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In general, the only ferritic pressure boundary materials in a nu-
clear plant which are expected to receive a fluence sufficient to affect
RTypr are those parent materials and welds which are located in the core
beltline. region of the reactor pressure vessel. As a consequence, one or
more heats of these ferritic materials must be monitored for radiation-
induced changes in RTNDT per the requirements of Appendix H, "Reactor
Vessel Material Surveillance Program Requirements,” of 10CFR50(3) and
AST E 185(9) which describe the current recommended practice for mon-
itoring the radiation-induced changes occurring in the mechanical prop-
erties of ferritic pressure vessel materials.

Allis-Chalmers provided such a surveillance program for the LaCrosse
Boiling Water Reactor (LACBWR). The encapsulaced Cy specimens are located
on the I.D. surface of tha thermal shield where the fast neutron flux den=-
sity is approximately twice that at the adjacent vessel wall surface.
Therefore, tha increases (shifts) in transition temperatures of the mate-
rials in the ressure vessel are generally less than the corresponding
shifts observed in the surveillance specimens. However, because of azi-
muthal variations in nenwtron f..x density, the capsule fluences lead the
maximum vessel fluenc. t, wvarying amounts.

This report describes the results obtained from testing and evalu-
ating the capsules removed during the 1980 refuelling outage at LACBWR.
The results obtained from capsules removed during the 1972 and 1975 re-
fuelling outages were reported earlier(10,11), but have been reevaluated
as described in Section IV of this report.
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FIGURE 1.

INTERNAL THERMAL SHIELD SHOWING LOCATIONS OF 20
RADIATION CAPSULES AND 2 DOSIMETRY WIRE HOLDERS(12)









TABLE 11

LACBWR SURVEILLANCE CAPSULE CONTENTS AND REMOVAL SCHEDULE

Removal
Schedule Surveillance Tensile
(full power Capsules Charpy V-Notch Impact Specimens Specimens
years*) Type Quantity NP1054 NP1055 NP1056 Weld Standard NP1055 Weld
1.4% A 1 6 10 - 6 6 3 3
B 1 - 10 6 6 6 3 3
2.5+t A 2 12 20 - 12 12 6 6
B 2 - 20 12 12 12 6 6
Viek & 2 - - a - = = o
ettt A 2 12 20 - 12 12 6 6
B 2 - 20 12 12 12 6 6
10 A 2 12 20 - 12 12 6 6
B 2 - 20 12 12 12 6 6
15 A 2 12 20 - 12 12 6 6
B 2 - 20 12 12 12 6 6
Standby A 1 6 10 6 6 3 3
B 1 - 10 6 6 6 3 3

* One full power year equals 60,200 Mwt. Withdrawals to be made during the nearest scheduled
refuelling outage.
t Removed during August 1972 outage.
** Vessel wall dosimeters.
t+ Removed during May 1975 outage.
ttt Removed during November 1980 outage.



TABLE III

INITIAL TRANSITION TEMPERAT TZS FOR LACBWR SURVEILLANCE MATER1ALS

30 ft-1b

DW=-NDT Charpy "Fix"
Mat'l Temperature (OF) Transition
Ident. Surface 1l/at Temperature (OF)
NP1054 - 10 -10
NP1055 - - -75
NP1056 40 50 30
Weld - - -30
S:zandard - - -60

10



IV. TESTING OF SPECIMENS AND EVALUATION OF DATA

SwRI utilized the procedure for shipment of the LACBWR surveillance
capsules which had been used for the two previous capsule shipments. Four
capsules, 3A, 3B, 8A, and 8B, were removed during an outage which began on
November 9, 1980. The capsules were then taken to SwRI for amalysis. One
capsule was opened at a time so that the contents could be examined, iden=-
tified, and placed in indexed receptacles to prevent mixing v'th the con-
tents of the remaining capsules.

A. Capsule Disassembly

The first hot cell operation was to remove the closure plug at each
end of the capsule with a bandsaw, locating the cut per assembly drawings
contained in ACNP-66513.(12) The capsule shells were cut in two length-
wise with a milling machine. The aluminum powder was sintered to a degree
similar to that previously reported(ll), but the specirens could be broken
out quite easily without damage.

