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I. SUMMARY OF RESULTS

The analysis of the vessel material surveillance capsule basket No. 8
removed from the 215° position in the Quad Cities 1 pressure vessel during
the 1982 refueling outage led to the following results.

(1) Based on a calculated neutron spectral distribution,
the capsule received a fast fluence of 5.5 x 1016
n/em@, E > 1 MeV, in 6.64 Effective Full Power Years
(EFPY) of operation.

(2) There were small positive or negative shifts in RTypy
of the surveillance materials as a result of the above
exposure. These data are consistent with the level of
the exposure and may reflect data scatter rather than
real changes in the RTNDT'

(3) The Charpy upper shelf energy of the electroslag weld
and heat-affected zone (HAZ) surveillance materials
decreased, but that of the base plate material increased
after exposure., This may also reflect data scatter.

(4) Based on a calculated neutron spectral and spatial
distribution, the maximum fluence rate (flux) inci-
dent on the pressure vessel wall is 3.46 x 108
n/cm?/sec, E > 1 MeV. Therefore, the projected maxi-
mum vessel wall neutron fluence after 32 EFPY of
operation is 3.5 x 1017, E > 1 MeV,



II. BACKGROUND

The allowable loadings on nuclear prassurs vessels are determined
by applying the rules in Appendix G, "Fraiture Toughness Requircments,"
of 10CFRS0 [1]. In the case of pressure-retaining components made of
ferritic materials, the allowable loadings acpend on the reference
stress intensity factor (Kyg) curve indexed to the reference nil duc-
tility temperature (RTypt) presented in Appendiix 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 moni-
tored for radiation-induced changes in RTypT per the requirements of
Appendix H, "Reactor Vessel Material Surveiliance Program Requirements,"”
of 10CFR50.

The RTypT 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 ft-1b Charpy V-notch (Cy)
temperature

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

The RTypt must be established for all materials, including weld metal and
heat-affected zone (HAZ) 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
exposed to neutron fluences in excess of 1017 neutrons per cm? (E > 1
MeV) [4]. Also, it has been established that tramp elements, particular-
ly copper, and nickel can affect the radiation embrittlement response of
ferritic materials [5-7]. The relationship between increase in RTypT and
copper content is defined in Regulatory Guide 1.99. Although this docu-
ment is being revised by the NRC to reflect a more recent evaluation of
neutron embrittlement data from reactor surveillance programs, estimates
of shifts in RTypt in this report are based on the current Revision 1 of
Regulatory Guide 1.99 [8].



In general, the only ferritic pressure boundary materials in a nu-
clear plant which are expected to receive a fluence sufficient to affect
RTypT are those which are located in the core beltiine region of the re-
actor pressure vessel. Therefore, material surveillance programs include
specimens machined from or representative of the plate or forging material
and weldments which are located in the core beltline region of high neu-
tron flux density. ASTM E 185 [9] describes the recommended practice for
monitoring and evaluating the radiation-induced changes occurring in the
mecharical properties of pressure vessel beltline material.

General Electric has provided such a surveillance program for the
Quad Cities 1 Nuclear Power Station. Six baskets of test specimens were
located near the 1.D. surface of the pressure vessel where the fast neu-
tron flux density is slightly higher than that at the adjacent vessel
wall surface. However, because of azimuthal variations in neutron flux
density, these vessel wall basket fluences may lead or lag the maximum
vessel fluence in a corresponding exposure period. Three sets of accel-
erated-exposure baskets were included to augment the surveillance pro-
gram. These baskets, located near the core, would have much larger lead
factors to provide early information on lung-term behavier of the sur-
veillance materials. The baskets also contain several dosimeter materials
for experimentally determining the average neutron flux density at each
capsule location durinc the exposure perioc.

The Quad Cities 1 mechanical property surveillance capsules also in-
clude tensile specimens as recommended bty ASTM Z 185, At the present time,
irradiated tensile properties are used to indicate that the materials
tested continue to meet the requirements cf the appropriate material speci-
fication and to judge credibility of tre surveillance capsule Charpy data.

This report describes the results c¢htained from testing the contents
of Basket No. 8 from the 215° positior in Quad Cities Unit 1 (the second
vessel wall surveillance capsule teosted). The results were analyzed to de-
termine the radiation-induced changes in the mechanical properties of the
surveillance materials at the time of the refueling outage and the fluence
rate at the vassel wall,



I11. DESCRIPTION OF MATERIAL SURVEILLANLE PROGRAM

The G.E. vessel material surveillance program is described in de-
tail in NEDO-10115 [10]. Six vessel wall baskets, each located opposite
the vertical center of the core and containing encapsulated Charpy V-notch
and tencile specimens, were placed in the Quad Cities 1 vessel at the pres-
sure vessel wall prior to startup. In addition, three baskets were placed
near the core. One vessel wall basket (No. 3 ) and two near-core baskets
(Nos. 2 and 4) had been previously removed, tested, and the results re-
ported [11,12].

