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EXECUTIVE SUMMARY 

The purpose of this report is to document the results of the testing of surveillance capsule 380 from Palo 
Verde Unit 1. Capsule 380 was removed at 9.81 EFPY and post irradiation mechanical tests of the Charpy 
V-notch and tensile specimens was performed, along with a fluence evaluation based methodology and 
nuclear data including recently released neutron transport and dosimetry cross-section libraries derived from 
the ENDF/B-VI database. The calculated peak clad base/metal vessel fluence after 9.81 EFPY of plant 
operation was 4.65 x 1018 n/cm2 and the surveillance Capsule 380 calculated fluence was 7.85 x 10"8 n/cm2.  
A brief summary of the Charpy V-notch testing results can be found in Section 1 and the updated capsule 
removal schedule can be found in Section 7.
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1 SUMMARY OF RESULTS 

The analysis of the reactor vessel materials contained in surveillance capsule 3 8' the second capsule to be 

removed from the Palo Verde Unit 1 reactor pressure vessel, led to the following conclusions: (General 

Note: Temperatures are reported to two significant digits only to match CVGraph output.) 

The capsule received an average fast neutron calculated fluence (E > 1.0 MeV) of 7.85 x 10's 

nrcm2 after 9.81 effective full power years (EFPY) of plant operation.  

Irradiation of the reactor vessel intermediate shell plate M-6701-2 Charpy specimens, oriented 

with the longitudinal axis of the specimen parallel to the major working direction of the plate 

(longitudinal orientation), to 7.85 x 1018 n/cm2 (E> 1.0MeV) resulted in a 30 ft-lb transition 

temperature increase of 0.57'F and a 50 ft-lb transition temperature increase of 5.9°F. This results 

in an irradiated 30 
ft-lb transition temperature of 8.72'F and an irradiated 50 ft-lb transition temperature of 42.521F 

for the longitudinally oriented specimens 

Irradiation of the reactor vessel intermediate shell plate M-6701-2 Charpy specimens, oriented 

with the longitudinal axis of the specimen normal to the major working direction of the plate 

(transverse orientation), to 7.85 x 1018 n/cm 2 (E> 1.0 MeV) resulted in a 30 ft-lb transition 

temperature decrease of -19.7 10F and a 50 ft-lb transition temperature decrease of-15.981F. This 

results in an irradiated 30 ft-lb transition temperature of 10.14"F and an irradiated 50 ft-lb 

transition temperature of 55.25'F for transversely oriented specimens.  

Irradiation of the weld metal Charpy specimens to 7.85 x 1018 n/cm2 (E> 1.0MeV) resulted in a 

30 ft-lb transition temperature increase of 6.27 0F and a 50 ft-lb transition temperature increase of 

8.12'F. This results in an irradiated 30 ft-lb transition temperature of-47.0'F and an irradiated 

50 ft-lb transition temperature of -25.3'F.  

Irradiation of the weld Heat-Affected-Zone (HAZ) metal Charpy specimens to 7.85 x 1018 n/cm2 

(E > 1.0 MeV) resulted in a 30 ft-lb transition temperature decrease of -26.59 0F and a 50 ft-lb 

transition temperature decrease of-13.43'F. This results in an irradiated 30 ft-lb transition 

temperature of-89.79'F and an irradiated 50 ft-lb transition temperature of-40.01'F.  

Irradiation of the standard reference material Charpy specimens to 7.85 x 10"8 n/cm2 

(E > 1.0 MeV) resulted in a 30 ft-lb transition temperature increase of 114.25'F and a 50 ft-lb 

transition temperature increase of 128.6'F. This results in an irradiated 30 ft-lb transition 

temperature of 136.16 0F and an irradiated 50 ft-lb transition temperature of 176.21'F.  

* The average upper shelf energy of the intermediate shell plate M-6701-2 (longitudinal orientation) 

resulted in an average energy decrease of 10 ft-lb after irradiation to 7.85 x 10"8 n/cm2 (E> 1.0 

MeV). This results in an irradiated average upper shelf energy of 141 ft-lb for the longitudinally 

oriented specimens.  

The average upper shelf energy of the Intermediate shell plate M-6701-2 (transverse orientation) 

resulted in no average energy decrease of after irradiation to 7.85 x 10Is n/cm 2 (E > 1.0 MeV).  

Analysis of Palo Verde Unit 1 Capsule 380
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This results in an irradiated average upper shelf energy of 98 ft-lb for the transversely oriented 
specimens.  

The average upper shelf energy of the weld metal Charpy specimens resulted an average energy 
decrease of 6 ft-lb after irradiation to 7.85 x 1018 n/cm2 (E> 1.0 MeV). Hence, this results in an 
irradiated average upper shelf energy of 158 ft-lb for the weld metal specimens.  

The average upper shelf energy of the weld HAZ metal Charpy specimens resulted an average 
energy decrease of 16 ft-lb after irradiation to 7.85 x 1018 n/cm2 (E > 1.0 MeV). Hence, this 
results in an irradiated average upper shelf energy of 119 ft-lb for the weld HAZ metal.  

The average upper shelf energy of the standard reference material Charpy specimens resulted an 
average energy decrease of 24 ft-lb after irradiation to 7.85 x 10'8 n/cm 2 (E > 1.0 MeV). Hence, 
this results in an irradiated average upper shelf energy of 105 ft-lb for the standard reference 
material.  

A comparison of the Palo Verde Unit 1 reactor vessel beltline material test results with the 
Regulatory Guide 1.99, Revision 2"1', predictions led to the following conclusions: 

- The measured 30 ft-lb shift in transition temperature values for all the surveillance program 
materials (Weld and Plate) for capsule 380 are less than the Regulatory Guide 1.99, Revision 
2, predictions.  

- The measured percent decrease in upper shelf energy of the Capsule 38' surveillance material 
is less than the Regulatory Guide 1.99, Revision 2, predictions.  

The peak calculated and best estimate end-of-license (32 EFPY) neutron fluence (E> 1.0 MeV) at 
the core midplane for the Palo Verde Unit 1 reactor vessel using the Regulatory Guide 1.99, 
Revision 2 attenuation formula (ie. Equation # 3 in the guide; f(depth x) = f•-a¢ * e (-0.24x)) is as 
follows: 

Calculated: Vessel inner radius* = 1.64 x 1019 n/cm 2 

Vessel 1/4 thickness = 9.52 x 101 n/cm2 

Vessel 3/4 thickness = 3.21 x 101i n/cm2 

Best Estimate: Vessel inner radius* = 1.36 x 1019 n/cm2 

Vessel 1/4 thickness = 7.90 x 1018 n/cm 2 

Vessel 3/4 thickness = 2.66 x 10"8 n/cm2

Analysis of Palo Verde Unit I Capsule 380
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2 INTRODUCTION 

This report presents the results of the examination of the Capsule located at 380, the second capsule to be 

removed from the reactor in the continuing surveillance program which monitors the effects of neutron 

irradiation on the Palo Verde Unit 1 reactor pressure vessel materials under actual operating conditions.  

The surveillance program for the Arizona Public Service Company Palo Verde Unit 1 reactor pressure 

vessel materials was designed and recommended by Combustion Engineering. A description of the 

surveillance program and the preirradiation mechanical properties of the reactor vessel materials is 

presented in Reference 3. The surveillance program was planned to cover the 40-year design life of the 

reactor pressure vessel and was based on ASTM El 85-82, "Standard Practice for conducting Surveillance 

Tests for light-water cooled Nuclear Power Reactor Vessels". Capsule 38' was removed from the reactor 

after 9.81 EFPY of exposure and shipped to the Westinghouse Science and Technology Center Hot Cell 

Facility, where the post irradiation mechanical testing of the Charpy V-notch impact and tensile 

surveillance specimens was performed.  

This report summarizes the testing of and the post-irradiation data obtained from surveillance capsule 

located at 380, removed from the Palo Verde Unit 1 reactor vessel and discusses the analysis of the data.

Analysis of Palo Verde Unit I Capsule 38'
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3 BACKGROUND 

The ability of the large steel pressure vessel containing the reactor core and its primary coolant to resist 

fracture constitutes an important factor in ensuring safety in the nuclear industry. The beltline region of 

the reactor pressure vessel is the most critical region of the vessel because it is subjected to significant fast 

neutron bombardment. The overall effects of fast neutron irradiation on the mechanical properties of low 

alloy, ferritic pressure vessel steels such as A533 Grade B Class 1 (base material of the Arizona Public 

Service Company Palo Verde Unit I reactor pressure vessel beltline) are well documented in the literature.  

Generally, low alloy ferritic materials show an increase in hardness and tensile properties and a decrease 

in ductility and toughness during high-energy irradiation.  

A method for ensuring the integrity of reactor pressure vessels has been presented in "Fracture Toughness 

Criteria for Protection Against Failure," Appendix G to Section XI of the ASME Boiler and Pressure 
Vessel Code[4]. The method uses fracture mechanics concepts and is based on the reference nil-ductility 

transition temperature (RTNT).  

RTNDT is defined as the greater of either the drop weight nil-ductility transition temperature (NDTT per 
ASTM E-208s1') or the temperature 60'F less than the 50 ft-lb (and 35-mil lateral expansion) temperature 
as determined from Charpy specimens oriented perpendicular (transverse) to the major working direction 
of the plate. The RTNDT of a given material is used to index that material to a reference stress intensity 
factor curve (K&a curve) which appears in Appendix G to the ASME Codel4]. The K1a curve is a 
Intermediate bound of dynamic, crack arrest, and static fracture toughness results obtained from several 
heats of pressure vessel steel. When a given material is indexed to the Kia curve, allowable stress intensity 
factors can be obtained for this material as a function of temperature. Allowable operating limits can then 
be determined utilizing these allowable stress intensity factors. Note that Code Case N-640 now allows the 
use of the KI, curve as an alternative to the KIa curve.  

RTNDT and, in turn, the operating limits of nuclear power plants can be adjusted to account for the effects 

of radiation on the reactor vessel material properties. The changes in mechanical properties of a given 
reactor pressure vessel steel, due to irradiation, can be monitored by a reactor surveillance program, such 

as the Palo Verde Unit 1 reactor vessel radiation surveillance programE61, in which a surveillance capsule is 

periodically removed from the operating nuclear reactor and the encapsulated specimens tested. The 

increase in the average Charpy V-notch 30 ft-lb temperature (ARTNDT) due to irradiation is added to the 

initial RTNDT, along with a margin (M) to cover uncertainties, to adjust the RTNDT (ART) for radiation 
embrittlement. This ART (RTNDT initial + M + ARTNDT) is used to index the material to the Kla curve and, 

in turn, to set operating limits for the nuclear power plant that take into account the effects of irradiation on 
the reactor vessel materials.

Analysis of Palo Verde Unit 1 Capsule 38'
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4 DESCRIPTION OF PROGRAM 

Six surveillance capsules for monitoring the effects of neutron exposure on the Palo Verde Unit 1 reactor 

pressure vessel core region (beltline) materials were inserted in the reactor vessel prior to initial plant 

start-up. The capsules were positioned in the reactor vessel between the core support barrel and the vessel 

wall at locations shown in Figure 4-1. The vertical center of the capsules is opposite the vertical center of 

the core.  

Capsule 380 was removed after 9.81 effective full power years (EFPY) of plant operation. This capsule 

contained Charpy V-notch impact and tensile specimens made from reactor vessel intermediate shell 

course plate M-6701-2, submerged arc weld metal representative of the beltline region welds, heat

affected-zone (HAZ) metal and standard reference material from HSST-0lMY plate. All HAZ specimens 

are obtained within the heat-affected-zone of lower shell plate M-43 11-1 and 4311-2.  

Charpy V-notch impact specimens from Plate M-6701-2 were with the longitudinal axis of the specimen 

parallel to the major working direction of the plate (longitudinal orientation). Charpy V-notch impact 

specimens from Plate M-6701-2 were with the transverse axis of the specimen perpendicular to the major 

working direction of the plate (transverse orientation). The Charpy V-notch specimens from the weld 

metal were machined with the longitudinal axis of the specimen transverse to the weld direction with the 

notch oriented in the direction of the weld.  

Tensile specimens from Plate M-6701-2 were machined in with the longitudinal axis of the specimen 

perpendicular to the major working direction of the plate (transverse orientation). Tensile specimens from 

the weld metal were oriented with the longitudinal axis of the specimen transverse to the weld direction.  

Capsule 38' contained dosimeter wires of sulfur, iron, titanium, nickel (cadmium-shielded), cobalt 

(cadmium-shielded and unshielded), copper (cadmium shielded) and uranium (cadmium-shielded and 

unshielded).  

The capsule contained thermal monitors made from four low-melting-point eutectic alloys and sealed in 

glass capsules. These thernal monitors were used to define the maximum temperature attained by the test 

specimens during irradiation. The composition of the four eutectic alloys and their melting points are: 

80% Au, 20% Sn Melting Point 536'F (280'C) 

90% Pb, 5% Sn, 5% Ag Melting Point 558°F (2921C) 

2.5% Ag, 97.5% Pb Melting Point 580'F (304'C) 
1.75% Ag, 0.75% Sn, 97.5% Ag Melting Point 590'F (31 0°C) 

The chemical Composition and heat treatment of the surveillance material is presented in Tables 4-1 and 4

2. The chemical analysis reported in Table 4-1 was obtained from TR-V-MCM-0 12. The arrangement of 

the various mechanical test specimens, dosimeters and thermal monitors contained in capsule 380 is shown 

in Figure 4-2. A typical Palo Verde Unit 1 surveillance capsule Charpy impact compartment assembly is 

shown in Figure 4-3, while Figure 4-4 and 4-5 show the Tensile-Monitor Compartment and Charpy Flux & 

Compact Tension Compartment, respectively.

Analysis of Palo Verde Unit 1 Capsule 38'



Table 4-1 Chemical Composition (wt %) of the Palo Verde Unit 1 Reactor 
Vessel Surveillance Materials 

Element Plate M-6701-2 Weld Metal 

M-4311-2/M-4311-3 

C 0.24 0.16 

Mn 1.33 1.08 

P 0.004 0.005 

S 0.010 0.005 

Si 0.28 0.24 

Ni 0.60 0.06 

Cr 0.04 0.06 

Mo 0.53 0.58 

V 0.003 0.006 

Cb <0.01 0.01 

Ti <0.01 0.01 

Co 0.013 0.018 

Cu 0.06 0.04 

Al 0.029 0.005 

B <0.001 0.001 

W <0.01 0.02 

Sb 0.0015 0.0014 

As <0.001 0.006 

Sn 0.003 0.004 

Zr <0.001 0.001 

Pb 0.001 0.001 

N 0.009 0.007

Analysis of Palo Verde Unit 1 Capsule 380
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Analysis of Palo Verde Unit I Capsule 380

Table 4-2 Heat Treatment of the Palo Verde Unit 1 Reactor Vessel Surveillance Material 

Material Temperature ('F) Time (hrs.) Coolant 

Surveillance Program Austenitizing: 4 Water-quenched 

1600 ± 25 

Test Plate M-6701-2 Tempered: 4 Air Cooled 

1225 ± 25 

Stress Relief: 40 Furnace Cooled to 600'F 

1150 ± 25 

Weld Metal Stress Relief: 41 hr & 45 min. Furnace Cooled 

1125 ±25
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Figure 4-2 Typical Palo Verde Unit I Surveillance Capsule Assembly
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Figure 4-3 Typical Palo Verde Unit I Surveillance Capsule Charpy Impact Compartment 
Assembly 
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Figure 4-4 Typical Palo Verde Unit I Surveillance Capsule Tensile and Flux-Monitor 
Compartment Assembly
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5 TESTING OF SPECIMENS FROM CAPSULE 380 

5.1 OVERVIEW 

The post-irradiation mechanical testing of the Charpy V-notch impact specimens and tensile specimens 

was performed in the Remote Metallographic Facility (RMF) at the Westinghouse Science and Technology 

Center. Testing was performed in accordance with 10CFR50, Appendices G and H121, ASTM 

Specification El 85-82E7], and Westinghouse Procedure RMF 8402, Revision 2 as modified by 
Westinghouse RMF Procedures 8102, Revision 1, and 8103, Revision 1.  

Upon receipt of the capsule at the hot cell laboratory, the specimens and spacer blocks were carefully 
removed, inspected for identification number, and checked against the master lists in WCAP-14066131 . No 
discrepancies were found.  

Examination of the four low-melting, eutectic alloy thermal monitors indicated that the two lowest melting 
point monitors melted, and that the 580°F monitor had signs that some melting had occurred. Based on 

this examination, the maximum temperature to which the test specimens were exposed to was 5800F.  

The Charpy impact tests were performed per ASTM Specification E23-98181 and RMF Procedure 8103, 
Revision 1, on a Tinius-Olsen Model 74, 358J machine. The tup (striker) of the Charpy impact test 
machine is instrumented with a GRC 930-I instrumentation system, feeding information into an IBM 
compatible computer. With this system, load-time and energy-time signals can be recorded in addition to 

the standard measurement of Charpy energy (ED). From the load-time curve (Appendix A), the load of 
general yielding (PGy), the time to general yielding (t~y), the maximum load (PM), and the time to 
maximum load (tM) can be determined. Under some test conditions, a sharp drop in load indicative of fast 
fracture was observed. The load at which fast fracture was initiated is identified as the fast fracture load 

(PF), and the load at which fast fracture terminated is identified as the arrest load (PA). The energy at 
maximum load (EM) was determined by comparing the energy-time record and the load-time record. The 
energy at maximum load is approximately equivalent to the energy required to initiate a crack in the 
specimen. Therefore, the propagation energy for the crack (Ep) is the difference between the total energy 
to fracture (ED) and the energy at maximum load (EM).  

