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The first surveillance wall capsule (W-97) was removed from the
Millstone Unit 2 reactor vessel in August 1980 after 3.0 effective
full power years of reactor operation. The surveillance test

specimens and monitors were evaluated at C-E's Windsor, Connect-

icut laboratory facilit

oV A 1L i ¥

Post-irradiation evaluation of the temperature monitors indicated

that the irradiation temperature was between 536 F 8 S

6 ahad SSS
Analysis of the neutron threshold detectors provided a capsule

fluence of 3.78 C ~ n/cm™ (E>1 MeV), which corresponded to a

maximur fluence at the inside surface of the reactor vessel of

10 n/cm

Radiation induced changes in the S 'd impact properties

were determined for the bas 1P ] metal and heat-affected

a

Zone surveilllance ater ans } temperature shifts

for the base
after irradiation
veillance materiais, ranging

to 98 ft-1b for the weld metal.

retal exhibited the greatest toughness property change

even though the residual copper content of the weld (0.30 w/0)

V)

was higher than for the plate (0.14 w/o). This difference i

per content was conf by chemical VS i f the irradiated

pecimens. The analysis also confirmed

1

irradiated materials was consistent

11

1y reported f

or the surveillance

1d metal and HAZ exhi
le properties after irradiation. > yvield strenath and
ultimate strength increased approximately ile total

J 30 i

elongation and reduction in area decreased 3% t »% after irradiation




The NDTT shift prediction method from the Millstone Unit 2

Technical Specifications was found to be conservative by a factor

of 25% for the base metal and 58% for the weld metal based on the

W-97 surveillance capsule measurements. In contrast, shifts predicted
using Regulatory Guide 1.99 were 140% higher than measured for the
weld metal and 35% less than measured for the base metal. The

greater radiation resistance of the weld is attributed to the low
nickel content (.06%). Based upon experimental data, the weld metal
shift will continue to be less than that of the plate, despite the
difference in copper content. Therefore, a more accurate shift

prediction method was developed based on the measured shift for the

hi
controlling base metal and the slope of the Regulatory Guide
d

expression. The predicted end-of-1if

fe (32EFPY) adjusted RTNDT at

the quarter thickness location in the reactor vessel is 199°F using

the revised method for the controlling plate. The predicted end-of-1ife
adjusted RTNDT for the weld is 98°F at 1/4t using a similar projection

method.

The predicted decrease in upper shelf energy at end-of-life based on the
method given in Regulatory Guide 1.99 is 38% at the one-quarter thickness
location in the vessel. Using this conservative prediction, the upper
shelf energy of the plates will remain above 65 ft-1b during the

design life of the vessel, and the weld shelf energy will remain

above 80 ft-1b. These projected values are well in excess of the

50 ft-1b value currently considered to be a reasonable lower limit

for continued safe operation.

Recommended changes to the surveillance capsule withdrawal schedule

were provided to meet the requirements of 10CFR50, Appendix H. If

the proposed schedule is implemented, the next capsule will be withdrawn
after 7 effective full power years of operation. Additional surveillance
data would then be available before the current operating limits would
require updating.

Introduction

The purpose of the Millstone Unit 2 surveillance program is to

monitor the radiation induced changes in the mechanical properties




of ferritic materials in the reactor vessel beitline during the

operating lifetime of the reactor vessel. The surveillance

program includes the determination of the preirradiation (baseline)
strength and toughnes: properties and periodic determinations of
the property changes follcwing neutron irradiation. These property
changes are used to verify and update the operating limits (heat-
up and cool down pressure/temperature limit curves) for the
primary system.

(1)

The Millstone Unit 2 Surveillance program' ’ is based upon ASTM

E185-70, "Recommended Practice for Surveillance Tests for Nuclear

\ 1 "

