radiation damage, and the thickness
should be limited by allowable level of the ratio.

For STD matrix, total irradiation period to 150 dpa will be 22.5y when
specimens will be loaded to a thickness of 35 mm (specimens will be divided
into three batches). The time will be 17 and 14.2 y with thicknesses of 50 (two
batches) and 100 (one batch) mm, respectively. Irradiation period for STD
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matrix is estimated to be considerably long. In addition, the irradiation will be
followed by the irradiation to obtain design data base including the space-
occupying in-situ tests. An example of the test matrix for design data base (or
model materials behavior) is shown in table D9J-1. This is an elemental test
matrix in the test matrices to obtain materials data base for designing. For 2
heats, 3 temperature levels and 3 dose levels to 150 dpa (50, 100 and 150 dpa),
total number of the elemental test matrix will be 18, corresponding to a total
volume of about 1600 cc. Supposing that irradiation for 100 dpa will be
carried out after those for 50 dpa (and the irradiation for 150 dpa will be
finished at the same time ), the number of elemental test matrix at one time
and ihe iotal volume will be 12 and 1100 cc. And, the total irradiation time
will be similar to that for STD matrix. To shorten irradiation time, irradiation
with smaller test matrix may be considered.

(2) Test matrix with smaller irradiation volume

To shorten irradiation period, (i) further miniaturization of specimens
and (ii) reduction of the number of properties may be considered.

(2-1) Specimen miniaturization

The test volumes of fracture toughness, 1/3 Charpy and crack growth
specimens are relatively large, and further miniaturization of these specimens
is apparently effective for the reduction of the irradiation volume. These tests
are rather strongly depending on the specimen size, therefore progress of
specimen miniaturization technology may be required for the further
specimen miniaturization.

Temperature dependence of fracture toughness relating to properties of
materials at relatively high deformation rate is obtained from the tests with
1/3 Charpy specimens. However, fracture toughness is not usually evaluated
from Charpy tests due to the limitation of miniaturization of specimen arising
from size effects and measurements. Development of techniques to evaluate
temperature and displacement dependence of fracture toughness of the
materials from 1/3 Charpy tests or sort of specimens will allow to remove
DCT specimens from the test matrix and to result in reduction of irradiation
volume.

Such technical feasibility may be examined by the communities of both
small specimen technology and reactor design. The removal of DCT
specimens reduces the volume of the elemental test matrix from 90 to 60 cc.
In such a case, the total volume is 720 cc, corresponding to 11 y of irradiation
period.

(2-2) Reduction of the numbers of properties to be tested and heats

STD test matrix contains most of the properties common for post
irradiation tests. The materials properties rather sensitive to irradiation
damage are thought to be flow stress and embrittlement at both low and
elevated temperatures. These have close relation to reactor safety, and are
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indispensable to obtain prototypic design criteria. Comparing with these
properties, fatigue, corrosion and creep properties are not very sensitive to
irradiation.

A very small (elemental) test matrix only for materials selection is
shown in table D9J-2. For 8 heats, 3 temperature levels and 3 dose levels, total
irradiation volume is estimated to be about 500 cc, corresponding to
irradiation period of 8.2 y to 150 dpa.

Reduction of the number of heats is of course effective for the reduction
of the test volume. Total volume of the very small test matrices for 5 heats, 2
temperature levels and 3 dose levels is about 100 cc corresponding to 6 y of
irradiation period to 150 dpa. Specimen block thickness for 100 cc is 10 mm.
Dose rate at the back side of the specimen block may be a high value of 32
dpa/y. In-situ tests at a high dose rate and preliminary irradiation of the test
matrix for design data base with limited number of heats may be carried out
in the back side area of the specimens for the very small test matrix. Test
volume for 1 heat, 3 temperature levels and 3 dose levels to 150 dpa is about
300 cc corresponding to irradiation period of about 8 y.

(3) Issues for reduction of test matrix volume

(1) Further specimen miniaturization may be necessary, including development
of techniques to evaluate fracture toughness and its temperature and
displacement rate dependencies using 1/3 Charpy specimen.

(1i) Limition of properties to be evaluated

(iii)) Allowable range of dose rate change accompanied by the exchange of
position of the specimens may be examined.

3. Ceramic breeders

(1) A Strategy of Ceramic Breeder Materials Development for DEMO Fusion
Reactors

[Ceramic Breeders and Their Operation Conditions in Various types of
Blanket Design]

1)Various types of ceramic breeders are considered for various blanket
designs.

a) Shapes: pebble bed, block, tube (annular pellet)
b) Materials; Li»O, LipZrO3, LigSiOy4, LiAlO, LipTiOg
2)Various conditions for ceramic breeders in various blanket designs

a) Temperature: 300 to 900 C
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b) Neutron Fluence: 5 to 30 (40) dpa
c) Li Burnup: several to 30 %

d) Sweep gas:He+H> (0-0.1%)

[Current R&D Status of Ceramic Breeder Irradiation Performance]

1) Good tritium release performance and irradiation durability of LioO and
LinZrO3 were demonsiraied up io 4% Li BU (burnup) (equivaleni Li BU
level in ITER blanket designs) in fast neutron reactor environment by IEA
collaborative irradiation tests (BEATRIX-II).

2) Temperature and temperature gradient affect microstructure in irradiated
specimens substantially. Temperature gradient depends on shape and size of
specimens.

3) No data for Li9O and LipZrO5 at fluences higher than 4 % BU.
4) No data for LigSiO4, LiAlOy, LipTiO5 at high burnup (high fluence).

5) No data for radiation effects due to high energy neutrons (higher than 2
MeV)

2 ww o E TN YR A

[Required R&D for Ceramic Breeders for DEMO Fusion Reactors]

1) Fraction of high energy neutrons in neutron spectra for ceramic breeders is
somewhat smaller than that for structural materials. High fluence irradiation
tests using fast reactors are needed to evaluate tritium release performance and
durability up to DEMO relevant high burnup.

2) High fluence irradiation tests using IFMIF up to DEMO relevant high dpa
using IFMIF were required to evaluate high energy neutron irradiation effects
on tritium release performance and durability.

3) Development of innovative ceramic breeders (high radiation-resistance, low
activation) .

4) Above-mentioned irradiation tests using fast reactors and IFMIF are needed
to be carried out for present candidate materials (LinO, LipZrO3, LigSiOy,
LiAlO9, LizTiO3) and innovative materials with various shapes (disks,
cylindrical pellets, pebbles) in materials development/selection phase.

5) Irradiation tests of selected materials in selected shapes for a reference
blanket design using IFMIF are required to be performed up to the end of life
(DEMO relevant Li burnup and dpa) in spectrum-tailored neutronic
conditions using specimen sets (breeders, neutron multiplier, coolant,
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structural materials) and specially-designed irradiation capsules and in
temperature/atmosphere conditions in the reference blanket design to obtain
materials database for the DEMO blanket design.

(2) Irradiation Tests of Ceramic Breeders using IFMIF
(Materials Development/Selection Phase)

1) Irradiation

All irradiation tests should be carried out by in-situ experiments to examine
irradiation performance (in- siiu iritium release, durability, €ic.) under
controlled moisture conditions. (see CDA-D-5)

2) Materials
*Present candidate materials; LioO, LipZrOs, LipTiO5, LiAlO,, LigSiOy,
*Innovative materials

3) Specimen sizes/shapes:
*Disks (10 mm in diam. X 2 mm in thick.)

*Pellets (10 mm in diam. X10 mm in height)

*Compatibility test specimens;
Breeder ( disks, 5 mm in diam. X 1.5 mm in thick.)
Structural (disks, 5 mm in diam. X 0.5 mm in thick.)

4)Test conditions:

*Neutron flux; 5-10 dpa/y (Medium to low flux region)
*Neutron fluence; Max 40 dpa#

*Temperature; 300-900 C (e.g., 400 C, 600 C, 800 C)
*Sweep gas; He, He+Hy (0.1-1 %) (Reference; He+0.1%H))

#Specimen integrity is checked at end of every- irradiation cycles
( e.g., once a year ) non-destractively (neutron radiography).
Irradiation is stopped when severe degradation is found.

5)In-situ measurements:

*Tritium release rate
*Temperature of specimens
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6)PIE:

Mechanical integrity, Dimensional change, Density change,
Microstructural change, Fracture strength,
Tritium/Helium retention, Thermal conductivity,
Radiation damage, Compatibility, Li burn-up, etc.

