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ABSTRACT

The first vessel material surveillance capsule removed from Pilgrim 1

has been tested and the results analyzed. The results project a maximum

shift in the reference nil ductility temperature of 136*F af ter 32 effec-

tive full power years of operation. Also, the vessel beltline material

toughness is projected to remain well above 10CFR50, Appendix G, require-

ments throughout the design lifetime of the unit.
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I. SUMMARY OF RESULTS AND CONCLUSIONS

The analysis of the vessel material surveillance capsule removed

from the Pilgrim 1 pressure vessel during the 1980 refuelling outage led

to the following results and conclusions.

(1) Based on a calculated neutron spectral distribution, the cap-

sule received an average fast fluence of 2.3 x 1017 2n/cm , E > 1 MeV.

(2) The surveillance weld metal experienced the largest shift in

RTNDT (55*F) and is projected to control the system RTNDT to the end of

the design lifetime of the pressure vessel.

(3) The shelf energies of the surveillance materials are pro-

jected to remain well above the 50 ft-lb minimum required by 10CFR50,

Appendix G, throughout the design lifetime of the pressure vessel.
217 n/cm ,(4) The estimated maximum neutron fluence of 2.6 x 10

E > 1 MeV, incident on the I.D. of the pressure vessel wall accrued in

4.17 effective full power years (EFPY). Therefore, the projected maxi-

218 n/cm , E > 1 MeV.mum neutron fluence after 32 EFPY is 2.0 x 10

(5) Using Regulatory Guide 1.99 procedures, the projected maxi-

for the Pilgrim 1 vessel core beltline materialsmum values of SRTNDT

at the 1/4T location are 82*F af ter 12 EFPY and 136*F af ter 32 EFPY of

operation. In. addition, a graph showing RTNDT + 60*F as a function of

plant operation was prepared.
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II. BACKGROUND

The allowable loadings on nuclear pressure vessels are determined

by applying the rules in Appendix G, " Fracture Toughness Requirements,"

of 10CFR50 [1]. In the case of pressure-retaining components made of

ferritic materials, the allowable loadings depend on the reference

stress intensity factor (KIR) curve indexed to the reference nil duc-

tility temperature (RTNDT) presented in Appendix G, " Protection Against

Non-ductile Failure," of Section III of the ASME Code [2]. Further, the

materials in the beltline region of the reactor vessel must be monitored

for radiation-induced changes in RTNDT per the requirements of Appendix H,

" Reactor Vessel Material Surveillance Program Requirements," of 10CFR50.

The RTNDT is defined in paragraph NB-2331 of Section III of the

ASME Code as the highest of the following temperatures:

(1) Drop-weight Nil Ductility Temperature (DW-NDT) per
ASTM E 208 [3];

(2) 60 deg F below the 50 f t-lb Charpy V-notch (Cv)
temperature;

(3) 60 deg F below the 35 mil C temperature.y

The RTNDT must be established for all materials, including weld metal and

heat-affected zone (RAZ) material as well as base plates and forgings,

which comprise the reactor coolant pressure boundary.

It is well established that ferritic materials undergo an increase

in strength and hardness and a decrease in ductility and toughness when

17 neutrons per em2 (E > 1exposed to neutron fluences in excess of 10

MeV) [4]. Also, it has been established that tramp elements, particularly

3
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copper and phosphorus, affect the radiation embrittlement response of fer-

ritic materials (5-7]. The relationship between increase in RTNDT and cop-

per content is not defined completely. For example, Regulatory Guide 1.99,

originally issued in July 1975, and revised in April 1977 [7], proposes an

adjustment to RTNDT proportional to the square root of the neutron fluence.

Westinghouse Electric Corporation, in their comments on the 1975 issue of

Regulatory Guide 1.99 [8], believed that the proposed relationship over-

19 and underestimatesestimates the shift at fluences greater than 1.9 x 10

the shift at fluences less than 1.9 x 1019 On the other hand, Combustion

Engineering, in their comments on the 1975 issue of Regulatory Guide

1.99 [9], suggested that the proposed relationship is overly conservative

at fluences below 1019 neutrons per cm2 (E > 1 MeV). There is also dis-

agreement concerning the prediction of C upper shelf response to exposurey

to neutron irradiation [7-9]. After reviewing the comments and evaluating

additional surveillance program data, the NRC issued a revision to Regu-

latory Guide 1.99 which raised the upper limit of the transition tempera-

ture curve. Although Regulatory Guide 1.99 is currently being revised to

reflect a more recent evaluation of neutron embrittlement data by the

Metal Properties Council (10], in this report estimates of shifts in

RTNDT are based on Regulatory Guide 1.99, Revision 1 [7].

In general, the only ferritic pressure boundary materials in a |

nuclear plant which are expected to receive a fluence sufficient to af-

fect RTNDT are those materials which are located in the core beltline re-

gion of the reactor pressure vessel. Therefore, material surveillance

programs include specimens machined from the plate or forging material

4
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and weldments which are located in such a region of high neutron flux

density. ASTM E 185 [11] describes the current recommended practice for

monitoring and evaluating the radiation-induced changes occurring in the

mechanical properties of pressure vessel beltline materials.
l

General Electric has provided such a surveillance program for the

Pilgrim 1 Nuclear Power Stacion. The encapsulated C specimens are lo-y

cated near the I.D. surface of the pressure vessel where the fast neutron

flux density is slightly higher than that at the adjacent vessel wall

surface. However, because of azimuthal variations in neutron flux den-

sity, the capsule fluences lag the maximum vessel fluence in a correspond-

ing exposure period. The capsules also contain several dosimeter materials

for experimentally determining the average neutron flux density at each

capsule location during the exposure period.

The Pilgrim 1 mechanical property surveillance capsules also include

tensile specimens as recommended by ASTM E 185. At the present time, ir-

radiated tensile properties are used to indicate that the materials tested

continue to meet the requirements of the appropriate material specification

and to judge credibility of the surveillance capsule data.

This report describes the results obtained from testing the contents

of the first mechanical property surveillance capsule from the Pilgrim 1.

These data are analyzed to estimate the radiation-induced changes in the

mechanical properties of the pressure vessel at the time of the refuelling

outage as well as predicting the changes expected to occur at selected

times in the future operation of the Pilgrim 1 Nuclear Power Station.

5
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III. DESCRIPTION OF MATERIAL SURVEILLANCE PROGRAM

The Pilgrim 1 material surveillance program is described in detail

in APED-5490 [12] and NEDO-10ll5 [13]. Three baskets containing encapsu-

laced Charpy V-notch and tensile specimens were placed in the reactor ves-

sel near the wall prior to startup, see Figure 1. Each capsule basket is

located opposite the vertical center of the core.

The surveillance basket removed during the 1980 refuelling outage

contained three impact capsules (each holding 12 Charpy V-notch specimens

plus an iron, a nickel, and a copper flux wire) and four tensile capsules

(each holding two tensile specimens). The capsules do not contain thermal

monitors. Drawings of the impact and tensile specimens, the impact and

tensile capsules, and the surveillance basket are shown in Appendix A.