Reactor Vessels, The pre-irradiati (baseline) evaluation
results from the Millstone Unit 2 0 pssel surveillance

materials are described in C-E report 18767-TR-MCD-009Q, 2 The

following report describes the results ained from evaluation
of irradiated materials from capsule W-97 which was removed from

the reactor in Auqust 1980.
Surveillance Program Description

The Millstone Unit 2 reactor pressure vessel was designed and

fabricated by Combustion Engineering, Inc. The reactor vessel

beltline, as defined by 10CFR50, Appendix H, consists of the six

’ , > 1

plates used to form the lower and intermediate shell courses in

the vessel, the included longitudinal seam welds and the lower to

intermediate sheil girth seam weld. The plates were manufactured
fom SA533 Grade B Class 1 quenched and tempered plate. The heat
treatment consisted of austenization at 1600 + 50F for four
hours, water quenching and tempering at 1225 + 25F for four
hours. The ASME Code qualifi ’ est plates were stress
relieved at 1150 + 25F for rty hours, and furnace cooled to
600F. The 1ongitudinal and girth seam welds were fabricated
using E80I8-C3 manual arc electrodes and Mil B-4 submerged arc
weld wire with Linde 124 and Linde 0091 flux. The post weld heat

treatment censisted of a forty hour 1150 + 25F stress relief heat

treatment followed by furnace cooling to 600F. The beltline




materials are identified in Tables III-1 and I11-2. The chemical
analysis of the six beltline plates is given in Table III-3. The
materials included in the surveillance program were obtained from
the actual reactor vessel beltline materials. The base metal
surveillance material, a section from plate C-506-1, was selected
from the six beltline plates on the basis of the highest initial
drop weight NOTT. The heat treatment of the surveillance plate
dunlicated that of the reactor vessel ASME Code qualificatiun

te:t plates. The surveillance weld material was fabricated by
welding together sections of plates C-506-2 and C-506-3 using the
same weld procedure and wire-flux combination used for the inter-
mediate to lower shell girth seam weld. Mil B-4 submerged arc
filler wire and Linde 0091 flux was used. The post-weld heat
treatment consisted of a forty hour stress relief at 1125 + 25F
followed by furnace cooling to 600F. The surveillance heat-
affected zone material was fabricated by welding together sections
of plate: C-506-1 and C-506-3 in the same manner as the surveillance

weld material with the same postweld heat treatment. The chemical

‘/ {k‘ ) . .
analysis of the surveillance plate and weld‘“’ is given in Table

[11-4.
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TABLE III-2
REACTOR VESSEL BELTLINE WELDS

Location Weld Seam No. Wire Heat No. T) Flux Batch

Intermediate 2-203A A-8746 - 124 3878
Shell Longi-
tudinal Seam

Intermediate
Shell Longi-
tudinal Seam

Intermediate 2-2 A-8746
Shell Longi- M/A LOBI*
tudinal Seam

Lower Shell : A-8746
Longitudinal M/A BOIA
Seam M/A BOLA *

Lower Shell
Longitudinal

Seam

Lower Shell
Longitudinal
Seam

Intermediate

to Lower Girth

Seam

Manual shielded metal arc electrode (all others automatic submerged arc wire)

A-8740

M/A BOIA *
M/A BOLA *

10137
M/A BOLA
90136
M/A LAC
'A

V,” A

v
1

1 %

a
] *
L

Linde 009]

Linde 0091




VESSEL BELTLINE
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TABLE III-4
SURVEILLANCE PLATE AND WELD METAL CHEMICAL ANALYSIS

Weight Percent

Plate 1/ T - ID Weld 1/ T - 0D Weld
f (
c-506-1'2)  (-506-2/C-506-3") C-506-2/C-506-3 )

12 A7 .15
.013
.016
13
12
.05

<.01

<.01
011
.009
.002
.009

Heat C-5667-1

Mil B-4 wire heat 90136, Linde 0091 flux lot 3998

Mil B-4 wire heat 10137, Linde 0091 flux lot 3999




Drop weight, Charpy impact and tension test specimens were
machined from the surveillance materials as described in ref-
erence 1. In addition to the surveillance material specimens,

Charpy impact specimens were machined from a section of plate 01

from the Heavy Section Steel Technology (HSST) program to serve

andard reference material (SRM).

1
1
!

The surveillance and SRM test specimens were enclosed in six

cagsules for irradiation in the Millstone Unit 2 reactor vessel.
The surveillance capsule assembly is shown in Figure III-1. Each
assembly consists of four compartments containing Charpy impact
specimens (Figure III-2) and three compartments (Figure III-3)
containing tension specimens and mcnitors (flux and temperature).
Each capsule is positioned in a holder tube attached to the

reactor vessel cladding to e the specimens in an environ-

iy

ment which duplicat -losely as possible that experienced by
the reactor ves ’ apsule locations are shown in Figure I11-4.
The axial portion of each capsule is bisected by the midplane of
the core. The circumferential locations were selected to coincide

with the peak flux regions of the reactor vessel.