(3) Test Matrices for Ceramic Breeders
(Materials Development/Selection Phase)

( see Table D9J-3 and Table D9J-4)
4. Insulator Ceramics/Diagnostic Materials
(1) A Strategy for Insulator Ceramics/Diagnostic Materials Development

1) Many kinds of insulator ceramics and diagnostic materials will be used for
for various components at various conditions in fusion reactors. Extensive
and flexible materials development should be performed.

2) Functional properties (electrical; and optical) are substantially affected
under irradiation. (flux effects effects) Functional properties of insulator
ceramic and diagnostic materials degraded at low fluence in comparison with

metallic matenials. (fluence effects) Functional effects must be tested with in-
situ tests, and then rlurahilify of materials with accentable radiation resistance
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of functional properties should be examined by PIE.

3) Evaluation of irradiation properties of various ceramics available is carried
out in terms of functional properties and durability. On the basis of materials
data of ceramics available, innovative materials with high level of radiation
resistance should be developed.

(2) Irradiation Test of Insulator Ceramics/Diagnostic Materials Using IFMIF

All irradiation tests for functional properties (electrical resistivity
(RIC/RIED), dielectric loss, optical absorption/luminescence) should be
carried out by in-situ experiments under controlled test conditions ( see CDA-
D-5)

PIE are needed to be performed for evaluation of durability and radiation
damage.
1) Materials:

ALO,, MgO, AIN, MgAl O, SiO,, SiN,,

Optical fibers (Currently available materials), Innovative materials
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2) Test Items:
a) In-situ experiments

-Electrical resistivity (IER)
-Dielectric loss (IDI)
-Optical properties (I0OP)

b)PIE

-Thermal conductivity (PTC)
-Mechanical integrity (PMI)
-Dimensional change (PDC)
-Fracture strength (PFS)
-Radiation damage studies (PRD)
(Damage structure, point defects)

(3) Specimen size/shapes:
Disks (8.5mm in diam. x 0.2mm in thick.): IEP, PRD
(8.5mm in diam. x 0.5mm and 3mm in thick.): PTC, PMI, PFS

Rectangular (25' x 10" x 3mm and 5'mm’): IDI, PMI, PDC, PFS, PRD

Fiber wires (0.25mm in diam. x 30 pieces x 8,000mm): IOP
(0.25mm in diam. x 30 pieces x 30mm): PMI, PDC, PRD

(4) Test conditions:

Neutron flux: 10° to 20 dpa/y (Medium to low flux region)
Neutron fluence: 10° to 50dpa
Temperature: RT - 800C (Design depend)
Liq.He to -180C (Cryogenic window)
Additional condition:
Applied electric filed (for RIED) 1,000 to 1,500V/cm

-Specimen temperature control of In-situ experiments may be examined with
gas gap controled.

(3) Test Matrices for Insulator Ceramics/Diagmostic Materials

(TBD.)

— 323 —




— p2g —

Table D9J-1 An example of the large test matrix for design data accumulation (Post irradiation test
T

Table 3-14/1

-

Packet volume

Specimen Mulitiplicity Number of for each heat,
specimen packet temperature and dose
TEM Microstructure, Buldge test for a 25 1 0.216
Tensile Temperature/strain rate dependei 35! 6! 7.098
Fracture tou ghnes_s " Temperature/displacement rate d 30 10° 349
13 Charpy = Tempcrature/dlsplacement rate d 30 g 18.16
Creep ~ "~ Creep strain (four stress levels), | 20 20 6.6]
Fatiguee Fatigue life, Cyclic stress-strain i 40, 14 16.562}
Crack growth Crack growth rate, Corrosion fai! 12! 2 6.98
» ‘ ‘ 00.516
(in cm”3)
For three temperatures and three dose levels, total volume will be 810 (cmA3)
Table D9J-2 An example of the very small test matrix for materials selection
N - i | iPacket volume
Specimen - Multiplicity iNumber of ‘for each heat,
e ! specimen packet temperature and dose

TEM __ Microstucture, Buldge test. 10 0.2 0.0432]
Tensile | Stress-strain relation 3 0.5 0.5915
Creep 7 |Creep strain_ 3 3 0.99
1/3 Charpy o | Temperature dependence of dynj 6 1.5 3.405
5.0297

The total number of irradiation condition is 99, and the total volume for this vs matrix will be 500 (cm”3) for 50% of specimen volume fraction
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Table D8J-3 Test Matrices (Ceramic Breeder)

Matenals Specimen type Test Items Dose (dpa) | Sweep Gas Temmperature(C)
P
- In-situ tritium release
Disk 400
Li,O (L1) (10mm diam.) - Neutron radiography
(2mm thick.) 600
. ) C v He+0.1% H
leer3 (L2) Mechanical integrity (reference) 2
Li,Si0, (L3) - Dimensional Change Max 40 dpa* 800
LiAlO, (L4) - Density Change
Pellet Temp. gradient
Li, TiO, (L5) (10mm diam.) - Microstructural Change (400 - 900C)
(10mm height) for Li20O
Innovative (I) - Fracture Strength (300 - 900C)
for Others
- Tritium/Helium retention
- Thermal Conductivity
. Temp. gradient
Pebble - Radiation damage (400 - 900C)
(Imm diam.) . for Li2O
- Li burn up (300 _ QOOC)
for Others
Compatibility
Breeder 400
(Smm diam.) -Compatibility
(1.5mm thick.)
600
Structural
(5mm diam.)
(0.5mm thick.) 800

* Specimen integrity is checked at end of every irradiation cycle. Irradiation is stopped when severe degradation of specimen integrity is found.
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Table D8J-4 Specimen and Capsule Volume (Ceramic Breeder)

No of
Speci C le Confi ti :
Specimen Type VI:;S;]:H ar?g ilfloiun?en guration if";;g;i?es No. of Capsules Materials Temperature | Total Volume
' 1 capsule fi h | L1,L2,L3, 400 C
Ol oram diam) 157mm; 10 x 12 x 52mm materials and remp.| L4, L5, 1
( 2mm Thick.) . 26632131?‘2113 6 =1x6x3=18 600 C 114cm?
800 C
Pellet
. 14 x 20 x 25mm 1 capsule for each Temp.
(10mm diam.) 785mm?> _ ps L1,L2,L3, ]
(10mm height) —-70003mm3 2 materials L4,L5,1 gradient 42cm?
0.79cm3 =Tcm =1x6=6
Pebble 0.26mm> 9.5x9.5x3‘.314x25mm Pebble 1 capsule for L1,L2, L3, Temp.
_ 0.00026mm? =7085mm bed each material LA, L5, 1 gradient
( Imm diam.) =7.1cm3 k626 43cm?
Compatibility
2 Breeder 13 x 15 x 38mm A 400 C
Breeder 29mm3 x2 =7410mm? 12 1 capsule for E , k%, %J,
(5mm diam.) = 58mm3 =7.4cm3 specimen| each temp. T
(1.5mm thick.) 2 Structural cets 22cm?®
10mm3x2 600 C
Structural =20mm 3
(Smm diam.)
(0.5mm thick.) 3800 C
L1:Li,0, L2:Li,ZrO3, L3: Li,SiO4 Total ~ 22Icm’

L4 : LiAlQ,, L5: Li,TiO3, I: Innovative
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Executive Summary

The final goal of the task is to provide a detection system suitable for the

measurement of the neutron flux and energy spectrum experienced by irradiated
specimens in the IFMIF test cell.
' The peutron foil activation method is proposed as a simple and reliable
measuring system. In this frame. two issues have been addressed so far: a) the
assessment of constraints and b) the identification of suitable activation
reacuons.

A list of key parameters and requirements (available from official
documents) concerning neutron measurements in the test cell has been
produced; this list should. however. still be modified according to updated
specifications and/or inputs from parucipants in the joint task and other related

tasks.
On the basis of such parameters. a literature search of suitable neutron

activation reaction has been undertaken.

This report focuses on reactions with thresholds above 10 MeV. as for
lower energies several reactions are aiready well known and have been routinely
used In various experiments.

A table with 46 candidate reactons. mainly (n,xn), above 10 MeV has been
produced: for each reaction. the table gives the half-life of the product nuclide.
the energy threshold. the energy of the emitted y-rays. the peak cross secaon and

the Literature references.
Almost all the reactions included in the list have expenimentally measured

cross sections (experimental data are believed more reliable than theoretical

calculations or evaluations).
However, there 1s a lack of experimental cross section data in the region

between 20 MeV and 50 MeV. Cross section plots (derived from published
papers up to 1994) have also been attached to the report.
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1. Introduction

The proposed dosimetric system for the IFMIF test cell is the neutron
activation technique. The method consists in the neutron irradiation of a set of
foils of different materials and energy thresholds and in the subsequent
measurement of the induced y-ray activity. The neutron flux (and its energy
distribution) in different locations within the test cell is then easily derived by
means of a deconvolution algorithm.