The vessel wall Basket No. 8 , removed during the 1982 refueling
outage from the 215° position, contained two impact capsules (each hold-
ing 12 Charpy V-notch specimens plus an iron, a nickel, and a copper
flux wire) and three tensile capsules (each holding two tensile specimens).
The capsules did not contain thermal monitors. Drawings of the impact and
tensile specimens, and photogruphs of the impact and tensile capsules and
the surveillance basket are snuwn in Appendix A.

According to NEDO-10115 [10], the Quad Cities 1 base metal specimens
were made from flat slabs cut parallel to and one-quarter plate thickness
from both of the plate surfaces, and were machined with their longitudinal
axes parallel to the plate rolling direction. The electrosliag weld (ESW)
metal and ESW heat-affected zone (HAZ) specimens were cut from a test weld
representing a vessel welded joint which had been fabricated from vessel
base material, the weld and HAZ Charpy V-notch specimens being oriented
with the long axis transverse to the weld direction and the weld HAZ
tensile specimens with the long axis taken parallel to the weld direction.
The notches of all Charpy V-notch specimens were perpendicular to the orig-
inal plate surfaces.

The mechanical properties of unirradiated (baseline) surveillance
specimens for the Quad Cities 1 vessel were determined and reported at
the time of the testing and analysis of the specimens from the first
baskets [13]. These data were used to determine the shifts in RTypr
experienced by the materials in the 215° basket No. 8.



IV. TESTING OF IRRADIATED SPECIMENS

The capsule shipment, capsule opening, specimen testing, and report-
ing of results were carried out in accerdance with the Project Plan for
the Quad Cities 1 Nuclear Power Plant Reactor Vessel Irradiation Surveil-
lance Program. Each of these activities is discussed below.

A. Shipment, Opening, and Inspection of Capsule

SwRl loaded the impact and tensile capsules into a radioactive mate-
rial shipping cask and transported them to San Antonio, TX. After visually
inspecting and photographing the surveillance capsule basket, SwRI per-
sonnel opened the basket and photographed the contents. There was no
evidence of damage to the capsules, see Appendix A.

The capsules were opened and the contents jdentified and stored in
accordance with SwRI Procedure XIII1-MS-103-1. The end plugs were cut
from each capsule with a band saw set up in the hot cell, then 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-10715 [10], and no
discrepancies were found. The neutron dosimeter wires we'e identified
and placed in tagged containers.

B. tieutron Dosimetry

The gamma activities of the dosimeters were determined in accordance
with SwRI Procedure XI-MS-101-1 using an IT-5400 multichannel analyzer and
a Ge(Li) coaxial detector system. The calibration of the equipment was ac-
complished with 54Mn, 60Co, and 137Cs radioactivity standards obtained from
the U.S. Department of Commerce National Bureau of Standards. A1l activ-
ities were corrected to the time-of-removal (TOR) at reactor shutdown.

The dosimeter wires were weiyhed on a balance having a sensitivity
of 1 microgram. Infinitely dilute saturated activities (AsaT) were



calculated for each of the dosimeters because Agar is directly related to
the product of the energy-dependent microscopic activation cross section
and the neutron flux density. The relationship between Argp and Agat is
given by:

A m=n X
- R S
SAT me] ™

where: P. = fraction of full power (2511 MwTh) for the
operating period m;

» = decay constant for the activation product,
day=1';

Tm = number of operating days for the period m;
ty = decay time after the operating period m,
days.
The Quad Cities 1 operating history up to the 1982 refueling outage, which
was used in the calculation of Atgr, is presented in Table I.

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:

Asat
¢‘—N—.-
00
vihere: ¢ = energy-dependent neutron flux density,
n/cmé/sec;
Agat = saturated activity, dps/mg target element;
o = spectrum-averaged activation cross section,
cmé; and

No = number of target atoms per m:.

