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OAK RIDGE NATIONAL LABORATORY 
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Wednesday Feruary 1, 1995 (09:OO - 16:OO) 

AGENDA 

A. Introduction 

09 : 00 Welcome 

B. PersDective for Ferritic Steels for Fusion 

09 : 00 U.S. - F. W. Wiffen 
09 : 15 Japan - A. Hishinuma 
09 : 30 EU - W. Dietz 

C. Status of Steels for Test Propram 

09 : 45 Information on 5-ton heat - A. Hishinuma 
09 : 55 Information on 1-ton heat and small heats - A. Kohyama 
10 : 05 Break 

D. Test Proeram ProDosals 

10:15 European Union test program - W. Dietz and M. DeVries 
11 : 00 Japan test program - A. Hishinuma and A. Kohyama 

11 : 45 U.S. test program - R. G. Odette, D. G. Gelles, and R. L. Klueh 
12 : 30 Lunch 

E. DeveloDment of a Coordinated Test Plan 

14:OO 

15 : 00 Agreements - -  schedule and future coordination 
16 : 00 Adj ourn 

19 : 00 

Discussion and formulation of coordinated test programs 

Dinner at Copper Cellar 
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REPORT OF THE IEA WORKING GROUP MEETING ON FEREUTIC/MARTENSITIC STEEL 

Oak Ridge National Laboratory, February 1, 1995 

R. L. Klueh and W. Dietz 

Executive Summary 

An International Energy Agency (IEA) working group consisting of researchers 

from Japan, the European Union (EU), and the United States, met at the Oak 

Ridge National Laboratory (ORNL) 16 February 1995 to continue planning a 

collaborative test program on reduced-activation ferritic/martensitic steels 

for fusion applications. Plates from a s-ton, a l-ton, and three 150 kg 

heats of reduced-activation martensitic steels have been melted and 

processed to 7.5- and 15-mm plates in Japan. Plates were delivered in 1994 

to the three parties that will participate in the test program. 

ton IEA heat of modified F82H steel was produced in Japan in late 1994, and 
it was processed into 15- and 25-mm plates, which are to be shipped in 

February, 1995. Weldments will be produced on plates from this heat, and 

they will be shipped in April, 1995. At the O W  meeting, a detailed test 

program and schedule was presented by the EU representatives, and less 

detailed programs were presented by the Japanese and U.S. representatives. 

Detailed program schedules are required from the latter two programs to 

complete the program planning stage. 

September 1995 in Switzerland to continue the planning and coordination of 

the test program and to present the preliminary results obtained in the 

collaboration. 

A second 5 -  

A meeting is planned for 19-20 

Backeround 

An international collaborative test program on reduced-activation ferritic 

steels for fusion is in progress under the auspices of the IEA Executive 
Committee for the Implementing Agreement on Fusion Materials. 

of the combined test program is to determine the feasibility of using 

ferritic steels for fusion by developing a comprehensive data base on 

representative reduced-activation steels. 

The objective 
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An IEA Working Group on Ferritic Steels made up of representatives of the 

fusion materials programs from the European Union (4), Japan (4), and the 

United States (4) met at OWL 1 February 1995 to continue the planning and 
coordination of the IEA test program. 

meeting at Sun Valley, Idaho, 24 June 1994, where it was agreed that the 

objective of the ORNL meeting would be the finalization of a coordinated 

program and task-sharing plan for testing the 5-ton IEA heat of reduced- 

activation ferritic steel, the 1-ton JLF-1 heat, and the three small heats 

that were produced in Japan. 

by the individual parties for work on these heats included the studies 

required to prove the feasibility of ferritic steels for fusion and also 

determine that there was no major overlap in programs, thus maximizing the 

use of the effective funds dedicated to the effort by the three parties. 

The meeting was a follow up to a 

Such a review would determine if the proposals 

* 

In 1993, a five-ton heat of nominally 8Cr-2W-0.2V-0.04Ta-O.lC steel 

(modified F82H composition) was produced and processed into plate material; 

it was distributed in 1994 to the participating parties. 

were also obtained: 

steel (JLF-1 composition) and three 150-kg heats with the same chemical 

composition, except that one contains 20 ppm B, one contains 1% Mn, and one 

contains 2% Mn. 

Four other heats 

a one-ton heat of a nominally 9Cr-2W-0.2V-0.09Ta-O.lC 

These steels were processed and distributed in 1994. 

Obiective of Meeting 

This report summarizes the Working Group Meeting by presenting an overview 

of the proceedings, the conclusions, recommendations, and a list of action 

items. 

appended to the summary. 

meeting and the meeting agenda are shown in the front of this report. 

Copies of handouts of the viewgraphs used for the presentations are 

Working Group members who participated in the 

PersDective for Ferritic/ Steels for Fusion 

The status of ferritic/martensitic in the fusion materials programs of the 

United States, Japan, and the EX were presented by F. W. Wiffen, A. 
Hishinuma, and W. Dietz, respectively. The presentations indicated that the 
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Japanese and EU fusion materials programs were directed more toward ferritic 
steels than the U.S. program, which places a higher priority on vanadium. 

Ferritic/martensitic steel is considered a reference material for the 

Japanese and EU programs. One important task in the Japanese program is an 

investigation of the effects of ferromagnetic materials in the operation of 

a fusion reactor. 

investigated in detail. 

This problem has been discussed for some time but never 

Steels for Test Program 

A. Hishinuma of JAERI reported that the second 5-ton heat of modified F82H 

steel has been melted and processed to 15- and 25-mm thick plates by Nippon 

Kokan K.K. 
distributed (see attached). The 15- and 25-mm plates will be shipped to the 

EU and U.S. programs in February 1995 in the quantities previously 

requested. Electron beam and TIG weldments are to be fabricated in Japan in 

March 1995 on material from the second 5-ton heat, and the weldments will be 

shipped to the participating parties in April 1995. 

Data sheets on the melting and processing procedures were 

The standards under which the weldments would be produced were discussed. 

A. Hishinuma agreed to present more information on the subject. W. Dietz 

from the EU agreed to provide a copy of the European qualification 

procedures used by the EU in the Fast Breeder Reactor program that could be 
used as an example. 

A. Kohyama reported on the status of the 1-ton IEA heat of JLF-1 produced by 
Nippon Steel Corp. for Monbusho (the government organization supporting the 
Japanese Universities). Welding process-development has begun, including 

weld wire fabrication for TIG welds. Hardness and tensile tests have been 

conducted, and creep tests are in progress. 

being considered, and NIFS (National Institute for Fusion Science) is 

planning a small fusion device that would be constructed from JLF-1. 