The choice of such method is primarily due to its semplicity: it provides an
energy spectrum determination which can be accurate within ~10% (of course
the measured activities must have similar uncertainties); the foils require no
electrical connection to the outer world: they can be very thin and located close
to the actual samples which are under neutron irradiation testing; also, the
method does not require any manipulation or check during the urradiation run
and the foils can be transterred to the counting station after any irradiation by
means of a remote handling system. together with the samples under test: the
foils are not affected by the high radiation field. However, some materials might
be not suitable to the high temperature within the test cell.

Two different types of measurements can be performed:

- pre-irradiation or short term measurement: this measurement is needed to
check and confirm the calculations of the neutron flux in the test cell prior to
any irradiation test. during the initial phase of testing of the IFMIF source: foils
producing short-lived nuclides (i.e. whose half-lives are of the order of hours)
should be used 1n this case.

- in-lrradiation or long term measurement: this is the standard measurement
mode: a stack of foils 1s assembled in various positions in the test cell and
removed only after the nrradiation run is completed. Foils producing long-lived
nuclides (i.e. whose half lives are comparable to the irradiation duration) should
be used if informaton on the integrated neutron flux is required; the use of
short-ived nuclides 1s also possible:

a) as a complementary measurement of the energy spectrum (assuming its
global stability during the 1rradiation run). or

b) if multiple measurements are required at different times during the

irradiation runs.
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2. Constraints

A minimum set of test cell parameters, which should be known in advance
for a proper final design of the activation system. is listed below (in brackets are
the data presently available in official documents [1]):

1) neutron flux spatial distribution (wall loading of ~2 MW/m");

2) ncutron energy spectrum.

3) temperature distribution:

4) available volume (min. 0.4 | --> high flux. 1 1 total):

5) access and 1nternal structure;

6) typical duration of irradiation runs.

The knowledge of items 1), 2), 3) and 6) is necessary to optimise the choice
of the activauon foil material and size (calculations of 1) and 2) should be
provided by tasks D-1 and D-2). Items 4) and 5) are related to the actual design
of the system and the choice ot foil locations.

In addition, some questions should be answered concerning the required
output of information from neutron measurements. For example:

- do we simply require the knowledge of the time-integrated neutron flux

(and energy spectrum) or also its time evolution?

3. Spectrum Analysis

Neutron activation threshold reactions have been successfully used in a fast
fission reactor environment to determine the energy spectrum and the absolute
magnitude of the neutron flux: the maximum neutron energy in the fission
reactors is approximately 10 MeV and several activaton reactions are available
with threshold up to this energy and are routinely used [2]. |

A code such as SAND-II [3] (Spectrum Analysis by Neutron Detectors - 1)
can be employed for the deconvolution of the measurements of neutron induced
v-ray activity in the foils and to obtain the neutron energy spectrtum. The SAND-
[T code is normally run in combination with a 640 energy-group cross sections
from different libranes: it uses an iteration method with an initial trial spectrum,
subsequently modified until a solution spectrum is found which provides
calculated y-ray activities in agreement with the measured activities. The code is
a useful tool also in the selection of the best set of foils, as it can give the limits
of sensitivity of the foils in a given neutron field.
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In the case of the Li(d,n) neutron source used in the [FMIF project, the
neutron energy upper limit is about 50 MeV [4]. Therefore, although the same
technique can be applied as in fission reactors, additional activation reactions,
with thresholds extending up to ~50 MeV, are needed. A literature search has
been performed in order to obtain such reactions. The main requirements in the

search have been the following:
- availability in published papers of experimental determinations of cross

sections;

- energy threshold in the range: 10 MeV+ 50 MeV.

Two problems have been encountered:

- lack of reactuons with published cross section data above ~30 MeV:

- poor quality of cross secuon data for reactions with threshold above ~20
MeV.

An effort in providing new experimental data must be certainly undertaken.

At the same time, libraries with cross sections (also evaluated or calculated)
extending up to 50 MeV should be produced (task D-7). The few existing
libraries available above 20 MeV, such as DLC-119/HILO86 (5], are based on

calculations only.
4. Activation reaction list

A list of 46 neutron activaton reactions with experimentally measured cross
sections and threshold above 10 MeV is given in Table I. The eight columns
give respectively: type of neutron activation reaction. half-life of product
nuclide. energy threshold of reaction. peak value of cross section (roughly),
accuracy of cross secuon data (see note in Table ), energy of main y-ray lines.
latest reterences with experimental cross section data. latest reference describing
dosimetry applications of the reaction. The list is not meant to be complete and
addition of further reactions is necessary, especially with thresholds above 30
MeV. The cross sections of the reactions listed in Table [ are plotted in Figs. 1-
45,

The half-lives show a large spread. from ~9 muin to ~3 vears: however. only
few of them have "long" (1.e. > ~100 days) half lives: SSMn(n.Zn), 89Y(n,2n),
BNa(n,2n), '*Lu(n.3n). "'Eu(n3n). "7Au(n,3n), **Bi(n.3n). **Co(n,3n),

= Al(n,spall).
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The accuracy of the cross section data is decreasing with increasing reaction
threshold. Most of the reactions have cross sections values (in the region of
interest) in the range ~0.1-1 barns.

Further work is in progress to select a proper subset of reactions from Table
I, taking into account all constraints previously discussed and the need mainly
for reactions producing long-lived nuclides. i.e. with lives comparable to typical
irradiation times. In this phase. the SAND-II code will be employed (with a
restricted energy-group cross section data): the predicted IFMIF spectrum will
"be used as input. The aim is to verify the feasibility and the quality of the
determination of the [FMIF neutron spectrum energy spectrum by using the foil

actuvaton method.
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Tabile I; Activation reactions (>10 MeV threshold) with experimcmallly“) measured cross sections

Reaction Half-life Threshold Cross Section Cross Gamma Ray Cross Section Reference® Activation
(MeV) (barn) Section Lnergy Reference
Quality” (MeV)
M(n,2n) N 9.96 min ~10 0.01 @ 15 MeV 5 5" 1.19 *Ry78 Ku77
2710, 2n)1 20 1 13 d ~10 2 @14 MeV 11 0.39, 0.67 1u79
%7n(n,0)%Cu 9.73 min 10.2 0.3-0.5 @ 34 MeV 1 0.51 Uwo2
>Mn(n,2n)>*Mn 312 d 10.4 ~0.8 @ 20 MeV 6 0.84 * Uw92, Gr85. Lus0
>Cu(n,2n)**Cu 12.7 h 10.3 1 @ 14-20 MeV 11 0.51, 1.35 *(Cs82, Ry78b ENDF/B-V
59C0(n,2n)°°Co 70.8 d 10.3 0.9 @ 16-20 MeV 13 0.51, 0.81 | * Gr85, 1lugl, Ve77 ENDF/B-V
®cu(n,2n)%cu 9.76 min 11.3 0.7-1.0 @ 18 MeV 15 0.51, 1.17 * Jw92, Ja78, Ry78b Ku77, Ho95
OGe(n,2n)*°Ge 1.6 d 11.5 1.4@ 15 MeV 2 1.11 *Bo76, Prol Ku77, Ho95
S5e(n,2n) 5™ 2.444d 11.6 0.5@ 17 MeV 5 0.27 * MaB80, Ve77, ENDF/B-V
¥v(n,2n)>Y 106.6 d 11.6 1.2 @ 18-22 MeV 9 1.84 *Hug0, Ve77
47 0(n,2n)%Zn 38 min 12.0 0.2-0.5 @ 20 MeV 10 0.67 *Uw92, Bo69
02r(n,2n) ¥z 78.4h 12.1 1.2 @19-22 MeV 9 0.91 *Ik85, Zh84, Pa82 ENDF/B-V Ke93
>2Cr(n,2n)°'Cr 27.7d 12.4 ~0.5 @ 16 MeV 1 0.32 * Bo68 ENDF/B-V
8Ni(n,2n)°'Ni 36 h 12.6 0.08 @ 18 MeV 17 0.51,1.37 * Gr8S, Pa85 ENDF/B-V Ku77
Na(n,2n)**Na 26a 13.0 ~0.1 @ 20 MeV 5 1.28 * Uw92, Ad80 ENDF/B-V
“*Ti(n,2n)*Ti 3.08h ~13 0.2 @ 20 MeV 5 1.41 * Cs82, Pa7s, Pabb
(n,2n)'%F 109.7 min 13.1 0.95 @ 20 MeV 4 0.51 * Ha91, Ry78, Me67 Ku77
0Cr(n,2n)Cr 41.9 min 135 0.1 @25 MeV 2 0.15 * Uw92, B0b65
S%Fe(n,2n)  Fe 8.53 min 13.9 0.1-0.2 @ 18 MeV 4 0.38 * Gr85b, Ry78, Bo76
Bln3n)'® I 13.1d 14.4 1.8 @ 24 MeV 1 0.24 * Ba7s
TSu(n,3n)'’ Lu 499 d 14.5 1.8 @ 24 MeV 2 0.27 * Ve77, Bz75
BlEu(n,3n) * Eu 97.3d 14.5 1.6 @ 23 MeV 1 0.27 * Ba75
2031y 30)%0 1) 3.05d 14.7 2.0 @ 24.5 MeV 1 0.17 *Ba7s
Y7 au(n,3n)">° Au 183 d 14.8 1.9 @ 24 MeV 2 0.10 * Lu82, Ve77, Ba7s
169Tm(n,3n)167Tm 9.25d 15 1.6 @ 24 MeV 3 0.21 * Tu8S, Ve77, Ba7s