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 Quad Cities 1
reactor vessel was performed using the DOT-IV code to determine the radial,



TABLE I
OPERATIONS SUMMARY - QUAD CITIES 1

No. of Effective Fraction Decay
Operating Days Full Power Full Power Days
Period (Tm) Days (Pm) (tm)
04/72 30 2.62 0.0870 3781
05/72 3 8.16 0.2630 3750
06/72 30 5.95 0.1980 3720
07/72 31 10.08 0.3250 3689
08/72 31 14.74 0.4750 3658
09/72 30 17.65 0.5880 3628
10/72 31 21.12 0.6810 3597
11/72 30 22.11 0.7370 3567
12/72 31 23.66 0.7630 3536
01/73 31 23.93 0.7720 3505
02/73 28 20.34 0.7260 3477
03/73 31 23.40 0.7550 3446
04/73 30 15.36 0.5120 3416
05/73 31 14.10 0.4550 3385
06/73 30 25.81 0.8600 3355
07/73 31 26.30 0.8480 3324
08/73 31 21.23 0.6850 3293
09/73 30 18.67 0.6220 3263
10/73 31 21.02 0.6780 3232
11/73 30 20.86 0.6950 3202
12/73 3 25.88 0.8350 317
01/74 31 18.73 0.6040 3140
02/74 28 23.58 0.8420 3112
03/74 31 24.54 0.7920 3081
04/74 30 - 0.0000 3051
05/74 31 - 0.0000 3020
06/74 30 - 0.0000 2990
07/74 N 3.54 0.1140 2959
08/74 3 25.45 0.8210 2928
09/74 30 26.31 0.8770 2898
10/74 31 15.24 0.4920 2867
11/74 30 23.22 0.7740 2837
12/74 31 26.17 0.8440 2806
01/75 31 7.70 0.2480 2775
02/75 28 3.1 0.1110 2747
03/75 3 27.74 0.8950 2716
04/75 30 28.00 0.9340 2686
05/75 3 19.11 0.6160 2655
06/75 30 24.32 0.8110 2625
07/75 31 23.17 0.7470 2594
08/75 3 20.68 0.6670 2563
09/75 30 23.23 0.7740 2533



Operating
Period

10/75
11/75
12/75
01/76
02/76
03/76
04/76
05/76
06/76
07/76
08/76
09/76
10/76
11/76
12/76
01/77
02/77
03/77
04/77
05/77
06/77
07/77
08/77
09/77
10/77
11/77
12/77
01/78
02/78
03/78
04/78
05/78
06/78
07/78
08/78
09/78
10/78
11/78
12/78
01/79
02/79
03/79

TABLE I CONT.

OPERATIONS SUMMARY - QUAD CITIES 1

No. of
Days
T,

Effective
Full Power

Days

22.51
19.97
19.11

1.38

6.86
20.92
21.86
14.93

8.98
16.60
26.06
25.24
19.82
27.10
24.96
18.59
15.45

12.26
21.01
22.24
11.60

9.05
17.55
23.72
25.00
28.99
20.26
28.4]
17.57
19.74
21.56
25.60
27.26
23.82
21.89
19.35
19.84

8.49

0.1
24.43

Fraction
Full Power

—(Pm)

.7260
.6660
.6160
.0360
.0000
. 2580
.6970
.7050
.4980
.2900
.5350
.8690
.8140
.6610
.8740
.8050
.6640
.4980
.0000
. 3950
.7000
7170
.3740
.3020
.5660

OPO
~ 00 ®©
ozn
888



Operating

Period

04/79
05/79
06/79
07/79
08/79
09/79
10/79
11/79
12/79
01/80
02/80
03/80
04/80
05/80
06/80
07/80
08/80
09/80
10/80
11/80
12/80
01/81
02/81
03/81
04/81
05/81
06/81
07/81
08/81
09/81
10/81
11/8]
12/81
01/82
02/82
03/82
04/82
05/82
06/82
07/82
08/82
09/82

TABLE I CONT.

OPERATIONS SUMMARY - QUAD CITIES 1

No. of
Days
(Tm)

Effective
Full Power
Days

26.85
21.13
28.33
29.13
28.40
17.02
29.55
26.31
21.36
28.99
25.43
28.37
27.43
24.17
19.79
17.02
17.88

5.03
24.95
26.20
21.56
29.30
26.93
28.05
21.04
26.20
27.31
29.35
22.19
29.23
28.93
26.17
27.98
23.66
19.63
19.26
18.50
16.04

2.36

Total irradiation time = 6.64 EFPY

Fraction
Full Power
(Pm)

OO0 O0OO0COO0OO0O0ODOOOO0OO0O0O0

oo

OO0 O0OOOODO0OO0OO0O0OOO0OO00

.8950
.6810
.9440
.9400
.9160
.5670
.9530
.8770
.6890
.9350
.8770
.9150
.9140
.7800
.6600
.5490
.5770
.0000
.0000

859
2R

.9360
.6950
.9770
.869V
.9350
.6790
.8450
.9100
.9470
.7400
.9430
.9330
.9350
.9030
.7890
.6330
.6420
.5970
.5180
.3930




vertical, and azimuthal dependence of the fast neutron (E > 1.0 MeV) flux
density and energy spectrum incident on the reactor vessel and surveil-
lance basket capsules. The R-© and R-Z calculations were made using 15
of the 22 neutron group DLC-23/CASK cross section library, @ Py expansion
of the scattering matrix, and an Sg order of angular gquadrature. The R-0
mode] utilized a one-eighth segment, and the R-Z model was represented as
a one-half segment (see Figure 1) because of the symmetry involved. The
various material zones (e.g., core, coolant, internals, pressure vessel,
etc.) were described by homogenizing the major elements within each zone.