The Pilgrim i base metal specimens were "made from flat slabs cut

parallel to and one-quarter plate thickness from both of the plate sur-

faces ... with their longest dimension parallel to the plate rolling

direction," and the weld metal and heat affected :ene (HAZ) specimens

were cut from a " test veld representing a vessel welded joint ... fab-

ricated from vessel base material" (12]. The weld and HAZ Charpy V-

notch specimens were oriented transverse to the weld direction, and the

weld tensile specimens were taken parallel to the weld direction with

the gage length made entirely of weld metal. The notches of all Charpy

V-notch specimens were perpendicular to the original plate surfaces.

The mechanical and chemical properties of the unirradiated (base-

line) surveillance specimens for the Pilgrim 1 vessel were determined

7
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prior to the removal of the first capsule basket (14]. The chemical anal-
s

yses reported.for 20 of the broken unirradiated impact specimens are given
.. -

f ~ . ir. -Iable I. The tensile and Charpy V-notch properties determined from the

r unirradiated surveillance specimens are given in Appendix B.
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1

TABLE I

CllEMICAL ANALYSIS OF BROKEN CilARPY SPECIMENS FROM PILGRIM BASELINE PROGRAM [14]

Specimen Weight Percent of Indicated Elements

Identification Material C Mn S P Si Cu Cr Ni Ma V

Y1D Base 0.23 1.44 0.013 0.014 0.19 0.13 0.14 0.62 0.58 0.014

Y1L Base 0.24 1.42 0.013 0.014 0.16 0.14 0.12 0.64 0.60 0.017

Y12 Base 0.24 1.41 0.013 0.013 0.18 0.13 0.13 0.64 0.56 0.017

Y17 Base 0.24 1.41 0.014 0.015 0.16 0.14 0.14 0.65 0.60 0.017

Y2C Base 0.24 1.26 0.014 0.017 0.15 0.13 0.13 0.64 0.59 0.017

Y2D Base 0.24 1.27 0.013 0.015 0.19 0.14 0.13 0.62 0.61 0.017

Y22 Base 0.24 1.27 0.014 0.014 0.17 0.13 0.14 0.64 0.60 0.019

f
b Y24 Base 0.24 1.27 0.015 0.013 0.18 0.14 0.14 0.65 0.61 0.019

Y25 Base 0.20 1.29 0.013 0.017 0.19 0.13 0.14 0.62 0.62 0.014

Y32 Base 0.20 1.33 0.014 0.013 0.18 0.13 0.14 0.62 0.59 0.014

Y4A Weld 0.13 1.18 0.009 0.014 0.23 0.14 0.11 0.81 0.65 0.012

Y45 Weld 0.14 1.16 0.009 0.015 0.22 0.16 0.10 0.81 0.64 0.014

YSM Weld 0.13 1.16 0.010 0.014 0.25 0.17 0.10 0.78 0.60 0.014

Y6U Weld 0.11 1.08 0.008 0.015 0.26 0.17 0.09 0.81 0.61 0.014

Y6Y Weld 0.09 1.09 0.009 0.014 0.26 0.16 0.10 0.77 0.62 0.014

Y61 Weld 0.13 1.11 0.010 0.015 0.25 0.16 0.09 0.79 0.63 0.013

Y65 Weld 0.11 1.10 0.010 0.015 0.25 0.17 0.09 0.80 0.59 0.014

Y66 Weld 0.13 1.10 0.010 0.014 0.24 0.16 0.11 0.77 0.64 0.014

Y67 Weld 0.13 1.09 0.010 0.013 0.24 0.16 0.11 0.79 0.59 0.014

YST Weld 0.12 1.15 0.010 0.015 0.25 0.16 0.09 0.81 0.61 0.014

_ ._ . _ _ _ .
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IV. TESTING OF IRRADIATED SPECIMENS

The capsule shipment, capsule opening, specimen testing, and report-

ing of results were carried out in accordance with the Project Plan for

Pilgrim 1 Nuclear Power Plant Reactor Vessel Irradiation Surveillance

Program. The SwRI Nuclear Porjects Operating Procedures called out in

this plan include:

(1) XI-MS-101-0, " Determination of Specific Activity
and Analysis of Radiation Detector Specimens"

(2) XI-MS-103-0, " Conducting Tension Tests on Metallic
Specimens"

(3) XI-MS-104-0, "Charpy Impact Tests on Metallic
Specimens"

(4) XIII-MS-103-0, " Opening Radiation Surveillance Cap-
sules and Handling and Storing Specimens"

Copies of the above documents are on file at SwRI.

A. Shipment, Opening, and Inspection of Capsule

After visually inspecting the basket and observing no damage, SwRI

personnel assisted BeCo personnel in opening the basket and loading the

impact and tensile capsules into the SwRI radioactive material shipping

cask. SwRI personnel then transported the cask to San Antonio.

Upon arrival at SwRI, the individual capsules were inspected. Other

than minor surface scuf fing and discoloration, no physical damage was

observed. Photographs showing the capsule identifications are included

in Appendix C.

The capsules were opened and the contents identified and stored in

accordance with Procedure XIII-MS-103-0. The end plugs were cut from

11

. _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ ___ _ _ _ . _ _ _ .



each capsule with a band saw set up in the hot cell. The test specimens

and dosimeter wires were removed from the shell and placed in indexed

receptacles.

Each mechanical test specimen was inspected for identification num-

ber, which was checked against the master list in NEDO-10115 [13], and no

discrepancies were found. The neutron dosimeter wires were identified

and placed in tagged containers.!

|
B. Neutron Dosimetry

|

| The gamma activities of the dosimeters were determined in accordance
i
! with Procedure XI-MS-101-0 using an IT-5400 multichannel analyzer and a
|

| Ge(L1) coaxial detector system. The calibration of the equipment was ac-

complished with 54Mn, 60Co, and 137 s radioactivity standards obtainedC

from the U.S. Department of Commerce National Bureau of Standards. All

activities were corrected to the time-of-removal (TOR) at reactor shutdown. j
i

The dosimeter wires were weighed on a Mettler Type H6T balance. In- |

finitely dilute saturated activities (AgA7) were calculated for each of the

dosimeters because ASAT is directly related to the product of the energy-

dependent microscopic activation cross section and the neutron flux density.

The relationship between ATOR and ASAT is given by:

ATOR "" /
-aim \ (/ - Atm \}m=1(1-e

E )= e

ASAT

decay constant for the activation product,. where: A =

day-1;

equivalent operating days at 1998 MwTh forT =
m

operating period m; and

decay time after operating period m, days.t =
m

12
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The Pilgrim 1 operating history up to the 1980 refuelling outage, which

was used in the calculation of ATOR, is presented in Table II.

The primary result desired from the dosimeter analysis is the total

fast neutron fluence (> 1 MeV) which the surveillance specimens received.

The average flux density at full power is given by:

A
SAT

0 =

No5

energy-dependent neutron flux density,where: c =

n/cm2-sec;

ASAT saturated activity, dps/mg target element;=

spectrum-averaged activation cross section,3 =

cm2; and

NO number of target atoms per mg.=

The total neutron fluence is then equal to the product of the average neu-

tron flux density and the equivalent reactor operating time at full power.

A discrete ordinates Sn transport analysis for the Pilgrim 1 reactor

vessel was performed to determine the radial and azimuthal dependence of

the fast neutron (E > 1.0 MeV) flux density and energy spectrum within the

reactor vessel and surveillance capsules. These results were used to cal-

culate the spectrum-averaged cross sections for the threshold detectors

and the lead factors for use in relating neutron exposure of the pressure

vessel to that of the surveillance capsules. The pertinent factors ob-

tained from this transport analysis are summarized in Table III.