The yield stress (ay) was calculated from the three-point bend formula having the following expression: 

o'y=(Pcr *L) / [B * (W - a) 2 * C] (1) 

where: L = distance between the specimen supports in the impact machine 
B = the width of the specimen measured parallel to the notch 
W = height of the specimen, measured perpendicularly to the notch 

a = notch depth
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The constant C is dependent on the notch flank angle (ý), notch root radius (p) and the type of loading 
(i.e., pure bending or three-point bending). In three-point bending, for a Charpy specimen in which 4- 450 
and p = 0.010 inch, Equation 1 is valid with C = 1.2 1. Therefore, (for L = 4W), 

oy= (PGy*L) / [B * (W - a) "1.21] = (3.33 *PGy / * W) [B * (W- a)2] (2) 

For the Charpy specimen, B = 0.394 inch, W = 0.394 inch and a = 0.079 inch. Equation 2 then reduces to: 

cy=33.3 *Par (3) 

where cyy is in units of psi and PGY is in units of lbs. The flow stress was calculated from the average of 
the yield and maximum loads, also using the three-point bend formula.  

The symbol A in columns 4, 5, and 6 of Tables 5-5 through 5-8 is the cross-section area under the notch of 
the Charpy specimens: 

A = B * (W - a) = 0.1241 sq.in. (4) 

Percent shear was determined from post-fracture photographs using the ratio-of-areas methods in 
compliance with ASTM Specification A370-97g91". The lateral expansion was measured using a dial gage 
rig similar to that shown in the same specification.  

Tensile tests were performed on a 20,000-pound Instron, split-console test machine (Model 1115) per 
ASTM Specification E8-990101 and E21-9201 3, and RMF Procedure 8102, Revision 1. All pull rods, grips, 
and pins were made of Inconel 718. The upper pull rod was connected through a universal joint to 
improve axiality of loading. The tests were conducted at a constant crosshead speed of 0.05 inches per 
minute throughout the test.  

Extension measurements were made with a linear variable displacement transducer extensometer. The 
extensometer knife edges were spring-loaded to the specimen and operated through specimen failure. The 
extensometer gage length was 1.00 inch. The extensometer is rated as Class B-2 per ASTM E83-931121.  

Elevated test temperatures were obtained with a three-zone electric resistance split-tube furnace with a 
9-inch hot zone. All tests were conducted in air. Because of the difficulty in remotely attaching a 
thermocouple directly to the specimen, the following procedure was used to monitor specimen 
temperatures. Chromel-Alumel thermocouples were positioned at the center and at each end of the gage 
section of a dummy specimen and in each tensile machine griper. In the test configuration, with a slight 
load on the specimen, a plot of specimen temperature versus upper and lower tensile machine griper and 
controller temperatures was developed over the range from room temperature to 550'F. During the actual 
testing, the grip temperatures were used to obtain desired specimen temperatures. Experiments have 
indicated that this method is accurate to +2°F.  

The yield load, ultimate load, fracture load, total elongation, and uniform elongation were determined 
directly from the load-extension curve. The yield strength, ultimate strength, and fracture strength were 
calculated using the original cross-sectional area. The final diameter and final gage length were 
determined from post-fracture photographs. The fracture area used to calculate the fracture stress (true 
stress at fracture) and percent reduction in area was computed using the final diameter measurement.  

Analysis of Palo Verde Unit I Capsule 38'



5-3 

5.2 CHARPY V-NOTCH IMPACT TEST RESULTS 

The results of the Charpy V-notch impact tests performed on the various materials contained in capsule 380, 
which received a fluence of 7.85 x 1018 n/rcm 2 (E > 1.0 MeV) in 9.81 EFPY of operation, are presented in 

Tables 5-1 through 5-8 and are compared with unirradiated results as shown in Figures 5-1 through 5-12.  

The transition temperature increases and upper shelf energy decreases for the capsule 380 materials are 

summarized in Table 5-9. These results led to the following conclusions: 

Irradiation of the reactor vessel intermediate shell plate M-6701-2 Charpy specimens, oriented with the 

longitudinal axis of the specimen parallel to the major working direction of the plate (longitudinal 

orientation), to 7.85 x 101' n/crm2 (E> 1.0MeV) resulted in a 30 ft-lb transition temperature increase of 

0.570F and a 50 ft-lb transition temperature increase of 5.9°F. This results in an irradiated 30 

ft-lb transition temperature of 8.720F and an irradiated 50 ft-lb transition temperature of 42.52°F for the 

longitudinally oriented specimens 

Irradiation of the reactor vessel intermediate shell plate M-6701-2 Charpy specimens, oriented with the 

longitudinal axis of the specimen normal to the major working direction of the plate (transverse orientation), 
to 7.85 x 101" n/crm2 (E> 1.0 MeV) resulted in a 30 ft-lb transition temperature decrease of-19.71°F and a 50 

ft-lb transition temperature decrease of-15.980F. This results in an irradiated 30 ft-lb transition temperature 

of 10. 140F and an irradiated 50 ft-lb transition temperature of 55.25'F for transversely oriented specimens.  

Irradiation of the weld metal Charpy specimens to 7.85 x 1018 n/cm 2 (E> 1.0MeV) resulted in a 

30 ft-lb transition temperature increase of 6.27°F and a 50 ft-lb transition temperature increase of 8.12 0F.  

This results in an irradiated 30 ft-lb transition temperature of-47.0°F and an irradiated 
50 ft-lb transition temperature of -25.31F.  

Irradiation of the weld Heat-Affected-Zone (HAZ) metal Charpy specimens to 7.85 x 1018 n/cm2 

(E > 1.0 MeV) resulted in a 30 ft-lb transition temperature decrease of -26.59°F and a 50 ft-lb transition 

temperature decrease of-13.430F. This results in an irradiated 30 ft-lb transition temperature of -89.79°F 

and an irradiated 50 ft-lb transition temperature of-40.01IF.  

Irradiation of the standard reference material Charpy specimens to 7.85 x 1018 n/cm2 

(E > 1.0 MeV) resulted in a 30 ft-lb transition temperature increase of 114.25°F and a 50 ft-lb transition 
temperature increase of 128.6 0F. This results in an irradiated 30 ft-lb transition temperature of 136.16°F and 

an irradiated 50 ft-lb transition temperature of 176.2 1°F.  

The average upper shelf energy of the intermediate shell plate M-6701-2 (longitudinal orientation) resulted in 

an average energy decrease of 10 ft-lb after irradiation to 7.85 x 10's n/cm 2 (E> 1.0 MeV). This results in an 

irradiated average upper shelf energy of 141 ft-lb for the longitudinally oriented specimens.  

The average upper shelf energy of the Intermediate shell plate M-6701-2 (transverse orientation) resulted in 

no average energy decrease of after irradiation to 7.85 x 1018 n/cm2 (E > 1.0 MeV). This results in an 

irradiated average upper shelf energy of 98 ft-lb for the transversely oriented specimens.  

The average upper shelf energy of the weld metal Charpy specimens resulted an average energy decrease of 6 

ft-lb after irradiation to 7.85 x 1018 n/cm2 (E> 1.0 MeV). Hence, this results in an irradiated average upper 

shelf energy of 158 ft-lb for the weld metal specimens.  
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The average upper shelf energy of the weld metal Charpy specimens resulted an average energy decrease 
of 6 ft-lb after irradiation to 7.85 x 1018 n/cm2 (E> 1.0 MeV). Hence, this results in an irradiated average 
upper shelf energy of 158 ft-lb for the weld metal specimens.  

The average upper shelf energy of the weld HAZ metal Charpy specimens resulted an average energy 
decrease of 16 ft-lb after irradiation to 7.85 x 10"' n/cm 2 (E > 1.0 MeV). Hence, this results in an 
irradiated average upper shelf energy of 119 ft-lb for the weld HAZ metal.  

The average upper shelf energy of the standard reference material Charpy specimens resulted an average 
energy decrease of 24 ft-lb after irradiation to 7.85 x 10" n/cm 2 (E > 1.0 MeV). Hence, this results in an 
irradiated average upper shelf energy of 105 ft-lb for the standard reference material.  

A comparison of the Palo Verde Unit 1 reactor vessel beltline material test results with the Regulatory 
Guide 1.99, Revision 211), predictions led to the following conclusions: 

- The measured 30 ft-lb shift in transition temperature values for all the surveillance program 
materials (Weld and Plate) for capsule 380 are less than the Regulatory Guide 1.99, Revision 
2, predictions.  

- The measured percent decrease in upper shelf energy of the Capsule 380 surveillance material 
is less than the Regulatory Guide 1.99, Revision 2, predictions.  

The fracture appearance of each irradiated Charpy specimen from the various surveillance capsule 380 
materials is shown in Figures 5-13 through 5-16 and show an increasingly ductile or tougher appearance 
with increasing test temperature.  

The load-time records for individual instrumented Charpy specimen tests are shown in Appendix A.  

The Charpy V-notch data presented in this report is based on a re-plot of all capsule data using 
CVGRAPH, Version 4. 1, which is a hyperbolic tangent curve-fitting program. Hence, Appendix C 
contains a comparison of the Charpy V-notch shift results for each surveillance material (hand-fitting 
versus hyperbolic tangent curve-fitting). Additionally, Appendix B presents the CVGRAPH, Version 4.1, 
Charpy V-notch plots and the program input data.
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5.3 TENSILE TEST RESULTS 

The results of the tensile tests performed on the various materials contained in capsule 380 irradiated to 

7.85 x 10 " n/cm2 (E > 1.0 MeV) are presented in Table 5-13 and are compared with unirradiated results as 

shown in Figures 5-21 and 5-22.  

The results of the tensile tests performed on the intermediate shell plate M-6701-2 (transverse orientation) 

indicated that irradiation to 7.85 x 1018 n/cm 2 (E> 1.0 MeV) caused an approximate increase of 0 to 5 ksi 

in the 0.2 percent offset yield strength and approximately a 0 to 2 ksi increase in the ultimate tensile 

strength when compared to unirradiated data[') (Figure 5-21).  

The results of the tensile tests performed on the surveillance weld metal indicated that irradiation to 

7.85 x 10"8 n/cm2 (E > 1.0 MeV) caused a 5 ksi increase in the 0.2 percent offset yield strength and a 4 to 

10 ksi increase in the ultimate tensile strength when compared to unirradiated data (Figure 5-22).  

The fractured tensile specimens for the Intermediate shell plate M-6701-2 material are shown in Figure 

5-23, while the fractured tensile specimens for the surveillance weld metal and heat-affected-zone material 

are shown in Figure 5-24.  

The engineering stress-strain curves for the tensile tests are shown in Figures 5-25 and 5-26.

Analysis of Palo Verde Unit 1 Capsule 380



5-6 

Table 5-1 Charpy V-notch Data for the Palo Verde Unit 1 Intermediate Shell Plate M-6701-2 
Irradiated to a Fluence of 7.85 x 1018 n/cm 2 (E> 1.0 MeV) (Longitudinal Orientation) 

Sample Temperature Impact Energy Lateral Expansion Shear 

Number F C ft-lbs Joules mils mm % 

IA11T -75 -59 5 7 1 0.03 5 

1A127 0 -18 19 26 12 0.30 15 

1A112 20 -7 38 52 31 0.79 25 

1A125 30 -1 43 58 39 0.99 25 

1A13U 50 10 60 81 44 1.12 35 

lAlll 100 38 91 123 66 1.68 65 

1A122 150 66 116 157 74 1.88 85 

1A144 225 107 138 187 60 1.52 100 

1A13K 275 135 144 195 106 2.69 100
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Table 5-2 Charpy V-notch Data for the Palo Verde Unit I Intermediate Shell Plate M-6701-2 

Irradiated to a Fluence of 7.85 x 10's n/cm 2 (E> 1.0 MeV) (Transverse Orientation) 

Sample Temperature Impact Energy Lateral Expansion Shear 

Number F C ft-lbs Joules mils nun % 

1A255 -75 -59 4 5 5 0.13 2 

IA21E -40 -40 8 11 4 0.10 5 

1A25P 0 -18 24 33 21 0.53 10 

1A232 5 -15 39 53 38 0.97 15 

1A21J 10 -12 39 53 30 0.76 15 

1A23A 25 -4 37 50 30 0.76 20 

IA25E 50 10 38 52 28 0.71 25 

1A25U 50 10 47 64 38 0.97 30 

1A261 70 21 55 75 42 1.07 45 

1A222 80 27 65 88 51 1.30 50 

1A247 125 52 89 121 71 1.80 60 

IA21M 150 66 110 149 79 2.01 90 

1A256 150 66 62 84 51 1.30 60 

1A235 200 93 112 152 84 2.13 100 

1A263 250 - 121 118 160 78 1.98 100
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Table 5-3 Charpy V-notch Data for the Palo Verde Unit 1 Surveillance Weld Metal Irradiated to 
a Fluence of 7.85 x 10's n/cm 2 (E> 1.0 MeV)

Sample Temperature Impact Energy Lateral Expansion Shear 

Number F C ft-lbs Joules mils mm % 

1A31Y -96 -71 7 9 7 0.18 10 

1A354 -70 -57 19 26 17 0.43 20 

IA324 -55 -48 11 15 14 0.36 20 

1A3A2 -50 -46 34 46 26 0.66 25 

1A3B3 -45 -43 25 34 22 0.56 25 

1A372 -25 -32 48 65 37 0.94 40 

1A33K -10 -23 95 129 69 1.75 70 

IA32U 0 -18 65 88 52 1.32 60 

1A342 15 -9 96 130 69 1.75 70 

1A35E 25 -4 114 155 71 1.80 85 

1A32M 50 10 129 175 85 2.16 90 

1A323 100 38 149 202 90 2.29 100 

IA35U 150 66 163 221 92 2.34 100 

1A331 200 93 151 205 90 2.29 100 

1A33B 250 121 170 231 97 2.46 100
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Table 5-4 Charpy V-notch Data for the Palo Verde Unit 1 Heat Affected Zone Metal Irradiated 
to a Fluence of 7.85 x 1018 n/cm 2 (E> 1.0 MeV)

5-9

Sample Temperature Impact Energy Lateral Expansion Shear 

Number F C ft-lbs Joules mils mm % 

1A441 -175 -115 12 16 4 0.10 5 

1A442 -120 -84 23 31 12 0.30 10 

1A43D -90 -68 54 73 39 0.99 45 

IA41U -75 -59 53 72 33 0.84 40 

1A44Y -50 -46 18 24 16 0.41 30 

1A453 -30 -34 30 41 24 0.61 40 

1A416 -25 -32 47 64 46 1.17 50 

1A443 0 -18 103 140 64 1.63 85 

1A44D 25 -4 62 84 48 1.22 50 

1A41M 70 21 108 146 75 1.91 100 

1A42B 130 54 100 136 70 1.78 100 

1A43T 200 93 148 201 90 2.29 100
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Table 5-5 Charpy V-notch Data for the Palo Verde Unit 1 Standard Reference Material 
Irradiated to a Fluence of 7.85 x 1018 n/cm2 (E> 1.0 MeV) 

Sample Temperature Impact Energy Lateral Expansion Shear 

Number F C ft-lbs Joules mils mm % 

1AB6M 0 -18 4 5 1 0.03 5 

1AB56 100 38 28 38 14 0.36 10 

1AB4A 125 52 30 41 28 0.71 15 

IAB53 175 79 42 57 42 1.07 25 

1AB6P 200 93 45 61 40 1.02 45 

IAB5K 225 107 91 123 90 2.29 95 

1AB4B 250 121 88 119 72 1.83 90 

lAB44 325 163 110 149 71 1.80 100 

1AB45 375 191 100 136 82 2.08 100
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Table 5-6 Instrumented Charpy Impact Test Results for the Palo Verde Unit 1 Intermediate Shell Plate M-6701-2 
Irradiated to a Fluence of 7.85 x 1018 n/cm z (E>1.0 MeV) (Longitudinal Orientation)

Analysis of Palo Verde Unit 1 Capsule 380

Normalized Energies 

(ft-lb/in') 

Charpy Yield Time to Time to Fast 

Test Energy Load Yield tG, Max. Max. Fract. Arrest Yield Flow 

Sample Temp. ED Charpy Max. Prop. PGY (msec) Load PM Tm Load PF Load PA Stress Sy Stress 

No. (OF) (ft-lb) ED/A EM/A Ep/A (Ib) (Ib) (msec) (Ib) (Ib) (ksi) (ksl) 

WAIT -75 5 40 19 21 2216 0.15 2228 0.14 2216 0 74 74 

1A127 0 19 153 65 88 3565 0.17 4077 0.23 4077 0 119 127 

IA112 20 38 306 212 94 3925 0.18 4503 0.49 4497 447 131 140 

1A125 30 43 346 273 74 3857 0.18 4454 0.60 4452 0 128 138 

1A13U 50 60 483 293 191 3202 0.17 4040 0.71 3996 518 107 121 

IAIl1 100 91 733 320 414 3750 0.18 4566 0.69 3913 1091 125 138 

IA122 150 116 935 308 626 3582 0.18 4401 0.69 3578 2280 119 133 

1A144 225 138 1112 314 798 2686 0.17 3625 0.84 n/a n/a 89 105 

1A13K 275 144 1160 353 808 3166 0.18 4109 0.83 n/a n/a 105 121
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Table 5-7 Instrumented Charpy Impact Test Results for the Palo Verde Unit 1 Intermediate Shell Plate M-6701-2 
Irradiated to a Fluence of 7.85 x 1018 n/cm 2 (E>1.0 MeV) (Transverse Orientation) 

Normalized Energies 

(ft-lb/in2) 

Charpy Yield Time to Time to Fast 
Test Energy Load Yield toy Max. Max. Fract. Arrest Yield Flow 

Sample Temp. ED Charpy Max. Prop. PGY (msec) Load PM T", Load PF Load PA Stress Sy Stress 
No. (OF) (ft-lb) ED/A EM/A Ep/A (Ib) (Ib) (msec) (Ib) (Ib) (ksi) (ksi) 