The wires binding the assemblies together were removed, and the con-
tents were carefully laid out so that the dosimeter wires could be recov-
ered and identified as to location within the capsule. The specimens were
cleaned in an ultrasonic bath, examined to determine the specimen identifi-
cation number, and placed in an indexed receptacle. Those Charpy V-notch
specimens containing low-melting eutectic alloys were examined to determine
which temperature indicators had fused during the exposure period, the re-
sults being described in Section IV.C of this report.

B. Test Equipment and Procedures

The tensile specimens were tested in a 22,000-1b servo-controlled
tension testing machine equipped with a strain gage load cell. Accesso-
ries include a set of elevated temperature extensometer arms which attach
directly to the specimen gage section, an Instron strain gage extensometer,
an electric laboratory furnace, and an X-Y recorder. The calibration of
the load cell was verified prior to conducting the tensile tests with an
elastic proving ring traceable to the U.S. Bureau of Standards. Tests
were conducted on each material at the temperature of the upper knee of
the Charpy curve and at 550°F. Elevated temperature tensile specimens
were instrumented with two thermocouples wired to the top and bottom of
the gage section of the specimen.

The Charpy V-notch tests were conducted on an instrumented SATEC
impact machine permanently installed in a warm cell. The calibration
of the machine had been checked with a set of USAMMRC standards less than
one year previous to the dates of testing. Nonambient specimen tempera-
tures were obtained with a liquid bath. The procedure permitted the op-
erator to remove a specimen from the temperature conditioning bath, place
it on the anvil, and break it in less than five seconds.

11



Nonambient test temperatures (tensile specimens and Charpy condi-
tioning bath) were measured with thermocouples made from calibrated wire
and a laboratory potenticmeter which is periodically checked against stan-
dard voltage sources traceable to the U.S. Bureau of Standards.

The flux wires were weighed on a Mettler laboratory balance ther
counted with a Ge(Li) solid state detector and a 4084-channel Norland
multichannel analyzer. In addition to the unknowns, 50Co, 137Cs, and
54Mn standards were counted to determine the efficiency of the experi-
mental setup as a function of y-ray energy.

Cs Evaluation of Thermal Monitors and Flux Wires

Examination of the thermal monitors revealed that all of the 554°F
melting point eutectic alloys had fused. The presence of sintered alu-
minum powder made it difficult to assess tlie condition of the 579°F al-
lov specimens, but none of the 604°F or 621°F alloy specimens had fused.
Therefore, it was concluded that the maximum temperature reached by the
contents of the four capsules during the operating period of the LACBWR
vessel was above 554°F and below 604°F.

The specific activities of each flux wire, corrected to the plant
shutdown date of November 9, 1980 (hereafter referred to as the time of
removal--TOR), were determined. The first step in the calculation of the
neutron flux is to correct the specific activities at TOR, A(TOR), to in-
finitely dilute saturated activities at a selected power level, Ag:

" «AT, -
A(TOR)/Ag = I (l-e ™ e ™
o=1

where:

A = decay constant for the activation product

Tm = equivalent operating days at the selected power level
for the mth operating period

tm = number of days from the end of the mth operating period
to TOR.

The daily load charts and operating summaries from the LACBWR monthly oper-
ating reports covering the period from July 10, 1967, to November 9, 1980,
were utilized to determine values for Ty at 165 :Wth and for tym to the TOR
date. The plant operations were divided inte 64 operating periods as sum-
marized in Table IV. The resulting saturated activities for each flux
wire removed from specimen capsules are givex in Table V.

12
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TABLE IV (CONT.)

Shutdown

# 2,065.30 davs = 1.76737 x 109 seconds.
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The neutron flux.dcnsity is given by :

5 --f%-
803

where:

$ = energy dependent neutron flux density (n/cuzsec)
Ag = saturated activity (dps/mg target element)
Ng = naumber of target atoms/mg target element

3 = gspectrum—averaged activation cross section (em?).

In the analysis of the LACBWR neutron flux dosimeters, the neutron
flux density calculations were based on the results obtained from the irom
and nickel wires. (The bare cobalt wires were sensitive to thermal and
epithermal flux as well as the fast flux.) The value of ¥ was based on
two spectra:

1. A fission spectrum-averaged cross section. This was
utilized for reference only because much of the early
surveillance program data in the literature is based
on the use of a3 fission spectrum-averaged cross
section.