A 100-ton heat of JLF-1 is 

A question was raised on the 0.03% Ta present in the weld wire used to make 

the JLF-1 welds. Early work on the development of F82H indicated that 
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concentrations above 0.02% Ta lead to a significantly lower absorbed energy 

at O'C (J. Nucl. Mater. 179-181 (1991) 693-696). This is an open question 

that needs to be resolved in light of the new weldments being fabricated. 

It is necessary to determine how the previous data were generated and how 

the welds were made from which these data were determined (i.e., were the 

welds made with or without weld wire, etc.?). 

meeting, A. Hishinuma wrote that there was no inconsistency in the JLF-1 

weld metal tantalum composition. 

the F82H indicated that the tantalum concentration of the weld metal should 

be less than the concentration of the base metal. The J W - 1  welds meet this 

criterion.] 

[In correspondence after the 

He said that the results of the work on 

Test Provram ProDosals 

Proposed test programs were presented by each of the parties. 

presentation contained a detailed schedule for tasks and subtasks to be 

completed over the next four years. In the Japanese and U.S. presentations, 

only the tasks that they intended to pursue were given. 

available for these two programs. 

the U.S. and Japanese programs must produce detailed schedules if the IEA 

collaborative studies are to reach their objective with maximum efficiency. 

The EU 

No schedules were 

It was agreed that representatives from 

An examination of the proposals appeared to indicate that there were no 

major overlaps in the proposed irradiation tests. 

the dearth of reactors presently available for irradiating ferritic steels. 

Most of the planned irradiations will be carried out in Europe, with a 

smaller test program planned in the United States in HFIR at ORNL, where 
U.S./Japan collaborative irradiations are planned. 

reactor space available for the U.S. and the Japanese programs, the EU 

representatives agreed to check into the availability of space in EU 
reactors in the future (1996-97 time frame). Budget problems but not space 

problems in the reactor were the limitations in hte EU fusion program up to 

now. 

U.S. in 1996 was discussed, but the future availability of that facility for 

ferritic steel irradiations is uncertain. The EU representatives stated 

Part of this is due to 

Because of the limited 

The availability of the ATR (Advanced Test Reactor) in Idaho in the 
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that the construction of an irradiation loop with a large irradiation volume 

is being planned for the Phenix reactor in France. The loop will be capable 

of temperatures of 250-55O'C; the availability of irradiation space at 250°C 

is desperately needed for the ferritic steels. 

presently uncertain. It was suggested that the U.S. and Japanese 

representatives inquire of their funding agencies whether there was interest 

in an international collaborative effort to fund such a facility for fusion 

materials irradiations. 

Funding for the facility is 

Most of the effort of the EU program on the IEA heats will be carried out on 
the 5-ton heat of modified F82H. Their program will also contain several of 

their own reduced-activation ferritic/martensitic steels. In Japan, the 

JAERI program headed by A. Hishinuma will also concentrate on the IEA 

modified F82H. 

concentrate on the 1-ton IEA heat of JLF-1. 
concentrate on the 5-ton heat of modified F82H, with limited studies on the 

other IEA heats. 

The Monbusho program in Japan headed by A. Kohyama will 

The U . S .  program plan will also 

There was some discussion concerning "homogeneity tests", that is, the 

determination of the variation of properties as a function of position in 

the ingot/plates. 

fatigue and proposes that the Japanese program do the same for part of its 

fatigue and creep studies. 

tests conducted, traceability is of utmost importance, and the location of 

the test specimens (i.e. plate number, etc.) needs to be recorded. 

The EU program intends to conduct such studies for 

It was emphasized that regardless of the type of 

Next Meetinq 

The next working group mee-ing was proposed for Europe prior to the Seventh 

International Conference on Fusion Materials in Russia. M. Victoria agreed 

to host the meeting in Switzerland on 19-20 September 1995. 

R. L. Klueh will coordinate the meeting. Tentative plans are for the first 

day of the meeting to consist of presentations on work that has been 

conducted on the IEA steels. 

in those presentations: 

W. Dietz and 

Several subjects are suggested for inclusion 
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1. 

2. 

3 .  

Presentation by each party on the types of specimens (i.e., 

miniature and full size) being used in each program and their 

relevance to design codes and applications in fracture analysis 

Japanese view of the effect of tantalum on weld metal toughness 

(i.e., review of previous work and how it applies to present 

heats). 

Discussion of homogeneity tests in the EU and Japanese programs. 

4. Preliminary fracture toughness work by G. R. Odette et al. 
The second day of the meeting will address programmatic concerns on 

coordination of the collaboration. Subjects of vital importance are: 

1. 

2.  

A detailed schedule of the U.S. and Japanese programs (technical 

and programmatic). 

Details on EU and Japanese programs on fatigue and creep studies 
(i.e.* plans for homogeneity tests, etc.) to determine adequacy of 

test matrices. 

bction Items 

The following summarizes the action items developed as a result of the 

meeting: 

1. U . S .  and Japanese programs to provide detailed technical and 
programmatic schedules - -  September meeting. 

2 .  EU personnel will check for free space in the 1996-97 irradiation 

experiments -- ASAP. 

3 .  Japanese will check on which codes/standards the weldments are to 

be produced - -  ASAP. 
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4. 

5 .  

6 .  

W. Dietz will provide the Japanese with information on standards 

developed for weldments in the European FBR program - -  ASAP. 

Each party will provide information (drawing, etc.) on the types 

of test specimens to be used in respective programs - -  September 
meeting . 

Japan and U . S .  representatives will check possible availability of 

funds for developing a low-temperature irradiation test facility 

in Phenix - -  September meeting. 

The following action item was requested by the IEA Fusion Material Executive 

Committee : 

7.  Russia is to be invited to participate in the planning and 

execution of this collaboration. Klueh, Victoria, and Wiffen 

should send separate letters to Zavialsky inviting a Russian 

Federation team to participate in the working group meeting in 

Switzerland. 



VIEWGRAPHS OF PRESENTATIONS 



PERSPECTIVE FOR F E R R I T I C  STEELS 
FOR FUSION 



U.S. DOE PERSPECTIVE ON THE DEVELOPMENT OF 
FERRITIC/MARTENSITIC STEELS FOR STRUCTURAL APPLICATIONS IN 

FUSION POWER SYSTEMS 

F. W. Wiffen - February 1,1995 

The U.S. has focused on three materials, under development for fusion first wall 
and blanket structures: 

vanadium alloys 
silicon-carbide composite materials 
ferritic/martensitic steels 

The F/M steels are viewed as a backup to the more attractive but more 
challenging vanadium and Sic composites. While the probability of success may 
be higher with the steels, the power system potential is probably higher for the 
other two materials. 