The existing Technical Specification withdrawal

surveillance capsules is given in Table III-5.

J

-

ne type and quantity of test specimens contained in the W-97

capsule are
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Material

Base Metal

Transverse)

Base Metal
(Tongitudinal)

Weld Metal

Heat-Affected Zone

TABLE III-6
TYPE AND QUANTITY OF
SPECIMENS IN W-97 CAPSULE

Charpy Impact Tension







ABLE IV-1
CAL TEST SPECIMENS

REMOVED FROM W-97 CAPSULE

Compartment Material and
ol . v - :
Number Specimen Type Specimen Identification
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Each Tensile-Monitor compartment (Figures I:I-1 and III-3)
in the capsule assembly contained two sets of neutron flux
monitors as described in Table V-2. Each flux monitor was
encapsulated in a stainless steel sheath (except for the
sulfur which had a quartz sheath); in addition, cadmium
covers were placed around the uranium, cobalt, nickel and
copper monitors which have compeiing thermal activities.
Each set of nine flux monitors was inserted into two stain-
less steel housings, one set for each of the top, middle and

bottom surveillance capsule compartments.

The flux monitors were removed from the capsule compartments

1

in the hot cell. ach monitor was inspected and its position

‘n the housing verified by the number of grooves in the

stainless steel sheath. The monitors were then repackaged

ana shipped to C-E's Windsor, Connecticut facility for
+

radiochemical analysis.
Radiochemical Analysis

Radiochemical analysis of the flux monitors was performed in
accordance with C-E Procedure 00000-FMD-401, Rev. 0,
November 1, 1978 ("Standard Method for the Analysis of
Radioisotopes in Reactor Irradiation Surveillance Detectors
and Flux Distribution Monitors"). Each monitor was removed
from its sheath and inserted in a glass vial. Recovery of
the uranium, titanium and cadmium shielded monitors was
complicated by oxidation and contamination of the monitors.
In order to assure that the subsequent activity measurements
from these monitors would be accurate, specific steps were
taken to either remove or identify the source of the conta-

mination.




Material

Cobalt
(Cadmium Shielded)

Uranium*
Titanium
Iron
Cobalt

Uranium *
(Caunium Shielded)

Nickel
(Cadnium Shielded)

Copper
(Cadmium Shielded)

Sulfur

TABLE V-2
NEUTRON FLUX MONITORS

Reaction

COsg(n.v)Coﬁo

U238(n,f) Cs137
1i*®(n,p)sc*®
Fesa(n.p)Mn54
Cosg(n.y)Co60

U238(n,f) Cs137
N158(n.p) Co58
cu®3(n,a) co®0

S3z(n.p) P32

Threshold Energy (Mev) Half-Life

Thermal 5.3 Years
0.7 30.2 Years
8.0 84 days
4.0 314 days
Thermal 5.3 Years
0.7 30.2 years
£.0 71 days

7.0 5.3 years

2.9 14.3 days

*U-238 foil depleted in U-235 to .05 w/o
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TABLE v-4

MILLSTONE UNIT 2 FLUX SPECTRUM MONITOR

ACTIVITIES, COMPARTMENT 6241

Monitor Number of Weight Measured Activity at End of
Material Grooves (mg) Isotope Irradiation (D/M/mg)
Cobalt 0 8.3 Co-60 1.81 + 0.01 x 10°
(shielded)

Uranium 1 3.9 Cs-137 2.37 + 0.03 x 10°
Titanium 2 13.4 Sc-46 3.29 + 0.06 x 10°
Iron 3 26.5 Mn-54 1.055 + 0.004 x 10°
Cobalt 4 8.4 Co-60 1.514 + 0.007 x 10°
Uranium 5 1na Cs-137 1.15 + 0.02 x 10°
(shielded)

Nickel . 22.5 Co-58 1.668 + 0.002 x 10°
(shielded)

Copper 7 25.0 Co-60 6.6 + 0.1 x 10°
(shielded)

Sulfur 10.7 P-32 2.84 + 0.04 x 10°

-27-






Threshold Detector Analysis

The SAND-113) and 00T-111(4) computer codes were used to
calculate the fast flux and fluence at the surveillance
capsule assembly location and at the reactor vessel.