— OpE —

299g;(n,3n)*%’ Bi 38a ~16 1.6 @ 24 MeV 1 0.57 *Ve77
107 05(n,3n)'°° Ap 41.3d 17.6 ~1 @ 28 MeV 1 0.34,0.44 * Ba7s, Li68
193ph(n,3n)"°" Rh 33a ~18 0.8 @ 24 MeV 1 0.13, 0.20 ¥ Ve77
*0(n,2n)"°0 12213 ~20 0.02 @ 35 MeV 1 e * Brol
>°Co(n,3n)°'Co 271.6d 20 0.1 @ 24 MeV 1 0.12 *Ve77
2C(n,2n)''C 20.3 min 20 0.02 @ 30 MeV 3 0.51 *An81, Brol Th88, Ba57
% Nb(n,3n) > Nb™ 62 d ~20 0.7 @ 24 MeV 1 1.2 * Fr80, Ve77
®cu(n.3nm®cu 3.41h 20.1 0.01 @ 32 MeV 1 0.28 Uw92
8v(n,3n)%Y 80 h 21.1 0.6 @ 28 MeV 0 0.48 * Ba’s
®470(n,3n)%7n 9.13 h 213 0.03 @ 33 MeV 1 0.6 w92
*97¢(n,3n)%%7r 83.4d 21.5 0.3 @28 MeV 1 0.39 *Ve77
Blir(n,4n)' 1¢ 41.5h 22.7 0.6 @ 28 MeV 0 0.15 *Ve77
BUEy(n,4n)' ™ Lu 54 d 22.8 0.4 @ 28 MeV 0 0.55,0.63 * Ba7s%
203'{‘](@4:’1)200'[‘1 26.1h 23 0.03 @ 24 MeV 0 0.58 * Ba7%
69 m(n4n) ®Tm | 7.85h 23.7 0.2 @ 28 MeV 0 2.05 *Ve77
>’Au(n,4n)”? Au 39.5h 24 1 @34 MeV 0 0.33 w92
9cr(n,3n)*Cr 21.6 h 24.1 0.005 @ 34 MeV 1 0.31 Uw92
"Al(n,spall)*Na 2622 25 0.01 @ ~ 50 MeV| calconly | 0.51,1.28 Ho85 Th8a
2000 spall)’ Be 53.6d 30 0.01 @ ~ 50 MeV| calc only 0.48 Ho85 Th88
5Mn(n,4n)°*Mn 5.59d 31.8 0.01 @ 38 MeV 1 0.7;1,4%.94, Uwo?2
“Bi(n,f) 221084 ~50 |2x10°@24Mev] 2 *Vo84, Ke48 Th8g

) In published papers.

b The listed numbers are an (arbitrary) qualitative measure of the accuracy of cross section data: they represent the number of

published measurements wilh morce than five experimental energy points.

©) Only references giving more than five energy points are listed; "*' indicates listing in: Neutron Cross Sections, vol. 2: Neutron
Cross Section Curves, V. Mclane, C.I.. Dunford and P.F. Rose eds., Academic Press, Inc, L.ondon (1988).
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[FMIF/CDA JAERI  sananss,

IFMIF Test Cell/Users Task CDA-D-10 :

Define Design Concept for Dosimetry

Y. Oyama
IFMIF Test Cell/Users Group of JAERI

Ist [FMIF-CDA Technical Workshop
on Test Cell System

July 3-6, 1995
FZK, Germany

[FMIF/CDA JAERI s,

1. Objectives

L.

Define dosimetry method requirements to estimate uradiation conditions, e.g.,

Flux, Fluence, Neutron Spectrum,
Gamma-ray Spectrum
Absorption Dose and Dose Rate ( Neutron and Gamma-rays)

Specify R&D needs for EDA because there are techniques and data base
needed to be developed due to high energy and specific configurations relevant
to [FMIF
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IFMIF/CDA JAERI

2. Necessary Conditions for IFMIF Dosimetry

S

1. Time integrated response for post irradiation experiment
fluence, total dose up to how much ?
5 x10" n/em¥s x 3 month = 4x10*' n/cm’ 7
2. Real time response/resolution for in-situ experiment

flux, dose rate,

sec 7, msec 7 psec ?
flux level 7 ( 10" or 10" n/em¥s )

scaca [FMIF/CDA JAERI  eocascoy,
3. Problems for IFMIF Dosimetry
1. Spectrum information/resolution
neutron and gamma-ray spectrum
energy range ? thermal to 50 MeV ?
need high energy dosimetry cross section data
resolution 5 MeV or IMeV ?
appropriate set of dosimetry reactions for MFA
2. Spatial information/resolution
necessary detector size
| mm ==> activation foil or wire for time integration
but real time monitor ? fiber ? resistivity detector ?
new detector required
5. Accuracy
may be, 10% or more ==> enough ?
o
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[FMIF/CDA JAER]  roeoccan,

4. Work plan for IFMIF Dosimetry

I. Review status of existing techniques
2. Review status of high energy dosimetry reaction
3. Review candidate of applicable detectors

4. Make combination strategy of detecors as a dosimetry system

[FMIF/CDA JAERI  seecccex,

Fluence

1) High threshold activation foils
MFA spectrum unfolding AE~ 4-5 MeV?
2) Single activation foil detector

ex., 197Au(n,y), (n,p), (n,2n), (n,3n), (n,4n)
PCo(n, o), (n,p), (n,2n), (n,3n), (n,4n)
Flux

Fission chamber : U-238 , Th-232

He Gas Production

He mass spectrometer
Beam Profile

Plate track detector
Activation plate + radiography
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LR Creenmwood and R R, Heinrich [ Integral tests of nuclear activation cross sections for Be(d, n) sources
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396
TABLE III
Measured and Competing Reactions, Threshold Energies, Natural Abundances,
and Recommendations of the Unfolding Method
Measured and Threshold Energy Natural Abundance Recommendation
Competing Reactions MeV) (%) of the Best Result
BNa(n,2n)2Na 13.0 BNa 100 NEUPAC
ZAl(n, ) Na 3.2 741100 SAND-II
(n,n>He) 24.6
(n,2d) 28.0
(n,npd) 30.3
(n,2n2p) 32.6
51V (n, a)*®Sc 2.1 sty 99.750 SAND-II
(n,n*He) 23.1 oy 0.250
(n,2d) 26.4
(n,npd) 28.7
(n,2n2p) 30.9
0V (n,*He) 11.8
© (n,pd) 17.4
“(n,2pn) ’ 19.7
sty (n, p)*'Ti 1.7 NEUPAC
0Cr(n,3n)*%Cr 24.1 0Cr 4.345 SAND-II
2Cr(n,5n) 45.7 2Ccr 83.789
S¢Cr 9.501
0Cr(n,2n)¥Cr 13.3 HCr 2.365 SAND-II
52Cr(n,4n) 35.0
B3Cr(n,5n) 43.0
SSMn(n, pa)®' Ti 9.2 3Mn 100 SAND-II
(n,d*He) 28.5
(n,p2d) 34.1
(n,n2pd) 36.3
(n,2n3p) 38.6
**Mn(n,4n)°*Mn 31.8 NEUPAC
$SMn(n,2n)*Mn 10.4 LSF
SCu(n,3n)'Cu 20.1 BCu  69.17 SAND-II
8Cu(n,Sn) 38.1 6Cu  30.83
8Cu(n,2n)*Cu 11.0 SAND-II
SCu(n,4n) 29.1
SCu(n, p)*Ni 1.4 NEUPAC
“7n(n, r)2Cu 10.2 7n  48.6 NEUPAC
(n,nd) 16.6 &7n  27.9
(n,2np) 18.9 “7n 4.1
87n(n,2nt) 29.6 @75 18.8
(n,3nd) 35.9 °7Zn 0.6
(n,4np) 38.2
67
Za(n,3nt) 36.7
(n,4nd) 43.1
B7n(n,4nr) 47.1
“Zn(n,3n)5%Zn 21.3 SAND-II
%zn(n,5n) 40.6
#7n(n,2n)8Zn 12.0 NEUPAC
%7Zn(n,4n) 31.4
7Zn{n,5n) 38.5
#7n(n,6n) 48.9
¥ Au(n,4n)™Au 23.2 Ay 100 NEUPAC
¥au(n,2n)%Au g.1 NEUPAC