1A255 -75 4 32 16 16 2076 0.12 2088 0.13 2076 0 69 69 

IA21E -40 8 64 36 29 3390 0.17 3390 0.17 3390 0 113 113 

IA25P 0 24 193 138 55 3412 0.18 3683 0.4 3681 0 114 118 

1A232 5 39 314 224 90 3739 0.18 4221 0.53 4215 0 125 133 

1A21J 10 39 314 240 75 3748 0.17 4475 0.54 4416 0 125 137 

1A23A 25 37 298 198 100 3206 0.17 3742 0.53 3658 0 107 116 

1A25E 50 38 306 200 106 3369 0.17 3997 0.51 3963 580 112 123 

1A25U 50 47 379 266 113 3101 0.17 3754 0.68 3574 450 103 114 

1A261 70 55 443 290 153 3379 0.18 4089 0.7 4072 1096 113 124 

1A222 80 65 524 273 250 3219 0.17 3905 0.68 3821 1304 107 119 

1A247 125 89 717 297 420 3452 0.18 4237 0.69 3848 1597 115 128 

1A21M 150 110 886 306 580 3448 0.17 4326 0.69 3043 2071 115 129 

1A256 150 62 500 259 240 2944 0.17 3684 0.69 3582 1313 98 110 

1A235 200 112 902 252 651 2797 0.17 3585 0.69 n/a n/a 93 106 

IA263 250 118 951 302 648 2534 0.17 3483 0.84 n/a n/a 84 100
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Table 5-8 Instrumented Charpy Impact Test Results for the Palo Verde Unit 1 Surveillance Weld Metal 
Irradiated to a Fluence of 7.85 x 10s n/cm 2 (E>1.0 MeV) 

Normalized Energies 

(ft-lb/In 2) 

Charpy Yield Time to Time to Fast 

Test Energy Load Yield tGV Max. Max. Fract. Arrest Yield Flow 

Sample Temp. ED Charpy Max, Prop. PGY (msec) Load PM Tm Load PF Load PA Stress Sy Stress 

No. (°F) (ft-lb) ED/A Em/A Ep/A (Ib) (Ib) (msec) (Ib) (lb) (ksi) (ksi) 

1A31Y -96 7 56 32 25 3362 0.16 3362 0.16 3362 0 112 112 

1A354 -70 19 153 71 82 4128 0.18 4478 0.23 4362 0 137 143 

1A324 -55 11 89 40 48 3838 0,17 3845 0.17 3838 0 128 128 

1A3A2 -50 34 274 192 82 3870 0.18 4168 0.47 4164 0 129 134 

1A3B3 -45 25 201 66 135 4119 0.17 4427 0.22 4231 0 137 142 

1A372 -25 48 387 210 176 3686 0.17 4058 0.51 3979 924 123 129 

IA33K -10 95 765 308 457 3790 0.17 4217 0.69 3585 1218 126 133 

1A32U 0 65 524 216 308 3555 0.17 4087 0.53 4071 1422 118 127 

IA342 15 96 774 320 453 3926 0.18 4323 0.70 3566 1239 131 137 

IA35E 25 114 919 329 589 3925 0,17 4482 0.70 3480 1822 131 140 

IA32M 50 129 1039 332 707 3147 0.17 3682 0.83 2798 1728 105 114 

1A323 100 149 1201 274 927 3407 0.2 3833 0.68 n/a n/a 113 121 

1A35U 150 163 1313 275 1039 3170 0.17 3799 0.69 n/a n/a 106 116 

1A331 200 151 1217 269 948 3132 0.17 3807 0.68 n/a n/a 104 116 

1A33B 250 170 1370 343 1026 3173 0.18 3816 0.84 n/a n/a 106 116

Analysis of Palo Verde Unit 1 Capsule 380



5-14 

Table 5-9 Instrumented Charpy Impact Test Results for the Palo Verde Unit 1 Heat Affected Zone Material 
Irradiated to a Fluence of 7.85 x 1018 n/cm2 (E>1.0 MeV) 

Normalized Energies 

(ft-lb/in') 

Charpy Yield Time to Time to Fast 
Test Energy Load Yield tGy Max. Max. Fract. Arrest Yield Flow 

Sample Temp. E, Charpy Max. Prop. PGV (msec) Load PM Tn, Load PF Load PA Stress Sv Stress 
No. (OF) (ft-lb) ED/A EM/A Ep/A (Ib) (Ib) (msec) (Ib) (Ib) (ksi) (ksi) 

1A441 -175 12 97 55 42 4205 0.18 4372 0.2 4366 0 140 143 

IA442 -120 23 185 70 115 4217 0.17 4751 0.22 4474 0 140 149 

1A43D -90 54 435 251 184 4413 0.17 4914 0.51 4862 753 147 155 

1A41U -75 53 427 228 199 3862 0.17 4336 0.52 4167 0 129 136 

IA44Y -50 18 145 62 83 4015 0.17 4220 0.21 3976 0 134 137 

1A453 -30 30 242 58 184 3478 0.17 3814 0.22 3677 458 116 121 

1A416 -25 47 379 223 156 3938 0.17 4347 0.51 4230 1046 131 138 

IA443 0 103 830 375 455 4244 0.18 5340 0.70 4541 1555 141 160 

1A44D 25 62 500 197 302 3479 0.18 3705 0.52 3570 1888 116 120 

IA41M 70 108 870 266 604 3364 0.17 3746 0.67 n/a n/a 112 118 

1A42B 130 100 806 259 547 3228 0.17 3659 0.67 n/a n/a 107 115 

1A43T 200 148 1192 320 872 3704 0.17 4442 0.7 n/a n/a 123 136

Analysis of Palo Verde Unit 1 Capsule 380
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Analysis of Palo Verde Unit 1 Capsule 38'

Table 5-10 Instrumented Charpy Impact Test Results for the Palo Verde Unit 1 Standard Reference Material 
Irradiated to a Fluence of 7.85 x 1018 n/cm2 (E>1.0 MeV)

Normalized Energies 

(ft-lb/in2) 

Charpy Yield Time to Time to Fast 

Test Energy Load Yield tGy Max. Max. Fract. Arrest Yield Flow 

Sample Temp. E, Charpy Max. Prop. PGY (msec) Load PM Tm Load PF Load PA Stress Sy Stress 

No. (OF) (ft-lb) ED/A EM/A Ep/A (Ib) (Ib) (msec) (Ib) (Ib) (ksi) (ksi) 

lAB6M 0 4 32 8 24 1207 0.11 1207 0.11 1207 0 40 40 

IAB56 100 28 226 166 59 3648 0.18 4317 0,43 4315 0 121 133 

1AB4A 125 30 242 170 72 3807 0.18 4257 0.42 4228 503 127 134 

IAB53 175 42 338 207 132 3582 0.17 4319 0.50 4183 1327 119 132 

IAB6P 200 45 363 222 141 3736 0.17 4515 0.51 4513 792 124 137 

1AB5K 225 91 733 291 443 3466 0.18 4297 0.67 3190 2469 115 129 

1AB4B 250 88 709 267 442 3056 0.17 3862 0.67 1261 575 102 115 

IAB44 325 110 886 292 595 3470 0.17 4317 0.66 n/a n/a 116 130 

1AB45 375 100 806 283 523 3328 0.18 4113 0.67 n/a n/a 111 124



"Average" is defined as the value read from the curve fit through the data points of the Charpy tests (see Figures 5-1, 5-4, 5-7, 5-10 and 5-13).  

"Average" is defined as the value read from the curve fit through the data points of the Charpy tests (see Figures 5-2, 5-5, 5-8, 5-11 and 5-14)

Analysis of Palo Verde Unit 1 Capsule 380
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Table 5-11 Effect of Irradiation to 7.85 x 1019 n/cm 2 (E>1.0 MeV) on the Notch Toughness Properties of the Palo Verde Unit 1 
Reactor Vessel Surveillance Materials

Average 30 (ft-lb)(') Average 35 mil Lateral(b) Average 50 ft-lbt a) Average Energy Absorption(a) 
Material Transition Temperature (OF) Expansion Temperature (OF) Transition Temperature (OF) at Full Shear (ft-lb) 

Unirradiated Irradiate AT Unirradiated Irradiated AT Unirradiated Irradiated AT Unirradiated Irradiated AE 
d 

Intermediate Shell 8.15 8.72 0.57 35.82 33.19 -2.63 36.62 42.52 5.9 151 141 -10 
Plate M-6701-2 

(Longitudinal) 

Intermediate Shell 29.86 10.14 -19.71 66.22 40.65 -25.56 71.24 5.25 -15.98 98 115 17 

Plate M-6701-2 

(Transverse) 

Weld Metal -53.28 -47 6.27 -30.94 -31.79 -0.84 -33.43 -25.3 8.12 164 158 -6 

HAZ Metal -63.2 -89.79 -26.59 -29.74 -42.71 -12.97 -26.57 -40.01 -13.43 135 119 -16 

SRM 21.9 136.16 114.25 47.48 153.84 106.35 47.61 176.21 128.6 129 105 -24

a.  

b.
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Table 5-12 Comparison of the Palo Verde Unit 1 Surveillance Material 30 ft-lb Transition Temperature Shifts 

and Upper Shelf Energy Decrease with Regulatory Guide 1.99, Revision 2, Predictions 

Material Capsule Fluence 30 ft-lb Transition Upper Shelf Energy 

(x 1019 Temperature Shift Decrease 

n/cm 2 ) (a) Predicted Measured Predicted Measured 

(OF) (OF) (%)0/) (%) 
Intermediate 1370 0.433 16.02 33.93 16 15 

Shell Plate M

6701-2 380 0.785 29.05 0.57 18 7 

(Longitudinal) 

Intermediate 1370 0.433 16.02 13.55 16 11 
Shell 

Plate M-6701-2 380 0.785 29.05 -19.71 18 0 

(Transverse) 

Surveillance 1370 0.433 22.8 -2.94 16 1 
Program 0.785 23.3 6.27 18 4 

Weld Metal 

Heat Affected 1370 0.433 -10.98 --- 8 
Zone 

Material 380 0.785 -26.59 12 

Notes: 
(a) Calculated Fluences from capsule 380 dosimetry analysis results (E > 1.0 MeV) 
(b) From Figure 2 of Regulatory Guide 1.99, Revision 2, using the Cu wt. Percent and capsule fluence 

values.

Analysis of Palo Verde Unit I Capsule 380
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Sample Test 0.2% Yield Ultimate Fracture Fracture Fracture Uniform Total Reduction 

Number Material Temperature Strength Strength Load Stress Strength Elongation Elongation in Area 

(F) (ksi) (ksi) (kip) (ksi) (ksi) (%) (%) (%) 

1A2JC PLATE 50 61.1 85.7 3.01 165.8 61.3 15.1 29.6 63 

1A2K2 PLATE 175 60.1 79.8 2.87 162.4 58.4 13.4 25.5 64 

1A2.J5* PLATE 550 * 77.7 2.71 155.6 55.3 * 20.2 64 

1A3JC WELD -15 75.4 85.9 2.70 194.4 55.0 13.6 27.3 72 

1A3J4 WELD 75 72.8 86.7 2.63 201.2 53.6 11.5 26.1 73 

1A3J7 WELD 550 62.1 82.5 2.47 169.8 50.2 10.6 23.8 70

Analysis of Palo Verde Unit 1 Capsule 380

Table 5-13 Tensile Specimens From Intermediate Shell Course Plate M-6701-2, Weld, and Heat Affected 
Zone Material

* NOTE: Testing difficulties make the yield strength and uniform elongation of specimen IA2J5 invalid.
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Figure 5-3 Charpy V-Notch Percent Shear vs. Temperature for Palo Verde Unit 1 Reactor 

Vessel Intermediate Shell Plate M-6701-2 (Longitudinal Orientation)

Analysis of Palo Verde Unit I Capsule 380

a.) 

a) 
C1.) a

F

0ri. Heatll
LT 
LT 
LT

M-6701-2 
M-6701-2 
M-6701-2

Curve Plant Cansule Material Ori. Heat#

to



5-22

INTERMEDIATE SHELL M-6701-2 (TRANSVERSE) 

CVGRAPtl 4.1 Hyperbolic Tangent Curve Printed at 08:40:18 on 08-03-2000 

Results

Fluenoe 
0 
0 
0

LSE 
2.19 
2.19 
2.19

d-lSE 
0 
0 
0

USE 
98 
87 
115

d-USE 
0 

-11 
17

T o30 
W916 

43A1 
10.14

d-T 030 
0 

13.55 
-19.71

T oSO 
7124 
98.34 
5525

d-T o 50 
0 

27.1 
-15.98

CV) 

a.) 

z 
U

-300 -200 -100 0 100 200 300 400 500 600

Temperature in Degrees

Curve Legend 

20 ----------

Data Set(s) Plotted 

Material 
PLATE SA533BI 
PLATE SA533BI 
PLATE SA533BI

Figure 5-4 Charpy V-Notch Impact Energy vs. Temperature for Palo Verde Unit I Reactor 

Vessel Intermediate Shell Plate M-6701-2 (Transverse Orientation)

Analysis of Palo Verde Unit 1 Capsule 380

Curve 

2 
3

10l

F

Curve Plant 
PVl 
PVl 
PVl

Capsule 
UNIRR 

137 

38

Ori. lleat# 
TL M-6701-2 
TL M-6701-2 
TL M-6701-2



5-23

INTERMEDIATE SHELL M-6701-2 (TRANSVERSE) 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 05.959 on 08-03-2000 

Results 

Curve Fluence USE d-USE T o LE35 d-T o LE35

1 
2 
3

0 
0 
0

75.16 
8127 
83.4

0 
6.1 

8.67

6622 
70.13 
40.65

0 
3.9 

-25.56

-300 -200 -100 0 100 200 300 400 500 600

10-

Temperature in Degrees F 

Curve Legend 

20 ---------

Data Set(s) Plotted

Ciirv� Plant �ansule
PV1 
PVl 
PVl

UNIRR 
137 
38

Material
PLATE SA533BI 
PLATE SA533BI 
PLATE SA533BI

Ori. Hleat#l
TL M-6701-2 
TL M-6701-2 
TL M-6701-2

Figure 5-5 Charpy V-Notch Lateral Expansion vs. Temperature for Palo Verde Unit 1 Reactor 

Vessel Intermediate Shell Plate C-8-2 (Transverse Orientation)

Analysis of Palo Verde Unit I Capsule 380

U-)

3 -- -... . ..

1 

2 
3

Cuv Plant... .Car l Matria



5-24

INTERMEDIATE SHELL M-6701-2 (TRANSVERSE) 

CVCRAPH 4.1 Hyperbolic Tangent Curve Printed at 0905:35 on 08-03-2000 

Results

Curve 

2 
3

Fluenee 
0 
0 
0

T @ 50. Shear 
93.45 
164.35 
90.82

d-T o 50N Shear 
0 

70.89

-300 -200 -100 0 100 200 300 400 500 600

Temperature in Degrees 

Curve Legend 

20 ---------

Data Set(s) Plotted

Capsule 
UiNIRR 

137 
38

Material 
PLATE SA533BI 
PLATE SA533BI 
PLATE SA533BI

F

Ori. Heat# 
TI, M-6701-2 
TL M-6701-2 
TL M-6701-2

Figure 5-6 Charpy V-Notch Percent Shear vs. Temperature for Palo Verde Unit 1 Reactor 

Vessel Intermediate Shell Plate M-6701-2 (Transverse Orientation)

Analysis of Palo Verde Unit 1 Capsule 380

cn 

CU 

C.)

1t-

Curve 
1 

2 
3

Plant 
PVl 
PVI 
PVl



5-25

SURVEILLANCE WELD 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 13:1014 on 08-04-2000 

Results 

LSE d-LSE USE d-USE T o 30 d-T o 30 T o 50 d-T o 50
164 
162 
158

0 
-2 
-6

-5328 
-5622 
-47

0 -33.43 
-2.94 -28.82 

627 -25.3

0 
4.6 
8.12

-300 -200

10-

-100 0 100 200 300 400 500 600 

Temperature in Degrees F 

Curve Legend 

20 ---------- 3

Plant C•ansnle

PVI 

PVI 
PVl

UNIRR 
137 
38

Data Set(s) Plotted 
Material

WELD 
WELD 
WELD

Ori. Heatfl
M-4311-1/M-4311-2 
M-4311-1/M-4311-2 
M-4311-1/M-4311-2

I 

Figure 5-7 Charpy V-Notch Impact Energy vs. Temperature for Palo Verde Unit 1 Reactor 

Vessel Surveillance Weld Material

Analysis of Palo Verde Unit 1 Capsule 38'

Fluence 
0 
0 
0

219 
219 
219

0 
0 
0

Curve 
1 

2 
3

C,) 

z

Curve 
1 

2 
3

5-25

r_ Plant Ca sule Material Ori. Heat#



5-26

SURVEILLANCE WELD 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 13.07:15 on 08-04-2000 

Results

Fluence USE d-USE T o LE35 
0 90.43 0 -30.94 
0 86.87 -355 -32.13 
0 92.18 1.74 -31.79

d-T o LE35 
0 

-1.18 
-.84

-300 -200 -100 0 100 200 300 400 500 600 

Temperature in De rees F

10-

Curve Legend 

20 ----------

Data Set(s) Plotted

Plant Capsule Material 
PV1 UNIRR WELD 
PV1 137 WELD 
PVI 38 WELD

Ori. tteat#
M-4311-1/M-4311-2 
M-4311-1/M-4311-2 
M-4311-1/M-4311-2

Figure 5-8 Charpy V-Notch Lateral Expansion vs. Temperature for Palo Verde Unit 1 Reactor 

Vessel Surveillance Weld Metal

Analysis of Palo Verde Unit 1 Capsule 38'

Curve 
1 
2 
3

C()

C.) 

ý4

Curve 
1 

3



5-27

SURVEILLANCE WELD 

CVGRAPII 4.1 Hyperbolic Tangent Curve Printed at 13:230)8 on 08-04-2000 

Results
Cnlrve Flnlenfee

1 

2 
3

CZ 

a) 

4-) 

C)

0 
0 
0

T a 507. Shear
-10.44 
-656 
-1828

d-T o 50W. Shear
0 

388 
-7.83

-300 -200

10-

-100 0 100 200 300 400 5w0 600 

Temperature in Degrees F 

Curve Legend 

20 ------- 3 .  