The calculated cross section for the 54Fe(n p)54Mn reaction is con-

siderably higher than the 130 mb value assumed at the time of the vessel

13
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TABLE II

OPERATIONS SUMMARY - PILGRIM NUCLEAR STATION

Reactor Equivalent (8) Decay Time
Operating Dates Shutdown Operating Power Operating in Days,

?eriod, s Start Scoo Davs Days WD h Days , T.t emt

1 07/16/72 07/24/72 - 9 1,353 0.68 2716

07/25/72 09/17/72 55 - - - -

15 9,311 4.66 26462 09/18/72 10/02/72 -

10/03/72 10/10/72 3 - - - -

3 10/11/72 10/17/72 - 7 4,993 2.50 2631 ,

10/18/72 10/18/72 1 - - - -

4 10/19/72 10/26/72 - 3 3,971 4.49 2622

10/27/72 10/2S/72 2 - - - -

5 10/29/72 11/29/72 - 32 48,945 24.50 2588

11/30/72 12/6/72 7 - - - -

23 37,018 13.53 25586 12/07/72 12/29/72 -

12/30/72 01/01/73 3 - - - -

7 01/02/73 03/06/73 - 64 116,620 58.37 2491

03/07/73 03/07/73 1 - - - -

23 39,660 19.35 24673 03/08/73 03/30/73 -

03/31/73 04/05/73 6 - - - -

) 04/06/73 05/04/73 - 29 51,915 25.98 2432

05/05/73 05/06/73 2 - - - -

71 130,211 65.17 235910 05/07/73 07/16/73 -

07/17/73 07/29/73 13 - - - -

11 07/30/73 09/01/73 - 34 37,913 23.99 2312
09/02/73 09/04/73 3 - - - -

12 09/05/73 09/08/73 - 4 3,298 1.65 2305

09/09/73 09/10/73 2 - - - -

58 79,361 39.72 224513 09/11/73 11/07/73 -

11/08/73 11/11/73 4 - - - -

9 8,001 4.00 223214 11/12/73 11/20/73 -

11/21/73 11/21/73 1 - - - -

15 11/22/73 12/07/73 - 16 15,788 7.90 2215

12/08/73 12/08/73 1 - - - -

16 12/09/73 12/2S/73 - 20 19,699 9.36 2194

12/29/73 07/26/74 210 - - - -

53 33,968 42.03 193117 07/27/74 09/17/74 -

09/13/74 09/21/74 4 - - - -

33 61,366 30.96 189413 09/22/74 10/24/74 -

10/25/74 10/26/74 2 - - - -

7 10,176 5.09 138519 10/27/74 11/02/74 -

11/03/74 11/01/74 1 - - - -

20 11/04/74 12/12/74 - 39 68,252 34.16 1945

12/13/74 12/16/74 4 - - - -

21 12/17/74 01/10/75 - 25 42,739 21.39 1816

01/11/75 01/23/75 13 - - - -

22 01/24/75 01/30/75 - 7 5,596 2.30 1796

01/31/75 02/11/75 12 - - - -

63 90,383 45.24 172123 32/12/75 04/15/73 -

. 04/16/75 04/20/75 5 - - - -

2 1.687 0.34 171424 04/21/75 04/22/75 -

04/23/75 04/23/75 6 - - - -

25 04/29/75 05/21/75 - 23 29,558 14.29 1685

05/22/75 05/24/75 3 - - - -

26 05/25/75 06/30/75 - 37 48,593 24.32 1645

07/01/75 07/05/75 5 - - - -

15 15,364 7.94 162527 07/06/75 07/20/75 -

07/21/75 07/21/75 1 - - - -

14
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TABLE II (CONT.)

Reactor Equivalent (*) Decay Time
Operating Dates Shutdown Operating Power Operating in Days.

Period. 3 Start Stop Days Days WDeh Days, T.i em

13 22,178 11.10 160628 07/22/75 08/08/75 -

08/09/75 08/09/75 1 - - - -

( 29 08/10/75 08/18/75 - 9 10,347 5.43 1596

! 08/19/75 08/19/75 1 - - - -

22 25,332 12.68 157330 08/20/75 09/10/75 -

09/11/75 09/11/75 1 - - - --

2 230 .12 157031 09/12/75 09/13/75 -

09/14/75 10/27/75 44 - - - -

32 10/23/75 01/05/76 - 70 75,315 37.95 1456

01/06/76 01/18/76 13 - - - -

9 7.452 3.73 143433 01/19/76 01/27/76 -

01/2S/76 05/31/76 1 25 - - - -

34 06/01/76 01/28/77 - 242 350,129 175.24 1067

01/29/77 02/02/77 5 - - - -

48 $0,232 40.16 101435 02/03/77 03/22/77 -

03/23/77 03/23/77 1 - - - -

36 03/24/77 05/01/77 - 39 61,553 30.31 974
05/02/77 05/02/77 1 - - - -

37 05/03/77 05/10/77 - S 7,139 3.60 965

05/11/77 05/11/77 1 - - - -

38 05/12/77 Od,v6/77 - 37 138,608 69.37 377

08/07/77 11/16/77 102 - - - -

39 11/17/77 11/17/77 - 1 147 0.07 774

11/13/77 11/21/77 4 - - - -

1 9 0.01 76940 11/22/77 11/22/77 -

11/23/77 12/11/77 19 - - - -

30 19,981 9.50 72041 12/12/77 01/10/78 -

01/11/73 02/04/78 25 - - - -

2 25 2 0.13 69342 02/05/78 02/06/78 -

02/07/73 02/07/78 _ _1_._ _ _ _ _ _ _. - --- - - - - - - - --- - - - - - - - -- - --

-
- -43 V2/08/78 04/07/78 - 59 103,787 51.94 633

04/08/78 04/10/78 3 - - - -

44 04/11/78 04/29/78 - 13 27,400 13.71 612
04/29/78 05/05/78 7 - - - -

45 05/06/73 10/09/78 - 137 291,537 145.91 448
10/10/78 10/27/73 18 - - - -

46 10/29/73 03/25/79 - 149 2S6,368 143.33 231

03/26/79 03/29/79 4 - - - -

47 03/30/79 05/11/79 - 43 34,057 42.07 234

05/12/79 05/29/79 IS - - - -

48 05/30/79 06/15/79 - 17 31,975 16.00 199

06/16/79 06/16/79 1 - - - -

25 42,471 21.26 17349 06/17/79 '07/11/79 -

07/12/79 07/16/79 5 - - - -

30 07/17/79 07/27/79 - 11 14,379 7.45 15 7

07/23/79 07/29/79 2 - - - -

51 07/30/79 12/31/79 - 15 5 273,292 136.78 0

Totals 3,045,464 1524.26(b)

(a) At 1998 We
(b) 15 24.25 = 4.17 ef' active full power years

15
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TABLE III

RESULTS OF DISCRETE ORDINATES Sn TRANSPORT ANALYSIS
PILGRIM 1

A. Calculated Reaction Cross-Sections for Analysis of Fast Neutron

Monitors (E > 1.0 MeV)

Reaction 5 (barns)
F

54 e(n.p)54 n 0.194F M

58Ni(n.p)58Co 0.237

63 u(n,a)60 o 0.00327C C

B. Calculated Capsule Lead Factors

Position (a) Location within Vessel Wall Lead Factor (D)

30' I.D. Surface 0.a7

30* 1/4T 1.3

30' 3/4T 3.8

(a) Azimuthal position from reference

Capsule neutron flux density, E > 1.0 MeV
b)

,

Maximum neutron flux density at vessel I.D., E > 1.0 MeV
l

16
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wall dosimeter analysis [15]. It is believed that the values given in

Table III are valid because SwRI-computed reaction cross sections for

Browns Ferry Unit 3 [16] agree well with those measured by General Elec-

tric during the same core cycle [17].