The strong interest in Europe and Japan in the development of these steels allows 
the U.S. to concentrate scarce resources on the other two materials systems. 

The U.S. interest in the F/M steels is in evaluating and improving the lower 
temperature fracture and embrittlement characteristics of the steels. We will 
concentrate our activities in this area. 

The complementary interests of the E A  partners allow a broader program in 
developing fusion materials than could be achieved if each party acted 
independently. 

We welcome this opportunity to develop a fully collaborative program. We are 
especially grateful to Japan for providing the experimental material to initiate 
this activity. 



PERSPECTIVE FOR FERRITIC STEELS FOR FUSION 

A. HISHINUMA 
JAERI 

IEA Working Group Meeting on Ferritic Steels 
Oak Ridge National Laboratory 

February 1, 1995 

NATIONAL POLICY FOR FUSION R&D 

JAEC:Japan Atomic Energy Council 
Direction of National R & 13 

- 1992: Third Phase Basic Program for Fusion R&D 

- 1994: Long Term Program for Research, Development and 
Utilization of Nuclear Energy 
Currently under discussion on fusion reactors at a 
subgroup of J A E C  

Discussion on  Material D evelopment Strategy 

MATERIALS DEVELOPMENT STRATEGY 

OBJECTIVE 

-To Develop Fusion Reactor Materials for and beyond 
the Prototype Reactors 

STRUCTURAL MATERIALS 

-Reference: Ferritic steels 
-Option : Vanadiuxn Alloys, Intermetallic Compounds, 

Ceramics Composites: 



FERRITIC STEELS 
Low Activation Ferritic Materials 

-Evaluation of IEA Modified F82H, JLF1 
Fracture Toughness for Low Temperature Application 
D BTT shift under irradiation 
IEA round robin test 

- Investigation of Effects of Magnetic Materials 
Change in Stress State 
Effects on Plasma Control 

New Alloys Development 

-High Strength Steel for High Temperature Application 
Oxide Dispersion-Strengthed Steels 

- Non- or Reduced- Magnetic Materials 
Non- or Reduced- Hysteresis Materials 
H igh-chromium Alloys 

PROBLEMS FOR PLASMA CONTROL 

Magnetic Field should be 

Magnetization 
I Homogenous, Stable Absolute Field and No Residual Filed 

1) by Trochoidal Magnetic Field 

2) by Magnetic Field Caused by Plasma Current and Poloidal 
- Magnetic Charge Generation 

Magnetic field 
- Change in Magnetic Field Direction 
- Change in Field Penetaration Rate 

Penetration Delay of Magnetic Field Generated by Prochoidal Magnetic 
Field 
3) by Eddy Current 

~ PROBLEMS FOR PLASMA CONTROL(Conrd) 
Plasma Ignition 

Stability of Magnetic Field 
Cotrol Plasma Shape and Position 

Unstability of Lock Mode(Disruption) 
Magnetic Sensor 



LONG TERM FUSION MATERIALS PROGRAMME 
Work Break-Down Structure 

1 

1 IEA-Program * , I 
OPTIFER +z7- -  
w PCA-Ferritic 

TBD: TO BE DE’TERMINED 

LAM 

Appendix 1 

2 3 

VANADIUM ALLOYS SIC AND OTHER 
+ OTHER METALLS CERAMIC OPTIONS 

Radiation hardening 

FOIIOW-UP Of E- IEA-program 

CR- ALLOY S 
(IS PR A) 
T- / t t / . nL / r  

4 
MATERIALS 
APPLICATION 
& TECHNOLOGY 

CODES & 
STAN OAR OS 

STHESS CORROSION 
1 I 

JOINING PROCESS 
QUAL1 FIC ATlON 

~ ~ ~- ~~ 

CONTRIBUTIONS TO 
DESIGN & FABRIC. 

Date: 10.11.1994 
Author: W. Dietz 
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GENERAL TASK 0 
PROGRAMME 
COORDINATION 1 I I 

E ACTIV. LIBAR. 



PRESENTATION ON STEELS 
FOR TEST PROGRAM 



DATA SHEETS OF IEA MODIFIED F82H 

Y TAKAGI(NKK) 
A. HISHIMUMA (JAERI) 

IEA Working Group Meeting on LAM 
February 1,1994 

Oak Ridge National Laboratory 

Table 1. F82H Fabrication Data 

Melting 
Casting 

Grinding 

Slab cutting 

Rolling 

Normalizing 

Tempering 

Plate cutting 

5 ton VIF 

ingot case size top 350 x 141 0, bottom 250 x 1 350 

height 2000 mm 
Temp. 1 250°C 

slab size 115tx1310x3820mm 
~ ~~ ~ ~~ -~~ ~ 

slab size 1071 x 1310 x 3820 mm 
powder cutting 
slab size 1071x 1310x2400 mm 

107t x 1310 x 1220 mm 
Temp. 1250'C 

machine reversible rollina mill 
Temp. 1 040°C 

time 15t 38 min 
25t 40 min 

Temp. 750'C 

time 15tt25t 60 min 
plasma cutting 
plate size 15t x 1000x4000 rnm 

25t x 1000 x 5500 mm 



Tab le 2. C h e m i ca I C o m pos it i on (w t . %) 

' Ingot 
position 

top 
middle 
bottom 

Table 3. Tensile Properties 

RT 500°C 
YS(MPa) UTS(MPa) El.(%) YS(MPa) UTS(MPa) El.(%) 

553 681 26 430 474 20 
541 667 26 430 465 20 
545 670 26 424 452 20 

- 
Ni 
0.02 
- 
0.02 

0.02 
- 

0.02 

0.02 

- 
Cr 
7.89 
- 
7.87 

7.87 
- 

7.84 

- 
7.82 

- 

0.0002 0.0002 0.006 0.001 

0.0002 0.0002 0.007 0.001 

0.0002 0.0002 0.007 0.001 

0.0002 0.0002 0.007 0.001 

0.003 0.004 0.03 I I 

Heat No 

9753 

Roll No. 

KG81 9-1 
KG820-1 
KG820- 1 
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Feb.1, 1995  

Plates Fabrication and Shipping Schedule 

(Base Metal) 
Fabrication have completed 
Cutting will be finished 

EU 

in January, 1995  

U.S. 