The resulting spectra were used to calculate the spectrum-averaged
reaction cross sections for the threshold detectors and the lead factors
needed to relate the neutron exposure of the pressure vessel to that of
the surveillance basket capsules. The pertinent factors obtained from
this transport analysis are summarized in Table II. The capsule flux
is less than the peak fast flux incident on the vessel I.D. because of
azimuthal and vertical flux variations related to the core geometry and
power distribution. The calculated azimuthal and vertical flux maps are
shown in Figure 2.

The calculated cross section for the 54Fe(n,p)54Mn reaction is some-
what less than the 236 millibarn (mb) value calculated for vessel wall
Basket No. 3 [11]. It is believed that the values given in Table II
are reasonable because SwRl-computed reaction cross sections for Browns
Ferry Unit 3, which used the same methodology, agree well with those
measured by General Electric during the same core cycle [14].

The dosimetry results obtained with the calculated spectra are pre-
sented in Table III, If a fission-spectrum energy distribution is assumed
at the capsule location, the cross section for the 54Fe(n.p)“Mn reaction
(E > 1.0 MeV) would be 98.26 mb [4], and the resulting value for fast flux
at the capsule location would be 4,2 x 108 n/emé/sec.  This value is re-
ported for reference only and has not been used in the analysis of results.

The discrepancies in the peak vessel flux values determined from the
several dosimeter materials are attributed primarily to the uncertainties

in the calculated spectra, in the spatial distribution, and in the reaction

10
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A.

TABLE I

RESULTS OF DISCRETE ORDINATES Sn TRANSPORT ANALYSIS
QUAD CITIES 1 AND 2

Calculated Reaction Cross Sections for Analysis of Fast Neutron

Monitors ZE > 1,0 MeV)

Reaction 3 _(barns)
S4re(n,p)54Mn 0.197
58Ni(n,p)58Co 0.237
63cu(n,a)80o0 0.00330

Calculated Basket Lead Factors (E > 1 MeV)

Location within

Position(d) Vessel Wall Lead Factor(b)
215° 1.D. Surface 0.755
215° 1/47 1.07
215° 3/47 4.75

(a) Azimuthal position of surveillance Basket No. 8
(b) Capsule neutron flux density, £ > 1.0 MeV
Maximum neutron flux density at vessel 1.D., E > 1.

12



Neutron Flux, E > 1 MeV
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FIGURE 2. CALCULATED FAST FLUX (E > 1 MeV) DISTRIBUTION,

QUAD CITIES UNIT 1
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TABLE 111

SUMMARY OF NEUTRON DOSIMETRY RESULTS
QUAD CITIES 1, VESSEL WALL SURVEILLANCE BASKET NO. 8 (215°)

Dosimeter 1.D. Activation Weight ATOR AsaT Flux, E > 1 Mev(a)
Material Capsule Reaction (mg) (dps/mg) ~ (dps/mg) (n/cm?/sec)
Fe 61 54fe(n,p)%Mn  112.8 1.813 x 10! 2.518 x 10! 2.08 x 108
‘ 62 } 112.0 1.859 x 10! 2.582 x 10! 2.13 x 108

Average = 2.10 x 108

Cu 61 63Cu(n,a)80c0  297.3 3.309 x 100  6.700 x 100 3.10 x 108
* 62 ‘ 290.9 3.351 x 100  6.785 x 100 3.14 x 108

Average = 3.12 x 108
Ni 6 58Ni(n,p)%8Co  210.2 2.046 x 102 3.141 x 102 1.89 x 108
‘ 62 l 213.0 2.091 x 102 3.210 x 102 1.93 x 108

Average = 1.91 x 108

(a) Calculated flux values subject toa + 16.5% uncertainty (10).

vl
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cross sections. Other neutronic factors contributing to the estimated

+ 16.5% uncertainty (1o} in the calculated fluxes are the determination
of disintegration rates and the calculation of reaction rates (ASAT/NO).
For example, the iron monitors effectively measured the capsule flux for
the last three years of operation, and the copper monitors effectively
measured the capsule flux for the entire exposure period.