The dosimetry results are presented in Table IV. A summary of the

capsule and vessel I.D. fluxes calculated for full-power operation is as

follows:

.

Dos imete r Measured Capsule Flux Lead Peak Vessel Flux at I.D.

Type em-2.sec-1, E > 1 MeV Factor em-2.sec-1, E > 1 MeV

Copper 1.93 x 109 0.87 2.2 x 109

Iron 1.55 x 10 * 0.87 1.8 x 1099

Nickel 1.73 x 109 0.87 2.0 x 109

If a fission-spectrum energy distribution is assumed at the capsule*

location, the cross section for the 54Fe(n,p)S4Mn reaction (E > 1.0
MeV) would be 98.26 mb [4], and the resulting value for fast flux

9 cm-2.sec-1 This valueat the capsule location would be 3.1 x 10
is reported for reference only and has not been used in the analysis
of results.

The discrepancies in the peak vessel flux values determined from the sev-

eral dosimeter materials are attributed primarily to the uncertainties in

the calculated spectra and in the reaction cross sections. Other neutronic

factors contributing to the estimated : 16.5% uncertainty (Ic) in a calcu-

lated flux value are the determination of disintegration rates and the cal-

culation of reaction rates (ASAT/N )-0

Averaging the results obtained from all neutron dosimeters, the neu-

tron flux at the surveillance capsule location during fuel cycle 1 is

17
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TABLE IV
|

SUMMARY OF NEUTRON DOSIMETRY RESULTS
PILCRIll 1, FIRST SURVEILLANCE SPECIMEN CAPSULE

ATOR ASAT Flux, E > 1 HeV(a)Dosimeter I.D. Activation Weight

Material Capsule Reaction (ag) (dps/mg) (dps/mg) (cm-2 sec-1)

954Fe(n,p)54Mn 156.3 1.569 x 102 1.84 x 102 1.52 x 10Fe G1

G2 151.8 1.567 x 102 1.84 x'102 1.52 x 109

C3 168.5 1.674 x 102 1.97 x 102 1.62 x 109
9Average = 1.55 x 10

5
1 1 1.84 x 109Cu G1 63Cu(n,u)60Co 232.1 1.461 x 10 3.94 x 10

1 4.28 x 101 2.00 x 109G2 252.9 1.588 x 10

G3 246.7 1.547 x 101 4.17 x 101 1.95 x 109
Average = 1.93 x 109

58Ni(n,p) 58Co 328.6 2.443 x 103 2.71 x 103 1.63 x 109N1 G1

G2 376.0 2.627 x 103 2.91 x 103 1.76 x 109

G3 384.7 2.703 x 103 3.00 x 103 1.81 x 109
9

l Average = 1.73 x 10

(a) Calculated flux values subject to a 16.5% uncertainty (1 o) .

- . -- .__ . _ . ____. _ _ _ _ .



__ _ ____ _

calculated to be 1.74 x 109 -2.sec-1, E > 1 MeV. The peak full powercm

neutron flux for the pressure vessel I.D. is given by:

1.74 x 109 + 0.87 = 2.0 x 109

Since Pilgrim 1 operated for 4.17 effective full power years (EFPY)
I

up to the October 1979 refuelling, the calculated capsule and vessel flu-

ences to that time are as follows:

Surveillance Capsule - 2.3 x 1017 n/cm2*

Pressure Vessel I.D. Surface - 2.6 x 1017 n/cm2*

Pressure Vessel 1/4T - 1.8 x 1017 n/cm2*

6.0 x 1016 n/cm2Pressure Vessel 3/4T* -

C. Mechanical Property Tests

Hardness tests were run in accordance with ASTM Method E 18 [18] on

one untested Charpy V-notch specimen selected from each material group.

The results are given in Table V.

The irradiated Charpy V-notch specimens were tested on a SATEC im-

pact machine in accordance with Procedure XI-MS-104-0. The test tempera-

tures were selected to develop the ductile-brittle transition and upper

shelf regions. The Charpy V-notch impact data obtained on the irradiated

materials are presented in Tables VI through VIII. The Charpy V-notch

transition curves for the plate material, the weld metal, and the HAZ

material are compared to the unirradiated data in Figures 2 through 4.

The radiation-induced shift in transition temperatures are indicated at

the 50 ft-lb, 30 ft-lb, and 35 mil lateral expansion levels. A summary

NDT and Cy upper shelf energies for each material areof the shifts in RT

presented in Table IX.

19



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

T .Ta V

HARDNESS PROPERTIES OF SURVEILLANCE MATERIALS
PILGRIM 1

Charpy
Test Specimen Hardness

Material No. HRA HRB(a)

Base Metal Y14 55.0

55.2

54.8

54.8

55.7

Avg. 55.1 90

Weld Metal Y41 54.2

54.2

54.2

53.9

54.1

Avg. 54.1 88

HAZ Material Y73 56.8

57.2

55.8

55.9

56.2

Avg. 56.4 92

(a) Converted from HRA nu=bers per ASTM E 140-77.

|

|20
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TABLE VI

CHARPY V-NOTCH IMPACT PROPERTIES OF SURVEILLANCE MATERIALS
BASE METAL - PILGRLM 1

Specimen Temp. Energy- Lateral Exp. Fracture App.
No. (*F) (ft-lb) (mils) (% shear)

Y3P -50 6.0 6 nil

Y2E O 14.5 15 5

Y2B 25 17.0 18 10

Y3K 40 30.0 29 10

Y1U 50 41.0 37 20

Y35 60 55.0 47 20

Y2J 60 72.5 59 20

Y14 75 58.0 49 25

Y1P 110 90.0 68 60

Y15 150 112.5 82 100

Y16 210 118.0 89 100

Y1C 300 122.0 96 100

.

21
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TABLE VII

CHARPY V-NOTCH IMPACT PROPERTIES 0" SURVEILLANCE MATERIALS
WELD METAL - PILCRIM 1

Specimen Temp. Energy Lateral Exp. Fracture App.
No. (*F) (ft-lb) (mils) (% shear)

Y6J -100 21.0 20 nil

Y6C -75 40.0 33 5

Y6B -50 52.0 45 10

YSP -25 37.5 42 10

Y5L 0 41.0 40 10

YSA 25 57.0 53 20

YS3 50 61.0 39 30

Y41 75 69.5 64 60

Y4T 110 86.5 80 90

e Y42 150 89.5 85 100

'

Y4E 210 93.0 88 100

Y4J 300 93.5 89 100

22
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TABLE VIII

CHARPY V-NOTCH IMPACT PROPERTIES OF SURVEILLANCE MATERIALS
HAZ MATERIAL - PILCRLM 1

Specimen Temp. Energy Lateral Exp. Fracture App.