25 mm plate 20 plates 21 plates to be shipped 
in February, 1995 

piete plat 
20 plates to be shipped 

in February 1995  

5 plates 10 pla hi 

(Weld joint ) 
Welding will be completed 

25 mm TIG 
15 mm TIG 

25 mm EB 
15 mm EB 

EU 

1.5 m 
1.5 m 

1.5 m 
1.5 m 

U.S. 

1.0 m 
1.0 m 

1.0 rn 
1.0 m 

in March, 1995 
to be shipped 
in April, 1 9 9 5  
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IEA Worktng Group Meeting on Ferritic Steels 

Feb. l . l O s 5  

Oak Rldge N8llonal hbomtory, 

Oak Rldge, TN., USA 

Status and Future Plan of JLF-1 for IEA Test Program 

A. Kohyama, Y. Kohno (Univ. of Tokyo) 
and K. Hamada (Nippon Steel Corp.) 

~~ 

1 ton heat of JLF-1 and 300kg small heats, 
with variation of B and Mn, have been melted. 

15 and 7 mm thickness plates have been fabricated. 

They have been sent to IEA WG members upon request. 

Welding process development, including TIG wire fabrication, 
has been carried out. 

Baseline mechanical property tests are underway. 
PIE of FFTF/MOTA specimens are underway. 
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1 Interim report of TIG welded joint evaluation 1 
Specification of welded joint: 

tensile strength at 600C = equal to base metal 
creep rupture strength (SOOC x 10,000hr) = equal to base metal 
DBTT (C) 0 
Chemical composition: Cu<O.lO, Mo<O.Ol , Nbq0.001 Co<0.005 

Si<8.1 (wt.%), N<40Oppm 

Chemical composition of welding wire (1.2mmdia) 

ECr eg=%Cr+6%S i +4%Mo+ 1.5%1+ 1 l%V+5%Nb+8%Ti +12%1\1-4O%C-30%N-4%Ni -2%Mn-%Cu-2%Co 

Weld DeDo Test . -  

welding condition; 
DCSP, 260A, 12V, 8cpm, 23.4 kJ/cm, 1 Og/min. pre-heat=200C 

PWHT condition; 
SR1: 740C x 3 hr TP=T (20 + log t) x 1 O4 =20.7 
SR2: 740C x 24 hr TP= 21.7 

Specimens: 
Tensile; JIS 23111 A-2 
High Temp. Tensile; 31s GO567 

Charpy; JIS 23111 4 
(6mm d, GL=30) 



vest results] 

1 : Tensile Test 

730 I 24.8 177.8 I I I 725 24.9 79.0 
RT 

27. 1 93. 1 I I 27.0 193.6 I ! I 600 

520 670 
600 RT I 2 8 0  I 3 5 0  I z l I l l I  

Heat treatment of Base metal; 1050C x Ihr + 780C x lhr 

2: Charpy test 



pest Results] 
1 : Tensile test 

SR1 

SR2 



I 



2: Charpy test 

~~ 

SRl 
223 17 
265 1 238 13 (0 
227 20 
240 18 
245 } 253 17 (0 
273 0 

3: Hardness Test 

288 
A 

0 3  

2% 
E - a  



J K  

& 
-0 

,Q, 
0 

4 
-0 

Conclusion: 
Preliminary results of welded joint test are quite positive. 
Creep rupture test is underway (now at 500Hr) 

JUPITER has started negotiation with JAE??l& STA to produce 
a 100 tons heat of a prime candidate low activation ferritic steel. 
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In-situ Resistivity 
Measurement 
Advanced irrad. 
Experiment 

High DPA irrad. 
Experiment 
Varying Temp. 
Experiment 
Advanced irrad. 
Experiment 

In-situ Resistivity 
Measurement 
High DPA irrad. 
Experiment 
Varying Temp. 
Experiment 

The Monbusho/US-UOt GollaDoration 
for Fusion Materials - JUPIT€R Ver .2 :1/27/95 

I 1995 I 1996 I 1997 I 1998 1 1999 1 2000 
P3-1: 100-6OOC 1 

.- 
P3-7: 300C, 50 C I ;  
P3-8: 300C, 501C ;; 

I I I I 1 I .- 
I I I d P3-9: 400-60 b C 

\+I P3-10: 400C,]Og 

i P3-11: 300-400 t 
0 Irradiation at RB* position - TRlST Irradiation 

Irradiation at RB* position 
with B& shielding 

Irradiation at PTP 

$E--? 200, 300 
p a  a t d y  f w - T ; r Y ’ ’ q 3  



PRESENTATION ON 
TEST PROGRAM PROPOSALS 



Fusion Technology Programme of the European Community 

Long Term Materials 
Programme 

Programme Plan for 1995198 

Status: January 95 
0 

Draft Version 

Edited* by W.Dietz 
for presentation at the IEA - Working Group Meeting about Low-activation 
Ferritic / Martensitic Steels, Febr.1 st 1 995 OAK RIDGE USA 

Based on proposed activities of the European Associated Laboratories 
in the Fusion Technology Programme on behalf of the European 
Commission / Brussels 

Distribution: Participants of the Meeting 
TFM members: Dr. Darvas, 



EUROPEAN PROGRAMME ON REDUCEPACTIVATION 
FERRITIC/MARTENSITIC STEEL 

(DRAR I STATUS JAN 95) 

1. Introduction and Scope of Work 

The european fusion material programme is part of the long term fusion technology 
programme supported by the European Commission. 
Scope and objectives of the EU material programme are surveyed in Appendix 1. 
The contribution to the collaborative test programme of the IEA working group on 
reduced activation ferritidmartensitic steel is part of this programme. During a 
meeting of the IEA working group in Sun Valley, IdahoAJSA, June 24, 1994 an 
exchange of a detailed test plan was agreed between the participants. This test plan 
of the european laboratories involved in the programme is described in the following. 

The material programme has in total 5 No&-packages (WP). 
Three WPs are related to the materials and their general properties especially. 
radiation effects. 

WP 1. Martensitic Steels 
WP 2. Vanadium alloys (other metal options limited) 
WP 3. SiC/SiC 

3 Most of the work is for the martensitic steels. 

Aspects of 'materials application and technology' are covered in WP 4: 

and WP5 'General tasks ' covers topics such as data base. 