Averaging the results obtained from the iron.and copper threshold
neutron dosimeters, the fast neutron flux at the surveillance basket
location during full power operation would be 2.67 x 108 n/cmé/sec, _
E > 1 MeV, and the peak value incident on the pressure vessel 1.D. would
be 3.46 x 108. Since Quad Cities 1 operated for 6.64 effective full
power years (EFPY) up to the September 1982 refueling outage, the cal-
culated basket and vessel fluences to that time are as follows:

. Surveillance Basket - 5,47 x 1016 n/cm?
. Pressure Vessel 1.D. Surface - 7.24 x 1016 n/cmé
. Pressure Vessel 1/4T - 5.11 x 10'° n/cm?
. Pressure Vessel 3/4T - 1.15 x 1016 n/em?

The vessel wall fluence as a function of plant operation is shown in
Figure 3.

6o Mechanical Property Tests

Hardness tests were run in accordance with ASTM Method E 18 [15] on
one Charpy V-notch specimen selected from each material group. The re-
sults are given in Table IV.

The ir-adiated Charpy V-notch specimens were tested on 2 calibrated*
240-ft-1b, 16-ft/sec SATEC impact machine (Model SI-1K) in accordance with
SwRl Procedure XI-MS-104-1. The test temperatures, selected to develop
the ductile-brittle transition and upper shelf regions, were obtained
using a liquid conditioning bath monitored with a Fluke Model 2168A

* Inspected and calibrated using specimens and procedures obtained from
the Army Materials and Mechanics Research Center.
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TABLE IV

HARDNESS PROPERTIES OF SURVEILLANCE MATERIALS
QUAD CITIES 1

(Fluence = 5.0 x 1016, E > 1 MeV)

Charpy
Test Speclmsn
Material No.\@ Hardness (HRB)

——————

Base M16 94.0

Average = 94.4

ESW M7L

oonog
o000
OO oo

Average = 89.8

ESHAZ MPD 89.5

Average = 90.]

(a) Specimen identification code given in Reference 10.



digital thermometer. The Charpy V-notch impact data obtained on the ir-
radiated materials are presented in Table V, and photographs of the frac-
ture faces are included in Appendix B. The Charpy V-notch transition
curves for the irradiated plate material, weld metal, and HAZ material
contained in the 215° capsules are compared to the unirradiated values

in Figures 4 through 6. The shifts in the 50 ft-1b, 30 ft-1b, and 35-mil_
lateral expansion transition temperatures were small, see Table VI. The
Charpy upper shelf energy behavior, also shown in Table VI, was not en-
tirely consistent with the transition temperature changes. For example,
the decrease in the transition temperature of the weld metal may result
from data scatter rather than a real change in the material property.
However, the small changes which were measured are consistent with the
level of fluence received by capsule basket No. 8.

Tensile tests were carried out on the irradiated materials in ac-
cordance with SwRi Procedure XI-MS-103-1 using a 22-kip capacity MTS
Model 810 tester equipped with an Instron Catalog No. G-51-13A 2-in.
strain gage extensometer and Hawlett Packard Model 7004B X-Y auto-
graphic recording equipment. Tensile tests were run at room tempera-
ture and 550°F. The results are presented in Table VII. Each tensile
load-strain record and photographs of the tested specimens are included
in Appendix B. ;

0. Check Chemical Analyses

Check chemical analyses were run on samples cut from the fracture
end of selected tested Charpy specimens. A1l of the weld metal speci-
mens were tested for copper and nickel content at SwRI using an X-ray
fluorescent technique. One base plate and two weld specimens were
then sent to Westinghouse Advanced Reactors Division Analytical Labo-
ratory for complete analyses using gravimetric (Si), combustion (C and
§), and ICP Plasma (remainder of elements) methods of analyses. The re-
sults are summarized in Table VIII. The differences in the copper and
nickel results can be attributed to at least three factors:



(1)

(2)

(3)
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The ICP Plasma method measures the chemical content
of the full volume of sample material, while the
X-ray fluorescent method looks only at the surface
of the sample.

The 1 square centimeter cross sectional area avail-
able from the Charpy samples is smaller than desired
for detecting small amounts of residuals with an X-ray
fluorescent technique.

The gamma activity of the sample increases the diffi-
culty in accurately measuring the fluorescent peak.