Data Set(s) Plotted

Curve Plant Cansule
1 

2 
3

PVl 
PV1 
PVl

UNIRR 
137 
38

Material
WELD 
WELD 
WELD

Ori. Heat#
M-4311-I/M-4311-2 
M-4311-l/M-4311-2 
M-4311-l/M-4311-2

Figure 5-9 Charpy V-Notch Percent Shear vs. Temperature for Palo Verde Unit 1 Reactor 

Vessel Surveillance Weld Metal

Analysis of Palo Verde Unit 1 Capsule 38*

fi hP 4.HyeolcTnetCurve Printed Tt 1o23 R/ Sh-e-ar

Curve Plant CaDSUle



5-28

SURVEILLANCE HEAT-AFFECTED-ZONE 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 13:12:09 on 08-04-2000 

Results

LSE 

2,19 
2.19 
2.19

d-0SE 
0 
0 
0

USE 
135 
124 
119

d-USE 
0 

-11 
-16

To30 
-632 

-74.18 
-89.79

d-T o 30 
0 

-10.98 
-26.59

To50 d-To 5 
-24.57 0 
-37.9 -11.32 

-40.01 -13.43

300-

2507 

200

0 

150-- 
013o 

0o o ... ..... ...............  

0 

rk '

0 100 200 300 400 500 600

Temperature in Degrees F 

Curve Legend

Io~-

Plant 
PV1 
PV1 
PVl

20 ----------

Capsule 
UNIRR 

137 
38

Data Set(s) Plotted 

Material 
HEAT AFFD ZONE 
HEAT AFFD ZONE 
HEAT AFFD ZONE

Ori. Heat#

Figure 5-10 Charpy V-Notch Impact Energy vs. Temperature for Palo Verde Unit 1 Reactor 

Vessel Heat Affected Zone Material

Analysis of Palo Verde Unit 1 Capsule 38'

Curve 

3

Fluencie 
0 
0 
0

7 

C�)

leoL

-300 -200 -100

Curve 

3

L__



5-29

SURVEILLANCE HEAT-AFFECTED-ZONE 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 13:1321 on 08-04-2000 

Results

Curve Fluence 
1 0 
2 0 
3 0

USE d-USE 
80.92 0 
86.08 5.15 
90.51 9.58

T o LE35 d-T o LE35 
-29.74 0 

-39.04 -9.3 
-42.71 -12.97

UI) 

4-)

-300 -200

10-

-100 0 100 200 300 400 .500 600 

Temperature in Degrees F 

Curve Legend 

20 ---------- 3 

Data Set(s) Plotted

Cuirve Plant Causule Material Ori. Heat#
HEAT AFFD ZONE 
HEAT AFFD ZONE 

HEAT AFFD ZONE

Figure 5-11 Charpy V-Notch Lateral Expansion vs. Temperature for Palo Verde Unit 1 Reactor 

Vessel Heat Affected Zone Material

Analysis of Palo Verde Unit 1 Capsule 380

1 

2 
3

PVI 
PVl 
PVl

UNIRR 
137 
38

Curve Plant CalDsule



5-30

SURVEILLANCE HEAT-AFFECTED-ZONE

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 13:14:20 on 08-04-2000

Results

Fluence 
0 
0 
0

T o 50. Shear 
-.93 

-19.99 
-31.87

d-T o 50Y. Shear 
0 

-19.05 
-30.93

-300 -200 -100 0 100 200 300 400 500 600

Temperature in Degrees F

Curve Legend

10- 20 ---------

Data Set(s) Plotted

Curve Plant Capsule Material 
I PVI UNIRR HEAT AFFD ZONE 
2 PVI 137 HEAT AFFD ZONE 
3 PVI 38 HEAT AFFD ZONE

Oi. Heat#

Figure 5-12 Charpy V-Notch Percent Shear vs. Temperature for Palo Verde Unit I Reactor 

Vessel Heat Affected Zone Material

Analysis of Palo Verde Unit I Capsule 38'

Curve 
1 

2 
3

1L4 

¢0



5-31

STANDARD REFERENCE MATERIAL 

CVGRAPIt 4.1 Hyperbolic Tangent Curve Printed at 13:16:57 on 08-04-2000 

Results

Curve Fluence 
1 0 
2 0 
3 0

-300 -200

10-

LSE d-LSE USE d-USE T o 30 d-T o 30 T o 50 d-T o 50 

2319 129 0 21.9 0 47.61 0 

2.19 0 105 -24 12329 101.39 15528 107.66 

2.19 0 105 -24 136.16 11425 17621 128.6

-100 0 100 200 300 400 500 600 

Temperature in Degrees F 

Curve Legend 

20 --------- 3 .  

Data Set(s) Plotted

Curve Plant Causule
1 

2 
3

PV1 
PVl 
PV1

UNIRR 
137 
38

Material
SRM SA533B1 
SRM SA533B1 
SRM SA533BI

Ori. Heat#
LT 
LT

Figure 5-13 Charpy V-Notch Impact Energy vs. Temperature for Palo Verde Unit 1 Reactor 

Vessel Standard Reference Material

Analysis of Palo Verde Unit 1 Capsule 38'

M Ic

Cuv Plant... Can- n



5-32

STANDARD REFERENCE MATERIAL 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 13:18:12 on 08-04-2000 

Results

Curve 
1 

2 
3

Fluence 
0 
0 
0

USE 
8227 
83.64 
80.62

d-USE 
0 

1.37 
-1.64

T o LE35 
47.48 

138.54 
153.84

d-T o LI35 

0 
91.05 
106.35

-300 -200 -100 0 t00 200 300 400 500 600 

Temperature in Degrees F

Curve Legend 

20 ----------

Plant Capsule
PVI 
PVI 
PV1

UNIRR 
137 
38

Data Set(s) Plotted

Material On li. tl
SRM SA533BI 
SRM SA533MI 
SRM SA533BI

Figure 5-14 Charpy V-Notch Lateral Expansion vs. Temperature for Palo Verde Unit I Reactor 

Vessel Standard Reference Material

Analysis of Palo Verde Unit 1 Capsule 380

ci)

lD-

Curve 

3

LT 
LT

5-32

Ori }t•,z t



5-33

STANDARD REFERENCE MATERIAL 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 13:19:06 on 08-04-2000 

Results

Curve fluence
1 

2 
3

T o 50z Shear
0 
0 
0

88.76 
171.67 
196.95

d-T @ 50x Shear 
0 

82.91 
108.18

CID 
4ý 

Cn) 

P-

-300 -200 -100 0 100 200 300 400 500 600

Temperature in Degrees F 

Curve Legend

It-o

Curve 
1 
2 

3

Plant 
PVl 
PV1 
PV1

20 ----------

Capsule 
UNIRR 

137 
38

Data Set(s) Plotted 

Material
SRM SA533BI 
SRM SA533BI 
SRM SA533BI

Figure 5-15 Charpy V-Notch Percent Shear vs. Temperature for Palo Verde Unit I Reactor 

Vessel Standard Reference Material

Analysis of Palo Verde Unit 1 Capsule 380

3e-

Ori. Heat#
LT 
LT



IA1I"F, -750 F 1A127, 0°F

1A1li, 100I F 1A122, 150°F 1A144, 2250 F 1A13K, 2750F

Figure 5-16 Charpy Impact Specimen Fracture Surfaces for Palo Verde Unit 1 Reactor Vessel 

Intermediate Shell Plate M-6701-2 (Transverse Orientation)
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Figure 5-17 Charpy Impact Specimen Fracture Surfaces for Palo Verde Unit I Reactor Vessel 

Intermediate Shell Plate M-6701-2 (Longitudinal Orientation) 
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Figure 5-18 Charpy Impact Specimen Fracture Surfaces for Palo Verde Unit 2 Reactor Vessel 
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Figure 5-19 Charpy Impact Specimen Fracture Surfaces for Palo Verde Unit 1 Reactor Vessel 
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6 RADIATION ANALYSIS AND NEUTRON DOSIMETRY 

6.1 INTRODUCTION 
Knowledge of the neutron environment within the reactor vessel and surveillance capsule geometry is 

required as an integral part of LWR reactor vessel surveillance programs for two reasons. First, in order to 

interpret the neutron radiation induced material property changes observed in the test specimens, the 

neutron environment (energy spectrum, flux, fluence) to which the test specimens were exposed must be 

known. Second, in order to relate the changes observed in the test specimens to the present and future 

condition of the reactor vessel, a relationship must be established between the neutron environment at 

various positions within the reactor vessel and that experienced by the test specimens. The former 

requirement is normally met by employing a combination of rigorous analytical techniques and 

measurements obtained with passive neutron flux monitors contained in each of the surveillance capsules.  

The latter information is generally derived solely from analysis.  

The use of fast neutron fluence (E > 1.0 MeV) to correlate measured material property changes to the 

neutron exposure of the material has traditionally been accepted for development of damage trend curves 

as well as for the implementation of trend curve data to assess vessel condition. In recent years, however, 

it has been suggested that an exposure model that accounts for differences in neutron energy spectra 

between surveillance capsule locations and positions within the vessel wall could lead to an improvement 

in the uncertainties associated with damage trend curves as well as to a more accurate evaluation of 

damage gradients through the reactor vessel wall.  

Because of this potential shift away from a threshold fluence toward an energy dependent damage function 

for data correlation, ASTM Standard Practice E853, "Analysis and Interpretation of Light-Water Reactor 

Surveillance Results," recommends reporting displacements per iron atom (dpa) along with fluence 

(E > 1.0 MeV) to provide a data base for future reference. The energy dependent dpa function to be used 

for this evaluation is specified in ASTM Standard Practice E693, "Characterizing Neutron Exposures in 

Iron and Low Alloy Steels in Terms of Displacements per Atom." The application of the dpa parameter to 

the assessment of embrittlement gradients through the thickness of the reactor vessel wall has already been 

promulgated in Revision 2 to Regulatory Guide 1.99, "Radiation Embrittlement of Reactor Vessel 

Materials." 

This section provides the results of the neutron dosimetry evaluations performed in conjunction with the 

analysis of test specimens contained in surveillance Capsules W137 and W38 which were withdrawn after 

the fourth and eighth fuel cycles, respectively. This evaluation is based on current state-of-the-art 

methodology and nuclear data including neutron transport and dosimetry cross-section libraries derived 

from the 
ENDF/B-VI data base. This report provides a consistent up-to-date neutron exposure database for use in 

evaluating the material properties of the Palo Verde Unit 1 reactor vessel. Included in the neutron exposure 

database is information related to the standby surveillance capsules W43, W142, W230, and W3 10.  

In each capsule dosimetry evaluation, fast neutron exposure parameters in terms of neutron fluence 

(E > 1.0 MeV), neutron fluence (E > 0.1 MeV), and iron atom displacements (dpa) are established for the 

capsule irradiation history. The analytical formalism relating the measured capsule exposure to the 

exposure of the vessel wall is described and used to project the integrated exposure of the vessel wall.  

Also, uncertainties associated with the derived exposure parameters at the surveillance capsules and with 

the projected exposure of the reactor vessel are provided.  
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All of the calculations and dosimetry evaluations presented in this section have been based on the latest 
available nuclear cross-section data derived from ENDF/B-VI and the latest available calculational tools 
and are consistent with the requirements of Draft Regulatory Guide DG-1053, "Calculational and 
Dosimetry Methods for Determining Pressure Vessel Neutron Fluence." Additionally, the methods used to 
develop the best estimate pressure vessel fluence are consistent with the NRC approved methodology 
described in WCAP- 14040-NP-A, "Methodology Used to Develop Cold Overpressure Mitigating System 
Setpoints and RCS Heatup and Cooldown Limit Curves," January 1996.  

6.2 DISCRETE ORDINATES ANALYSIS 
A plan view of the reactor geometry at the core midplane is shown in Figure 4-1. Six irradiation capsules 
attached to the reactor vessel are included in the reactor design to constitute the reactor vessel surveillance 
program. The capsules are located at azimuthal angles of 38', 430, 137', 1420, 2300, and 330' relative to 
the core cardinal axis as shown in Figure 4-1.  

A plan view of the 45 degree R-0 sector model of the reactor including the surveillance capsule holder 
modeling attached to the reactor vessel is shown in Figure 6-1. The 45-degree model assumes azimuthal 
symmetry conditions in the reactor and the three capsules modeled at 38', 40', and 430 represent the 
locations of all six surveillance capsules. The stainless steel surveillance capsule holder containers are a 
1.968-inch by 1.293-inch inner dimension with a 0.138-inch wall thickness. The stainless steel specimen 
containers are 1.5 inch by 0.75-inch and approximately 96 inches in height. The containers are positioned 
axially such that the test specimens are centered on the core midplane, thus spanning the central 8 feet of 
the 12.5-foot high reactor core.  

From a neutronic standpoint, the surveillance capsules and associated support structures are significant.  
The presence of these materials has a marked effect on both the spatial distributions of neutron flux and the 
neutron energy spectrum in the water annulus between the core barrel and the reactor vessel. In order to 
determine the neutron environment at the test specimen location, the capsules themselves must be included 
in the analytical model. The effect of the surveillance capsules on the neutron environment at the vessel 
clad base metal interface is shown in Figure 6-2.  

In performing the fast neutron exposure evaluations for the surveillance capsules and reactor vessel, two 
sets of transport calculations were carried out. The first set of two-dimensional R-0 model calculations for 
each of the eight cycles use a model containing no surveillance capsules. The second set of R-0 
computations were for each of the eight cycles with the surveillance capsule modeling shown in Figure 6-1 
included at the 380, 400, and 430 locations in the 45 degree model. The two sets of calculations were used 
to obtain relative neutron energy distributions throughout the reactor geometry as well as to establish 
relative radial distributions of exposure parameters {f(E > 1.0 MeV), ý(E > 0.1 MeV), and dpa/sec} 
through the vessel wall. The neutron spectral information was required for the interpretation of neutron 
dosimetry withdrawn from the surveillance capsule as well as for the determination of exposure parameter 
ratios, i.e., [dpa/sec]/[{(E > 1.0 MeV)], within the reactor vessel geometry. The relative radial gradient 
information was required to permit the projection of measured exposure parameters to locations interior to 
the reactor vessel wall, i.e., the %¼T and %T locations.  

The absolute cycle-specific results from the forward transport calculations included the neutron energy 
spectra and radial distribution information in the two-dimensional r,0 model and provided the information 
required to:
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1. Evaluate neutron dosimetry obtained from surveillance capsules, 

2. Relate dosimetry results to key locations at the inner radius and through the thickness of the 

reactor vessel wall, 

3. Enable a direct comparison of analytical prediction with measurement, and 

4. Establish a mechanism for projection of reactor vessel exposure as the design of each new fuel 

cycle evolves.  

The two-dimensional rO transport calculation model for the reactor configuration shown in Figure 4-1 is 

plotted in Figure 6-1. The transport calculations were carried out using the DORT two-dimensional 

discrete ordinates code Version 3.1 1131 and the BUGLE-96 cross-section library [141. The BUGLE-96 library 

is a 47 energy group ENDF/B-VI based data set produced specifically for light water reactor applications.  

In the transport analyses, a forward solution mode is used with anisotropic scattering treated with a P5 

Legendre polynomial expansion of the scattering cross-sections and angular discretization modeled as an 

S16 order of angular quadrature.  

The core power distribution utilized in the forward transport calculation for each cycle were derived from 

assembly power and pin-by-pin power data provided byAPS. The cycle averaged axial power distribution 

derived from APS data is shown in Figure 6-3. The axial power distribution data was used to define the 

maximum exposure parameter value.  

Selected results from the neutron transport analyses are provided in Tables 6-1 through 6-5. The data listed 

in these tables establish the means for absolute comparisons of analysis and measurement for the Capsules 

W137 and W38 irradiation periods and provide the means to correlate dosimetry results with the 

corresponding exposure of the reactor vessel wall. The tabulations also provide the data for the 400 

surveillance capsule location.  

In Table 6-1, the calculated exposure parameters [4(E > 1.0 MeV), ý(E > 0.1 MeV), and dpa/sec] are given 

at the geometric center of the three azimuthally symmetric surveillance capsule positions (380, 400, and 
430). All results are based on the Palo Verde Unit 1 core power distributions for the eight cycles of 

operation. The DORT forward solution transport analyses for each cycle are used to establish the absolute 

comparison of measurement values with analysis results. Similar neutron exposure rate data are given in 

Table 6-2 for the reactor vessel inner radius, Again, the three pertinent exposure parameters are listed for 

the Cycles 1 through 8 based on the cycle-by-cycle core power distributions. Also listed in Table 6-2 are 

the average exposure values for the both the first 4 cycles of operation, for the 8 cycles of operation, and 

for cycles 5 through 8. The average values for cycles 5 through 8 are used for exposure projections.  

It is important to note that the data for the vessel inner radius were taken at the clad/base metal interface, 

and, thus, represent the maximum predicted exposure levels of the vessel plates and welds.  

Radial gradient information applicable to 4(E > 1.0 MeV), c)(E > 0.1 MeV), and dpa/sec is given in Tables 

6-3, 6-4, and 6-5, respectively. The data, obtained from the reference forward neutron transport 

calculation, are presented on a relative basis for each exposure parameter at several azimuthal locations.  

Exposure distributions through the vessel wall may be obtained by normalizing the calculated or projected 

exposure at the vessel inner radius to the gradient data listed in Tables 6-3 through 6-5.  
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For example, the neutron flux f(E > 1.0 MeV) at the 1/T depth in the reactor vessel wall along the 00 
azimuth is given by: 

01/4T (0') = 0(233.756, 0) F(239.409, 0°) 

where: 

01/4T (00) = Projected neutron flux at the ¼/T position on the 0' azimuth.  

0(233.756,0o)= Projected or calculated neutron flux at the vessel inner radius on the 0' 
azimuth.  

F(239.409,00) = Ratio of the neutron flux at the ¼T position to the flux at the vessel inner 
radius for the 00 azimuth. This data is obtained from Table 6-3.  

Similar expressions apply for exposure parameters expressed in terms of ý(E > 0.1 MeV) and dpalsec 
where the attenuation function F is obtained from Tables 6-4 and 6-5, respectively.  