No. (*F) (ft-lb) (mils) (% shear) _

YBY -100 9.0 8 nil

YBC -100 40.0 28 5

YBM -75 48.5 44 10

YBA -75 74.5 55 10

YBS -50 83.5 55 20

YB3 -25 100.0 68 50

YAD 0 70.0 51 20

YA1 25 105.0 70 60

Y73 75 129.5 80 100

Y75 150 91.0 67 100

Y7D 210 110.5 89 100

Y7Y 300 90.5 85 100

23
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TABLE IX

EFFECT OF 1RRADIATION ON VESSEL SURVEILLANCE MATERIALS
PILCRIM 1

Base Weld HAZ
Criterion (l) Metal (2) Metal Material

Transition Temperature Shift

0 50 ft-lb 25"F 55*F nil

@ 30 ft-lb 25*F 55*F nil

@ 35 mil 25*F 55*F nil

25'F 55*F nilARTNDT

O
C Upper Shelf Drop 13 ft-lb 21 ft-lb 11 ft-lby

(10%) (18%) (9%)

(1) Refer to Figures 2-4.

(2) Longitudinal orientation:
Use 77 ft-lb shift to estimate 50 ft-lb shift for transverse orientation.
Use 46 ft-lb shift to estimate 30 ft-lb shift for transverse orientation.
Use 54 mil shift to estimate 35 mil shift for transverse orientation.t

!

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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Tensile tests were carried out on the irradiated materials in accor-

dance with Procedure XI-MS-103-0 using a 50-kip capacity tester equipped

with a strain gage extensometer, load cell, and autographic recording

equipment. Tensile tests were run at room temperature,150*F, and 550*F.

The results are presented in Table X. The load-strain records and photo-

graphs of the tested specimens are included in Appendix D.

D. Check Analyses for Copper

One tested Charpy specimen from each material group was analyzed

for copper content with an X-ray fluorescent technique per ASTM E 322-67 (19].

The results, summarized in Table XI, agree well with the analyses performed

on the unirradiated specimens [14].

1

I

|

.
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TABLE XI

CHECK COPPER ANALYSES

Specimen Copper
Material No. (%) Note

Base Metal Y3P 0.14 (a)

Weld Metal Y6J 0.15 (b)

HAZ Material YBY 0.17 (c)

1

(a) Average copper content of ten unirradiated base metal
specimens = 0.13 t 0.01% [14].

(b) Average copper content of ten unirradiated weld metal
specimens = 0.16 t 0.01% [14].

(c) No data reported for HAZ specimens [14].

30
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i
,

i
l I
i !

V. ANALYSIS OF RESULTS |

The analysis of data obtained from surveillance program specimens

has the following goals.

(1) Estimate the period of time over which the properties of

the vessel beltline materials will meet the fracture toughness require-

!

!, ments of Appendix G of 10CFR50. This requires a projection of the mea-

I sured reduction in C upper shelf energy to the vessel wall using knowl-y

edge of the energy and spatial distribution of the neutron flux and the
i

dependence of C upper shelf energy on the neutron fluence.y,

I
(2) Determine the adjustment of the pressure vessel RTNDT as a

.,

i
function of plant operations. This requires a projection of the mea-

j sured shift in RTNDT to the vessel wall using knowledge of the depen-

dence of the shift in RTNDT on the neutron fluence and the energy and

spatial distribution of the neutron flux.

The energy and spatial distribution of the neutron flux for Pilgrim 1

was calculated with a discrete ordinates transport code. This analysis
,

predicted that the lead factor (ratio of fast flux at the capsule basket
,

|
' location to the maximum pressure vessel flux) was 0.89. This analysis

also predicted that the fast flux at the 1/4T and 3/4T positions in the

5.65-in. pressure vessel wall would be 67% and 23%, respectively, of that

at the vessel I.D. The vessel wall fluence as a function of plant opera-4

| tion is shown in Figure 5.

.i

A. RTNDT Projections
a,

' A method for estimating the increase in RTNDT as a function of neu-

tron fluence and chemistry is given in Regulatory Guide 1.99, Revision 1 [7].

i
t
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However, the Guide also permits the extrapolation of credible surveillance

data by constructing response curves through the data points and parallel

to the Guide trend curves, as shown in Figure 6.

The Pilgrim 1 surveillance weld metal is more sensitive than the

other core beltline surveillance materials to irradiacion embrittlement.

Also, since the RTNDT of the unirradiated weld metal was higher than that

of the unirradiated base material [14], the weld metal will control the

adjusted value of RTNDT throughout the 40-year design life of the plant.

A summary of the projected values of RTNDT for 12 and 32 EFPY is presented

in Table XII.

The peak value of RTNDT + 60*F as a function of neutron fluence and

plant operation (in terms of EFPY) is shown in Figure 7. The horizontal

line at RTNDT + 60*F = 100*F is based on the initial system RTNDT (20].

After 3 EFPY, the value of RTNDT + 60*F is controlled by the beltline

veld metal.

B. Shelf Energy Projections

Regulatory Guide 1.99 also gives a method for estimating the reduc-

tion in Cy upper shelf energy as a function of neutron fluence [7]. The

Pilgrim i surveillance results are compared to applicable Regulatory Guide

1.99 trend curves in Figure 8. The weld' metal is more sensitive to neu-

tron embrittlement than the base plate and RAZ materials, and also is more

sensitive than predicted by the Regulatory Guide 1.99 trend curve for

0.15% Cu weld metal.

Using the extrapolated curve through the weld metal surveillance

data point, a shelf energy reduction of approximately 30% is predicted

33

. .

.. .



|
| ]|||||||

+
. 6

.q?i#Iic;:. e lii,p' !
. ~ . rs;-i r'iiq!,; 1:

: - .

: -
;vj

i '!gtgI.|j I'It : t !.i,
' 173

.

i

y m
' >.'~!mi.ii>|-

II*It; .j hhp}; '!. !
T. .:!

j + }

' i r1 .i * }Ti . 4 m+i ~ =-, ; ,,': -- : . .- .

:

-

J. m
i. fE Hi ,: ,+[h6"" =" :+:a"

i t pc: [n.:v ~ :R m"
+ , !WL

-
. .. ;'..

4
!
!*

: t J *''}ij- n
*

t {+h p:.up[; . ' .ii +. p :p ' n++ j }- ;:;4;.
:

..+|;
'

: o }h - I'.

itH+!:auf ;h*I

f- iu
;

! j.'
tlp,, ~

,';;#!|' !-!.

l|;

d*!-(
;: !

- '

I'

!:i;p jhlI1 - .'i."lI:* ; {n !
i- ;,|I + {-

.

. ,:

itl~|.tt'1, [rrj,.' 'il|I! '

4.|t.'{.!
, [ti :

.:'! :: '-| 1|t|
'

ti' ;7gtii. t p.2 j.|g
' t|[.

; .|

l ; .t|

it; v -

.t'| :4. i "9 tI+ '

-

*

1 t
Iv'M.|-|fjr 1 :t-i!tt !

"

ti ~ | .