NUCLEAR SCIENCE AND ENGINEERING YOL. 111 AUG. 1992
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Table 2 Observad productions, competing reactions, thresioid energies,
natural abundances, sources of (mitial guesses Jfor uafolding
orocass and recommendations for best result
Threshold Natural Sourcs of Re daci
Production Reaction energy abundance unfolding initial fEcommencation
(MeV) (%) quess {or best result
Mg—*Na HMg(n, p)* 4.93 Mg 78.99 <13 MeV [AZA <10 MeV NEUPAC
BMg(n, d) 12.54 SMg 10.00 of *Mg(n, ») >10MeV LSE
¥N[g(n, 1) 15.24 *Mg 11.01 >153 MeV LSF
Si—*Mg BSi(n, 2) 13.89 BSi 92,23 LSF NEUPAC
#Si(n, *Hej* 14. 66 ¥Si 4,67
WSi(n, a)*" 4.34 Rg5{ 3,10
Si—*Al 3Si(n, 0 4,00 <16 MeV [AEA NEUPAC
BSi(n, d) 10. 46 of ¥Si(n, )
Si(n, t) 14,94 >l MeV LSF
Si—"Al BSi(n, p)e 3.00 LSF SAND-I
0Si(n, d): 11.66
Ca—*K “Can, p) - 2.80 “Ca 96.94 <12MeV [AEA NEUPAC
YCa(n, d): 8.64 *Ca  0.647 of “*Ca(n,p)
“Ca(n, Ot 13. 62 “Ca  0.135 >12MeV LSF
Ca(n, 2nt) 31.81 “Ca 2.09
BCa(n, 4nt) 49. 36 6Ca 0.004
“Ca  0.187
Ca—*K 3Ca(n, p)- 1.06 LSF see text
“Ca(n, d)t 10.17
“Ca(n, nt) 21.97
“!Ca(n, 3nt) 39.53
V—4S¢ 0oV (n, na)t 10. 09 0V 0,25 LSF LSF
$S'V(n, 2na)" 21.35 Sty 99,75
V—*4S¢ 0V (n, a)t 0 (@=0.76) LSF LSF
'W{n, na)" 10.50
Cr—s?y Cr(n, p)* 3.26 “Cr  4.35  <15MeV [AEA  <15MeV SAND-TI
SCr(n, d) 9. 08 $2Cr 83,79 of S%Cr(n, p) >153MeV LSF
HUCr(n,t) 12.69 $Ce 9.50 >15MeV LSF
MCr 2.36
Cr—%V SCr(n, p)° - 2.69 <15MeV BNL NEUPAC
#Cr(n, d) 10.32 eye-guide of
>15MeV LSF
Cu—¥mCo “Cuin, 2p) 10.85 ©Cu 69.2 <20 MeV [AEA NEUPAC
Ty=14min  “Cu(n, a)* 0.21 “Cy 30.8 of #Cu(n, a)
>20 MeV LSF
Zn—%Nj “Zn(n,2p): 10. 44 “Zn 48.6 LSF <20 MeV SAND-O
§1Zn(n, *He) 9.76 %Zn 27.9 >20MeV NEUPAC
“Za(n, a)* 0 (Q@=0.77) “Zn  4.10
*Zn(n,2na) 15.15 #Zn 18.8
"Zn 0.62
Zn—%Cu #Za(n, p)e 0 (Q=0.20) <17MeV [AEA NEUPAC
%Za(n, t)? 10.51 of “Zn(n,p)
§Zn(n, nt) 17.67 >17 MeV LSF
$Za(n, 2nt) 28.01
0Zn(n, 4nt) 43.92
Za—%Cy %Zn(n, p)* 1.89 LSF NEUPAC
$Za(n, d) 6.79
“#Za(n,t)’ 10,78
"Za(n, 2n!) 26.70
Zn—8mCy “Zn(n, p)* 4.63 LSF NEUPAC
T:=3.8min  "Za(n,!) 11.95

* Dominant reaction ;

' Supplemental observed reaction.
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IFMIF-CDA Test Cell/Users Task CDA-D-11
Design Concept of Entire Test Cell

K. Noda
IFMIF-CDA Test Cell/Users Group of JAERI

1. Status of CDA-D-11 Task in Japan

IFMIF-CDA Test Cell Group at JAERI is making effort to get some budget for
CDA-D-11 task. JAERI intends to provide some technical contribution for
CDA-D-11, when the budget is secured.

Design concepts of entire test cell (test assembly, test cell structure and
shielding, test cell coolant loop, etc.) do not have a large influence on
accelerator and Li target design concepts. Testing requirements for irradiation
tests for PIE and in-situ experiments, and outcomes of CDA-D-4, CDA-D-5,
CDA-D-6 should be reflected to CDA-D-11. Design concepts of entire test cell
should maintain flexibility by final stage of CDA.

2. Japanese View for CDA-D-11

Preliminary Requirements for Test Cell

(1) Capability for irradiation test of specimens for PIE
-Proper shielding for test assembly for irradiation test of specimens for PIE

-Quick change of test modules and the test assembly
(Period for changing:1 days)

-Specimen temperature measurement and control system with liq. metal coolant
and gas coolant are attached to the test assembly.
(Temp. range;RT to 1000 C, Accuracy: £5 C)

-Precise positioning of test module by the test assembly.
(Accuracy: =1 mm)

- Reliable operation of test assembly.
-Neutron fluence/spectra can be monitored at various specimen positions.

-Hot cell systems for PIE, etc.
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(2) Capability for in-situ experiments

-Loading system/ test assembly for in-situ experiment apparatus with precise
positioning function.
(Period for changing: Several days)
(Positioning accuracy: £ 1 mm)

-Ample space of test cells for various types of in-situ experiments.
(Larger than FMIT test cell volume of 2.8X1.8X1.5 m)

-Specimen temperature control system with lig. metal coolant and gas coolant
can be used.

( Temp. range;RT to 1000 C, Accuracy:£5 C)
-Various kinds of measurement and service leads (electrical, optical, sweep gas,
vacuum, hydraulic, pneumatic, coolant, eic.) for various in-situ measurements
(creep, fatigue, electrical, optical, gas release, IASCC, etc.)
(3) Capability for maintenance of Li target

-Exchange system of Li target

-Hot cell systems for maintenance of Li target

Li Target Group will provide requirements for capability for maintenabce oq
\Li iarget. _

(4) Others
-Test cell atmosphere; Inert gas (He, N,)

Japanese Preliminary View for Design Concept of Entire
Test Cell

Although design concept of test cells in FMIT is good reference for test cells in
IFMIF, the concept in FMIT has to be improved to meet new needs for fusion
materials R&D which were identified for IFMIF, i.e., needs for development of
advanced low activation structural materials such as SiC/SiC composites and
ceramics materials and for various in-situ experiments.

-Test cells for IFMIF should be somewhat larger than those of FMIT for various
kinds of in-situ experiments.

-Concept of Vertical Test Assembly (VTA) of FMIT may be still suitable
technology for the test assembly of IFMIF for irradiation tests of specimens
for PIE.
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-Specimen temperature control system has to cover very wide temperature
range, €.g., liq. nitrogen temperature to 1000 C from consideration for SiC/SiC
composites and use of RF window materials at cryogenic temperatures.