The SAND-I1 computer code is used to calculate a neutron

flux spectrum from the measured activities of the flux
monitors. SAND-II requires an initial flux spectrum estimate;
this is calculated using DOT-III. The measured activities
must be adjusted before they can be put into SAND. The
various steps of the procedure are descriped below.

The measured activities were decay corrected to reactor
shutdown. The foils irradiated and the shutdewn activities
are shown in Table V-6. Before being used by SAND, the foil
activities must be converted to saturated activity with
units of disintegrations per second per target atom (dps/a).
The following 2quation was used for the conversion:

A . MA16.67
sat NTS

where

Asat = Saturated activity (dps/a)

M = Measured activity at shutdown (dpm/mg)

A = Atomic weight

N = Avogac.2's number

I = Isotopic abundance of target isotope

S = Saturatinn factor, explained below
For U238 fission product activities, the required SAND input

has dimensions of fissions per second per U238 atom (fps/a).

-29-









The saturation

a saturated

where




group neutron cross section library was used. The reactor
geometry is shown in Figure V-5. Dimensions(s) and power
distributions used are as shown in Figure V-6. The distribution
of pin power was cbtained from an end of cycle 3 PDQ calcu-
lated with the assembly power distribution adjusted to
correspond to an average over the time f-om startup to the

end of cycle 3. Figure V-7 shows the surveillance capsule
detail used in the DOT model.

SAND uses an iterative technique to calculate the neutron
flux spectrum. The activities of the set of flux monitors
and an initial flux spectrum are the input required by SAND.
Activities are calculated for each foil for the flux spectrum
using the following equation

A = ? c(Ei)ﬂ(Ei)AEi

vhere

G(Ei) is reaction cross section at energy Ei' barns.
”(Ei) is the flux at Ei’ n/cmz-s.mev

AEi is width of energy band at Ei’ mev.

The flux spectrum is adjusted by an iterative technique
until the calculated and measured activities agree within a
standard deviation of five percent. The result of this is
a 620 group neutron flux.

In addition to DOT-I1II being used for the initial flux
estimate for S4ND, it was also used to determine the azimuthal
flux distribution on and in the vessel relative to that at
the surveillance capsule. With the DOT-III results, Lead
Factors were calculated as the ratio of the peak fast flux

(En > 1.0 MeV) at the surveillance capsule assembly to the
peak fast flux at the vessel-clad interface and 1/4 and 3/4

33
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Figure V-7
MILLSTONE UNIT 2 SURVEILLANCE CAPSULE LOCATION
CAPSULE W-97

ALL DIMENSIONS IN
CENTIMETERS

CAPSULE AND CLAD ARE
STAINLESS STEEL

VESSEL
CLAD
CAPSULE
WATER
| \\\
/ w
f 1 2 3 4 5 6
RADIAL DISTANCE (CENTIMETERS)
1 214 .65
2 215.69
3 217.57
4 218.46
5 220.0475
6 221.0

-36-
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This updated estimate of the end of Tife fluence at the vessel-
clad interface is a factor of 1.%5 times higher than the original
FSAR predicted value of 1.91 x 10]9 n/cmz. The increase in
predicted vessel fluence is the result of a number of factors
such as stretch power level (2700 Mwt versus 2560 Mwt), cifferences
in assumed coolant temperature conditions, vessel dimensions, and
core wide power distributicns (i.e., fuel management strategies).
It should be noted that the end of 1ife vessel fluence predicted
as a result of using those updated parameters in a predictive
mode calculation yields a vessel fluence of 4.0 x 10]9 £
(assuming a 1.15 time-averaged axial peak), which differs from
that inferred from the surveillance capsule by 35%. See Table V-
7 for additional fluence data.