-

*fal|1 ' s |};!*.

f*f. - ' 9
I g. . .|

' ^ .u |* f 't.| :i

{-!.

' o.i .I

2
|

- l . - jip|. ' g ;!] e
'ti o

u + iT'ir . j}-
;,f ft!:| !ttIII['

!'a: d
* ;!' i ~'

o.
! ti

~
"( 4I~ g- -

. j ,G c ' -

e g glhlI -1+ ' j}- -
;j,.t' t ~L - - -

~ f; j

- 1
| {. t1

r p .
j

. M| ! 1 p

MRe -

- -
-p I|m . u O. 9 R

- - ~ - -
, 1 G

2.n ?>iWen'S Lt;.4 / nj ? -!!.- 2 ; r+ !!+.. t .
.- !

" a" n:7' 0 L
-

:.

1 !

, n
- :

1 l

t :..'!.i " ' ye,*'*d. . ;
' :

,# h k 'U yi.a.r,,.kl9yt::
: ' :

:!
.:

i ,. r:|P: l -

: * n,1, r!;:p43 V I'|

' - :. ip

!p :
e

- h!
! '. :

: -

* I

* : i;:4[if:g''f'r,:f .,p:. :;.
!i t

!

m. p';i .,J ! M:h,, *hp4 i 1 ' -

!

i
.g j!"u :i.

,

tU ; !

. t!
1

I t' {j7
! lg!! T'!i I t!

il::. 1 F

in@<l'.i N 4 j ;i7,; j i } t:v; L+i !'h :h . | l

'l |
- - Iy It! .;Lt{{t}r| -

l
lio:

. i .i 6 > i

!y| |., . ~ t *

i ' # T' .

a S
i E

T:t!
'

*d
|

-e,.:U" JDgh ,!

D
.

.

:

' a "/w'!'
: :

i .' ui. [!;i t.+ pJ
.

[mno,.cj n
. ,-

'

,i
| ::gn. "": : . ,: .

-

"
' ; , N

Iq7"t':
.{!H" n!':ln #'i: : .

.."J [ |j U
,R n:hj t'

:h. ;. !' .:r;" , ; 'm: , :

T
:

pE ::- F . : F :
[

n. ,.g ;p !j :. ;
t

i u. :1a- .u a a ': ,

4 c R: - .!;
, f; :

'

|, ||Jl
,

.p: jp i {M'!:!+
:t i ! ;

,"@:%. f giI:

h .l n: /.:!:: .! i" j;|p
! I

i i n N.':.}.| !.
.

. .i

O'

- ;.

- /;gM . !np j t| - i
,

!j J - .,:
' } jiq.

. iu !!i .- t !.
,

f .l- ,
!g ' f

e E.

1f

''g|- (- ]/4L,/.-d.. | i. n N
. j- I1 c C

;i . . + I+1!
.}+

. e E.

. -

u U.
-

.,

'

._
- ,. - +

y, gt'
' -

|
- / / ' h[b-|],,p"

I4 l'I+
l

|

- l

F F-
"

2 n Nt

' ~ _ , t T

.

|'_ . - o O

M,/ - Qr ./ ' 7'

|. .
- r R'[

ipfi{|
-}+ u U. a

e E- mi.

,g,t r'e*
I N N

/"i/.
- F. 1 -

.v 9t/
--

p7 - /! 8
- O

i _ -

.s-
- -

_. - 9- -
l

1 T-

: e .

e : 5n. -
,

0 C

ghiF[Mp:u.,L|
F

!- g fY " .7! .3a;.

.- - -:'
1 E.-E V:im !

, .r j'i
|

.

:. '

;

"lg
- F;:

!;p e O4j"
:

. : :
.m"

.f. i "
:

.i.'';ii.im "m&> @
..i:- ti !.;, -!'

.

' * l | T.!
.

i

i . : :d :J 1

[iilt.
-!

j;{ ;:.it E'

j : : ph. '.f:I:
i!- ; ,e .h ,D.p::: .:t! :.! .l *

! fH.' ,'

-f'i,T' I ;. l ft9{,

7: +6 !:![ ! h
j: T i:~ '

-

b1I1lf|;,uf'j t: .|.. IJil .!:
.

y t;-

e- . .
. .

}J
i . e

i3.
g . }| I|i

Vf7m: : . , G

6 6
| !J!# -

. yi~1'. tl

8!. g l *|2

_ ,, R
t Ei . l

f|. e ' b

i. : - - :# ;Mga ~ |s . 4m"J[ V y't/y .,41 -g Aa.1. eahj&h y t,
: U

;

.i- '
't | .

; ,

i1 y Jj t
- i :- ;!., I

- . : ; ! ;: ,4"
::

|1+m. ** *
.i E" | "i|ini nn[,i,

!i! .-{M/ -.|.j1 - : 1 F;

-.!.
i ! ;:

4
-

-- j.h'
*!.

"i! i* ,4;i i y
-M y .~:j M ' d ! p g . d + 2, E

. :.itg iln"i .!
f

* g" .:. n'!h . :j t!

I .n N n,i g g t f ; [ 3,d.;' | |.,#t ' - i.f'p, T I

i ji !.l-. l jiii:b b
.

- /v ' >* tltI .{U- f
- -

7; t11{ p:.jq!#+ {Iy, !+jnt,a.tg. fib!f.:d1|h
jli!;,h".| ' j! t1 " l +!; +1

.

1|
.

j *|+f |.
-

.

i

-j. -
- .

+|! 0
I

7r .{ i!
1

' +
muy* e auc3 wo>9nm g$'

[| -G }'g;!.'Lfl . x~ .

+ :fp6ti1, L f: -i!i!' . ' j g[.I ;.'

2
0 0 0 0 0 0 0
0 0 0 0 6 4 2
6 4 , 1

coo 3ayuonaoH ooca9ew$ T uc96" h< o. o u u-]a .n
.c

-

ue

|||' j:'I|



- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I

TABLE XII

PROJECTED VALUES OF RTNDT FOR PILCRLM 1

Material Property Basis

Weld Metal Copper = 0.16%-

Initial RTNDT = 0*F

EFP'' Location Fluence ARTNDT Adj. RT DTN

12 I.D. 7.5 x 1017 100 100

1/4T 5.1 x 1017 82 82

3/4T 1.7 x 1017 47 47

32 I.D. 2.0 x 1018 162 162

1/4T 1.4 x 1018 136 136

3/4T 4.6 x 1017 78 78

-
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2at the 32 EFPY vessel fluence of 2.0 x 1018 n/cm , E > 1 MeV. Since the

initial value of weld metal toughness was 113 ft-lb, the projected weld

metal shelf energy af ter 32 EFPY of operation is 79 ft-lb, well above

the 50 ft-lb limit required by 10CFR50, Appendix 5 (1].
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APPENDIX B

TENSILE AND CHARPY V-NOTCH PROPERTIES OF
UNIRRADIATED PILGRIM 1 SURVEILLANCE MATER m S (13]
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TABLE 2. CHARPY V-NOTCH IMPACT RESULTS FOR PILGRIM BASE METAL

Test Impact lateral Fracture
Specimen Temperature, Energy, Expansion, Appearance,
Identification F ft-lb mils Percent Shear