The WPs have a break down in tasks and subtasks. Tasks and subtasks which are 
relevant for investigations on the IEA heats are given in Appendix 2 referenced in the 
following section 2. The EU activities concentrate on F82mod Some limited tests 
have been proposed in the meanwhile for the JLF-1 steel. 
The milestones for the ferritic programme are described in Appendix 3. 

2. Programme Description 

The WP1 (Martensitic Steels) ccntain six tasks( T 1.1. => T 1.6.) 

T 1.1 .Conventional 9-12% Cr-of type MANET ( >> limited : finalize earlier work), 
T 1.2. Metallurgical and mechanical characteristics of unirradiated F82mod base 

T 1.3. Investigations on Monbusho Steels 
T 1.4. Metallurgical and mechanical characteristics of various candidate LA 8-1 0% 

T 1.5. Irradiation experiments and assessments for alloy selection 
T 1.6. Investigations on Mechanisms 

metal and weldments 

Cr alloys in the unirradiated condition 

Work for F82(JLF-l) is under tasks 1.2./1.3./1.5./1.6. A description is given in the 
following Appendix 2. The other activities for the IEA material are described under 
WP4 also in Appendix 2. programme milestones in Appendix 3. 



Long Term European Fusion Materials Programme - A Survey 
( Status 1/95) 

MATERIALS IN THE PROGRAMME 

>>> Low activation (LA) martensitic 740% Cr - steel as the basic type of alloy 

>>> Vanadium alloys (IEA progr. contribution ); small efforts for Ti & Cr alloys 

>>> SiC/SiC ( exploratory activities within an IEA programme ) 

Martensitic 740% Cr Allovs 

+ Screening of eight alloys by comparative tests for the selection of a 
primary candidate alloy(main criteria: radiation hardening and its understanding, 
including some characterization and optimization work for all variants ) 

=$ Checking the type of alloy on critical properties for the application which 
are typical for martensitic Steels 

( the IEA material F82 mod, available in sufficient quantity and fabricated in an 
industrial scale will be used for these tests mainly, see below) 

Sensitivity to weldability problems ( hot and cold cracking ,toughness of TIG, EB, 

Stress corrosion cracking by relevant tests in simuiated fusion environment 
Problem of Hydrogeflritium (diff usion,trapping,cracking..) 

and diffusion weldments ) 

3 Compare LA materials( F82 as a representative material) by spot - check 
inspection examination with mod. 9Cr or Manet type steel 

for design relevant prop. such as fracture toughness, fatigue ,fatigue crack 
growth and creep 

=, Preparotory work for the development of a code on martensitic materials 
for a DEMO 

Vanadium => Selective investigations for low temperature radiation 
hardening of a V-4Cr-4Ti type alloy as a key problem 
( IEA programme: qualified material from the US) 

For SiCBiC => Continue exploratory work 

APPENDIX 1 



TASK 1.2, Mechanical and Metallurqical Charawization of Unlrradiated F 82mOd 

Subtask DescriDtiorl 

1.2.1. Metallurgical and mechanical 
2haracterisation incl. optimisation and 
thermal stability of base metal 

1.2.2. Fatigue and creep prop. of base 
metal 

1.2.3. Metallurgical and Mechanical 
zharacterisation of JAERI-weldmetal and 
.weldments (TIG and EB) 

Technical Details/Pronosed 
Tests/Actions 

a) Quality Assurence/homogenity test 
=> composition; hardness; inclusions 
b) Hardeningltempering and 

c) Tensile- and CVN impact - tests incl 

d) heat treatment optimization 
e) Mechanical prop. after thermal aging 

transformation behavior 

fracture analysis 

a) Isothermal and thermal fatigue 
experiments 

b) Isotherm. creep-fatigue & therm. fati- 
gue experim. incl. holdtime effects 

c) Examination of microstructural 
development under isothermal and 
thermal fatigue 

d) Creep tests 

a)Mechanical prop. of weldments after 
long term aging (250-550%): 
=> tensile ./ CVN tests 

Schedule 

11/1995 

I 11/95 

111/95 

11/97 

IV/97 
I V/97 

11/97 

I 11/97 

Remarkg 

coordinated tests => all Labs 

d) see HFR phase IB irrad. 

limited No. of LCF tests for aged 
specimens; 

=>screening tests on creep prop. 

delivery expect. from JAERI >>6/95 

APPENDIX 2 
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Task 1.5: Irradiation experiments and assessments for PCA 

Subtask Descrbtion Technical DetaildActKm medule 
1.5.0 Scoping irradiations of conv. 9-12% => 250-450'C, 0,2-2,4 dpa, Manet st., 
Cr.+8- 10% Cr LA type Martensitic 
1.5.1 
(Phase IA irradiation programme ) 

1/95-1/96 

11/95-1/97 
F82, CETA others; min.CVN, tensile. 

Screening of 7-10% Cr type LAM Tirr= 250; 300; 350; 400; 450'C 
2,4 dpa; material as received hthe' 
conditions; CVN/KLST- and tensile- 
specimens 

1.5.2 Screening of optimised 7010% Cr of Tirr= 250; 300; 350; 400; 450'C V96- IV/97 
type LAM incl. weldments 
(Phase If3 irradiation programme) 

1.5.3 HFR irradiation => PHASE I1 (a&b) 4 Phase Ila) tensile-, small CT- & rnin. => Illi96 
CVN-type - specimens; 2,5 dpa/300'C 
r(, Phase lib) mechan. prop. after 300'C => IV/98 
( or other Temp.) - irrad. up to 10/15 dpa 

Tensile ; CVN and fatigue specimens 
irradiated to 50dpa between 400-5OO'C 

2,4 dpa; material as received 

- -- 
1 S . 4  Phenix low and high temperature 95-98 

irradiation 
I I 

Remarks 
irrad. continued from 92/94 progr - -  
Manitu,Saphir,TESEO,etc 
screening of various martensitic 
steels in standard conditions 

materials selected after preliminary 
information from milestones 1 and 2 
effect of heat treatment optimization 
~- 

a) base metal and weldments; 
halves for post irradiation welding 
b) loading plan depends in detail on 
Phase IA and IIA results 

F@ and other materials; low 
temp.CALIPH rig open (funding?) 