n/cm

Reference 3 states that the SAND code will give fluxes that are
accurate to within + 10% to + 20% if the errors in the measured
activities are within similar limits. In Tables V-3 through V-5,
the quoted uncertainties are at a 2-Sigma level and are determined
from counting statistics. An additional error of + 207 for
uranium monitors and + 5% for all other metal monitors is estimated
from volumetric and gravimetric operations and from the certified
uncertainties of calibration isotopes. The additional error
associated with the sulfur monitor results in + 8%. Therefore,

it is estimated that the uncertainty in the measured flux at the
surveillance capsule location is about + 207 to + 30%. The
extrapolated flux in the vessel will be slightly higher, so a
reasonable value to use for the uncertainty of the fluence at the
vessel ID is + 30%. This uncertainty does not include variations
that may occur in the Lead Factor due to changes in the azimuthal
distributions which could resuit from different fuel management
strategies.

-38-
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hemical Anal y¢

six Charp pecimens each of the base metal (transverse

wrientation) and weld metal were chemically analyzed by X-

vy

jorescence for molybdenum, copper, nickel, manganese,

licon, sulfur and phosphorous content.
arrier with a ‘apn ma analysis.
irves were 1ally est lished for the seven
nine plate and weld specir . with a known
of these specimens (11E) was used to

weck for reproducibility with copper and phosphorous as the

selected el Twelve separate measurements yielded a

1

copper reproducibility of and a phosphorous reproduc-

1

one standard deviation. Specimen 11¢

trol for each set of irradicted specimen

of the irradiated specimens and the
ivan % Teb! 8. o hace mecal
four different sections of the
and 23M represent the

specimens represen

.
ickness of the weld.

‘,*(\L‘py" 188

were conducted in accordance with appl

and C-E laboratory procedures. The

nethod and equipment are described in Appendix A.

The three irradiated specimens from each material (base

1, weld metal and heat-affected zone) were tested at







room temperature, 250°F and 550F. The tensile properties
are listed in Table V-9, and the stress-strain curves are

shown in Figure V-8 through V-16. The pre-irradiation
{2)

tensile properties are summarized in Table V-1C (each
value average of three tests). Photcgraphs of the fracture
surface of the broken irradiated specimens are shown |

ure ‘v -l

-~

Charpy V-Notch Impact Tests

Charpy V-notch impact tests were conducted in accordance

with applicable ASTM standards and CE laboratory procedures.
.t method and equipment are described in Appendix B.

Twelve irradiated specimens from each material (transverse

and longitudinal base metal, weld metal and heat-

zone) wer2 tested at a series of temperatures to

the transition temperature behavior. The impact data

(impact energy, lateral expansion and fracture appearance as

a function of test temperature) are shown in Tables V-1]

through V-14 and Figures V-18 through V-29. (Also shown in

each of the figqures is the unirradiated transition temperature

{D)
curve from the baseline evaluation.'“’) Fracture surface

photographs of the broken irradiated specimens are shown in

Figures V-30 through V-33.

Fach impact test was instrumented. Additional data related

to instrumented impact testing are presented in Appendix C.
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Spec imen
Material Code

Base Metal I<C
1JA
13U

Weld Metal 3JY
344
3J2

HAZ 4K7
4KA
4J2

Test
Temp.
(°F)

72
250
550

72
250
550

72
250
550

TABLE V-9

POST-IRRADIATION TENSION TEST PROPERTIES

Yield Ultimate Elongation
Strength  Tensile Fracture Fracture(a) Fractuts) Reduction (1-inch gage)
0.2% Offset Strength Load Strength Stress of Area TE/UE
(ksi) (ksi (1b) (k:?3 (ksi) (%) (%)
73.3 9.0 2940 59.9 181 67 26/9.3
70.9 92.5 2880 58.7 174 66 26/10.0
61.7 86.7 2820 57.5 158 64 27/9.3
86.8 102.1 3180 64.8 213 70 27.5/9.0
79.5 92.8 2880 56.7 174 66 25/8.8
72.8 90.4 2820 57 168 66 22.5/8.5
75.8 100.1 2940 59.9 185 68 27/17.0
69.3 9.2 2940 59.9 181 67 22.5/8.5
68.4 87.8 2820 57.9 168 66 22/6.6

a - Fracture strength is ‘he fracture load divided by initial cross sectional area
b - Fracture stress is the fracture load divided by final cross sectional area
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Figure V-9 STRESS STRAIN RECORD OF TENSION TEST. BASE METAL PLATE C-5061
SPECIMEN No. 1JA, TEST TEMPERATURE 250°F
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Figure V-11 STRESS STRAIN RECORD OF TENSION TEST, WELD METAL PLATE C-506-2/3
SPECIMEN No. 3JY, TEST TEMPERATURE R.T. °F
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FIGURE V-17
FRACTURE SURFACE OF IRRADIATED
TENSION SPECIMENS