2. A calculated spectrum-averaged cross section. The
DOT 3.5 two-dimensional discrete ordinates transport
code was used to calculate the neutron flux densi-
ties and spectra at various points of interest out-
side the LACBWR core. This information was utilized
to determine capsule lead factors (ratio of the neu-
tron flux density at the capsule locations to the
maximum neutron flux density incident on the pres-
sure vessel wall) as well as the spectrum-averaged
cross sections for the 34Fe(n,p)3%Mn and 38Ni(n,p)38Co
reactions. Details of the DOT 3.5 analysis are pre-
sented in Appendix C.

As discussed in Appendix C, the neutron flux densities and spectra
at the surveillance capsule and vessel wall locations are dependent on
the void concentration in the steam separators since the steam separators
are located between the reactor core and the surveillance capsules (and,
of course, the vessel wall). This analysis indicated that an average
void content of 30% may be reasonable, but that a conservative approach
would be to assume an average void content of 40% because this leads to
a higher calculated value of vessel wall neutron flux density.

16
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TABLE VI

SUMMARY OF NEUTRON DOSIMETRY RESULTS

Spectrum G, E > 1 MeV (barns) Capsule Neutron Flux Density, (3) Neutron Fluence,(d)
Type 54Fe (n,p)Mn  58Ni(n,p)58Co Identification E > 1 MeV (n/cm2sec) E > 1 MeV (n/cm?)

Fission(b) 0.113 - 3A 9.95 x 1010
0.113 ~ 3B 9.53 x 1010
0.113 - 8A 9.90 x 1010
0.113 - 8B 10.40 x 1010

Avg. = 9.96 x 1010 1.76 x 1019
por 3.5(c) 0.177 0.223 3A 6.15 x 1010
0.177 0.223 IB 5.90 x 1010
0.177 0.223 8A 6.01 x 1010
0.177 0.223 88 6.32 x 1010

Avg. = 6.10 x 1010 1.08 x 1019
0.176 0.222 1A 6.58 x 1010
0.176 0.222 18 5.92 x 1010

Avg. = 6.25 x 1010 2.81 x 1018
0.168 0.214 2A 1.06 x 1011
0.168 0.214 78 1.05 x 1011

Avg. = 1.05 x 1011 1.02 x 1019
f 0.184 0.231 9A 6.34 x 1019
0.184 0.231 9p 6.70 x 1010

Avg. = 6.52 x 1010 6.32 x 1018

(a) Neutron flux densities and fluences subject to a t 157 uncertainty (10).
(b) By for fission-averaged cross section based on ASTM E 261. G, E > 1 MeV = 3¢/0.693.(5)
(¢) 6, E > 1 MeV, based on 40% voids in steam separators, per Appendix C.



BWR SURVIE

Material Capsule lemperature

Identitication Identitication ("F)

We lti

Extensometer malfunction,

';i" cimen failed out side page marks.




Capsule

No.

8B
3A
3B

8E
JA
3B

8A
38
3B
8B

3B

8A
8B
3A
3B

8B

3B

3B
3A
3B

38

3B

SA
88
3A
38

84
33

3B

CHARPY V-NOTCH NATA ON PLATE NP-1055
(Removed from LACBWR in 1980)

- 40

T S T SR S S S S S
&
o

+110
+110
+110

+150
+150
+150
+150

+200
+200
+200
+200

TABLE VIII

43.
56.
28.
22.
22.
39.

36.
15.
33.
63.

51.
26.
76.
64.

75.
81.
91.
83.

103.
97.
110.
38.

96.
112.
112.
101.

102.
112.
118.
103.

OWwWwia OOWVLWULI LOOW LODOO OCOoOWVO LLLODWM ODVLLULLUVLODOWO ODOO0OO0 OO0 Q

Energy
(ft-1b)

22.
18.
21.
20.

27.
39.
16.
4s.

53.

Lateral
Expansion

(mils)

16
14
17
18

21
29
15
35

22
19
20
29
40
10
35
43

29
15
29
52

.-
27
61
52

58
39
70
65

85
78
85
71

80
90
77
82

87
91
90
86

Fracture
Appearance

(% shear)

nil
nil
nil
nil

nil
nil
nil
nil

nil
nil
5
10
nil
nil
nil
nil

5
nil
.
15

15
nil
5
25

35
50
50
40

100
100
100

70

100
100
100
100

100
100
100
100



Capsule

No.

8A
3A

8aA
3A

8A
3A

8A
3A

8A

8A
3A

CHARPY V-NOTCH DATA ON PLATE NP-1054
(Removed from LACBWR in 1980)

Temp.
A0

- 20

- 20

+ 40
+ 40

+110
+110

+150
+150

+200
+200

TABLE IX

70‘
74.