Task 1.6: Investigation of Mechanisms 

Subtask Description 

1.6.1 Effects of radiation hardening and 
helium on tensile poperties and 
microstructure 

1.6.2. In beam fatigue incl. holdtime 
effects under proton irradiation 

1.6.3. Phase stability and swelling for dual 
Seam irradiation 

1.6.4. Microstructural characterisation 
(neutron diffraction,. .) 

1.6.5. Radiation induced stress corrosion 
cracking of notched specimens 

Technical Detalls/Proposed 
Tests/Actiong 

a) proton irrad. at 40/250/350/450'C to 
0,3/0,7dpa with 130apprn Heldpa 
b) Reactor irrad. of He-preimpanted mat. 

c) Proton irrad.0,3/500 rsp. 0,811 300 

d) Neutron irrad. toO,3dpa/45;250;350 
dPdaPPm 

and 450'C 
a) 590MeV proton irradiation in PlREX of 

tubular specimen 
b)t)ual Beam irradiation(DB1) KFK 

Fe Ion-beam irradiation and simultanous 
He implantation at two different 
terrsperatures. (3dpa 1evels;one He/dpa 
ratio=> TEM&AP-FIM analysis 

Investigations of aged and irradiated 
specimens(Smal1 Angle Neutron 
Scattering,TEM?) 

. .  

Irradiation of base meial, weld metal and 
HA2 with subsequeni corrosion test in 
high oxygenated wat - - 

Schedule 

IV/98 

111/97 

1/97 

iV/90 

IV/96 

11/97 

95-96 

96-98 

IV/95- 
IV/98 

Remarks 

a) P1REX:tensile T.;TEM,.. 

b) He in PlREX >>0,3/0,8dpa at 
250/350/450'C=>tensile T. 

c) Dual beam irrad. KFK 
=> tensile T./ TEM/SEM 

d) only defect cluster hardening 
bv tensile /TEM/SEM 

a) Irradiation temperature 

b)Fixed He/dpa in PlREX 
( 130appm/dpa, variable in OBI) 

Fe ion energy 300keV;He ions 60 
keV: higher energies if needed 
due to unexpected surface effects 

31 0/520/570 K; A&= O,7-O,8% 

understanding of hardening 
mechanisms and em britt lement 

Tirr : 265-31O'C; 2,Sdpa; early 
identification of sensitivity of alloy 
type to IASCC 



WP 4. Materials Application and Technology 

Task 4.1 : Data for materials engineering/Codes and standard aspects 

TasWSubtask DescriDtion 

4.1 . l a  Evaluations for the application of 
mechanical design codes for fusion 
materials 

4.1.2. Fracture mechanics studies incl. 
investigations on small scale & 
miniaturized specimens in reference and 
irradiated condition 

4.1.3. Thermal fatigue 

Technical Details/ProDosed 
Tests/ Act ions 

a) identification of material parameters 
and their relevance design//status of 
material data for design 

b) Evaluation of lifetime predictive con- 
stituve models/ 

c) assessment for the aplication of ITER 
conceptual considerations for ferritic 
alloys 

a) static fracture toughness data with full 
sire and subsize CT specimens 

b) dynamic facture behavior data with 
stand. CVN and subsize KLST 
specimens 

c) theoretical evaluation of the experi- 
ments and data by FE analysis 

Assessment about present status-. 

Schedule 

IV/95 
I 

IV/96 

IV/98 

V95-I 1/98 

95-90 

11/95 

Remarks 

=>sensitivity of blanket design to 
materia I para meters t 

Irradiation at 300'C for 2,5dpa in 
HFWPetten ( ECNN7-r) 

consideration of the transferability 
of data; "local approach" 

to be defined 



Task 4.2: Compatibility and stress corrosion 

4.2.1. Hydrogen permeation studies 
("gas effects") 

4.2.2. Hydrogen embrittlement, and 
general corrosion incl. waterside effects 

4.2.3. Liquid metal corrosion/em britt le- 
ment 

~~ 

Technical DetailS/PrOPOSt?d 
TestdActions 

hydrogen in the blanket 

aging and of barriers on hydrogen 
desorption and permeation 

=> Assessment about the problem of 

Prooosed Tests 
=> effects of simultanous irradiation, 

=> Hardness & fracture behavior of irra- 

a) CERT type tests in water 
diated and hydrogen implanted F82 

b) water corrosion behavior 

c) cyclic behavior in water 

=> tests in Pb-17 Li- ( general corrosion, 
tensile and fatigue) 

Schrrdule 

1/95-11/96 

IV/96-98 

IV/97 

1995 
-1 998 

- 
Remarks 

>>connected with the decision 
about the blanket concept 

>>includes basic investigations on 
# solubility and diffusion on 

base metal(8M) and coated 
BM; 

# permeation studies under si- 
multanous light ion irradiation 

# application of ASTM tests for 
sensitivity of the material to H- 
embrittlement in hot H2 

>>correlation to ductilehittle 
transition; annealing effects 

>> a) tests in oxygen. water; 
b)specimens cathodic polar. 

for H -generation 
>> general corrosion in 360'C 

water 
>> LCF in high T. water / H- effect 

>> Preliminary tests 1995; 
comparison with MANET(350- 
550'C); further programme c 

blanket concept 
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Task 4.3: Fabricabillty aspects: process qualification, joining and weldability 

4.3.1. Weldability tests and investigations 
for the application of various welding 
processes a 

diffusion / TIG / Electron beam / Laser 

4.3.2. Studies for the fabrication of low 
activation materials(fabtication routes/HIP) 

Tech n i ca I De t a i I s/P roRose$ 
jests/Actions 

Su btas k DescriRtion I 
a) base metal weldability =>Sensitivity 

1 tests for i )  cold ii)hot cracking and 
iii) reheat cracking 
b) response to E6 and LASER 

I C) to TIG 
1 d) parameters for diffusion welding and 
i weldment properties 
' e) prelim. tests for trans. welds 
f) prelim. tests weldability of irradiated st. 

Evaluation for the response of F82 
martensitic steel to HlPing 

Task 4.4: Contribution to the blanket 
programme 
i 

Schedule 

111/96 
(due) 

11/97 
1/98 
1/97 
IV/98 
IW98 

1995 
(1 996-98) 

(96-98) 

Pernarks 

mechan. prop. ==> 

metallography; 
ultrasonic testing; 
fractography 

tens./bend./impact; 

see had. 1.5.3. 