-Remote handling is one of key technology for test cell of IFMIF. Current

robotics technology should be applied for remote handling system as well as
conventional master-slave manipulator systems.
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Task CDA-D-11: Design Configuration
for the Test Cell Assembly

Presented by
J. R. Haines (ORNL)
at the
IFMIF-CDA Technical Workshop
on the Test Cell System
July 5, 1995
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Topics for Test Cell Assembly Design

« Assumptions/design features

« Typical vertical test assembly (VTA) configuration
« Arrangement/integration of five VTA's

« Removal and installation scheme

e Target system interface issues

« VI'A Handling issues

e Test Cell Shielding - See Gomes' presentation

Assumptions and Design Features
for Test Cell Assembly Configuration

« Modules/Assemblies removed with a simple vertical motion
« Each vertical test assembly (VTA) can be removed separately
« Coolant lines stepped (3 steps) to prevent neutron streaming

« Concrete ceiling shield thickness ~ 2.2 m
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THE HIGH FLUX TEST MODULE IS SUPPORTED
BY VERTICAL TEST ASSEMBLY #1 (VTA)

)

COOLING SYSTEM

FLOOR MOUNTING
PLATE

4400 SHIELDING BODY

HIGH FLUX / =
TEST MODULE

TOTAL WEIGHT
APPROXIMATELY 3000 Kg

THE TEST CELL CEILING PENETRATION
CONSIST OF FIVE VERTICAL TEST ASSEMBLIES
AND A FLOOR PLUG

FLOOR PLUG

VTA #5—-

VTA #3
VTA #4

VTA #2

TEST CELL CEILING
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THE FLOOR SHIELD PLUG INTERLOCKS
WITH ALL FIVE VTA’S AND THE FLOOR
TO PREVENT RADIATION STREAMING

—VTA #4

LOOKING DOWN

MODULE COOLING
SYSTEM

25MM DIA. COOLANT
LINE

EACH TEST MODULE IS ATTACHED TO THE
VTA’S WITH EASILY DECOUPLED FITTINGS

COMPRESSION FITTINGS

VTA #1 VTA #2
FLOOR SHIELD PLUG ~ /
\

HIGH FLUX TEST MODULE

UNDERSIDE VIEW
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THE FLOOR SHIELD PLUG IS STEPPED
TO PREVENT RADIATION STREAMING
AND ACCOMMODATE VERTICAL TEST

ASSEMBLY REMOVAL FLOOR SHIELD PLUG
~20 TONNES

UPPER FLOOR

‘-;,}.l_“ ”""-.\"\ W
AN
VTA #1
TEST CELL CEILING

THE FLOOR SHIELD PLUG IS STEPPED

TO PREVENT RADIATION STREAMING

AND ACCOMMODATE VERTICAL TEST
ASSEMBLY REMOVAL

A?/ FLOOR SHIELD PLUG
~ UPPER FLOOR
VTA #1

TEST CELL CEILING
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EACH VTA IS STEPPED TO PREVENT
RADIATION STREAMING |

VTA #3

VTA #1

EACH VTA CAN BE RAISED VERTICALLY
WITHOUT INTERFERING WITH THE REMAINING VTA’S

UPPER FLOOR

LB\
ce\oee’

VTA #1

\s.y/lg’_%-_\t- =)
S A W
=S EERA TEST CELL
CEILING
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THE HIGH FLUX TEST MODULE #!|

IS POSITIONED AS

CLOSE TO THE TARGET BACK WALL AS POSSIBLE.

FLOOR

22

00

VTA #1

,/r- FLOOR PLUG

COQLANT
PASSAGE
LINES

STAINLESS
STEEL
LINER

! BARYTES
/ CONCRETE
\

/

800

TEST
CELL
CEILING

TARGET
BACKWALL
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High-Flux Module Configuration
Prevents Vertical Removal of Target
Assembly Without Removing VT A #1

o \
\ ! - BARYTES
‘ ' CONCRETE
Voo
/ l o )
L=
#| - CORROSTON/VACUUM
COVER
i / BRrE HIGH FLUX
CENTER |
Lol LINE _ TEST MODULE (#1)
CEILING ‘x
o\
TARGET ——/”{
BACKWALL

EACH VTA IS INVERTED DURING THE TEST
MODULE REMOVAL OPERATION

— HIGH FLUX MODULE

COMPRESSION FITTINGS

SUMP TANKS
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VTA Handling Issues

¢ There should be at least three different hot cells or hot cell regions for the
test cell

« Module removal (replacement) from VTA

« Maintenance of VTA's and handling system

« Removal/assembly of specimens into modules
- Handler design approach

« Single handler approach - single piece of equipment lifts VTA,
transports it to the hot cell, and installs/removes it from hot cell

«  Multiple handling equipment approach, e.g.. crane for lifting, rails for
transporting, inserter/remover performs handling in the hot cell







CDA-D11: Shielding Analysis
of the Test Cell

IFMIF Test Cell Design Meeting
Karlsruhe - Germany

Itacil C. Gomes
Argonne National Laboratory
July 3-6, 1995

1.C.Gomes - Argonne National Laboratory

Shielding Analysis - Bulk
Shield

¢ Simple estimations of the thickness of the
test cell walls can be done based on FMIT
results - around 3 meters depending on the
dose levels outside the walls.

¢ A more realistic analysis can be done only
after the design parameters concerning the
test cell are set.

¢ Special attention has to be taken when
designing access routes to the test cell.

1.C.Gomes - Argonne %Uonal Laboratory
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Shielding Analysis -
Penetrations

¢ Several penetrations will be present for:
1. Instrumentation
2. Lithium loop
3. Remote maintenance
4. Vehicle for test assembly
5. Accelerator, among others

¢ Reducing radiation streaming to minimal
levels must be the goal. |

[.C.Gomes - Argonne National Laboratory

Shielding Analysis - Activation

¢ Inside the test cell the activation levels are
going to be very high
¢ It is important to use materials which will

reduce the decommission and disposal
problems to the lowest levels.

4 Activation of structure/equipment in areas
close to the test cell has to be avoid.

¢ The goal is to keep the radioactive inventory to
a minimum.

1.C.Gomes - Argonne National Laboratory
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Shielding Analysis - Activation

¢ Test cell activation products, such as gases,
must be prevented to enter other areas.

aaaaa

amount of activation products, as such a
special attention must be taken to avoid
further contamination.

¢ Replaceable parts are to be made of low
activation materials.

[.C.Gomes - Argonne National Laboratory

Shielding Analysis -
Maintenance

¢ Many service areas can be affected by the
radiation from the test cell.

¢ As far it is possible, hands-on maintenance
is highly desirable.

¢ A throughout analysis of the facility has to
be conducted to ensure adequate shielding
in all areas and avoid remote maintenance
as much as possible.

1.C.Gomes - Argonne National Laboratory
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IFMIF TASK CDA-D-11:
PRELIMINARY ACTIVITIES ON SHIELDING
CALCULATIONS

S. MONTI

In order to guarantee the accessibility of IFMIF during operation
and the respect of the dose limi(s inside and outside the facility, the
neutron and gamma shields around the facility have to be defined. An
estimate of the shields aimed at the peculiar structure of IRMIF is of
primary importance for meeting the two opposite requircments of
ensuring doses below the rccommended limits in the requested
environments and reducing the construction costs. To this end, a set of
Monte Carlo simulations has to be performed by considering the real
geometry of the designed facility (sce fig. 1) and the neutron source
distribution inside the test cell environment, In this way the shielding of
neutrons scattering on the room walls will also be taken into account.

According to ICRP recommendations, the maximum alowable
equivalent dose rate to personnel employed at the installation will be
below 50 mSv per year corresponding to 25 uSv/h for personnel working
full time for 2000 h/year. This equivalent dose raic will be assumed for
dimensioning the shiclding thicknesscs. However, it should be noted that
the recent ICRP60 recommends an equivalent dose below 20 mSv/year.

Accessibility with occupancy factor equal to 1 has been assumed in
Auxiliary Equipment & Facilities Room and outside the Test Cell Areas
and the Beam Turning Room. Conservatively, also the use factor of the
facility has been assumed equal to 1.

The neutron distribution due to two deuteron beams of 35 MeV
impinging on the same lithium target at 10 degrees was provided by
JARRI to FZK and transmitted to ENEA at the beginning of June. The
neutron spectrum is devided into 19 energy bins and varies either in
azimuthal and polar anple (30 azimuthal bing and 26 polar bins). In
shielding calculations the same point neutron source with the above
spectrum will be considered, alternatevely, in the target n° 1 or n® 2 or in
the beam dump location.