84.
64,

102.
94.

107.
108 .

107.
102.

w O

Energy
(£t-1b)

37.
23.

21

Lateral
Expansion

(mils)

30
19

58
67

65
53

82
82

89
89

90
88

Fracture
Appearance

(% shear)

nil
nil

10
25

40
30

100
90

100
100

100
100



TABLE X

CHARPY V-NOTCH DATA ON PLATE NP-1056
(Removed from LACBWR in 1980)

Lateral Fracture
Capsule Temp. Energy Expansion Appearance
No. (°F) (ft-1b) (mils) (% shear)
8B + 74 35.0 25 nil
3B + 74 16.5 18 5
8B +110 16.5 23 nil
3B +110 37.5 39 5
8B +150 41.0 45 40
3B +150 41.0 43 20
8B +200 46.0 48 20
3B +200 74.0 635 65
8B +250 91.0 75 100
3B +250 78.0 71 95
8B +300 88.5 79 100
3B +300 91.5 84 100



TABLE XI

CHARPY V-NOTCH DATA ON WELD METAL
(Removed from LACBWR in 1980)

Lateral Fracture

Capsule Temp. Energy Expansion Appearance

No. (°F) (fe~-1b) (mils) (%_shear)
8A + 40 15.0 16 20
8B + 40 14.5 16 nil
JA + 40 23.0 25 15
3B + 40 T3 9 5
8A + 55 18.0 21 5
8B + 55 23.0 26 25
8A + 74 30.0 33 30
8B + 74 35.5 30 25
3A + 74 26.0 42 25
3B + 74 38.5 24 5
3A + 74 42.5 22 25
8A +110 44.5 44 65
8B +110 47.5 45 65
3A +110 24.0 28 20
3B +110 45.0 44 100
3B +110 31.0 35 60
8A +150 8929 51 95
8B +150 54.0 54 80
3A +150 56.5 55 10
3B +150 53.5 54 95
BA +200 55.5 58 100
8B +200 56.0 56 100
3A +200 60.5 63 100
3B +200 52.5 52 100
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TABLE XV

INITIAL TRANSITION AND RE ERENCE TEMPERATURES
FOR LACBWR PRESSURE B JUNDARY MATERIALS

(b)

whichever is higher.(18)
RTNDT is the higher of (1) DWNDT, (2) 50°F below the 50 ft-lb
Cy TT (increased by 20°F because specimens are longitudinally
orient»4), and (3) 60°F below the 35 mil LE Cy TT (increased
by 20°F because specimens are longitudinally oriented).(18)

38

A. Main Steam and Forced Recirculation Haterials(lu)
Drop 20 ft-1b Charpy
Heat Weight  V-Notch Transition
Component Material No. NDT (°F) Temperature (OF)
20-in. Piping A-335, P-11 B-2795 -30 =27
20-in. Piping A-335, P-11 B-3064 +10 -
20-in. Piping A-335, P-11 B-3080 +20 -
Pump Casing A-217, C=-5 5=272 +30 -
20-in. Fittings A-217, WC-6 2-1823 >+10 +70
Valve Casing A-217, WC-6 C-842 +50 -
Roto-valve Casing A~215, WCB C-853 +10 -
Roto=-valve Casing A-216, WCB C-861 +30 -
Roto-valve Casing A-216, WCB C-863 +10 -
Roto-valve Casing A-216, WCB C=903 +30 -
B. Pressure Vessel Surveillance Materials
Material Initial RTyNDT
Ident. DWNDT 30 ft-1lb 50 ft-lb 35 mil deg F
NP1055 - -75 -55 -65 o(a)
NP1054 10 -15 -5 - 10(b)
NP1056 50 15 50 55 50(b)
Weld - -20 30 -15 o(a)
(a) Since DWNDT tests were not run, RTypr = 30 ft-1b Cy TT or 0°F,
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B. Material Toughness Projectionms

Appendix G of 10CFR50 requires that the primary pressure boundary
materials retain a Charpy V-notch upper shelf energy of at least 50 ft-1b
through the life of the plant. The LACBWR pressure vessel plate materials
have high C, upper shelf energies and appear to be relatively insensitive
to radiation embrit:lement. The irradiated upper shelf energies for the
LACBWR plate materials given in Table XIII are for longitudinally-oriented
specimens, but if they are reduced by 35 percent as recommended in the NRC
Standard Review Plan,(la) the values for material irradiated to 1.08 x
1019 n/ecm2 (E > 1 MeV) range from 58 ft-1b for Plate NP-1056 to about
69 ft-1b for Plate NP-1055. The weld metal exposed to the same fluence
has retained a Charpy shelf energy of 56 ft-1b.