TABLE V

CHARPY V-NOTCH IMPACT DATA ON SURVEILLANCE
SPECIMENS REMOVED FROM QUAD CITIES UNIT 1

(Fluence = 5,5 x 1016, E > 1 MeV)

Test Impact Lateral
PPN (- w1 R A
Base M1B -80 8.0 6 0
MID -40 16.5 16 5
M1J -20 42.5 35 10
MIL 0 42.0 34 15
M16 72 92.0 n 50
M13 120 104.0 79 100
MIK 160 109.5 81 100
M12 200 106.0 84 100
ESHAZ MPA -80 5.5 6 0
ML6 -40 20.5 18
MJB -30 36.0 3
MJU -20 41.5 36 10
MKB 0 40.0 37 10
MPD 72 117.0 55 100
MJ1 120 107.0 88 100
MLU 160 112.5 89 100
ESW MBU -80 2.0 2 0
MAD -40 2.8 5 0
MA4 -20 36.0 3] 5
MBY 0 55.0 43 10
M7L 72 79.0 65 50
M6D 120 83.0 63 65
MOC 160 93.0 65 90
MD4 200 105.0 75 100

(a) Specimen identification code given in Reference 10.
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TABLE VI

EFFECT OF IRRADIATION ON THE CHARPY V-NOTCH
UPPER SHELF ENERGIES OF QUAD CITIES UNIT NO.1

VESSEL SURVEILLANCE MATERIA&? B
0

(Fluence = 5.5 x 1

Criter1on(1)
Transition Temperature Shift(2)

@ 50 ft-1b
@ 30 ft-ib
@ 35 mil

RTypr(3)

C, Upper Shelf Drop

2;; Refer to Figures 4-6

Cy parameter determined by hyperbolic tangent fit where
C, parameter = A + B tanh((T - T1)/T2)
3) Transition temperature shift @ 30 ft-1b[1]

4) Apparent neqative shift in RTNDT

Base
Plate

1°F
4°F
7°F
4°F

nil

ASKET NO. 8 (215°)
E > 1 MeV)

24

ESW ESW
Weld HAZ
Metal Material
-40°F -6°F
-28°F -4°F
-32°F 5°F
(4) (4)
3 ft-1b 6 ft-1b
(3%) (5%)



TABLL VII

TENSILE PROPERTIES OF SURVEILLANCE MATERIALS
RASKET NO. 8 (215°), QUAD CITIES 1

(Fluence = 5.5 x 106, E > 1 Mey)

Fracture Fracture Uniform Total
Test Saf.) T 0.2%2 ¥S uTs Load Stress Elongation Elongation R.A.
Material No.\2 {°¢ (ksi) (ksi) (1b) (ksi) (%) (%) (%)
Base PDE 72 71.3 93.5 2860 194 14.8 23.7 69.9
PDC 550 58.3 82.7 2650 160 12.6 21.5 66.4
ESHAZ PLS 72 65.2 84.3 2550 178 1.7 19.8 70.4
PLJ 550 59.8 76.8 2530 160 10.2 17.1 67.2
ESW PJS 72 65.6 85.0 2670 178 14.1 24.9 9.5
PJ7 550 58.0 78.7 2780 153 12.0 18.1 62.4

(a) Specimen identification code given in Reference 10.
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TABLE VIII

CHECK CHEMICAL ANALYSIS RESULTS
BASKET NO. 8, QUAD CITIES 1

Weight Percent of Element

Spec imen
ldentification{2) Source(d) ¢ 3 i Cu

Ni

Cr

Mi6 210 .010 .00 .16 .182

.25

158 006 .012 .05 .136
19

.23 .004 .012 .08 .138
19

.20
- . . R
- - - PR,
- . . . N
- . v - .19
- . - - -
- - - - .0

VLWV VE VE VK
'
|
|
'

J33RE8°C
P

(a) Cut from tested C, specimen, see Table V for material I.D.
(b) W = Westinghouse l

FEETEERERTREFE T

.092
.063

.063

tomic Power Division; S = Southwest Research Institute.

.45

.45

.45

<.001

<001

<.001

92
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V. HEATUP AND COOLDOWN LIMIT Cb?VEioFO? OPERATION OF QUAD CITIES
UNIT NO.

Unit No. 1 is one of four similar 251-in. I1.D. boiling water
reactors (Dresden Units 2 & 3 and Quad Cities Units 1 & 2) operated
by Commonwealth Edison Company. Each of the similar units has been
provided with a reactor vessel material surveillance program as re-
quired by 10CFR 50, Appendix H [1].