6.3 NEUTRON DOSIMETRY 
The passive neutron sensors included in the Palo Verde Unit 1 surveillance program are listed in Table 6-6.  
Also given in Table 6-6 are the primary nuclear reactions and associated nuclear constants that were used 
in the evaluation of the neutron energy spectrum within the surveillance capsules and in the subsequent 
determination of the various exposure parameters of interest [ý(E > 1.0 MeV), ý(E > 0.1 MeV), dpa/sec].  
The relative locations of the neutron sensors within the capsules are shown in Figure 4-2. The iron, nickel, 
copper, titanium, and cobalt-aluminum monitors, in wire form, were placed in holes drilled in spacers at 
several axial levels within the capsules. The cadmium shielded uranium fission monitors were 
accommodated within the dosimeter block located near the center of the capsule.  

The use of passive monitors such as those listed in Table 6-6 does not yield a direct measure of the energy 
dependent neutron flux at the point of interest. Rather, the activation or fission process is a measure of the 
integrated effect that the time and energy dependent neutron flux has on the target material over the course 
of the irradiation period. An accurate assessment of the average neutron flux level incident on the various 
monitors may be derived from the activation measurements only if the irradiation parameters are well 
known. In particular, the following variables are of interest: 

", The measured specific activity of each monitor, 

"* The physical characteristics of each monitor, 

"* The operating history of the reactor, 

"* The energy response of each monitor, and 

"* The neutron energy spectrum at the monitor location.
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Specific activities for each of the monitors contained in Capsule W 137 were determined using established 

ASTM procedures as documented in prior analysis ý'51. The specific activities for each of the monitors 

contained in Capsule W38 were determined using established ASTM procedures [16 thougb 29]. Following 

sample preparation and weighing, the activity of each monitor was determined by means of a high

resolution gamma spectrometer. The irradiation history for the first four operating cycles of the Palo Verde 

Unit 1 reactor were from NUREG-0020, "Licensed Operating Reactors Status Summary Report". The 

irradiation history for the Cycles 5 to 8 operating periods of the Palo Verde Unit 1 reactor was obtained 

from plant personnel [30o. The irradiation history applicable to the exposure of Capsules WI 37 and W3 8 is 

given in Table 6-7.  

Having the measured specific activities, the physical characteristics of the sensors, and the operating 

history of the reactor, reaction rates referenced to full-power operation were determined from the following 

equation: 

A R= 

No F Y YX P C3 [1 - e-"j] [e-"d] 
Prf 

where: 

R = Reaction rate averaged over the irradiation period and referenced to operation at a core 

power level of P,,f (rps/nucleus).  

A = Measured specific activity (dps/gm).  

No = Number of target element atoms per gram of sensor.  

F = Weight fraction of the target isotope in the sensor material.  

Y = Number of product atoms produced per reaction.  

Pj = Average core power level during irradiation periodj (MW).  

P•f = Maximum or reference power level of the reactor (MW).  

Cj = Calculated ratio of )(E > 1.0 MeV) during irradiation period j to the time weighted average 

*(E > 1.0 MeV) over the entire irradiation period.  

X. = Decay constant of the product isotope (1/sec).  
S= 

Length of irradiation period j (sec).  

td = Decay time following irradiation period j (sec).  

and the summation is carried out over the total number of monthly intervals comprising the irradiation 

period.  

In the equation describing the reaction rate calculation, the ratio [Pj]/[P] accounts for month-by-month 

variation of reactor core power level within any given fuel cycle as well as over multiple fuel cycles. The 

ratio Cj, which can be calculated for each fuel cycle using the transport technology discussed in Section 

6.2, accounts for the change in sensor reaction rates caused by variations in flux level induced by changes 

in core spatial power distributions from fuel cycle to fuel cycle. For a single cycle irradiation, Cj is 

normally taken to be 1.0. However, for multiple-cycle irradiations, particularly those employing low 

leakage fuel management, the additional Cj term should be employed. The impact of changing flux levels 

for constant power operation can be quite significant for sensor sets that have been irradiated for many 

Analysis of Palo Verde Unit I Capsule 38'



6-6 

cycles in a reactor that has transitioned from non-low leakage to low leakage fuel management or for 
sensor sets contained in surveillance capsules that have been moved from one capsule location to another.  

Measured and saturated reaction product specific activities as well as the derived full power reaction rates 
are listed in Table 6-8. All the measurements of fission monitors were updated with the following 
corrections. The reaction rates of the 238U sensors provided in Table 6-8 includes corrections for 235U 
impurities, plutonium build-in, and gamma ray induced fission.  

Values of key fast neutron exposure parameters were derived from the measured reaction rates using the 
FERRET least squares adjustment code [31]. The FERRET approach used the measured reaction rate data, 
sensor reaction cross-sections, and a calculated trial spectrum as input and proceeded to adjust the group 
fluxes from the trial spectrum to produce a best fit (in a least squares sense) within the constraints of the 
parameter uncertainties. The best estimate exposure parameters, along with the associated uncertainties, 
were then obtained from the best-estimate spectrum.  

In the FERRET evaluations, a log-normal least squares algorithm weights both the a priori values and the 
measured data in accordance with the assigned uncertainties and correlations. In general, the measured 
values,f, are linearly related to the flux, 4), by some response matrix, A: 

f(s~a) A($)A O~a) 

where i indexes the measured values belonging to a single data set s, g designates the energy group, and oa 
delineates spectra that may be simultaneously adjusted. For example, 

Ri= I cig 09 

relates a set of measured reaction rates, Ri, to a single spectrum, Og, by the multi-group reaction cross
section, aig. The log-normal approach automatically accounts for the physical constraint of positive fluxes, 
even with large assigned uncertainties.  

In the least squares adjustment, the continuous quantities (i.e., neutron spectra and cross-sections) were 
approximated in a multi-group format consisting of 53 energy groups. The trial input spectrum was 
converted to the FERRET 53-group structure using the SAND-1 code [32. This procedure was carried out 
by first expanding the 47 group calculated spectrum into the SAND-It 620 group structure using a SPLINE 
interpolation procedure in regions where group boundaries do not coincide. The 620 point spectrum was 
then re-collapsed into the group structure used in FERRET.  

The sensor set reaction cross-sections, obtained from the ENDF/B-VI dosimetry file [33], were also 
collapsed into the 53-energy group structure using the SAND-Il code. In this instance, the trial spectrum, 
as expanded to 620 groups, was employed as a weighting function in the cross-section collapsing 
procedure. Reaction cross-section uncertainties in the form of a 53 x 53 covariance matrix for each sensor 
reaction were also constructed from the information contained on the ENDF/B-VI data files. These 
matrices included energy group to energy group uncertainty correlations for each of the individual 
reactions. However, correlations between cross-sections for different sensor reactions were not included.  
The omission of this additional uncertainty information does not significantly impact the results of the 
adjustment.  
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Due to the importance of providing a trial spectrum that exhibits a relative energy distribution close to the 

actual spectrum at the sensor set locations, the neutron spectrum input to the FERRET evaluation was taken 

from the center of the surveillance capsule modeled in the reference forward transport calculation. While the 

53 x 53 group covariance matrices applicable to the sensor reaction cross-sections were developed from the 

ENDF/B-VI data files, the covariance matrix for the input trial spectrum was constructed from the following 

relation: 

M9 = R + R, Re,,P1 

where Rn specifies an overall fractional normalization uncertainty (i.e., complete correlation) for the set of 

values. The fractional uncertainties, R4 specify additional random uncertainties for group g that are 

correlated with a correlation matrix given by: 

P = [1-91 , + o e-H 

where: 

(g-g')
2 

H= = 2 v, 

The first term in the correlation matrix equation specifies purely random uncertainties, while the second term 

describes short range correlations over a group range y (0 specifies the strength of the latter term). The value 

of 8 is 1 when g = g' and 0 otherwise. For the trial spectrum used in the current evaluations, a short range 

correlation of y' = 6 groups was used. This choice implies that neighboring groups are strongly correlated 

when 0 is close to 1. Strong long-range correlations (or anti-correlations) were justified based on information 

presented by R. E. Maerker [31. The uncertainties associated with the measured reaction rates included both 

statistical (counting) and systematic components. The systematic component of the overall uncertainty 

accounts for counter efficiency, counter calibrations, irradiation history corrections, and corrections for 

competing reactions in the individual sensors.  

Results of the FERRET evaluation of the Capsule W137 and W38 dosimetry are given in Table 6-9. The 

data summarized in this table include fast neutron exposure evaluations in terms of (1(E > 1.0 MeV), 

'1(E > 0.1 MeV), and dpa. In general, excellent results were achieved in the fits of the best estimate spectra 

to the individual measured reaction rates. The measured, calculated and best estimate reaction rates for each 

reaction are given in Table 6-10. An examination of Table 6-10 shows that, in all cases, reaction rates 

calculated with the best estimate spectra match the measured reaction rates to better than 6%. The best 

estimate and measured reaction rates compared to calculated reaction rates for the Co monitors show 

unusually high values. Although the reason has not been identified, a higher Co content in the monitor than 

that documented and used in the analysis would result in high values. In any event, Co reaction is monitored 

for an energy range much lower than the fast flux of primary interest; thus the Co data has insignificant effect 

on the best estimate fast flux from the analysis. The best estimate spectra from the least squares evaluation is 

given in Table 6-11 in the FERRET 53 energy group structure.  

In Table 6-12, absolute comparisons of the best estimate and calculated fluence at the center of 

Capsules W137 and W38 are presented. The results for the Capsules W137 and W38 dosimetry evaluation 

(BE/C ratio of 0.832 for c?(E > 1.0 MeV)) are within expected tolerances compared with results obtained 

from similar evaluations of dosimetry from other reactors using methodologies based on ENDF/B-VI cross

sections.  
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6.4 PROJECTIONS OF REACTOR VESSEL EXPOSURE 
The best estimate exposure of the Palo Verde Unit 1 reactor vessel was developed using a combination of 
absolute plant specific transport calculations and all available plant specific measurement data. In the case 
of Palo Verde Unit 1, the measurement database contains measurements from the five surveillance capsules 
discussed in this report.  

Combining this measurement data base with the plant-specific calculations, the best estimate vessel 
exposure is obtained from the following relationship: 

(DBestEst. = K (Dcatc.  

where: 

(IBest sL = The best estimate fast neutron exposure at the location of interest.  

K = The plant specific best estimate/calculation (BE/C) bias factor derived from 
the surveillance capsule dosimetry data.  

(Calc. = The absolute calculated fast neutron exposure at the location of interest.  

The approach defined in the above equation is based on the premise that the measurement data represent 
the most accurate plant-specific information available at the locations of the dosimetry; and further, that the 
use of the measurement data on a plant-specific basis essentially removes biases present in the analytical 
approach and mitigates the uncertainties that would result from the use of analysis alone.  

That is, at the measurement points the uncertainty in the best estimate exposure is dominated by the 
uncertainties in the measurement process. At locations within the reactor vessel wall, additional 
uncertainty is incurred due to the analytically determined relative ratios among the various measurement 
points and locations within the reactor vessel wall.  

For Palo Verde Unit 1, the derived plant specific bias factors were 0.832, 0.894, 0.902 for 
c1(E > 1.0 MeV), 4(E > 0.1 MeV), and dpa, respectively. Bias factors of this magnitude developed with 
BUGLE-96 are within expected tolerances for fluence calculated using the ENDF/B-VI based cross
section library.  

The use of the bias factors derived from the measurement data base acts to remove plant-specific biases 
associated with the definition of the core source, actual versus assumed reactor dimensions, and 
operational variations in water density within the reactor. As a result, the overall uncertainty in the best 
estimate exposure projections within the vessel wall depends on the individual uncertainties in the 
measurement process, the uncertainty in the dosimetry location, and, in the uncertainty in the calculated 
ratio of the neutron exposure at the point of interest to that at the measurement location.  

The uncertainty in the derived neutron flux for an individual measurement is obtained directly from the 
results of a least squares evaluation of dosimetry data. The least squares approach combines individual 
uncertainty in the calculated neutron energy spectrum, the uncertainties in dosimetry cross-sections, and 
the uncertainties in measured foil specific activities to produce a net uncertainty in the derived neutron flux 
at the measurement point. The associated uncertainty in the plant specific bias factor, K, derived from the 
BE/C data base, in turn, depends on the total number of available measurements as well as on the 
uncertainty of each measurement.  

Analysis of Palo Verde Unit 1 Capsule 380
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In developing the overall uncertainty associated with the reactor vessel exposure, the positioning 

uncertainties for dosimetry are taken from parametric studies of sensor position performed as part a series 

of analytical sensitivity studies included in the qualification of the methodology. The uncertainties in the 

exposure ratios relating dosimetry results to positions within the vessel wall are again based on the 

analytical sensitivity studies of the vessel thickness tolerance, downcomer water density variations, and 

vessel inner radius tolerance. Thus, this portion of the overall uncertainty is controlled entirely by 

dimensional tolerances associated with the reactor design and by the operational characteristics of the 

reactor.  

The net uncertainty in the bias factor, K, is combined with the uncertainty from the analytical sensitivity 

study to define the overall fluence uncertainty at the reactor vessel wall. In the case of Palo Verde Unit 1, 

the derived uncertainties in the bias factor, K, and the additional uncertainty from the analytical sensitivity 

studies combine to yield a net uncertainty of+ 7.6%.  

Based on this best estimate approach, neutron exposure projections at key locations on the reactor vessel 

inner radius are given in Table 6-13; furthermore, calculated neutron exposure projections are also 

provided for comparison purposes. Along with the current (9.81 EFPY) exposure, projections are also 

provided for exposure periods of 15, 32, 40, 45, and 54 EFPY Projections for future operation were based 

on the assumption that the Cycles 5 through 8 exposure rates would continue to be applicable throughout 

plant life.  

In the derivation of best estimate and calculated exposure gradients within the reactor vessel wall for the 

Palo Verde Unit 1 reactor vessel, exposure projections to 15, 32, 40, 45, and 54 EFPY were also employed.  

Data based on both a c1(E > 1.0 MeV) slope and a plant-specific dpa slope through the vessel wall are 

provided in Table 6-14.  

In order to assess RTNDT versus fluence curves, dpa equivalent fast neutron fluence levels for the ¼T and 

¾T positions were defined by the relations: 

dpa(OT) dpa(¾ T) AC(¾T) = iAO) p(OT) and qA(¾ T) = •('OT) dpa(OT) 

Using this approach results in the dpa equivalent fluence values listed in Table 6-14.  

In Table 6-15, updated lead factors are listed for all of the Palo Verde Unit I surveillance capsules.

Analysis of Palo Verde Unit I Capsule 3 8'
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Figure 6-2 

Azimuthal Variation of Neutron Flux (E > 1.0 Mev) 
At The Reactor Vessel Inner Radius
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Figure 6-3 

Axial Distribution of Reactor Power 
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Table 6-1 

Calculated Fast Neutron Exposure Rates 
at the Center of the Surveillance Capsules 

Core Midplane Elevation

Operating Cycle 

Cycle 1 
Cycle 2 
Cycle 3 
Cycle 4 
Cycle 5 
Cycle 6 
Cycle 7 
Cycle 8 

Average(I-4) 
Average(I-8) 
Average(5-8) 

Cycle 1 
Cycle 2 
Cycle 3 
Cycle 4 
Cycle 5 
Cycle 6 
Cycle 7 
Cycle 8 

Average(1-4) 
Average(1-8) 
Average(5-8) 

Cycle 1 
Cycle 2 
Cycle 3 
Cycle 4 
Cycle 5 
Cycle 6 
Cycle 7 
Cycle 8 

Average(1-4) 
Average(I-8) 
Average(5-8)

Capsule Location 
380 400 430 
Flux(E>1.0 Mev) [n/cm 2-sec] 

4.201E+10 4.224E+10 4.167E+10 
2.804E+10 2.803E+10 2.751E+10 
2.493E+10 2.511E+10 2.487E+10 
2.655E+10 2.657E+10 2.606E+10 
2.518E+10 2.621E+10 2.658E+10 
2.647E+10 2.748E+10 2.779E+10 
1.718E+10 1.751E+10 1.745E+10 
1.669E+10 1.708E+10 1.709E+10 
3.046E+10 3.058E+10 3.013E+10 
2.542E+10 2.583E+10 2.570E+10 
2.104E+10 2.170E+10 2.184E+10

Flux(E>0. 1 Mev) [n/cm 2-sec]
7.783E+10 
5.156E+10 
4.581E+10 
4.890E+10 
4.623E+10 
4.865E+10 
3.145E+10 
3.057E+10 
5.617E+10 
4.677E+10 
3.859E+l 0

7.808E+10 
5.143E+10 
4.605E+10 
4.882E+10 
4.803E+10 
5.038E+10 
3.199E+10 
3.122E+10 
5.626E+10 
4.742E+10 
3.972E+10

7.655E+10 
5.017E+10 
4.535E+10 
4.761E+10 
4.845E+10 
5.068E+10 
3.171E+10 
3.108E+10 
5.512E+10 
4.692E+10 
3.978E+10

Iron Atom Displacement Rate [dpa] 
6.094E-11 6.130E-11 6.047E-I1 
4.079E- 11 4.079E-11 4.004E- I1 
3.629E-11 3.654E-11 3.619E-11 
3.860E-11 3.864E-11 3.791E-11 
3.663E-11 3.813E-11 3.866E-11 
3.849E-11 3.996E-11 4.041E-11 
2.503E-11 2.552E-1 1 2.543E- 11 
2.432E-11 2.488E-1I 2.489E-11 
4.426E-11 4.444E- 1 4.379E- 11 
3.697E-11 3.757E-11 3.738E-11 
3.062E-11 3.158E-11 3.179E-1I

Analysis of Palo Verde Unit I Capsule 380
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Table 6-2 

Calculated Azimuthal Variation Of Fast Neutron Exposure Rates 
And Iron Atom Displacement Rates At The Reactor Vessel 

Clad/Base Metal Interface

Operating Cycle 
Cycle 1 
Cycle 2 
Cycle 3 
Cycle 4 
Cycle 5 
Cycle 6 
Cycle 7 
Cycle 8 

Average (1-4) 
Average (1-8) 
Average (5-8) 

Operating Cycle 
Cycle I 
Cycle 2 
Cycle 3 
Cycle 4 
Cycle 5 
Cycle 6 
Cycle 7 
Cycle 8 

Average (1-4) 
Average (1-8) 
Average (5-8) 