The initial (unirradiated) values of Charpy V-notch upper shelf
erergies were not well established for the LACBWR vessel beltline mate-
rials. However, the trend bands for decrease in shelf energy given in
Regulatory Guide 1.99(8) can be used to estimate the Chargy shelf ener-
gies at the end of the 20 EFPY design life (E.0.L.) as shown in Figure 10.
Regulatory Guide 1.99 estimates that the shelf energies of the weld metal,
0.15% Cu plate (NP-1055) and the 0.10%2 Cu plate (NP-1056) have been reduced
by 29%, 24%, and 19%, respectively, at a fluence of 1.08 x 1019 n/cm2,

E > 1 MeV). At the peak 20 EFPY vessel fluence of 2.7 x 1019 n/cm? (E >
1 MeV), the guide predicts that the shelf energies of these materials
will have been reduced by 36%, 30%, and 24%, respectively. The projected
E.O.L. shelf energies are:

(1) Weld Metal:

. 1-0.36Y _ <0 ¢oo
Cy Shelf at E.O.L. = 56( 75555 ) = 50 fe-1b
(2)  Plate NP-1055:
1-0.30
Cy Shelf at E.O.L. 69 (m = 64 ft-1b

(3) Plate NP-1056:

"

Cy Shelf at E.0.L. = 58 (l-_o_._z_a = 54 ft=-1b

1-0.19

The LACBWR material surveillance program does not include specimens
representing the HAZ material. However, the companion program conducted
by NRL(16) did include HAZ specimens machined from Plate NP-1056. The re-
sults obtained indicated that the radiation sensitivity of the HAZ material,
as measured by the increase in the transition temperature, was similar to
that of Plate NP-1056. Since the transition temperature of the unirradi-
ated HAZ material was nearly 100°F below that of the base plate, and since
the longitudinal C, shelf energy was in the 90 ft-lb range (i.e., 60 ft-1b
in the transverse direction) after being irradiated to 2.1 x 1019 n/cm?
(E > 1 MeV, based on a fission spectrum-averaged cross sectiomn), it is con-
cluded that the properties of the HAZ material will not pose a problem to
LACBWR operations.
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Decrease in Shelf Energy, percent

60 ;?T»:qT; 'if.”f p'!?:pujihj BRE T 'h : i M?U{w ]iq]ﬂfmhwﬁ i {; §l}? iigi NT;IWYU”f‘
M : s j =t : r 4"1 HHH WH" 1 *”f%*’?rl qif‘,m
3 i1 1 i } i § HELL
i i (e
| h t ‘ ' il i

A
; o
A
1

i | T [ T

- : - A - i = = - T
-
u ﬂF'H h ‘.*jl -§ [ P" .ﬁ FW l
- I 1T L ;H. . :
ot
0.015% Cu Weld ."‘” | r'“""'m i ,WH {
0.015% Cu Plate -l it il | HH '
sal
0.010% Cu Plate ’—ﬂ"r"m
10+ HIT ] T SEBEEETE
L i i+ 1] i1 - 4
8 i SEs 4+
‘Y H - 4+t 2
6 % ' 9 Hr*H l — 2
' =% |l LL Code: -
) 1| r il AR v NP-1055
4ET { G = a NP-1056
- 1 iy - - - S84 4 . "eld "
il e
| | t ]
284 +
o Wil | if l!'h | 1 “ i 2 l__:xv
2 x 1017 4 6 8 1018 2 4 t 8 1019 2 4

Neutron Fluence, n/em2, E > 1 MeV

FIGURE 10. SHELF ENERGY DEGRADATION PROJECTIONS






10.

3 I

12.

13.

VI. REFERENCES

Pellini, W. S., and Puzak, P. P., "Fracture Analysis Diagram Proce-
dures for the Fracture-Safe Engineering Design of Steel Structures,”
NRL Report 5920, March 1963.

ASTM E 208-69, "Standard Method for Conducting Drop-Weight Test to
Determine Nil-Ductility Transition Tomperature of Ferritic Steels,"”
1972 Annual Book of ASTM Standards, Part 31.