Y2/C -100 3.1 2.4 1

Yl/L -50 8.3 9.0 5

Y2/4 0 24.0 23.2 25

Y3/2 25 52.0 43.2 30

Y2/0 30 44.0 37.4 25

Yl/2 50 74.9 54.2 45

Y3/Y 50 71.3 61.2 40

Y2/1 50 56.4 50.0 45

Yl/0 80 83.8 67.0 60

Y2/2 115 110.0 85.2 85

Y2/5 150 131.9 75.0 100

Y3/M 250 130.3 92.0 100

Yl/7 300 130.2 84.2 100



__ _ _

TABLE 3. CHARPY V-NOTCH IMPACT RESULTS FOR PILGRIM WELD METAL

Test Impact lateral Fracture
Specimen Temperature, Energy, Expansion, Appearance,
Identi fi cati on F ft-lb mils Percent Shear

Y4/B -200 11.0 9.4 0

YS/M -150 14.5 17.0 1

Y6/U -125 6.8 6.8 5

Y6/5 -125 37.0 31.6 10

Y6/Y -100 41.0 54.0 20

Y4/5 -50 62.0 54.8 35

Y6/7 0 73.4 68.2 65

YS/T 50 85.8 79.0 75

Y4/D 60 81.0 72.8 80

Y5/U 60 98.0 83.8 85

Y4/7 60 89.0 77.8 85

Y6/1 80 96.9 86.6 90

Y4/A 150 111.1 93.8 100

Y4/3 230 114.8 85.4 100

Y6/6 300 112.2 75.0 100



TABLE 4. CHARPY V-NOTCH IMPACT RESULTS FOR PILGRIM HAZ METAL

,

Test Impact lateral Fracture
Specimen Temperature, Energy, Expansion, Appearance,

Identification F ft-lb mils Percent Shear,

,

YA/J -200 4.5 3.8 0
>

Y7/P -165 21.5 16.0 5
>

'

Y7/A -135 13.0 10.8 1
>

YB/1 -100 13.0 12.4 5
)

Y7/U -50 37.5 30.0 15

YA/3 -40 68.6 53.4 35
'

YA/P -35 74.5 58.4 45

YA/T 0 68.0 60.4 75
L

r Y7/2 35 97.5 84.0 85

YB/2 50 135.7 79.4 100i

YB/6 81 107.9 77.2 90

Y7/7 150 99.9 84.8 100
t

YB/E 300 112.0 87.8 100

i



. .
..
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. _ _ _ _ _ _ _ _ _ _

.

TABLE 6. TENSILE TEST RESULTS FOR PILGRIM UNIRRADIATED BASELINE SPECIMENS

|

|
0.2 Percent

Offset Ultimate'

Speci- Test Yield Tensile Fracture Reduction Elonqation, %

men Temp, Stren9th, Stren9th, Load, Stren9th, Stress, in Area, Uni-

Material Number F ksi ksi Ib ksi ksi percent ~ fonn Total

Base YC-5 72 64.5 86.4 2800 55.7 185 69.90 12.4 25.5

8ase YC-6 550 57.7 82.8 2925 58.2 166 65.00 10.6 21.4

Weld YD-T 72 68.8 78.4 2450 49.6 178 72.02 14.5 28.6

Weld YD-K 550 54.6 78.3 2725 54.7 148 63.04 12.0 23.0 I

IIAZ YE-D 72 61.7 79.6 2475 49.7 178 72.17 8.5 22.9

IIAZ YE-E 550 57.2 78.1 2410 48.4 136 64.48 7.9 18.9
l

_ _ _ .

I

, ,
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( Scuthwast Roedarch Inctitu(
Departmsnt of Matarials Sciancas

TENSILE TEST DATA SHEET

Test No. T- Est. U. T. S. psi Project No. o2-rCT) *

Spec. No. \/f 1 Initial G. L. /,or3 in. Machine No. 2.2 /4d
I

~

Temperature ')?_ 'F Initial Dia. eESD in. Date 2@ dug /G2D

Strain Rate . O o 5' ' # Initial Thickne s s in. Initial Area . O L4.Ghd
/

Initial Width in.

Top Temperature 'F Max 2 mum Load 432.0 lb

Bottom Temperature *F 0. 2% Offset Load 3 d LkD lb

Final Gage Length 1. E 54 in. 0.02% Offset Load Ib

Final Diameter . l 'h 6 in. Upper Yield Point Ib

Final Area . ON.4 in. 2
f' h| |t

,

U. T. S.
' ** *

pai.K3,'= =
Initial Area

' O* \'
= ---0.2% Offset Load

O.2% Y.S. psi-Ks.=gg

O. 02% Offset Load
0. 02% Y. S. .= =

Initial Area
psi

Uoner Yield Point |
Upper Y. S. .= =

y pai

Final G. L. - Initial G. L.% Elongation = * * * *
Initial G. L.

* ^ *~ * ^ *
= x 100 = bk . 7 %% R.A.

. Initial Area

,

Signature: 1he

i
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Department of Mat. trials Sciences
~

TENSILE TEST DATA SHEET
-

..s

T e s t No. T- Es t. U. T. S. pai Project No. o z - Sf SI-<:cf
1

-

S ec. No. E-D Initial G. L. I, 01 3 in. Machine No. 22IT k /
t -

Temperature '~lZ *F Initial Dia. .2 SD in. Date 29 4 wc./9 Sa
Strain Rate 0c C # .< Initi .1 Thickness in. Initial Area .OLLQh[%

Initial Width , in.

,

Top Temperature *F Maximum Load 44C% lb
.

Bottom Temperature *F 0. 2% Offset Load 362o Ib

Final Gage Length I.73f in. 0.02% Offset Load Ib

Final Diameter .I38 in. Upper Yield Point Ib

Final Area _ M A'IO in. 2
O

U. T. S.
' "" *

-ee4-Ks= =
Initial Area -

'

m."1 gn

=M poi Kri* * '*

0. 2% Y. S. =
Initial Area

0. 02% Offset Load
O. 02% Y. S.

.=
Initial Area

psi

Uoner Yield PointUpper Y. S. g gy psi
.= =

,

Final G. L. - Initial G. L. -

% Elongation ~= * ' *
Initial G. L.

/
* A *~ *A * x 100 = bQ.I %% R.A. =

Initial Area

Signature: 1 L%

---
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TENSILE TEST DATA SHEET

,

Test No. T- Est. U. T. S. psi Project No. 02-C e r/-ce t

Spec. No. (, - M Initial G. L. /,OR in. Machine No. 22/<s P

Temperature 7a 'F Initial Dia. . 2 CO in. Date EB 4 w3 /f Bo
_

Strain Rate , c o s- '"/s! Initial Thickness in. Initial Area . O M ), vE
p,.

Initial Width in.

Top Temperature 'F Maximum Load 4 5'GG lb

Bottom Temperature 'F 0. 2% Offset Load ''2,4G lo Ib

Final Gage Length | .DD in. 0.02% Offset Load Ib

Final Diameter .13 5 in. Upper Yield Point Ib

Final Area . OIO in, 2

G_ .
O 30

"

I F' K3''U. T. S. = *

7l.&.g
fs e ad q pe K ;.

0. 2% Y. S. = =
Initial Area

. o set ad
0. 02% Y. S. Psi 1

= =
Initial Area

Uoper Yield Pcint
Upper Y. S. hithl Area psi=

./
* *

100 = M4* *~* *% Elongation x %'
=

Initial G. L.