Operating Cycle 
Cycle 1 
Cycle 2 
Cycle 3 
Cycle 4 
Cycle 5 
Cycle 6 
Cycle 7 
Cycle 8 

Average (1-4) 
Average (1-8) 
Average (5-8)

0 Deg 
1.77E+10 
1.53E+10 
1.71E+10 
1.36E+10 
9.48E+09 
8.26E+09 
7.66E+09 
8.39E+09 
1.60E+10 
1.20E+10 
8.42E+09 

0 Deg 
3.74E+1 0 
3.20E+10 
3.57E+10 
2.85E+10 
1.98E+10 
1.73E+10 
1.60E+l0 
1.75E+10 
3.36E+10 
2.51E+10 
1.76E+10 

0 Deg 
2.74E-1 1 
2.37E-11 
2.63E- 1I 
2.10E-11 
1.47E-1 I 
1.28E-1 1 
1.19E-1I 
1.30E- 1I 
2.48E-11 
1.85E- 11 
1.30E-11

Flux (E > 1.0 Mev) [n/cm2-sec]
15 Deg 

2.5 6E+ 10 
1.57E+10 
1.89E+10 
1.89E+10 
1.16E+10 
1.09E+10 
1.01E+10 
9.71E+09 
2.01E+10 
1.50E+l0 
1.05E+10

30 Deg 
2.57E+10 
1.75E+10 
1.62E+10 
1.75E+10 
1.34E+10 
1.39E+10 
1.07E+10 
1.02E+10 
1.93E+ 10 
1.54E+10 
1.19E+ 10

42.3 Deg 
3.01E+10 
1.86E+10 
1.70E+10 
1.85E+10 
1.85E+10 
1.94E+10 
1.24E+10 
1.21E+10 
2.12E+10 
1.80E+10 
1.53E+10

Flux (E > 0.1 Mev) [n/cm2-sec] 
15 Deg 30 Deg 42.3 Deg 

5.41E+10 5.49E+10 6.43E+10 
3.32E+10 3.72E+10 3.97E+10 
3.98E+10 3.45E+10 3.63E+10 
3.99E+10 3.72E+10 3.94E+10 
2.45E+10 2.85E+10 3.91E+10 
2.29E+10 2.95E+10 4.11E+10 
2.11E+10 2.25E+10 2.62E+10 
2.04E+10 2.16E+10 2.56E+10 
4.25E+10 4.11E+10 4.52E+10 
3.16E+10 3.26E+10 3.84E+10 
2.21E+10 2.52E+I10 3.25E+10

15 Deg 
3.91E- 11 
2.41E-11 
2.90E- I1 
2.90E-1 1 
1.79E-1 1 
1.67E- 1I 
1.55E- 1I 
1.49E-11 
3.09E-1 1 
2.30E- 11 
1.62E-11

dpa/sec 
30 Deg 

3.94E- 11 
2.69E-I I 
2.50E- 11 
2.69E- 11 
2.07E- 1I 
2.13E-1 1 
1.64E-1 1 
1.57E-1 I 
2.97E-1 I 
2.36E-11 
1.83E- 1I

42.3 Deg 
4.60E-1 1 
2.86E- 11 
2.61E-11 
2.83E-11 
2.82E-I 1 
2.97E-11 
1.90E-11 
1.85E- 1I 
3.24E- 1I 
2.76E-11 
2.35E- 11

Analysis of Palo Verde Unit 1 Capsule 380

45 Deg 
3.OOE+10 
1.85E+10 
1.70E+10 
1.83E+10 
1.86E+10 
1.95E+10 
1.24E+10 
1.21E+10 
2.11E+10 
1.80E+10 
1.54E+10 

45 Deg 
6.42E+10 
3.95E+10 
3.62E+10 
3.92E+10 
3.94E+10 
4.14E+ 10 
2.62E+10 
2.56E+10 
4.50E+10 
3.84E+ 10 
3.26E+10 

45 Deg 
4.5 8E-1 1 
2.84E-1 1 
2.60E-11 
2.81E-11 
2.84E- 11 
2.99E-1 1 
1.90E-1 1 
1.85E-1 1 
3.23E-1 1 
2.76E-11 
2.35E-1 1
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Table 6-3 

Relative Radial Distribution Of 4(E > 1.0 MeV) 
Within The Reactor Vessel Wall

Analysis of Palo Verde Unit I Capsule 380

RADIUS AZIMUTHAL ANGLE 
(cm) 0 15' 300 400 450 

233.756 1.000 1.000 1.000 1.000 1.000 
234.006 0.989 0.989 0.989 0.990 0.989 
234.631 0.946 0.945 0.945 0.944 0.945 
235.506 0.872 0.870 0.871 0.869 0.871 
236.631 0.774 0.772 0.773 0.770 0.771 
237.924 0.668 0.665 0.666 0.662 0.664 
239.410 0.558 0.554 0.555 0.551 0.553 
241.197 0.446 0.442 0.444 0.440 0.441 
243.205 0.344 0.341 0.343 0.339 0.340 
245.063 0.269 0.267 0.269 0.265 0.265 
246.478 0.222 0.220 0.221 0.219 0.218 
247.780 0.185 0.183 0.184 0.183 0.182 
249.192 0.152 0.150 0.151 0.150 0.150 
250.716 0.123 0.121 0.121 0.121 0.120 
252.056 0.101 0.099 0.100 0.099 0.099 
253.098 0.086 0.085 0.085 0.084 0.084 
254.182 0.073 0.071 0.072 0.071 0.071 
255.182 0.062 0.060 0.060 0.059 0.059 
255.994 0.053 0.051 0.051 0.050 0.050 
256.369 0.051 0.049 0.049 0.048 0.047 
Note: Base Metal Inner Radius = 233.756 cm 

Base Metal 1/4T = 239.409 cm 
Base Metal 1/2T = 245.063 cm 
Base Metal 3/4T = 250.716 cm 
Base Metal Outer Radius = 256.369 cm
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Table 6-4 

Relative Radial Distribution Of ý(E > 0.1 MeV) 
Within The Reactor Vessel Wall

Analysis of Palo Verde Unit 1 Capsule 380

RADIUS AZIMUTHAL ANGLE 
(cm) 00 150 300 400 450 

233.756 1.000 1.000 1.000 1.000 1.000 
234.006 1.010 1.010 1.010 1.010 1.009 
234.631 1.014 1.011 1.013 1.010 1.011 
235.506 1.001 0.996 0.998 0.994 0.996 
236.631 0.969 0.963 0.966 0.959 0.961 
237.924 0.924 0.915 0.920 0.911 0.913 
239.410 0.866 0.855 0.861 0.850 0.852 
241.197 0.794 0.781 0.788 0.775 0.777 
243.205 0.713 0.700 0.707 0.693 0.694 
245.063 0.641 0.627 0.634 0.619 0.619 
246.478 0.586 0.572 0.578 0.564 0.564 
247.780 0.536 0.521 0.527 0.514 0.514 
249.192 0.485 0.469 0.475 0.461 0.461 
250.716 0.431 0.415 0.420 0.406 0.406 
252.056 0.385 0.370 0.374 0.360 0.359 
253.098 0.349 0.333 0.337 0.323 0.322 
254.182 0.312 0.296 0.299 0.285 0.284 
255.182 0.278 0.262 0.263 0.249 0.248 
255.994 0.247 0.231 0.231 0.217 0.216 
256.369 0.239 0.222 0.222 0.207 0.206 
Note: Base Metal Inner Radius = 233.756 cm 

Base Metal 1/4T = 239.409 cm 
Base Metal 1/2T = 245.063 cm 
Base Metal 3/4T = 250.716 cm 
Base Metal Outer Radius = 256.369 cm
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Table 6-5 

Relative Radial Distribution Of dpa/sec 
Within The Reactor Vessel Wall

Analysis of Palo Verde Unit 1 Capsule 380

RADIUS AZIMUTHAL ANGLE 

(cm) 00 150 300 400 450 

233.756 1.000 1.000 1.000 1.000 1.000 
234.006 0.990 0.990 0.991 0.991 0.990 
234.631 0.953 0.952 0.953 0.952 0.953 
235.506 0.891 0.890 0.891 0.889 0.890 
236.631 0.810 0.808 0.810 0.807 0.808 
237.924 0.721 0.719 0.722 0.717 0.719 
239.410 0.629 0.626 0.629 0.624 0.626 
241.197 0.534 0.530 0.534 0.528 0.530 
243.205 0.444 0.440 0.444 0.438 0.439 
245.063 0.374 0.371 0.375 0.369 0.369 
246.478 0.327 0.324 0.328 0.322 0.322 
247.780 0.289 0.285 0.288 0.284 0.284 
249.192 0.253 0.248 0.251 0.247 0.247 
250.716 0.218 0.213 0.216 0.211 0.211 
252.056 0.190 0.185 0.188 0.183 0.182 
253.098 0.169 0.164 0.167 0.162 0.161 
254.182 0.150 0.144 0.146 0.141 0.141 
255.182 0.132 0.126 0.128 0.122 0.122 
255.994 0.117 0.111 0.112 0.106 0.106 
256.369 0.113 0.107 0.107 0.102 0.101 
Note: Base Metal Inner Radius = 233.756 cm 

Base Metal 1/4T = 239.409 cm 
Base Metal 1/2T = 245.063 cm 
Base Metal 3/4T = 250.716 cm 
Base Metal Outer Radius = 256.369 cm
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Table 6-6 

Nuclear Parameters Used In The Evaluation Of Neutron Sensors

Monitor 
Material 

Copper 

Iron 

Nickel 

Titanium 

Uranium-23 8 

Uranium-23 8 

Uranium-238 

Cobalt-Al

Atomic 
Weight 

63.546 

55.845 

58.693 

45.953 

238.051 

238.051 

238.051 

58.933

Reaction of 
Interest 

Cu63(n, C)Co60 

Fe 54(n,p)Mn
54 

Ni58(np)Co
58 

Ti46(n,p)Sc
46 

U238(n,)Cs'
37 

U238(n,fJZr-5 

U23 8(n,)Ru°
0 3 

Co
5 9 (nY)Co60

Target 
Atom 

Fraction 

0.6917 

0.0585 

0.6808 

0.0825 

0.9996 

0.9996 

0.9996 

0.0017

Response 
Range 

E > 5 Mev 

E > 2 Mev 

E > 2 Mev 

E > 2 Mev 

E> 1 Mev 

E> 1 Mev 

E> 1 Mev 

Non-threshold

Fission 
Product Yield 
Half-life (%)

1925.5d 

312.3d 

70.82d 

83.79d 

10983.3d 

64.02d 

39.27d 

1925.5d

6.02 

5.15 

6.26

Notes: 1. Atomic weight data taken from the Chart of the Nuclides, 15t' Edition, Dated 1996.  
2. Half-life data and target fraction data for the Cu63(n,ax), Fe5 4(n,p), Ni5 8(n,p), Ti46(n,p), and 

Co 59(n,y) reactions were taken from ASTM Standard E 1005-97.  
3. Half-life and fission yield data for the U 238(n,f) reaction taken from ASTM Standard 

E 1005-97.  

4. Target atom fraction for the U 238 assumed as 350 ppm of U235.

Analysis of Palo Verde Unit 1 Capsule 380
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Table 6-7 

Monthly Thermal Generation During The First Eight Fuel Cycles 
Of The Palo Verde Unit 1 Reactor 

(Reactor Power of 3800 MWt) 

Cycle 1 Cycle 2 Cycle 3 Cycle 4 
Thermal Thermal Thermal Thermal 

Generation Generation Generation Generation 
Mo-Year (MWt-hr) Mo-Year (MWt-hr) Mo-Year (MWt-hr) Mo-Year (MWt-hr) 
Jun-85 488193 Mar-88 1667501 Jun-90 10825 May-92 389734 
Jul-85 488786 Apr-88 2300328 Jul-90 2146547 Jun-92 2726926 

Aug-85 83645 May-88 2371300 .Aug-90 2337547 Jul-92 2825923 
Sep-85 1069383 Jun-88 2698106 Sep-90 1652836 Aug-92 2825394 
Oct-85 962630 Jul-88 503771 Oct-90 2797086 Sep-92 2545283 
Nov-85 194 Aug-88 69686 Nov-90 2704935 Oct-92 2610331 
Dec-85 1460729 Sep-88 2565055 Dec-90 2813104 Nov-92 2734833 
Jan-86 1265571 Oct-88 2659128 Jan-91 996506 Dec-92 2576546 
Feb-86 2011169 Nov-88 2708768 Feb-91 1084003 Jan-93 2645967 
Mar-86 566400 Dec-88 2789443 Mar-91 2822719 Feb-93 2461534 
Apr-86 0 Jan-89 2775471 Apr-91 2731759 Mar-93 2806238 
May-86 597004 Feb-89 2385008 May-91 2824227 Apr-93 2735243 
Jun-86 2473534 Mar-89 404819 Jun-91 2725393 May-93 2606624 
Jul-86 1814285 Jul-91 2825868 Jun-93 2730282 

Aug-86 1746682 Aug-91 2824884 Jul-93 2487672 
Sep-86 1929290 Sep-9 1  1725887 Aug-93 2019059 
Oct-86 2413152 Oct-91 2386029 Sep- 93  174976 
Nov-86 2440676 Nov-91 2700441 
Dec-86 2768558 Dec-91 2822439 
Jan-87 1462574 Jan-92 1430983 
Feb-87 0 Feb-92 1248802 
Mar-87 1861757 
Apr-87 2705174 
May-87 2615160 
Jun-87 2387981 
Jul-87 29941 

Aug-87 2431392 
Sep-87  2502710 
Oct-87 144005

Analysis of Palo Verde Unit I Capsule 380
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Table 6-7 (Continued) 

Monthly Thermal Generation During The First Eight Fuel Cycles 
Of The Palo Verde Unit 1 Reactor 

(Reactor Power of 3800 MWt) 

Cycle 5 Cycle 6 Cycle 7 Cycle 8 
Thermal Thermal Thermal Thermal 

Generation Generation Generation Generation 
Mo-Year (MWt-hr) Mo-Year (MWt-hr) Mo-Year (MWt-) Mo-Year (MWt-hr) 
Nov-93 175241 May-95 124734 Oct-96 19736 Apr-98 856293 
Dec-93 2408701 Jun-95 2522346 Nov-96 2575629 May-98 2882404 
Jan-94 2402290 Jul-95 2818244 Dec-96 2882996 Jun-98 2790255 
Feb-94 2170013 Aug-95 2672598 Jan-97 2882444 Jul-98 2879986 
Mar-94 2397621 Sep-95 2732753 Feb-97 2602247 Aug-98 2874823 
Apr-94 2342627 Oct-95 2826498 Mar-97 2852026 Sep-98 2790115 
May-94 2430079 Nov-95 2422865 Apr-97 2790215 Oct-98 2883307 
Jun-94 2361925 Dec-95 2334446 May-97 2441952 Nov-98 2790301 
Jul-94 2768631 Jan-96 2826311 Jun-97 2774045 Dec-98 2883381 

Aug-94 2763506 Feb-96 2267706 Jul-97 2882408 Jan-99 2883251 
Sep-94 2669901 Mar-96 2519048 Aug-97 2876879 Feb-99 2603835 
Oct-94 2769680 Apr-96 1373041 Sep-9 7 2789493 Mar-99 2581165 
Nov-94 2256552 May-96 2742983 Oct-97 2842908 Apr-99 2790255 
Dec-94 2718645 Jun-96 2735425 Nov-97 2782268 May-99 2883223 
Jan-95 2808750 Jul-96 2821260 Dec-97 2883231 Jun-99 2786766 
Feb-95 2552287 Aug-96 2630990 Jan-98 2883225 Jul-99 2882991 
Mar-95 2638589 Sep- 96  1682394 Feb-98 2272117 Aug-99 2882823 
Apr-95 76 Mar-98 1202072 Sep-99 2778552 

Oct-99 85396

Analysis of Palo Verde Unit 1 Capsule 380



6-21

Table 6-8 

Measured Sensor Activities And Reaction Rates 

Surveillance Capsule W137

Reaction 

63Cu (n,a) 60Co 

'
4Fe (n,p) '4Min 

58Ni (n,p) 58Co 

46Ti (np) 46Sc 

59Co (n,'y) 60Co 

59Co (n,y) 6°Co (Cd) 

2 3 8U (n,f) 13 7
Cs (Cd) 

23 8U (n,f) 95Zr (Cd) 

2 38 U (n,f) 103Ru (Cd) 

2 3 8
U (n,f) 13 7

Cs 

238U (n,f) 95Zr 

238 U (n,f) 103RU

Location 

Top 
Middle 
Bottom 

Top 
Middle 
Bottom 

Middle 

Top 
Middle 
Bottom 

Middle 

Middle

Middle 
Bottom 

Middle 
Bottom 

Middle 
Bottom 

Middle 
Bottom 

Middle 
Bottom 

Middle 
Bottom

Measured 
Activity 
(dps/gm) 

1.04E+05 
9.81E+04 
9.89E+04 

9.79E+05 
9.09E+05 
9.21E+05 

3.36E+06 

1.09E+05 
1.03E+05 
1.03E+05 

5.24E+07 

6.35E+06 

4.12E+04 
1.OOE+05 
7.56E+04 
4.08E+04 
8.72E+04 
6.54E+04 
1.37E+04 
2.70E+05 
1.94E+04 
2.06E+05 
3.68E+05 
2.87E+05 
2.34E+05 
4.18E+05 
3.03E+05 
6.27E+04 
1.08E+05 
7.09E+04

Top 

Top 

Top 

Top 

Top 

Top

Saturated 
Activity 
(dps/gm) 

2.985E+05 
2.815E+05 
2.838E+05 

2.218E+06 
2.059E+06 
2.087E+06 

2.979E+07 

7.165E+05 
6.770E+05 
6.770E+05 

1.504E+08 

1.822E+07 

4.341 E+05 
1.054E+06 
7.966E+05 
4.449E+05 
9.509E+05 
7.132E+05 
5.853E+05 
1.154E+07 
8.288E+05 
2.171E+06 
3.878E+06 
3.024E+06 
2.552E+06 
4.558E+06 
3.304E+06 
2.679E+06 
4.614E+06 
3.029E+06