Title 10, Code of Federal Regulations, Part 50, "Licensing of Pro-
duction and Utilization Facilities."

ASME Boiler and Pressure Vessel Code, Section III, "Nuclear Power
Plant Components," 1974 Edition.

Steele, L. E., and Serpan, C. 2., Jr., "Analysis of Reactor Vessel
Radiation Effects Surveillance Programs,' ASTM STP 481, December
1970.

Steele, L. E., "Neutron Irradiation Embrittlement of Reactor Pres-
sure Vessel Steels," International Atomic Energy Agency, Technical
Reports Series No. 163, 1975.

ASME Boiler and Pressure Vessel Code, Section XI, "Rules for In-
service Inspection of Nuclear Power Plant Components," 1974 Editionm.

Regulatory Guide 1.99, Office of Standards Development, U.S. Nuclear
Regulatory Commission, April 1977.

ASTM E 185-79, "Standard Recommended Practice for Conducting Sur-
veillance Tests for Light-Water Cooled Nuclear Power Reactor Ves-
sels,”" 1979 Annual Book of ASTM Standards.

Norris, E. B., "Analysis of the First Vessel Material Surveillance
Capsule Withdrawal from LaCrosse Boiling Water Reactor," Topical
Report No. 1, SwRI Project 02-3467, March 23, 1973.

Norris, E. B., "Anal sis of the Vessel Material Surveillance Cap-
sules Withdrawn from LaCrosse Boiling Water Reactor During the

1975 Refuelling," Final Report, SwRI Project 02-4074-001, April 26,
1977.

"LaCrosse Boiling Water Reactor--Reactor Vessel Material Surveil-
lance Program for Evaluation of Radiation Effects," ACNP-66513,
February 1966.

Norris, E. B., "Tensile and Impact Properties of LACBWR Reactor
Vessel Plate and Control Material," SwRI 1228-7-35, August 12,
1966.

43






APPENDIX A

SKETCHES AND DRAWINGS FROM ACNP66513

45



'Oul}'\g direction

we ld for (drop weight

| break

_

Typical for 18 1 10T drop weight plates total of 72 Charpy

V-notch specimens

CHARPY V-NOTCH TEST SP

OTCH 5T SPECIMENS MACHINE
NOT DROP WEIGHT T

REACTOR VESSEL Pl

ST SPECIMENS FROM LA
'-.....,C«_»g,*i E {P OJ

d LAC




6601 dN 31V1d 13SSIA ¥OLOVIY IMEDOVT WONS QINIHOVW
SNIWID3AS 1531 FTISNIL ANV HOLON-A Ad¥VHO

Ajuo supjd 1api0rb 19m0O| pup yaddn puo uoydanp Sutjjos o |a1joiod UMD suawydsds aj1suay pun Adioy)

650l dN @io|d
WST/E0 | .4 4.

vo1Bas sy woly
v__n:.‘: ﬁ_Oﬁ:U_«. Z
a|1sua| AUNDIVIW $9

ad

UoIjo3JIp DUl
: ' H

o:c_m 12110nb _uQ::N

|

|

S~ |
I/b

i,o:c_m 19110ND 19MO) \




,4/ /iowcr quarier plane

/._ RN B .. il s R

R
TETTFH TR
{1 7 152

e

Lo

ETS
I

1 /2" iJ? Charpy - Weld

s SIRMESERRhaRtgl | L I CLABE LA TR YUY

b b b t } }» L bbb { L sy St P Ly
&0 hS'P \ . l

save leftover NP 1056
b > P b 3

058

<

rolling direction

]
|

|
ol

e

23"
Charpy in the plate taken from upper quarter plane and lower quarter plane parallel to rolling

direction as shown, with notch oriented as shown. Champy in the weld between the two plates

taken 6 per thickness, as shown.