>> process adequate? 
>> specimens fabrication and 

characterization 
>> introduce in irradiation pro- 

gramme ? 
e milestone1 conclusions 

to be defined 1996 after decisions 
about the blanket concept 



I I I 
WP5 General Activities 

Tasks/Subtasks 

5.1.1. Progr task definition &follow up 

5.2.1. Material data base 

5.3.1. Activation cross section library 

Technical DetaiWProposed 
Tests//Actions 

=> Finalize programme details by work 
of activity groups 

=> meetings of "activity groups" and 
workshops for progr.milestones 

=> programme review group meetings 
=> definition of details for progress 

reports 
=> asessment for structure of FM data 

base for the long term material progr. 
=> definition of data transfer 
=> follow up 

=> analysis of available irradiated mat. 
specimens from various sources 

=> evaluation and revision of cross 
sections for important materials 

=> maintenance and distribution of EAF 
libraries t0 USBIS 

April 95 

April 95 

95-98 

Remarks 

>>detailled agreement on test 

>>see subtask schedule 
>>see milestone list 
0 to be confirmed by FCC 

matrix 

not yet defined and agreed in 
details 

output of the subtasks used also 
by: 

>> blanket design group 
>> safety programme 



MILESTONES FOR THE LONGTERM- MATERIALS 
PROGRAMME 

No. 1 => 7/95 4 Preliminary information for low temperature 
embrittlement of the 7-10 Yo Cr - steels ( Type low activation materials) 

No. 2 => .6/96 + Review material programme ( Blanket conceptual 
decision; first comparison of conventional 9-12% Cr - steels with 7-10 % 
Cr LAM with regard to transition temperature) 

No. 3 => 5/97 + Results of screening tests of Low activation ferritic 
materials in standard conditions 

No. 4 => 9/98 4 Selection of a a primary candidate ferritic alloy and 
assessment about direction of future programme activities 

DRAFT: Status 13.1. 95 

APPENDIX 3 



JAERI F82H TEST MATRIX 
FOR HFlR PHASE 3 

IRRADIATION 

K. SHIBA 
A. HISHINUMA 

Japan Atomic Energy Reseach Institute 

Feb. 1,1995 
IEA workshop group meeting 

Oak Ridge National Laboratory 



PREVIOUS IRRADIATION MATRIX 
OF F82H 

(HFIR PHASE 2 IRRADIATION) 

OHFIR TARGET CAPSULES 
250,300,400,500,600"C 
3 - 70 dpa 
SS-3 Tensile 
TEM disk 
Fracture Toughness 
F82H (+natural B, 'OB) 
Isotope Tailored 

OHFIR RB" CAPSULES (w/ Hf SHIELD) 
200,330,400 "C 
11 dpa 
SS-3 Tensile 
TEM disk 
F82H (+natural B, 'OB) 
TIG, Laser Weldment 



I c 

F82H IRRADIATED IN HFIR TARGET CAPSULES 
(HFIR PHASE 2 IRRADIATION) 

TENSILE (SS-3 SHEET TENSILE SPECIMEN) 

F82H+natural B 

TEM DISK 

Allov 
F82H 
F82H+natural B 
F82H+'OB (T21) 
F82H+"B (T23) 
F82H (54Fe) 
F82H (58Ni) 
F82H (60Ni) 

lrradiat 
3dpa 
250°C 

2 

lrradiai 
3dpa - 250°C 

8 

- 

on Condition 
1 Odpa 20dpa 40dpa 
300°C 400°C 500°C 600°C 300°C 400°C 500°C 300°C 400°C 500°C- 

2 1 2 2 2 1 1 3 4 
1 1 I 2 4 
1 1 3 2 

m Condition 
40dpa 

500°C 300°C 400°C 
9 9 8 
5 4 4 
2 
5 2 4 

2 2 1 ;  2 1  2 
2 1  2 1  2 

FRACTURE TOUGHNESS (0.18T DCT SPECIMEN) 
F82H 250°C 3dpa 2 

500°C 
7 
- 

2 
2 
2 

~ 

70dpa 
500°C 300°C 400°C 500°C 

7 4 4 4 
4 2 1 1 
2 
4 2 1 1 



F82H IRRADIATED IN HFIR RB" CAPSULES 
(HFIR PHASE 2 IRRADIATION) 

F82H 
F82H+natural B 

F82H TIG weld WJ 
F82H Laser weld WJ 

F82H+loB (T23) 

TENSILE (SS-3 SHEET TENSILE SPECIMEN) 

5 7 
4 
4 

5 
4 

irradiation Condition 
1 Odpa 

TEM DISK 

400°C I 
5 

5 
4 

Allov 
F82H 
F82H+natural 6 
F82H+"B (T23) 
F82H TIG weld WJ 
F82H Laser weld WJ 

Irradiation Condition 
1 Odpa 
200°C I 330°C I 400°C 
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I HFlR PHASE 3 IRRADIATION TEST 
MATRIX OF F82H (TENTATIVE) 

SUBJECT 
.Irradiation of IEA large heat 
.Mechanical/Fractu re properties 
.Tansmutatin Effect (W -+ Os, Re) 
.Helium Effect 
.Weldments (TIG/EB) 

ALLOYS 
aF82H IEA LARGE HEAT 

Heat ,Treatment Variation 
mF82H + 2%Ni 
aF82H WELDMENTS 

TIG/EB 
Weld MetaI(WM)M/eld Joint (WJ) 



HFlR PHASE 3 IRRADIATION TEST 
MATRIX OF F82H (TENTATIVE) 

SPECIMEN TYPE 
OCharpy (1/3 size CVN) 

DBTT 
.Tensile (SS-3 sheet tensile) 

Tensile Properties 
*Fracture Toughness (0.18T DCT) 

Fracture Toughness 
@Fatigue (SF-I sheet) 

Fatigue Life 
*Fatigue Crack Growth (0.09T DCT) 

Fracture Property 
0TEM Disk 

Microstructure 
Small Specimen Testing 



HFlR PHASE 3 IRRADIATION TEST 
MATRIX OF F82H (TENTATIVE) 

IRRADIATION CONDITIONS 
OHFIR RB" position capsules 

with B4C shielding (300, 500°C) 
5 dpa 

OHFIR Target position capsules 
5 dpa (300,400,500"C) 
25 dpa (300,400, 5OO0C) 



HFIR PHASE 3 IRRADIATION TEST 
MATRIX OF F82H (TENTATIVE) 

IRRADIATION SCHEDULE 
OHFIR RB* position capsules 

Assemble: 
Irradiation: 
PIE: 

OHFIR Target position capsule 
Assemble: 
Irradiation: 
PIE: 

. 