16.7
* ^#** "* ^# *

= x 100 = % %
~

% R. A.
Initial Area

r r

(. Signature: 1_ y p
_

_

._
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( Southwest Research Institute
'

Department of Materials Sciences

TENSILE TEST DATA SHEET

test No. T- Est. U. T. S. psi Project No. nz-SCC /-ce/
1

pec. No. Vc- A weiet G. t. l . OG in. Maehine No. ZZ G
l
temperature /SO 'F Initial Dia. ,2 S 1 in. Date 2A Ou$ /f @d

#train Rate .OOf nl/g Initial Thickne s s in. Initial Area .O494Bi@g

/
Initial Width in.

Top Temperature *F Maximum Load MZ4- lbs
'

Bottom Temperature 'F 0. 2% Offset Load 33 foO lb

Final Gage Length | ,?_"1 (o in. 0.02% Offset Load Ib

Final Diameter .I35 in. Upper Yield Point Ib

Final Area . Ol 9 3 I in. 2

/
Nk -P+i NSI

* *
U. T. S. = =

Initial Area

/
* @ '9 psiKSJ

'

0.2% Y.S. = =
Initial Area

0. 02% Offset Load
O. 02% Y. S.

.= *
M M Area E'*

Ucuer Yield Point
Uppe.r Y. S. .= N M Arn P'**

Final G. L. - Initial G. L.
% Elongation = x 100 = M .0 Ta

.

y,g,g,y g, L,

/Initial Area - Final Area x 100 = ~l 1, I %'
Initial Area

Signature: ib a
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(, Southwest Research Institu[
Department of Materials Sciences

TENSILE TEST DATA SHEET
e

s |N ms~
Test No. T- t ! J> Est. U. T. S. psi Project No. 02 - G4Cl-CO

Spec. No. / Initial G. L. / . O 13 in. Machine No. 2 2. < t ?
~

Temperature /D *F Initial Dia. .2 S O in. Date 2 8 |4 /C,po

Strain Rate ,CD S # y,,, Initial Thickness in. Initial Area . O49 i,x t
/

Initial Width in.

Top Temperature *F Maximum Load (1209 lb

Bottom Temperature 'F 0. 2% Offset Load 347_LL lb

Final Gage Length 1. 2. 7 4 in. 0.02% Offset Load lb

Final Diameter .I44 in. Upper Yield Point Ib

/
Final Area , O 1 (c 3 in. ,

C'.

Ff76-" "" * md Ks'U. T. S. = =
Initial Area '

I,1. 7

bO -nsiKSI
'* **

0.2% Y.S. = =
Initial Area -

0. 02% Offset Load
0. 02% Y. S.

.

= = psi
Initial Area

Unoer Yield Point
Upper Y. S. .

= = p81
Initial Area

/
Final G. L. - Initial G. L. x 100 = 2E8 %

Initial G. L.

Initial Area - Final Area

Initial Area
- %x 100 ='

Signature: [c.

~ aua h um,,
----------
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TENSILE TEST DATA SHEET

Pes t No. T- E-K Es t. u. T. S. psi project no.oz- sest-ool

pec. No. Initial G. L. I,nf 30 in. Machine No. 22k,3

Femperature SSO 'F Initial Dia. ,26C in. Date PQ dug 19 97)

. 00 5- Yd[.. Initial Thickness in. Initial Area . O M l#ul| train Rate

Initial Width in.

Top Temperature *F Maximum Load 3 C o 4- Ib

Bottom Temperature 'F 0. 2% Offset Load E 9 4 4- lb

Final Gage Length 127_o in. 0.02% Offset Load Ib

Final Diameter .I% in. Upper Yield Point Ib

Final Area . O f (o n in. 2

/
7f,5 '

" * 9 Psi-Y'sU. T. S. = = -

Initial Area

[N
0. 2% Offset Load .

-

0.2% Y.S. pet ks.= =
g ,1 ,

O. 02% Offset Load
O. 02% Y. S. = = .

Mthl Area E*1

Uoner Yield point
Uppe'r Y. S. NhlAna Psi= = .

F Mal G. L. - Initial G. L.% Elongation = * '

Initial G. L.

(o k.0 /
Initial Area - Final Area x 100 = lo - %

Initial Area

lignature:{E -

a: Law T h ~ 2 ? % $0
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\
Southwest Roccarch Instituta . !

,

Department of Materiale Sciences

TENSILE TEST DATA SHEET
e

N.

Test No. T- Est. U. T. S. psi Project No. 0 2- s-c; c / -ce/

Spec. No. YC.- k Initial G. L. l.o(3 in. Machine No. 2c i<s'P

Temperature < 50 *F Initial Dia. . 2.5"O in. Date 2 r) Aue iCqe

Strain Rate . OOC'I fm,,, Initial Thickne s s in. Initial Area . n LLo f, /-
/

Initial Width in.

Top Temperature *F Maximum Load 4 i R lt Ib

Bottom Temperature *F 0. 2% Offset Load hoFo Ib

Final Gage Length l.764 in. 0.02% Offset Load Ib

Final Diameter .I40 _ in. Upper Yield Point Ib

Final Arep .Ot54 in. 2
O
C

* *
md.N IU. T. S. = =

i '

Initial Area
ta l. >j

'

0. 2% Offset Load -

-on MSI0. 2% Y. S. .= = .

Initial Area -

0. 02% Offset Load
O. 02% Y. S.

.= =
1 Area Psi

Uoner Yield PointUpper Y. S. ggy psi= = .

Final G. L. - Initial G. L. #
% Elongation.

= *
Initial G. L.

Initial Area - Final Area x 100 = bR,G %'
Initial Area

<-

s Signature: tA b

---- - --
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Southwest Readarch Institut
Department of Materials Sciences

TENSILE TEST DATA SHEET

Test No. T- Est. U. T. S. psi Project No. C2 -fGS/ -Co /

Spec. No. h- f Initial G. L. /.O/3 in. Machine No. 2'2. k' e ?

- Temperature fSD 'F Initial Dia. .26D in. Date z 8 A /980g

. Oc s- YaI,,, Initial ThicknessStrain Rate in. Initial Area . O LL41. ~ t-

Initial Width in.

. _ . _ _

3,9?_YA7
Top Temperature 'F Maximum Load Ib~ - - -

.

Bottom Temperature 'F 0. 2% Offset Load 24 foO lb

Final Gage Length 1 .2.(L 6 in. 0.02"o Offset Load lb

Final Diameter . I 1Q - in. Upper Yield Point Ib

Final Area 619 Z in. 3

/

9I,f '
Maximum Load $

E' ' Kt 'U. T. S. =
1 Aru

W*30. 2% Offset Load
Initial Area -

pei Ks[0.2% Y.S. = =

0. 02% Offset Load
O. 02% Y. S. = =

.

1 Aru psi

Uoner Yield PointUpper Y. S. .= =
1

psi

Final G. L. - Initial G. L. /% Elongation.

= * '

Initial G. L.

'O
Initial Area - Final Area, x 100 = %'

Initial Area

.

Signature: 7L
* 'b " J * 67 % .2 r #9o

_ . _ _ _ _ _ _ _ _ ._
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