Charpy V-rotch test specimens machined from LACBWR reactor vesse| welded plates NP 1055 and

NP 1056,
WELDED PLATES NP 1055 and NP 1056



NP1057 | | | | 10-1

1
-

5 equal spaces

NP 1058

|
|

le————— ———

|

palin

ke - G

L
r
l

Tensile Weld Specimens
|5 tensile specimens in each quarter plane of weld (4 planes full thinness)

40 tensile taken, 15 in each quarter plane of weld

CHARPY V-NOTCH AND MINIATURE T I SPECIME!
MACHINED FROM LACBWR REACTOR V /ELDED P S NP 1057 and NP 1058




otal 144 Charpy

from upper and
N lower quarterplane
\ ‘/200
\ a8 1/2"
:
i T
- -
e
-
py
L
g
g
2
G 2
5 &
& - 3
B A
‘{N = rolling direction
\\
4#\
r “u

CHARPY V-NOTCH TEST SPECIMENS MACHINED FROM
BATTELLE NORTHWEST STANDARD OR CONTROL MATERIAL (Ref. BNWL-CC-236)



—{ 394 $—

A ST

-

—-1’7 i) W — A
/1 B | Q7
054 |°

——

O\

—

REVISIONS




l. EACH SPE
STAMPED
INDICATIN

{AL
2. STANMPING

CIMEN i€

ON 80TH

G ITS RESPECTIVE
IDENTIFICATION

TO BE
ENDS

1S TO BE DONE

$..co iac-£23

\ * ™\ A -

JITH LOW STRESS STAMPS,
NLESS OTHEAWI SE NOTED | ~
aieEALCTTENANERORT | wemovie ] ALLIS-CHALMERS

§ PMACE DECWAL - 080 ‘;‘C.;“EJ o Rt Mt ERI3-TLE MANUFACTURING COMPANY
PLACE DEC™AL . 020 LRFAC o N s - -

‘guuct DECIWAL . 210 '_?'3""‘ MO Saz~ow: |30 o3 ATOMIC ENERGY DIVISION
ANG MACHINES SURFACE » < s 3 BETHESOA MASL 'LAND
CHAMFTS & WELD PREP . 1 V' [we el 3-2.(9 DESCRIPT.ON '
TOLERANGES DO NOT APPLY TO | ase » :

COMMERCIAL STOCK QR PanrTS

DIMENSIONS SHOWN FOR Sulw L MATERIAL 2
| ITEmg ARE SOMINAL SCALE ;EE TA L wr |
OWG STATUS > ";Y '.Tn(

USED ON NEXT ASST ] TE\JS:LE ‘—PEAH\J‘.EN

PROJECT

AS BUILT

0112-2-65
REVISIONS

T —

& P PG
LMDy

~

OWG NO i ~ Im
41-100- 386-002(T) 10}

o N e




17IN8 SV ——— _\1 -

TR

SHAWIYHO STV




-

- -~ e e hod ok - .
{ ;
I.
\\; .
\ \ ‘
\ | L 1%}
\ \ ; 06l P1
; al \ \ P P1 (a) 1 IS -
|
} {7)\b6 t ot
4 y | ) (9) . 5 : : i
| 1 ..'l/l { “ // 9
| 3 | ( f | 32/
' 4 1/
1 e - [—» = | e
I -‘ )3 - -
v L _ 7 ! ™
i “ r ! v‘) 3 ) | wWIiK: X { i« ! -
4 ' p, ‘ |
| ‘ ][ ; ( ! UPi t v AR o) }
i j/ | |
f , ! |
| /| | :
," [ {
/ ’
/’ ‘,’ 1710 1
N
: ;
CLEAN FINAL ASSEMBLY PER PEC. A3 101- 76590
MisL It HeQb
i Loy o [ n | ALLIS-CHALMERS
-kl 3 MANUFACTURING CUMPANTY
»o ; ATOMIC ENERGY DIVISION
we £ 4 BLINESOA WARTL AN
O e Tos
i s - st f 4 4
"l A.. [ 2 - A TE A I. -
L LS ARk aRRINL carE 7 ) :
L G Y K o o " BN 4106 390 20l | rant wams
g A e OSIME TRY WIHE HOLbe )
v:ll y 2 7 AS BU'LT ROACT DWG NO i'”
> 2 )= 21 £ <
REVISIONS L ACBWH 41-200-294 }(1|‘







TABLE B-1

TENSILE TEST RESULTS ON HEAT NP1055 AT AMBIENT TEMPERATURE

(Unirradiated)
Specimen Gage 0.2% ¥YS | UTS | RA | Elong.
No. Diameter (in.) (ksi) (ks1) | (%) (%)
1 0.506 64.1 853|709 | 26.7
2 0.505 62.8 858 | 708 | 275
3 0.250 64.7 876 | 7251 309
4 0.250 63.6 88.1 | 749 | 277
5 0.250 64.2 876 | 721§ 273
6 0.250 65.2 886|713 276
TABLE B-2
RESULTS OF CHARPY V-NOTCH TESTS ON HEAT NP1055
(Unirradiated)
Absorbed Fracture Lateral
T(gt;u): Energy | Appearance | Expansion
(ft-ib) (% Shear) (mils)
70 120+ 100 37
70 120+ 100 93
40 1200 100 99
40 120.0 100 90
10 120.0 100 92
10 97.5 60 76
-20 68.5 30 61
-20 895 25 73
-50 58.0 15 51
-50 41.5 10 37
-70 570 8 Si
-70 470 8 42
-80 275 2 25
-80 38.0 2 33
—80 9.5 2 7
80 235 2 12
-100 16.5 1 14
-100 11.5 1 11