Based on the capsule analyses, heatup and cooldown 1imit curves
for Level A and B service and for up to 10 EFPY of operation have
been computed. The 1imit curves developed are a generic set for
all four vessels listed above. The curves, given in Figure 7, are
based on the worst case for vessel fluence rate, copper/nickel con-
tent, and initial RTypy. They were computed in accordance with
Requlatory Guide 1,99, Revisfon 1 [8] and NUREG-75/087 [15] using
the following bases:

1/4T RTyny = 60°F

3/47 RTNDT = 49°F
Cooling/heating rate = 100°F/hr.
Vessel inner radius =« 125.5 in.
Vessel outer radius = 131,8 in.
Operating pressure = 1030 psig
Initial temperature = 60°F
Final temperature = 550°F
Effective coolant flow

rate « 1,08 x 108 1bm/hr,

Effective flow area = 96,0 ft?

Effective hydraulic
diameter = 24,0 in,
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FIGURE 7. PRESSURE-TEMPERATURE LIMITS FOR LEVELS A & B SERVICE FOR UP TO 10 EFPY
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SURVEILLANCE SPECIMEN DRAWINGS AND CAPSULE PHOTOGRAPHS
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APPENDIX B

PHOTOGRAPHS OF TESTED SPECIMENS AND TENSILE TEST RECORDS
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Test No. T- 1

Spec. No. E I)E Initial G. L. _[.©022  in.

.2S©

Strain Rate .00S in/in [,....- Initial Thickness

Temperature JZ2 °F

Southwest Research Institute
Department of Materials Sciences

TENSILE TEST DATA SHEET

Est. U.T.S.

Initial Dia.

Initial Width

psi Project No. 06'78 Ss7-ox

Machine No. _‘_Z_M'S

in. Date <-1% ~£¢
~
in. Initial Area OG0B A %

in.

Top Temperature

o

Bottom Temperature i

Maximum Load 4590 1b

0.2% Offset Load D502 1b

Final Gage Length _ | 20§ in. 0.02% Offset Load 1b
Final Diameter __ O, 137 in. Upper Yield Point 1b
v
Final Area 00147 4 in. 2
Maximum Load 63 i v
U.T.S. = ———————s = ,S5°7 pai

0.2% Y.S5. = 0.2% Offset Load

Initial Area

Initial Area

0. 02% Offset Load

0.02% Y.S.

U

Upper Y.S. =

¥, Elongation =

% R‘Al

Initial Area

Initial Area

r Yield Point

: Sles #
Fm‘l QLL. Ilutlll go Lo x ]oo o 23'7 %

~
Signature: & (lﬂ'\ov

Initial G. L.

-

v
= 7| ,30\ psi

psi

psi

_ Initial Area - Final Area o
T AR AL 100 _£9.9 %

of j’ IC:“*
Checler o) i Dtee”
a8 —
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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. O6-785 7-00!
Spec. No. I35 Initial G. L. _[/, 020 in. Machine No. 22 KPP mTS
Temperature 72 i Initial Dia. o 2so in. Date S -/ 8 ‘94 /

Strain Rate uOOS""Z"‘Z'm'- Initial Thickness in. Initial Area - o"qbs"‘z

Initial Width in.

Maximum Load 4 170 1b

Top Temperature '

Bottom Temperature °F 0.2% Offset Load 3220

Final Gage Length /. 274 in. 0.02% Offset Load 1b

Final Diameter - ,38 in. Upper Yield Pcint 1b

oas7 " w2

Final Area

Maximum Load Q> e
U.T.S. = ——Ini S Ares = 8""; psi

v
0.2% Y.S. = 0.2% Offset Load _ és (0o psi

Initial Area

0.02% Y.S. = 0.02% Offset load _ psi

Initial Area

& Upper Yield Point .
Upper .5 Initial Area s /

% Elongation = f——-—“‘lchi"m'l Iém;‘l GL L 100= 299 4

-

: /
SRA Initial 1“:5:1:1.;:‘:1 Area 100 = é q‘g %

. Signature: %\ G'n'“""" &Mﬁ)/i‘é) 7@‘
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Southwest Research Institute
Department of Materials Sciences

TENSILE TEST DATA SHEET

Test No. T- 3 Est. U.T.S. psi Project No. oL=-7857-00(
Spec. No. PL—S Initial G.L. |. 019 in. Machine No.2< KiP mTS

Temperature /& _°F  Initial Dia. 248 in. Date _ S -18~ 8¢
gt = 2
Strain Rate ,005 .1../-—..;. Initial Thickness in. Initia) Area «O48308in

Initial Width in,

Top Temperature °F Maximum Load 4070 1
Bottom Temperature °F 0.2% Offset Load >/So 1b
Final Gage Length [.22] in. 0.02% Offset Load 1b
Final Diameter . | 55 — in. Upper Yield Point 1b

-
Final Area v O |‘+}Lu in. 2

>

U.T.S. = h_d______lum M:::‘d = 84’,25? psi

0.2% Offset Load _ (S 7))~
—_——

Initial Area s

0.2% Y.S. =

0. 02% Offset Load
= =

Initial Area o

0.02% Y.S.