All the simulations refer to the neutron and gamma radiations
produced in the lithium target / Test Cell areas: neutron sources due {o
deuteron losses in the accelerators or other adjacent structures will not be
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here taken into account and will be treated in the framework of
accelerator design.

At the present moment, shieldings around the neutron source are all
assumed of concrete TSF-5,5 which clemental composition in units of
1021 atoms cm-3 is as follows:

H 8.5

C 20.20

0 358

Mg 1.86

Al 0.60

Si 1,70

Ca 11.30

Fe 0.19
Percent water, by weight 5.5
Density (g cm-3) 2.31

Other shielding materials, such as iron or polyethilenc, will be
eventually considered in a second step of the design, if required.

As no specific nuclear data library in the range of 0-50 MeV is still
available, at present it is not possible to use only the well known MCNP
code coupled with the usual libraries, Thus, it has been decided to also use
a Monte Carlo high energy transport code such as FLUKA or LCS (Lahet
Code System), The first was developped at CERN (Geneve, Switzerland)
and INFN (Italy), the second at LosAlamos Laboratorics (USA). In these
codes, neutrons with energy below 20 MeV are transported in the same
way as in MCNP code, making use of evaluated nuclear data libraries.
Particularly, LCS makes use of MCNP itself and its libraries, while
RLUKA adopts a Monte Carlo scheme with a dedicated nuclear data file
based on ENDFB and JEF libraries, set up at ENBA-Bologna. Above 20
MeV both codes, still in a Monte Carlo scheme, calculate rcaction cross
sections using various nuclear reaction models (depending on the cnergy
range) such as: Intranuclear Cascade, Precompound decay, Evaporation,
Rission, etc., Of course, a dedicated library for IFMIF calculations in a
readble form for MCNP4A would be derirable. If and when task CDA-
D-7 will provide such a library, a final check of shielding calculations
will be performed.

The actual geometry of the facility has been reproduced in Monte
Carlo simulations. The geometry has been first defined in MCNP4A
environment (surfaces and cells: see plant and cuts in figs. 2, 3 & 4) but,
making use of a geometry translator program developped at ENEA-
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Bologna, the same geometry was got ready for FLUKA code too. This
allow to perform calculations with MCNP and FLUKA in parallel.

“All the calculations will be carry out taking into account the strong
forward anisotropy of the ncutron source. Particularly, in order to limit
the needed thicknesses of concrete shield in the various directions, four
different set of tallies will be assumed for frontal and lateral walls,
ceiling and floor. Also the ncutron streaming in backward direction will
be checked.
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IFMIF-CDA
Design Integration Meeting
FZK Karlsrule
July 4, 1995

1. Meeting Objective

The objective of this meeting was to meet with specialists in the EU who are
involved in the design iniegration aciivity aind io discuss the status of tasks and
planning in preparation for the design integration workshop to be held at ORNL
October 16-27, 1995. T. E. Shannon reviewed the scope of the Design
Integration Activity (Attachment 1) and the strategy for developing the Baseline
Design in 1995 as prepared for the Executive Committee in February, 1995
(Attachment 2).

2. Attendees

C. Antonucct ENEA Bologna 39-10-6098591
F. Cozzani EC Brussels 32-2-295 06 76
F. Filotto ENEA Brasimone 39-534-801337
M. Martone ENEA Frascati 39-6-94005355
T. Shannon University of Tenn, 615-974-7572

U. von Mollendorff FZK Karlsrule 49-7247-82-2739

3. CDA Cost Estimate

An important task for the Design integration group in 1996 will be the
coordination of the cost estimate for the IFMIF project. The suggestion was
made that outside experts should be contacted to develop an accounting system
to be used for organization of the estimate. It was furthur recommended that
consideration be given to using the ITER home teams as a resource for the cost
estimate so that some standardation could be obtained with the ITER project
estimate.

4, CY 1995 Documentation
It was recommended that the project adopt an outline to describe the initial
Baseline Design that will form the framework for the CDA report. M. Martone

will provide the first draft of the document outline (Table of Contents) by the
end of July.
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5. Electronic Files and Data Base

F. Filotto from ENEA presented a proposal to provide a dedicated work station
at Frascati for the use of the IFMIF project to use, store and maintain all
documents, drawings and data developed by the project. The proposal is
summarized in the Attachment 3. An FTP server will provide access in several
formats including PC and Macintosh. There was a tentative agreement to accept
the proposal pending approval by the IFMIF Subcommittee Shannon will
contact the Commitiee members by the end of July. Hopefully, the System will
be operational by August. It was suggested that some trial transfer of drawing
and word processing files be carried out over the next several weeks.

6. Initial Facility Layout

M. Martoni presented preliminary general layout drawings prepared on the
software Autocad 12 at Frascati (Attachment 4). He offered to extend this work
to include the results of the three workshops through September. These layouts
will be brought to Oak Ridge in October to be the starting point for the Design
Integration working meeting.
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Attachment 1

SCOPE OF THE DESIGN INTEGRATION GROUP
ACTIVITY

Develop and maintain Design Requirements and
Standards, Interface and Configuration Control, and
the Work Breakdown Structure (WBS).

Develop and maintain Assembly Drawings for the
major systems.

Provide integrated layouts of the primary equipment
and overall plant facility including:
- Accelerator

Target

Test Cell

Power Systems

Instrumentation and Controls
Shielding

Remote Handling

Test Facilities

Utilities

Buildings and Structures

Coordinate project cost estimate and schedule.

Define Safety, Environmental and Health
Requirements.

Coordinate documentation of the CDA.

Communications Protocal and Software.
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Attachment 1

SCOPE OF THE DESIGN INTEGRATION GROUP
ACTIVITY

Develop and maintain Design Requirements and
Standards, Interface and Configuration Conirol, and
the Work Breakdown Structure (WBS).

Develop and maintain Assembly Drawings for the
major systems.

Provide integrated layouts of the primary equipment
and overall plant facility including;:
- Accelerator

- Target

- Test Cell

- Power Systems

- Instrumentation and Controls

- Shielding

- Remote Handling

- Test Facilities

- Utilities

- Buildings and Structures

Coordinate project cost estimate and schedule.

Define Safety, Environmental and Health
Requirements.

Coordinate documentation of the CDA.

Communications Protocal and Software.
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2

Draft
02/06/95

International Fusion Materials Irradiation Facility
Proposed Strategy for
the Development of a Baseline Design in 1995

Objective

The objective of this proposed strategy and plan is to complete the
mechanical design layout and a written design description of a Baseline
Design for the International Fusion Materials Irradiation Facility by
December31, 1995.

Scope of the Baseline Design Activity

The IFMIF Baseline Design will be the basis for developing the Conceptual
Design in 1996. The Baseline Design will consist of an assembly drawing
depicting the mechanical arrangement of the major equipment items and the
supporting facilities. The drawing will also define the overall building
structures and utilities. A written document will be produced to describe the
design requirements and features of the systems as given in the Work
Breakdown Structure. The resulting parameters and system interfaces will
be established and controlled through a design integration activity.

Proposed Strategy
3.1 Resolve issues and perform the work defined at KfK workshop.

3.2 Develop and define reference design concepts for the three major
systems
- Accelerator System
- Target System
- Test Cell System

3.3 Document design concepts for preliminary evaluation and study by the
Design Integration Group.

3.4 Conduct an intense two-week design integration activity to produce the
Baseline Design.

3.5 Document the description of the Baseline Design.

3.6 Define the issues and tasks for completion of the Conceptual Design
Activity.
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4.3

4.4
4.5

5.2

53
5.4

Outline of the Design Integration Working Meeting

The participants will be a limited group of experts (<20) representing the
three major systems and facility design specialists.

2 Each of the three major systems will be represented by several experts with

ihe background and knowledge necessary to design and integrate the
systems. '

Several facility specialists will provide design layouts for supporting
equipment, building and utilities.

Layout Designers will produce CAD drawings.

ORNL will provide office and m.eeting space, CAD work stations, and two to
three mechanical/facility designers.

Proposed Schedule

Technical Groups Perform work defined at KfK

and develop reference design concepts Jan-Oct/1995
Three major Systems Groups hold workshops

and document reference designs July-Sept/1995
Design Integration working meeting at ORNL Oct 16-27/1995
Baseline Design Description Document Dec/1995
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ENEA
ENTE PER LE NUOVE TECNOLOGIE
L'ENERGIA E L'AMBIENTE
Associazione EURATOM-ENEA sulla Fusione

Design Integration:

Communication Protocols and Software,
Project Documentation

F. Filotto (EU/ENEA)

IFMIF - CDA Technical Workshop on Test Cell System
Karlsruhe, July 3-6,1995
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Design Integration:
Communication Protocols and Software,
Project Documentation.