RESULTS OF CHARPY V-NOTCH TESTS ON HEAT NP1056

TABLE B~5

(Unirradiated)
T Absorbed Fracture Lateral
emp. | o E
CF) nergy Appearance xpansion
(ftib) (% Shear) (muls)
150 53.5 95 51
150 58.0 90 52
130 540 90 S0
130 590 90 55
110 570 90 S0
110 63.5 90 54
90 S4.0 90 45
90 565 20 50
70 535 60 51
70 S99 50 42
70 470 60 51
50 425 40 43
50 405 35 34
40 295 30 26
40 380 30 33
30 290 25 24
30 345 30 3
230
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APPENDIX C

DISCRETE CRDINATE TRANSPORT ANALYSIS

A. Background

The LACBWR Safety Review Committee, at their meeting of October 4,
1973, questioned if the fast neutron irradiation of the vessel is pro-
ceeding at a faster rate than envisioned in the design calculations
given in the LACBWR Safeguards Report ACNP65544. The committee's Recom-
mendation #16 was to resolve this question of vessel NDT changes near
the steam separators. This is a very important consideration because
information on the neutron flux distribution is the primary link relat-
ing surveillance capsule and pressure vessel material property changes.

An increase in the NDT temperature of the vessel steel may be ex-
pected vhen the fast neutron fluence (E > 1 MeV) to which the steel is
exposed exceeds a threshold value of approximately 1017 n/eml, E > 1
MeV. Tre fast neutron flux intensity in the vicinity of the pressure
vessel boundary varies axially, radially and azimuthally. The only por-
tion of the vessel which is expected to receive sz fast neutron fluence
above the threshold value for radiation damage during the design life is
the vessel wall opposite the core, the maximum exposure generally occur-
ring opposite the vertical center of the core. However, local perturba-
tions in fast neutron flux within this region result from geometric as
well as material differ<nces.

Since it is difficult, if not impossible, to place the material
surveillance capsules exactly at one or more points of maximum fast flux,
the reactor design calculations should provide the lead factor(s) which
relate the fast neutron flux at the surveillance capsule locations to
the maximum fast neutron flux expected anywhere on the vessel wall I.D.
ACNP655344 indicates that the incident neutron flux on the pressure ves-
sel at the core centerline is expected to be 1.53 x 1010 n/cm? sec > 1
MeV, while that on each capsule is predicted to be 3.03 x 1010, Thus, a
single acceleration factor of 1.98 is defined for all surveillance capsules.

The answer to DRL Question III-18 confirms that the effects of steam
voids in the separator and downcomer regions were considered in calculating
the neutron exposure of the pressure vessel. However, by coincidence, the
estimated 15 percent increase in fast flux due to void distribution was
cancelled by the 15 percent overestimate of fast flux obtained from the
PIMG program because of the energy group structure selected.

The material surveillance capsules installed in the LACBWR vessel
are located between the steam separators, but they are shielded from the
core by the steam separators to varying degrees, as indicated by Figure 2
in ACNP66513, February 1966. Therefore, all capsules are not located at
the position assumed in the original reactor design calculations. For
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TABLE C-1

NEUTRON FLUX DENSITY LEAD FACTORS AS A
FUNCTION OF VOID CONTENT IN THE STEAM SEPARATORS

Capsule Lead Factor (a) .
Identification 0% Voids 20% Voids 40% Voids
1A, 1B, 6A, 6B 1.41 1.60 1.62
2A, 2A, 7A, 7B 2.15 2.28 2.13
3A, 3B, 8A, 8B i 9% 5 | 1.67 1.66
4A, 4B, 9A, 9B 1.46 1.49 1.37

5A, 5B, 10A, 10B 1.38 3:52 1.50
V.W. Dosimeter 0.86 0.94 0.96

(a) @c/@v
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