Base Metal

Specimen No: 1KC 1JA 1JU

Test Temp.: 72°F 250°F 550°F
Weld Metal

Specimen No: 3JY 3JJ
Test Temp.: 72°F 250°F

Heat-Affected Zone

specimen No: 4K7
Test Temp.: 12°F
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Specimen
Identification
Number

25¢
2™
21E
23U
21K
23M
237
25J
23A
251
23K
25C

TABLE v-11
CHARPY V-NOTCH IMPACT RESULTS
IRRADIATED BASE METAL (TRANSVERSE)

(PLATE C-506-1)

Test Impact Lateral Fracture
Temperature Energy Expansion Appearance
___t*F) (Ft-1bs.) (mils) (% Shear)

0 10 9 0

ol 12 16 10
100 26 26 20
100 30 30 20
160 a4 a4 40
1.4 54 49 40
200 64 62 70
240 7 64 100
240 83 74 100
280 76 72 100
280 80 72 100
320 87 75 100
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APPENDIX A

TENSION TESTS - DESCRIPTION AND EQUIPMERT

The tension tests were performed using a Riehle universal screw testing
machine with a maximum capacity of 30,000 1b and separate scale ranges
between 50 1b and 30,000 1b. The machine, thown in Figure A-1, is capable
of constant cross head rate or constant strain rate operation. The tension
testing was covered by the certificate of calibration which is included at
the end of the Appendix A.

Elevated temperature tests were performed in a 2-1/2" ID x 18" long high
temperature tension testing furnace with a temperature limit of 1800F. A

Riehle high temperature, dual range extensometer was used for monitoring
specimen elongation.

The tension specimen is depicted in Figure A-2. Figures A-3 through A-5
are isometric drawings showing the orientation and locaticn of the tension
specimens in the base metal, weld metal and heat-affected-zone, respectively.

Tension testing was conducted in accordance with ASTM Method E 8-77, "Tension
Tests of Metallic Materials" and/or Recommended Practice E 21-70, “Short-

Time Elevated Temperature Tension Tests of Materials," except as modified

by Section 6.1 of Recommended Practice E 184-62, "Effects of High-Energy
Radiation on the Mechanical Properties of Metallic Materials." Implementation
of the ASTM Test Methods to the testing of irradiated tension specimens is
described in C-E Laboratory Procedure 00000-MCM-041, Revision 0, "Procedure
for Tencion Testing of Irradiated Metallic Materials," August 16, 1978.
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Acco Industries Inc. | C ertificate of Calibration

Measurement Systems Division Richle* Teasting Machines
929 ( e Ave Box Y021, Be

Telept

Date "dnlldr‘/ 12,1(‘)“1 Machine [)Q:‘(/(,‘,‘|()11 RiUth DS"BO

Combustion Engineering Serial No RA-4437%
Building #5
Prospect Hill Road

Windsor, CT

Attn: | V;(‘llt'\j‘,(
Measurement S s Division ¢ ( - . certifies that
the machine de | hovae h: sk ra B \signa
tion E4 using

30,000

6000

12000
18000
24000
30000

2400

1600
4800
6000

achine Range 15 ’ 000 Machine Range
Machine
3000
6000
8000
12000
15000

Calibrating apparatu
7 Capacity 0114 | o
2,000 79 ' 3-8-79 .23
10,000 11-26-79
60,000 : 6-16-80




b

Acco Industries Inc. Certificate of Calibration
Measurement ’Sy stems Division Riehle® Testing Machines
929 ¢ nect t Ay e Box 9021, Bridgeport, Lonne ticut 06602

H(ﬂmwlw'r‘”‘

Calibration Date January 13,1981 Instrument Description Riehle
Extensometer, Riehle Recorder
Customer Combustion Engineering Serial No. DN-120007
prospect Hill Road R-673138