Upper Yield Point
Upper Y.S. = Salttal Aves = psi

S
s = le GoLo ‘Initi‘l GoLo - ,q‘
% Elongation e hiaaic.L  x100 8

s

Initial Area - Final Area 70 -
o B e S — .
% R.A. Rl foee x 100 = %

Signature: %l G‘om ;eﬂ-u __:;L-J} -+.@f
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Test No. T- L("
Spec. No. ?LJ.

Temperature SSO p

Southwest Research Institute
Department of Materials Sciences

TENSILE TEST DATA SHEET

2ot U.T. 5

psi Project No. Ob=- 78S 7-00!

Initial G. L. } . Oé g in. Machine No. 22 ‘(/ p mTS
Initial Dia. . Zy'g in. Date S~ 19 - 8¢

Strain Rate ,005 m[.- /min initial Thickness in, Initial Area _. O4B30S 1n?
Initial Width in.
Top Temperature *F Maximum Load =710 ib

Bottom Temperature o ¢

0.2% Offset Load 26890 1

Final Gage Length [.200 in. 0.02% Offset Load 1b
Final Diameter _ . 142 in. Upper Yield Point 1b
Final Area 01S @37 /i.n.z

P

UT.S =

Maximum Load
Initial Area

0.20 v.5. = 0:2% Offset Load

Initial Area

0.02% Y.S. = 0. 02% Offset Load

Upper Y.S. = L]

% Elongation =

% R.A, = initial

Signature: 'X . G‘ﬁw»

>
= 76.8% psi

4
= Sq 826 p.i

Initial Area SE—
r Yield Point
Initial Area psi /
Final c;mlzcmiu Gele . 100 ;-7,./%
p
pres: Tismlores . 100, (7,2 7 |

ks £ 2) P '
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Southwest Research Institute
Department of Materials Sciences

TENSILE TEST DATA SHEET

Test No. T- S Est. U.T.S. psi Project No. OG =785 7~ 00|
Spec. No. 'DDC Initial G. L. [/,020 in. Machine No. 22 Ki1P mTS
Temperature SSO °F  Initial Dia. _. 250 in. Date S—19-8% /
Strain Rate (00S ™/ix/m.; Initial Thickness _____ in.  Initial Area . O49 OB)n®

Initial Width in.

Maximum Load #OG’D 1b

Top Temperature °F

Bottom Temperature °F 0.2% Offset Load £ B0 1
Final Gage Length |. 2349 in. 0.02% Offset Load 1b
Final Diameter o /4S5 in. Upper Yield Point 1b

e
Final Area » O (05 13 in.2

Maximum Load _ 827/0 /i
Initial Area _

-
_ 0.2% Offset Load _ SB2Z (Y ™
Initial Area ’ -

U.T.S. =

0. Z'/'O Yo So

0. 02% Offset Load
Initial Area

0.02% Y.S. psi

Upper Yield Point
Upper Y.S. = Initial Ares = psi

.
. _ FinalG.L. - Initial G. L. . B).S
% Elongation LT O, L x 100 _____%

-
laitial Area - Final Area . 4
BRA = T nital Avea . 0T

Signature: S G&"m cﬁ,“‘c’-"o -E:’? o rvv-.e_—
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Southwest Research Institute
Department of Materials Sciences

TENSILE TEST DATA SHEET Y

Test No. T-__ (2 Est. U.T.S. psi  Project No.0o-7357- 00l
Spec. No. —‘P;I 7 Initial G. L. 1025 in, Machine No. 22K1P mT$
Temperature 5SSO _*F  Initial Dia. _24®  in.  Date S-/9-3¢ o
Strain Rate (00S n[..l'...'.. Initial Thickness _____ in.  Initial Area 048305 mE

Initial Width in.

Top Temperature Ly Maximum Load 3600 1b
Bottom Temperature °F 0.2% Offset Load E@_ 1b
Final Gage Length 1,210 in. 0.02% Offset Load 1b
Final Diameter 4 152 )i Upper Yield Point 1b
Final Area »OIBI 4 in.2 .

o
. Maximam Load _ 78 (7 e

W Initial Area

0.2% v.s. = 2L Ofheiload . S79LS o

0.020 v.5. = 2:02% Offset Load oit

Upper Y.S. = %&fr_ﬁ’& = psi

% Elongation + EBALC.L. -laitial G.L: , 109, I, ! La

v’
. Initial Area - Final Area " éz. ‘4
% R.A. Initia] Aves x 100 %

Sl % Bonen bl éé)ﬁ
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