F. Filotto (EU/ENEA)

Progress Report

Offer of using for an FTP Server for storing the
IFMIF Project Documentation.

1. Availability of an FTP Server.

In the ENEA Research Centre of Frascati is
already available an FTP Server for storing the
IFMIF Project Documentation (communications,
reports, drawings, technical annexes, etc.);

The Server name is ftp.frascati.enea.it,

its IP Address is 192.107.51.13.

2. FTP Server access typology.
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w

Put and get files: access by entering a specific
User ID and Password combination directly
provided for the Project Leader;

Get files: access by entering the anonymous
User ID.

~Annexes 1 and 2 show suggested software for

documents creation, respectively for Mac and for
PC; show file exchange between them and the
FTP Server and in general file exchange via
Internet; Annexes 3 and 4 show access typology
to the FTP Server, respectively from Mac and

from PC.

Storing Directories for the IFMIF Project

bt |l %o o LS

Documentation.

The complete pathname of the IFMIF directory in
the FTP Server is /pub /pub /IFMIF if the access
is by entering a specific User ID and Password
combination for putting and getting files.

If the access is by entering the anonymous User
ID (to get files only), the complete pathname of

the IFMIF directory is /pub /IFMIF.
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4. Content and composition of the IFMIF Project

U

Documentation stored in the Frascati FTP
Server.

README file with general informations: stored
as TEXT file:

Documents created in Word, Word Perfect, etc.:
stored as WORD for Mac files:

Documents created in Excel, Lotus 1-2-3, etc.:
stored as EXCEL for Mac files;

CAD Drawings: stored as AUTOCAD 12 files;

Tranfer files from and to the FTP Server have to
be done in the Binary mode.

Next implementations.

Every Deputy Leader will be provided of a
specific User ID and Password combination in
order to put their own Team Documentation
directly in the FTP Server, both in definitive or in
In-progress types and in separated
subdirectories.
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Annex 1

Computer Apple Machintosh:
Suggested software for document creation and
file exchange via Internet.

Operating System: 7.1 or more;
Word Processor: Word 6.0;
Electronic Sheet: Excel 5.0;

Data Base: File Maker 2.1;
CAD: ‘ Autocad 12;
Internet Protocol: Mac TCP;

FTP: Fetch;

E-Mail: PopMail, Eudora;

Connection to www servers: Mosaic, Netscape.
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Annex 2

Personal Computer IBM:
Suggested software for document creation and
file exchange via Internet.

Operating System: Windows 3.1 (with MS
DOS 6.2);

Word Processor: Word 6.0;

Electronic Sheet: Excel 5.0;

Data Base: Access 2.0;

CAD: Autocad 12;

Internet Protocol: TCP/IP;

FTP: FTP Client;

E-Mail; PopMail, Eudora;

Connection to www servers: Mosaic, Netscape.
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Annex 3

How to connect to the IFMIF Frascati FTP Server
from Macintosh.

1. Access to the Frascati FTP Server.
Start Fetch application:;
As Host enter ftp.frascati.enea.it or
192.107.51.13.

2.Connection to get IFMIF files from the Frascati
FTP Server.
As User ID enter anonymous and as Password
enter your E-Mail Address;
As Directory enter /pub /IFMIF:
At the end of these steps press the RETURN

key or click OK.

3. Get a file from the FTP Server.
Left the transfer-mode switch at Automatic.
Find the document you want to retrieve, either
double click on its name in the list or click once
to select it and click on Get File.
This will open another window requesting the
new location and name for the document on

your local Mac.
Select an appropriate disk and folder where to

keep the document and click on the Save
button.
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4. Content and composition of the IFMIF Project
Documentation stored in the Frascati FTP
Server.

README file with general informations: stored
as TEXT file;

Documents created in Word, Word Perfect, etc.:
stored as WORD for Mac files;

Documents created in Excel, Lotus 1-2-3, etc.:
stored as EXCEL for Mac files;

CAD Drawings: stored as-: AUTOCAD 12 files;

5. Connection to get files from and put files in the

Frascati FTP Server.
Enter the specific User |D and Password
combination provided for the Project Leader;
As Directory enter /pub /pub /IFMIF;
At the end of these steps press the RETURN

key or click OK.

6. Put a file.
Left the transfer-mode switch at Automatic.
Select on your local Mac the document you want
to put in the FTP Server and click on Put File.
This will open another window requesting the
new location and name for the document on the
FTP Server.

7. Get a file from the FTP Server.
Left the transfer-mode switch at Automatic.
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Find the document you want to retrieve, either
double click on its name in the list or click once
to select it and click on Get File.

This will open another window requesting the
new location and name for the document on
your local Mac.

Select an appropriate disk and folder where to
keep the document and click on the Save

button. |
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Annex 4

How to connect to the IFMIF Frascati FTP Server
from PC.

1. Access to the Frascati FTP Server from
Windows 3.1.
Open Internet window;
Start Trumpet Windsock and reduce to icon;
Start FTP application;
As Host enter ftp.frascati.enea.it or
192.107.51.13.

. Connection to get IFMIF files from the Frascati
FTP Server.
As User ID enter anonymous and as Password
enter your E-Mail Address;
As Directory enter /pub /IFMIF;
At the end of these steps press the RETURN
key or click OK,

N

3. Get a file from the FTP Server.
Select Binary transfer mode;
Select the document and click on the Receive
button or < button that will be transfer on your
local PC.
Set your FTP application with transfer file dialog
box switched on in the OPTION Selection; so you
can give an appropriate name to the document

— 410 —




you are getting on your local PC from the FTP
Server.

4. Content and composition of the IFMIF Project
Documentation stored in the Frascati FTP
Server.

README file with general informations: stored
as TEXT file;

Documents created in Word, Word Perfect, etc.:
stored as WORD for Mac files;

Documents created in Excel, Lotus 1-2-3, etc.:
stored as EXCEL for Mac files;

CAD Drawings: stored as AUTOCAD 12 files;

5. Connection to get files from and put files in the
Frascati FTP Server.
Enter the specific User ID and Password
combination provided for the Project Leader,

As Directory enter /pub /pub /IFMIF;
At the end of these steps press the RETURN

key or click OK,

6. Put a file.
Select Binary transfer mode;
Select a document on your local PC and click on
the Send button or — button that will be transfer
on the FTP Server.
Set your FTP application with transfer file dialog
box switched on in the OPTION Selection; so
you can give an appropriate name to the
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document you are putting in the FTP Server
from your local PC.

7.Get a file from the FTP Server.
Select Binary transfer mode;
Select the document and click on the Receive
button or <« button that will be transfer on your
local PC. |
Set your FTP application with transfer file dialog
box switched on in the OPTION Selection; so you
can give an appropriate name to the document
you are getting on your local PC from the FTP
Server.
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ENEA
ENTE PER LE NUOVE TECNOLOGIE
L'ENERGIA E L'AMBIENTE
Associazione EURATOM-ENEA sulla Fusione

Design Integration

General Layout
M. Martone (EU/ENEA)

IFMIF-CDA Technical Workshop on Test Cell System
Karlsruhe, July 3-6,1995
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Design Integration: General Layout

M. Martone (EU/ENEA)

Progress Report

On the basis of:

-the Reference IFMIF Configuration,

-the documents released:
at the Planning Meeting in Tokai

(June,1994),
at the Karlsruhe Technical Meeting

(CAhamtnarmivne 1TOO AN
(September, 1994),

an attempt has been made at drawing up a Very
Preliminar General Layout of IFMIF using
Autocad 12.

The following inputs have been considered:

- Deuteron beams impinge on the targets at an
angle of 15°

- Available room into the Test Cell, 2x2x2 m3;
- Test Cell shielding designed for an easy
access to the Li-target, for maintenance
(sliding cover and the walls can be
dismantled).
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The following information allow us to make a
further step:

- How much room into the Test Cell, is needed
for the in situ experiment?

- How close to the Li-target the quench tank
must be located?

- How far from the Li-target the final element
of HEBT/EDC sistems must be located?

- Which areas must be accessible within a few
hours since the source is switched off? (Beam
Turning Room?, Radiation Isolation Area?,

Accelerator Area?)
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Lithium Cell
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