Windsor, CT

Measurement Systems Division of Acco Industries Inc. verifies that
s attaclied graph 1S C¢ rtification of calibration ot the instrumen
e attaclied grap atic calibration C ‘
described above This instrument was calibrated to ASTM designa

tion EB3

Recorder Extensometer Calibrator

Byl YO0 A
Eqmpm( nt used in calibration EM 528864

) /!
LG pele ~’u

Calibration ( gineer

P Y5 P J VI T ee

Standards Manager
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DEFPARTMENT OF THE ARMY
ARMY MATERIALS AND MECHANICS RESEARCH CENTER
WATERTOWN. MASSACHUSETTS 02172

§ January 1981

Combustion
ATTN: Mr.,
Dept.

1000 Prospec
Windsor, CI

Dzar Mr. Hurlburt:

A set of Charpy impact test specimens broken on the 240 ft-1b capacity
Satec machine, Serial No, 136¢ has been received

for evaluation along with the completed questionnaire.
The results of the tests indicate the machine to be producing accep
energy values at both energy levels (see inclosed table).

This machine satisfies the proof-test requirements of ASTM

If this machine is moved or undergoes any major repairs or ]
certification becomes invalid and the machine must be rechecked.
the pendulum, replacement of anvils or adjusting the height of drop
examples of such major repairs or adjustments. It should be noted
a smecimen requires over 80% of t

he machine capacity to fracture, 1t
should be checked to assure that the pendulum is straight, the anvi

’

hr
ghnt

striker have not been damaged and that all bolts arec still tij
certification is valid for one year from the date of the test.

Qe b

Sincerei; yours,

M .,/ﬁ9 /»//’i) I
LI i L O IN
PAUL W, ROLSTON
Chief
Quality Engineering Branch

XMR Form 1FL-3

table

e machine
ls or

This




ARMY MATERIALS ANl

Watertown,

Date of Test: 12/10/80

Facility

Make of Machine

Low Energy

XMR Form 105
Rev 1 Mar 79
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All baseline ard irradiated arpy impact tests in i3 program were performed
on an instrumented test system. Instrumented imp sting provides more

itative d ] om @ Charpy specimen which ena’ a more deta e

aterial toughness beh:

Photoarapns of the oscilloscope traces of load and energy versus time

’ >

taken for each test of the hase plate (transverse ard longitudinal ori

entation), weld, and heat-affected-zone. From each trace, the general
: f ' \ - > ' DY \_ . - - J‘ r 3 — s
yield load (PGY), maximum load {(PM), and fracture load (PF) were determined,

as shown in Tables C-1 throuah C-4 For each material, the loals were

plotted against the corresponding test temperature to generate the irradiated

1S |

load/ temperature diagran | DOS rradiation load/temperature result:

are snown

Three index temperatures are of interest. . brittie transition

temperature, corresponds to the onset of ductil acture; btelow T, the
fracture is completely brittle. ys the ductil transition temperature,
1

corresponds to “ne mig-t ition region where the fracture has become

predominantly ductile. ~s the ductility temperature, corresponds to the

w

onset of the upper shulf energy where fracture is completely ductile.

The radiation-induced toughness property changes of the surveillance
materials are summarized in Table C-5. Standard Charpy impact data are

included with the instrumented data since each method represents a unique
material property. The standard Charpy test provides a bulk measurement of
the energy to initiate and propagate a crack throuach to failure of the

'

material. In contrast, analysis of the instrumented da enables charac-

terization of the components of the dynamic load behavior prior to material

failure. The shift in the brittle transition temperature, T., and the

ductility {ransition tem; ytur | ire comparable to the shift in the 30
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TABLE C-5
TOUGHNESS PROPERTY CHANGES BASED ON
INSTRUMENTED CHARPY

#“in. Temperature For

Materia] : ‘ 7 / ! ) 'l : :,‘ 7 J ‘ s }4’:\0,\' Sﬁh‘e_a,"r rrdCt»uF/e K :l

Base Metal (WR)
unirrad

irrad

Base Metal
unirrad.

irrad

Weld Metal
unirrad.

irrad.

Heat-Affected Zone
unirrad.

irrad.
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