Analysis of Palo Verde Unit 1 Capsule 380

Reaction 
Rate 

(rps/atom) 

4.553E-17 
4.295E-17 
4.330E-17 

3.516E-15 
3.265E-15 
3.308E-15 

4.265E-15 

6.627E-16 
6.262E-16 
6.262E-16 

8.657E-12 

1.049E-12 

2.852E-15 
6.922E-15 
5.233E-15 
3.416E- 15 
7.300E-15 
5.475E-15 
3.697E-15 
7.286E-14 
5.235E-15 
1.426E-14 
2.547E-14 
1.987E-14 
1.959E-14 
3.499E-14 
2.537E-14 
1.692E-14 
2.914E-14 
1.913E-14



6-22

Table 6-8 cont'd 

Measured Sensor Activities And Reaction Rates 

Surveillance Capsule W3 8

Reaction

6 3
Cu (n,ct) 6 0

Co 

14Fe (n,p) 54Mn 

"58Ni (n,p) 58Co 

46Ti (n,p) 46Sc 

59Co (nj) 60Co 

238U (n,f) 13 7Cs 

238U (n,f) 95Zr 

238U (n,f) 103Ru

Location 

Top 
Middle 
Bottom 

Top 
Middle 
Bottom 

Middle 

Top 
Middle 
Bottom 

Middle 

Top 
Middle 
Bottom 

Top 
Middle 
Bottom 

Top 
Middle 
Bottom

Measured 
Activity 
(dps/g•m) 

1.320E+05 
1.510E+05 
1. 140E+05 

5.940E+05 
5.560E+05 
5.470E+05 

9.21 OE+05 

2.550E+04 
3.150E+04 
3.170E+04 

6.880E+07 

6.790E+05 
4.11OE+05 
1.080E+06 
1.OOOE+05 
6.840E+05 
1.740E+05 
1.360E+04 
8.700E+03 
2.410E+04

Saturated 
Activity 
(dps/am) 

2.494E+05 
2.853E+05 
2.154E+05 

1.735E+06 
1.624E+06 
1.598E+06 

2.538E+07 

4.491E+05 
5.548E+05 
5.583E+05 

1.300E+08 

3.58 1E+06 
2.167E+06 
5.695E+06 
3.750E+06 
2.565E+07 
6.524E+07 
3.860E+06 
2.470E+06 
6.48 1E-+G06

Analysis of Palo Verde Unit I Capsule 380

Reaction 
Rate 

(rps/atom) 

3.805E-17 
4.352E-17 
3.286E-17 

2.751E-15 
2.575E-15 
2.533E-15 

3.634E-15 

4.154E-16 
5.131E-16 
5.164E-16 

7.483E-12 

2.352E-14 
1.424E-14 
3.741E-14 
2.879E-14 
1.969E-13 
5.009E-14 
2.438E-14 
1.560E-14 
4.321E-14
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Table 6-9 

Summary Of Neutron Dosimetry Results 
Surveillance Capsule W 137 

Best Estimate Flux and Fluence for Capsule W137

Quantity 
*(E > 1.0 MeV) 
*(E > 0.1 MeV) 

S(E < 0.414 eV) 
dpa/sec

Flux 
[rncm2-secl 
2.584E+10 
5.165E+10 
2.790E+ 1I 
4.018E- 11

Quantity 
q) (E > 1.0 MeV) 
(D (E > 0. 1 MeV) 

S(E < 0.414 eV) 
dpa

Best Estimate Flux and Fluence for Capsule W38

Quantity 
4 (E > 1.0 MeV) 
4,(E > 0.1 MeV) 
4(E < 0.414 eV) 

dpa/sec

Flux 
[r cm 2-secl 
2.041E+10 
3.974E+10 
2.583E+1 1 
3.187E-1 1

Quantity 
D (E > 1.0 MeV) 
D (E > O. 1 MeV) 
D (E < 0.414 eV) 

dpa

Analysis of Palo Verde Unit I Capsule 38'

Fluence 
[n/CM21 

3.724E+ 18 
7.444E+ 18 
4.021E+19 
5.791E-03

Uncertainty 
7% 
10% 
7% 
6%

Fluence 
rn/cm~j 

6.320E+18 
1.231E+19 
7.998E+19 
9.868E-03

Uncertainty 
7% 
10% 
6% 
6%
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Table 6-10 

Comparison Of Measured, Calculated, And Best Estimate 
Reaction Rates At The Surveillance Capsule Center 

Surveillance Capsule W137

Reaction 

63 Cu (n,cX) 6 0 Co 54Fe (np)54Mn 
58Ni (n,p) 58Co 
46Ti (n,p) 46sc 
59Co (n,,,)6°Co 

' 9Co (n,y)6'Co (Cd)

Measured 

4.39E- 17 

3.36E-15 
4.26E-15 
6.38E-16 
8.66E-12 
1.05E-12

Calculated Best 
Estimate 

4.79E-17 4.30E-17

4.10E-15 
5.33E-15 
7.39E-16 
1.38E-12 
2.89E-13

3.44E-15 
4.45E-15 
6.38E-16 
8.47E-12 
1.01E-12

BE / Meas BE/ Calc 

0.98 0.90

1.02 
1.04 
1.00 
0.98 
0.96

0.84 
0.83 
0.86 
6.14 
3.49

Surveillance Capsule W38

Reaction 

63Cu (n,a) 60Co 
54Fe (n,p)5 4Min 
"5'Ni (n,p)58Co 46Ti (n,p)46Sc 
59Co (n,y)6°Co

Measured 

3.81E-17 

2.62E-15 
3.63E-15 
4.82E- 16 
7.48E-12

Calculated Best 
Estimate 

4.02E-17 3.57E-17

3.44E-15 
4.48E-15 
6.20E-16 
1.12E-12

2.75E-15 
3.63 E-15 
5.05E-16 
7.31E-12

BE / Meas BE/ Calc 

0.94 0.89

1.05 
1.00 
1.05 
0.98

0.80 
0.81 
0.81 
6.53

Analysis of Palo Verde Unit 1 Capsule 380

Meas/Calc 

0.92 

0.82 
0.80 
0.86 
6.28 
3.63

Meas/Calc 

0.95 

0.76 
0.81 
0.78 
6.68

6-24
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Table 6-11 

Best Estimate Neutron Energy Spectrum At The 
Center Of Surveillance Capsules 

Capsule W137 
Group Energy Flux Energy Flux 

Number (MeV) (n/cm2-sec) Group # (MeV) (nrcm2-sec) 

1 1.73E+01 7.464E+06 28 9.12E-03 2.551E+09 
2 1.49E+01 1.539E+07 29 5.53E-03 2.529E+09 
3 1.35E+01 5.215E+07 30 3.36E-03 8.815E+08 
4 1.16E+O1 1.314E+08 31 2.84E-03 9.226E+08 
5 1.00E+01 2.861E+08 32 2.40E-03 9.861E+08 
6 8.61E+00 4.696E+08 33 2.04E-03 3.216E+09 
7 7.41E+00 1.162E+09 34 1.23E-03 3.520E+09 
8 6.07E+00 1.626E+09 35 7.49E-04 3.813E+09 
9 4.97E+00 2.799E+09 36 4.54E-04 4.112E+09 
10 3.68E+00 2.580E+09 37 2.75E-04 4.759E+09 
11 2.87E+00 4.124E+09 38 1.67E-04 8.040E+09 
12 2.23E+00 3.933E+09 39 1.01E-04 4.976E+09 
13 1.74E+00 4.046E+09 40 6.14E-05 4.629E+09 
14 1.35E+00 3.114E+09 41 3.73E-05 4.221E+09 
15 1.11E+00 4.378E+09 42 2.26E-05 3.821E+09 
16 8.21E-01 4.012E+09 43 1.37E-05 3.462E+09 
17 6.39E-01 3.740E+09 44 8.32E-06 3.226E+09 
18 4.98E-01 2.635E+09 45 5.04E-06 3.144E+09 
19 3.88E-01 3.108E+09 46 3.06E-06 3.078E+09 
20 3.02E-01 4.676E+09 47 1.86E-06 2.996E+09 
21 1.83E-01 4.083E+09 48 1.13E-06 2.817E+09 
22 1.11E-01 3.177E+09 49 6.83E-07 3.058E+09 
23 6.74E-02 2.971E+09 50 4.14E-07 4.465E+09 
24 4.09E-02 2.094E+09 51 2.51E-07 1.949E+10 
25 2.55E-02 1.528E+09 52 1.52E-07 4.378E+10 
26 1.99E-02 1.203E+09 53 9.24E-08 2.112E+11 
27 1.50E-02 2.504E+09 

Note: Tabulated energy levels represent the upper energy in each group.

Analysis of Palo Verde Unit I Capsule 380
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Table 6-11 cont'd 

Best Estimate Neutron Energy Spectrum At The 
Center Of Surveillance Capsules

Group Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27

Energy 
(MeV) 

1.73E+01 
1.49E+01 
1.35E+01 
1.1 6E+0 1 
1.00E+01 
8.61E+00 
7.41E+00 
6.07E+00 
4.97E+00 
3.68E+00 
2.87E+00 
2.23E+00 
1.74E+00 
1.35E+00 
1.11E+00 
8.21E-01 
6.39E-01 
4.98E-01 
3.88E-01 
3.02E-01 
1.83E-01 
1.11E-01 
6.74E-02 
4.09E-02 
2.55E-02 
1.99E-02 
1.50E-02

Capsule W38
Flux 

(n/cm2-sec) 
5.948E+06 
1.237E+07 
4.21 0E+07 
1.065E+08 
2.329E+08 
3.820E+08 
9.447E+08 
1.309E+09 
2.239E+09 
2.060E+09 
3.270E+09 
3.094E+09 
3.158E+09 
2.410E+09 
3.36 1E+09 
3.055E+09 
2.826E+09 
1.976E+09 
2.315E+09 
3.456E+09 
3.001E+09 
2.318E+09 
2.154E+09 
1.504E+09 
1.088E+09 
8.444E+08 
1.732E+09

Group # 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53

Energy 

(MeV) 
1.73E+09 
1.67E+09 
5.63E+08 
5.63E+08 
5.66E+08 
1.70E+09 
1.68E+09 
1.62E+09 
1.57E+09 
1.66E+09 
1.70E+09 
1.69E+09 
1.69E+09 
1.69E+09 
1.68E+09 
1.66E+09 
1.65E+09 
1.68E+09 
1.69E+09 
1.68E+09 
1.60E+09 
1.43E+09 
1.70E+09 
5.49E+09 
9.28E+09 
2.01E+10

Flux 
(n/cm'-sec) 
1.728E+09 
1.671E+09 
5.633E+08 
5.639E+08 
5.673E+08 
1.708E+09 
1.692E+09 
1.639E+09 
1.589E+09 
1.692E+09 
1.752E+09 
1.738E+09 
1.742E+09 
1.753E+09 
1.762E+09 
1.755E+09 
1.767E+09 
1.827E+09 
1.872E+09 
1.890E+09 
1.830E+09 
2.029E+09 
3.084E+09 
1.411 E+10 
3.409E+10 
2.070E+1 1

Note: Tabulated energy levels represent the upper energy in each group.

Analysis of Palo Verde Unit 1 Capsule 380
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Table 6-12 

Comparison Of Calculated And Best Estimate Integrated Neutron 
Exposure Of Palo Verde Unit 1 Surveillance Capsules W1 37 and W38

CAPSULE W137 
Calculated Best Estimate

c1(E > 1.0 MeV) [n/cm2] 
c1(E > 0. 1 MeV) [n/cm2] 

dpa

4.33E+18 
7.94E+1 8 
6.23E-03

3.72E+1 8 
7.44E+ 18 
5.79E-03

CAPSULE W38 
Calculated Best Estimate

1(E > 1.0 MeV) [n/cm2] 
1(E > 0.1 MeV) [n/cm2] 

dpa

7.85E+18 
1.45E+19 
1.13E-02

6.32E+18 
1.23E+19 
9.87E-03

BE/C 

0.86 
0.94 
0.93 

BE/C 

0.80 
0.85 
0.87

AVERAGE BE/C RATIOS

C(E > 1.0 MeV) [n/cm 2] 

D(E > 0.1 MeV) [n/cm 2] 
dpa

0.832

BE/C 

0.894 
0.902

Analysis of Palo Verde Unit 1 Capsule 380
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Table 6-13 

Azimuthal Variations Of The Neutron Exposure Projections 
On The Reactor Vessel Clad/Base Metal Interface 

At Maximum Fluence Elevation 

Best Estimate 

00 150 300 42.30 450 
9.81 EFPY 
E>1.0 MeV 3.08E+18 3.87E+18 3.96E+18 4.65E+18 4.65E+18 
E>0.1 MeV 6.93E+18 8.75E+18 9.03E+18 1.06E+19 1.06E+19 

dpa 5.17E-03 6.43E-03 6.59E-03 7.72E-03 7.71E-03 

15 EFPY 
E>1.0 MeV 4.23E+18 5.30E+18 5.58E+18 6.74E+-18 6.74E+18 
E>Q.1 MeV 9.51E+18 1.20E+19 1.27E+19 1.54E+19 1.54E+19 

dpa 7.09E-03 8.81E-03 9.30E-03 1.12E-02 1.12E-02 

32 EFPY 
E>1.0 MeV 7.99E+18 1.00E+19 1.09E+19 1.36E+19 1.36E+19 
E>0.1 MeV 1.79E+19 2.26E+19 2.48E+19 3.09E+19 3.10E+19 

dpa 1.34E-02 1.66E-02 1.82E-02 2.25E-02 2.26E-02 

40 EFFY 
E>1.0 MeV 9.76E+18 1.22E+19 1.34E+19 1.68E+19 1.68E+19 
E>0.1 MeV 2.19E+19 2.76E+19 3.05E+19 3.83E+19 3.84E+19 

dpa 1.64E-02 2.03E-02 2.23E-02 2.79E-02 2.79E-02 

45 EFPY 
E>1.0 MeV 1.09E+19 1.36E+19 1.50E+19 1.88E+19 1.89E+19 
E>0.1 MeV 2.44E+19 3.07E+19 3.41E+19 4.28E+19 4.30E+19 

dpa 1.82E-02 2.26E-02 2.49E-02 3.12E-02 3.13E-02 

54 EFPY 
E>1.0 MeV 1.29E+19 1.61E+19 1.78E+19 2.24E+19 2.25E+19 
E>0.1 MeV 2.88E+19 3.63E+19 4.05E+19 5.11E+19 5.12E+19 

dpa 2.16E-02 2.68E-02 2.96E-02 3.72E-02 3.73E-02 

Note: Maximum neutron exposure projection is at either 42.30 or 450

Analysis of Palo Verde Unit I Capsule 380
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Table 6-13, cont'd 

Azimuthal Variations Of The Neutron Exposure Projections 

On The Reactor Vessel Clad/Base Metal Interface At Maximum Fluence Elevation 

Calculated 

00 150 300 42.30 450 

9.81 EFPY 
E>1.0 MeV 3.71E+18 4.64E+18 4.75E+18 5.59E+18 5.58E+18 

E>0.1 MeV 7.76E+18 9.79E+18 1.01E+19 1.19E+19 1.19E+19 

dpa 5.73E-03 7.12E-03 7.31E-03 8.55E-03 8.55E-03 

15 EFPY 
E>1.0 MeV 5.09E+18 6.37E+18 6.70E+18 8.10E+18 8.10E+18 

E>0.1 MeV 1.06E+19 1.34E+19 1.42E+19 1.72E+19 1.72E+19 
dpa 7.87E-03 9.77E-03 1.03E-02 1.24E-02 1.24E-02 

32 EFPY 
E>1.0 MeV 9.60E+18 1.20E+19 1.31E+19 1.63E+19 1.64E+19 

E>0.1 MeV 2.01E+19 2.53E+19 2.78E+19 3.46E+19 3.47E+19 

dpa 1.49E-02 1.84E-02 2.01E-02 2.50E-02 2.50E-02 

40 EFPY 
E>1.0 MeV 1.17E+19 1.47E+19 1.61E+19 2.02E+19 2.02E+19 

E>0.1 MeV 2.45E+19 3.09E+19 3.42E+19 4.28E+19 4.29E+19 

dpa 1.82E-02 2.25E-02 2.48E-02 3.09E-02 3.1OE-02 

45 EFPY 
E>1.0 MeV 1.31E+19 1.63E+19 1.80E+19 2.26E+19 2.27E+19 

E>0.1 MeV 2.73E+19 3.44E+19 3.81E+19 4.79E+19 4.81E+19 

dpa 2.02E-02 2.5 1E-02 2.77E-02 3.46E-02 3.47E-02 

54 EFPY 
E>1.0 MeV 1.55E+19 1.93E+19 2.14E+19 2.70E+19 2.70E+19 

E>0.1 MeV 3.23E+19 4.06E+19 4.53E+19 5.72E+19 5.74E+19 

dpa 2.39E-02 2.97E-02 3.29E-02 4.13E-02 4.14E-02 

Note: Maximum neutron exposure projection is at either 42.30 or 450

Analysis of Palo Verde Unit 1 Capsule 38'
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Table 6-14 

Neutron Exposure Values Within The 
Palo Verde Unit 1 Reactor Vessel 

Best Estimate Fluence (n/cm2) Based on E > 1.0 MeV Slope

9.81 EFPY 
Surface 
'¼T 
3/T 

15 EFPY 

Surface 
¼T 
¾T 

32 EFPY 
Surface 

¼/T 
%¾T 

40 EFPY 
Surface 
V4T %¾T 

45 EFPY 
Surface 

¼T 
34T 

54 EFPY 
Surface 

'AT 
%¾T

00 

3.08E+1 8 
1.72E+18 
3.83E+17

4.23E+18 
2.36E+ 18 
5.25E+17 

7.99E+1 8 
4.47E+18 
9.92E+17 

9.76E+ 18 
5.46E+18 
1.21E+18 

1.09E+19 
6.07E+18 
1.35E+18 

1.29E+19 
7.19E+ 18 
1.60E+ 18

150 

3.87E+18 
2.14E+ 18 
4.68E+17

5.30E+18 
2.94E+ 18 
6.42E+17 

L.OOE+19 
5.55E+18 
1.21E+18 

1.22E+19 
6.77E+ 18 
1.48E+18 

1.36E+19 
7.54E+ 18 
1.65E+18 

1.61E+19 
8.92E+1 8 
1.95E+18

300 

3.96E+18 
2.20E+18 
4.82E+17

5.58E+ 18 
3.10E+18 
6.79E+17 

1.09E+19 
6.05E+18 
1.33E+18 

1.34E+19 
7.44E+ 18 
1.63E+18 

1.50E+19 
8.31E+18 
1.82E+18 

1.78E+19 
9.88E+18 
2.16E+ 18

42.30 

4.65E+1 8 
2.58E+ 18 
5.65E+17

6.74E+ 18 
3.74E+18 
8.18E+17 

1.36E+19 
7.54E+18 
1.65E+18 

1.68E+19 
9.33E+18 
2.04E+ 18 

1.88E+19 
1.04E+19 
2.28E+18 

2.24E+19 
1.25E+19 
2.72E+ 18

450 

4.65E+18 
2.5 7E+ 18 
5.63E+17

6.74E+1 8 
3.74E+ 18 
8.17E+17 

1.36E+19 
7.54E+1 8 
1.65E+18 

1.68E+19 
9.33E+18 
2.04E+ 18 

1.89E+19 
1.05E+19 
2.28E+18 

2.25E+19 
1.25E+19 
2.73E+1 8

Maximum neutron exposure projection is at either 42.30 or 450 
The ¼/T and ¾/T values were determined using the calculational methods described 
in Section 6.2 and not by the empirical relation described in Regulatory Guide 1.99, 
Rev. 2.