MONBUSHO IRRADIATION PROGRAM 
A.  KOHYAMA 



The First Steering Commiffee Meeting of JUPITER 
ORNL, Oak Ridge, TN., U.S.A., Jan. 31, 1995 

Sub-Task: Low Activation Ferritic Steels 

Y. Kohno, Japanese POC, R. L. K1uehlD.S. Gelles, US POC 
(REVISED 1-21-95) 

[Objective] 
To establish a sound basis to use low activation ferritic steels, such as JLF-1 

Characterization of irradiation creep of low activation ferritic steels 
Clarification of Hekolid transmutation effect on mechanical properties and microstructure 
Evaluation of welded joints and thick plates 

R & D of innovative low activation ferritics, such'as ODs steels 

[Major Research Theme] 
Characterization of Irradiation creep of low activation ferritic steels 

Clariflcatlon of He effect and solid transmutation effect on mechanical properties and 
microstructure of JLF-1 

-Temperature dependence of Irradiation creep 
-Creep deformation and microstructure correlation 

-Mn modification (1,2 wt.%Mn addition to JLF-1) 
-Joint task with transmutation effect research group 

Evaluation of welded joint and thick plate of JLF-1 
Irradiation response of low SI & Mn martensitic steels 
R & D of lnnovatlve ODs steels and other low activation steels 
R & D of new type of pressurized tube geometry 

-Smaller slze than O.18inch diam. PTs 



The First Steering Commiff ee Meeting of JUPITER 
ORNL, Oak Ridge, TN., U.S.A., Jan. 31, 1995 

1 [Annual Program of Work for FuY 19951 
Preparation of 0.1 8inch PTs for RB* position irradiation 
Discussion on specimen matrix and preparation for the first RB* position irradiation 
lnitiatlon of a design activity of a new PT specimens for JUPITER 
Accumulation of back-up data of welded joints and thick plates of JLF-I 
Initiation of a proposal to make 1OOton heat of JLF-1 
Design study of remote controlling type TEM disk preparation apparatus for PTs 
Design study of tnulti specimen PT-creep testing machine 
Improvement of test temperature control system of Oarai automated impact machine 
Installation of specimen ID viewing stages for IMWOarai hot-lab 
Installation of SEM and peripherals for fractography of highly radioactive specimens 

. 
[PIE1 

TEM/SEM observation 
Mlnlature Tondle Test 
Mini size Charpy Test 

[Major Partlclpants] 
Japan : A. Klmura, f. Shlbayama, H. Kayano, Y. Kohno, A. Kohyama, K. Asakura 

K, Hamada, T. Kinoshita, K. Shibahara 

us : D.S. Gelles, R. H. Klueh, M. L. Hamilton, R. G. Odette, G. E. Lucas 



U . S .  TEST PROGRAM FOR IEA STEELS 

The U. S. program proposed for the IEA reduced-activation ferritic steels 
envisions a series of tests in the unirradiated and irradiated conditions. 
Considerable emphasis of the program will be placed on fracture studies, 
which will include standard-type specimens to obtain correlations for size 
effects, etc. Some of the studies will make use of the small heats that are 
variations of J U - 1 .  Irradiation studies will use HFIR and other reactors 
(as available). Emphasis will be on irradiation temperatures of 50-500°C. 

A summary of the proposed studies is attached; it contains a brief 
description of the experiments. 

An irradiation matrix for studies of fracture properties (first priority of 
the irradiation program) is attached. 
proposed for several temperatures in the temperature range of interest. 
Another irradiation experiment or experiments w i l l  be required to complete 
the remainder of the proposed studies (i.e., for irradiation creep, helium 
effects, and low-cycle fatigue). The scheduling of the program, especially 
the irradiation portion, is presently uncertain and will depend on future 
funding and reactor availability. 

A matrix similar to this one is 
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SUMMARY OF U.S. PROPOSED TEST PROGRAM FOR IEA HEATS 
OF REDUCED-ACTIVATION FERRITIC STEEL 

Unirradiated Studies 

Micromechanics of Fracture - -  Mechanical tests will be combined with 
confocal microscopy, fracture surface reconstruction and finite element 
modeling to develop micromechanical models of fracture and a toughness data 
base. 

Size Effects/Crack Geometrv Effects/AdvancBd Fracture Mechanics - -  
Mechanical testing will determine the effects of specimen geometry, specimen 
size, and crack geometries in fracture criteria. 

Jaw-Cvcle Fatieue - -  Evaluate behavior at three temperatures, ten strain 
ranges, hold-time variations at two temperatures, and notch response. 

Subcritical Crack Growth - -  Evaluate the behavior of the steels. 
$$ -- 
composition based on tensile and fracture properties of the large and small 
heats and other compositional variations. 

Explore the development of an optimized 

Thermal Stability - -  Thermal aging over the range 300-600'C (include small 
heats). 

Irradiated Studies 

Tensile Behavior - -  Specimens from the large heat and the small heats will 
be irradiated and tested. 

- -  Charpy specimens (precracked and nonprecracked) and 
fracture toughness specimens will be irradiated and tested. 
heats and the small heats will be included. 

Both the large 

Microstructure-Hardenine-Fracture Correlation - -  Assess validity of 
fracture models in materials with irradiation damage microstructure. This 
task will combine results from irradiated and unirradiated fracture tests. 

f l j  - -  Irradiation of nickel doped (isotopically tailored, if 
possible) steel in HFIR and fast reactor (if available). 

Jrradiation Creeri - -  Determine irradiation creep behavior as a function of 
temperature, stress, and fluence using pressurized tube methods. 

--e - - -  Post irradiation tests on specimens irradiated at one 
temperature. 
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. 
PROPOSED FERRITIC STEEL IRRADIATION TEST MATRIX FOR IEA COLLABORATION 

Ssecimen TvDe' 

Steel Condition DCT PMCV TENS MCVN COUP SANS 

IEA Heat #1 (Mod F82H) 

Base (Ht Tnnt #1) 9 6 12 6 2 1 

Base ( H t  Trmt #2) 6 6 12 6 2 1 

Weld Metal 6 6 12 6 2 

Heat-Affected Zone 6 6 12 6 2 

IEA Heat #2 (JLF-1) 

Base (Ht Trmt #l) 9 

Modified JLF- 1- 1 

Modified JLF- 1 - 2 
Modified JLF- 1 - 3 

6 12 

6 

6 

6 

611 Heats (Plus Other Variations) 

TEM capsule and AP wires 

6 2 1 

6 

6 

6 

*DCT - -  Disk Compact Tension, PMCV - -  Precracked Mini CVN, TENS - -  Miniature 
Tensile Specimen, MCVN --Mini CVN, COUP - -  Coupon Specimen, SANS - 2  Small 
Angle Neutron Scattering Specimen. 
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