Analysis of Palo Verde Unit 1 Capsule 380

Notes:
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Table 6-14, cont'd 

Neutron Exposure Values Within The 
Palo Verde Unit 1 Reactor Vessel 

Best Estimate Fluence (n/cm2) Based on dpa Slope

9.81 EFPY 
Surface 

¼AT 
3/T 

15 EFPY 
Surface 

1/T 
3/T 

32 EFPY 
Surface 

1/T 
3¾T 

40 EFPY 
Surface 

¼AT 
3/T 

45 EFPY 

Surface 
¼AT 
3/T 

54 EFPY 
Surface 

¼AT 
¾4T

00 

3.08E+18 
1.96E+18 
6.96E+17 

4.23E+18 
2.68E+18 
9.55E+17 

7.99E+ 18 
5.07E+ 18 
1.80E+18 

9.76E+ 18 
6.19E+18 
2.20E+1 8 

1.09E+l 9 
6.89E+18 
2.45E+18 

1.29E+19 
8.16E+18 
2.90E+ 18

150 

3.87E+18 
2.43E+18 
8.34E+17 

5.30E+18 
3.33E+18 
1. 14E+ 18 

1.00E+19 
6.28E+18 
2.16E+18 

1.22E+19 
7.67E+18 
2.63E+1 8 

1.36E+19 
8.54E+18 
2.93E+18 

1.61E+19 
1.OIE+19 
3.47E+18

300 

3.96E+ 18 
2.50E+ 18 
8.64E+ 17 

5.58E+18 
3.53E+1 8 
1.22E+18 

1.09E+1 9 
6.89E+18 
2.38E+18 

1.34E+19 
8.47E+1 8 
2.93E+1 8 

1.50E+19 
9.46E+18 
3.27E+1 8 

1.78E+19 
1.12E+ 19 
3.88E+ 18

42.30 

4.65E+18 
2.93E+1 8 
1.01E+18 

6.74E+18 
4.25E+ 18 
1.47E+ 18 

1.36E+19 
8.57E+1 8 
2.95E+1 8 

1.68E+19 
1.06E+19 
3.65E+18 

1.88E+19 
1.19E+19 
4.09E+ 18 

2.24E+19 
1.42E+19 
4.88E+18

Maximum neutron exposure projection is at either 42.30 or 450 
The ¼AT and ¾T values were determined using the calculational methods described 
in Section 6.2 and not by the empirical relation described in Regulatory Guide 1.99, 
Rev. 2.
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450 

4.65E+18 
2.92E+1 8 
1.OOE+18 

6.74E+18 
4.24E+18 
1.45E+18 

1.36E+19 
8.56E+18 
2.94E+18 

1.68E+19 
1.06E+19 
3.63E+18 

1.89E+19 
1.19E+19 
4.07E+ 18 

2.25E+19 
1.41E+19 
4.85E+18

Notes:
0 

0
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Table 6-14, cont'd 

Neutron Exposure Values Within The 
Palo Verde Unit 1 Reactor Vessel 

Calculated Fluence (n/cm2) Based on E > 1.0 MeV Slope

9.81 EFPY 
Surface 

¼T 
3/T 

15 EFPY 
Surface 

¼T 
3/T 

32 EFPY 
Surface 

'AT 

40 EFPY 
Surface 
'¼T 
¾T 

45 EFPY 
Surface 

'AT 
3/T 

54 EFPY 
Surface 

¼T 
3/T

0o 

3.71E+18 
2.07E+1 8 
4.60E+1 7 

5.09E+ 18 
2.84E+ 18 
6.31E+1 7 

9.60E+1 8 
5.3 7E+ 18 
1.19E+18 

1.17E+1 9 
6.55E+18 
1.46E+18 

1.31E+19 
7.30E+18 
1.62E+18 

1.55E+19 
8.63E+18 
1.92E+18

150 

4.64E+ 18 
2.58E+18 
5.62E+17 

6.37E+18 
3.53E+18 
7.71E+17 

1.20E+19 
6.66E+18 
1.45E+18 

1.47E+ 19 
8.14E+18 
1.78E+18 

1.63E+19 
9.06E+1 8 
1.98E+18 

1.93E+19 
1.07E+1 9 
2.34E+18

300 

4.75E+18 
2.64E+ 18 
5.79E+17 

6.70E+18 
3.72E+ 18 
8.16E+17 

1.31E+19 
7.27E+18 
1.59E+18 

1.61E+19 
8.94E+18 
1.96E+18 

1.80E+19 
9.99E+l 8 
2.19E+18 

2.14E+19 
1.19E+19 
2.60E+ 18

42.30 

5.59E+ 18 
3.1 OE+ 18 
6.78E+17 

8.10E+18 
4.50E+ 18 
9.83E+17 

1.63E+19 
9.06E+ 18 
1.98E+18 

2.02E+19 
1.12E+19 
2.45E+ 18 

2.26E+19 
1.26E+19 
2.74E+18 

2.70E+19 
1.50E+19 
3.27E+ 18

450 

5.58E+ 18 
3.09E+ 18 
6.76E+I 7 

8.10E+18 
4.49E+ 18 
9.81E+17 

1.64E+19 
9.06E+1 8 
1.98E+18 

2.02E+-19 
1.12E+19 
2.45E+1 8 

2.27E+19 
1.26E+19 
2.75E+18 

2.70E+19 
1.50E+19 
3.27E+18

Maximum neutron exposure projection is at either 42.3' or 450 
The ¼AT and 3/4T values were determined using the calculational methods described 
in Section 6.2 and not by the empirical relation described in Regulatory Guide 1.99, 
Rev. 2.

Analysis of Palo Verde Unit 1 Capsule 380

Notes:

0



6-33

Table 6-14, cont'd 

Neutron Exposure Values Within The 
Palo Verde Unit 1 Reactor Vessel 

Calculated Fluence (n/cm2) Based on dpa Slope

9.81 EFPY 
Surface 

¼/T 
3/T 

15 EFPY 
Surface 

1/T 
34T 

32 EFPY 
Surface 

¼/T 
3/T 

40 EFPY 
Surface 

¼T 
¾T 

45 EFPY 
Surface 

¼T 
3/T 

54 EFPY 
Surface 

¼T 
¾T

00 

3.71E+18 
2.35E+18 
8.36E+17 

5.09E+18 
3.23E+18 
1.15E+18 

9.60E+18 
6.09E+18 
2.17E+18 

1.17E+19 
7.44E+ 18 
2.65E+18 

1.31E+1 9 
8.28E+1 8 
2.95E+1 8 

1.55E+19 
9.80E+1 8 
3.48E+1 8

150 

4.64E+ 18 
2.92E+18 
1.OOE+18 

6.37E+18 
4.OOE+18 
1.37E+1 8 

1.20E+19 
7.55E+18 
2.59E+18 

1.47E+19 
9.22E+18 
3.16E+18 

1.63E+19 
1.03E+19 
3.52E+18 

1.93E+19 
1.21E+19 
4.17E+18

300 

4.75E+ 18 
3.OOE+ 18 
1.04E+ 18 

6.70E+18 
4.24E+ 18 
1.46E+ 18 

1.31E+19 
8.27E+1 8 
2.86E+18 

1.61E+19 
1.02E+19 
3.51E+18 

1.80E+19 
1. 14E+ 19 
3.93E+18 

2.14E+19 
1.35E+19 
4.66E+1 8

42.30 

5.59E+18 
3.53E+18 
1.21E+18 

8.10E+18 
5.11E+18 
1.76E+18 

1.63E+19 
1.03E+1 9 
3.55E+1 8 

2.02E+19 
1.27E+19 
4.39E+18 

2.26E+19 
1.43E+19 
4.92E+ 18 

2.70E+1 9 
1.70E+19 
5.86E+1 8

Maximum neutron exposure projection is at either 42.3' or 450 
The 'AT and 3

/T values were determined using the calculational methods described 

in Section 6.2 and not by the empirical relation described in Regulatory Guide 1.99, 
Rev. 2.

Analysis of Palo Verde Unit 1 Capsule 380

450 

5.58E+18 
3.51E+18 
1.20E+18 

8.10E+18 
5.09E+18 
1.75E+18 

1.64E+19 
1.03E+19 
3.53E+18 

2.02E+19 
1.27E+19 
4.36E+18 

2.27E+19 
1.42E+19 
4.89E+18 

2.70E+19 
1.70E+19 
5.83E+18

Notes:

0
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Table 6-15 

Updated Lead Factors For Palo Verde Unit 1 
Surveillance Capsules

Location 

430 

380 
430 

380 
400 

400

Capsule Midplane Max.  
Fluence Wall Fluence

4.33E+18 
7.85E+18 
7.95E+1 8 
7.86E+1 8 
7.99E+ 18 
7.99E+18

3.05E+1 8 
5.59E+18 
5.59E+18 
5.59E+1 8 
5.59E+18 
5.59E+18

Lead Factor 

1.42 
1.41 
1.42 
1.41 
1.43 
1.43

Notes: 
[a] - Withdrawn at the end of Cycle 4.  
[b] - Withdrawn at the end of Cycle 8.

The surveillance capsule lead factor is defined by: 

(I)Surveillance Capsule 
Calculated 

(D Clad I Base Metal Interface Axial Peak 
Calculated 

where D is the neutron fluence (E > 1.0 MeV) at the time of the capsule withdrawal.  
In the case of the standby capsules, the neutron fluence is at the time of the latest 

withdrawn capsule.

Analysis of Palo Verde Unit I Capsule 380

Capsule 

W 137 [a] 

W38 b] 
W43 

W142 
W230 
W310
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7 SURVEILLANCE CAPSULE REMOVAL SCHEDULE 

The following surveillance capsule removal schedule meets the intent of ASTM E185-82 and is 

recommended for future capsules to be removed from the Palo Verde Unit 1 reactor vessel. This 

recommended removal schedule is applicable to 32 EFPY of operation.

Notes: 

(a) Updated in Capsule 380 dosimetry analysis.  

(b) Effective Full Power Years (EFPY) from plant startup.  

(c) Plant specific evaluation.  

(d) The 310* Capsule should be removed at 32 EFPY or at 37.1 EFPY if a License Renewal is obtained from the NRC.  

(e) Capsules 430 and 1420 will reach an EOL license renewal (54 EFPY) fluence of 2.70 x 1019 n/cm2 (E > 1.0 MeV) 

at 38 EFPY. Thus, it is recommended that these Capsules be removed at this time and placed in storage.

Analysis of Palo Verde Unit 1 Capsule 38'

TABLE 7-1 

Palo Verde Unit 1 Reactor Vessel Surveillance Capsule Withdrawal Schedule

Removal Time Fluence 
Capsule Location Lead Factorca) (EFPY)(b) (n/cm2, 

E > 1.0 MeV)(a) 

1371370 1.42 4.533 4.33 x 10' (c) 

380 380 1.41 9.81 7.85 x 1018 (c) 

2300 2300 1.43 15 1.16 x 10'9 

3100 3100 1.43 EOL 2.35 x 10 19(d) 

430 430 1.42 Standby (e) 

1420 1420 1.41 Standby (e)
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APPENDIX A

INSTRUMENTED CHARPY IMPACT TEST CURVES 

"* Specimen prefix "WA 1" denotes Intermediate Plate, Longitudinal Orientation 

"* Specimen prefix "I A2" denotes Intermediate Plate, Transverse Orientation 

"* Specimen prefix "I A3" denotes weld material 

"* Specimen prefix "1A4" denotes Heat-Affected Zone material 

"* Specimen prefix "lAB" denotes Standard Reference Material Plate, 
Longitudinal Orientation
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APPENDIX B 

Charpy V-Notch Plots for Each Capsule Using Hyperbolic Tangent Curve-Fitting Method

B-0



Contained in Table B-1 are the upper shelf energy values used as input for the generation of the Charpy V

notch plots using CVGRAPH, Version 4.1. Intermediate shelf energy values were fixed at 2.2 ft-lb. The 

unirradiated and irradiated upper shelf energy values were calculated per the ASTM E185-82 definition of 

upper shelf energy.  

TABLE B-I 

Upper Shelf Energy Values Fixed in CVGRAPH 

Material Unirradiated Capsule 1370 Capsule 380 

Lower Shell Plate 151 ft-lb 129 ft-lb 141 ft-lb 

M-6701-2 (Longitudinal) 

Lower Shell Plate 98 ft-lb 87 ft-lb 115 

M-6701-2 (Transverse) 

Surveillance Weld 164 ft-lb 162 ft-lb 158 ft-lb 

(Heat # 90071) 

HAZ Material 135 ft-lb 124 ft-lb 119 ft-lb 

Standard Reference Material 129 ft-lb 105 ft-lb 105 ft-lb

B-1



UNIRRADIATED (TRANSVERSE)

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 08:4018 on 08-03-2000 
Page 1 

Coefficients of Curve I 

A = 50.09 B = 47.9 C = 92.95 TO = 71.43

Equation is: CVN = A + B *[ tanh((T - TO)/C) ] 

Upper Shelf Energy: 98 Fixed Temp. at 30 ft-lb 29.8 Temp. at 50 ft-lbs: 

Material: PLATE SA533BI Heat Number M-6701-2 

Capsule: UNIRR Total Fluence:

I)

z

Tempera

-40 
-40 

0 
0 
40 
40 
80 
80 
80

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant: PVI Cap.: UNIRR Material: PLATE SA533B1 Ori.: TL Heý 

Charpy V-Notch Data 

ature Input CVN Energy Computed CVN Energy

16 
7 
26 
25 
26 
36 
47 
63 
46

10.18 
10.18 
19.15 
19.15 

34A9 
34.49 
54.49 
54.49 
54.49

712 Lower Shelf Energy: 2.19 Fixed 
Orientation: TL

400 500 

F
600

at #: M-6701-2

Differential 

5.81 
-3.18 
6.84 
5.84 

-8.49 
1.5 

-7.49 
8.5 

-8.49

**** Data continued on next page ****
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UNIRRADIATED (TRANSVERSE) 
Page 2

Material: PLATE SA533BI Heat Number. M-6701-2 Orient• 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN Energy 
70 73.07 
77 73.07 
88 85.59 
90 85.59 
100 93.37 
95 93.37

ation: TL

Differential 
-3.07 

3.92 
2.4 
4.4 

6.62 
1.62 

JM of RESIDUALS = 16.76

B-3

Temperature 
120 
120 
160 
160 
210 
210

St



UNIRRADIATED (TRANSVERSE) 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 08.59:59 on 08-03-2000 

Page 1 

Coefficients of Curve 1 

A= 38.08 B = 37.08 C = 87.68 TO = 73.53

Upper Shelf LE2 75.16 

Material: PLATE

Equation is- LE = A + B * I tanh((T - TO)/C) I 
Temperature at LE. 35: 66.2 Lo 

SA533B1 Heat Number. M-6701-2

wer Shelf LE.: I Fixed 

Orientation: TL

Capsule: UNIRR Total Fluence:

600
-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F

Plant: PVI Cap- UNIRR
Data Set(s) Plotted 

Material: PLATE SA533B1 Ori.: TL Heat #: M-6701-2

Charpy V-Notch Data 
Input Lateral Expansion Computed LE.

7 
0 
17 
17 
19 
25 
39 
48 
35

6.17 
6.17 
12.67 
12.67 
24.55 
24.55 
40.81 
40.81 
40.81

-*** Data continued on next page ****

B-4

cl-

Temperature

-40 
-40 

0 
0 
40 
40 
80 
80 
80

Differential

.82 -6.17 
4.32 
4.32 

-5.55 
A4 

-1.81 
7.18 

-5.81



UNIRRADIATED (TRANSVERSE) 
Page 2 

1: PLATE SA533B1 Heat Number. M-6701-2 Ori 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LE 
55 56.08 
60 56.08 
66 66.11 
65 66.11 
72 72.01 
72 72.01

entation: TL 

Differential 
-1.08 

3.91 
-.11 
-1.11 
-.01 
-.01 

SUM of RESIDUALS = -.67

B-5

L

Materia

Temperature 
120 
120 
160 
160 
210 
210



UNIRRADIATED (TRANSVERSE) 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:05:35 on 08-03-2000 
Page 1 

Coefficients of Curve I 

A = 50 B= 50 C= 66.31 T0 = 93.45 

Equation is: Shear. = A + B * tanh((T - TO)/C) I 

Temperature at 5W/. Shear: 93.4 

Material: PLATE SA533BI Heat Number M-6701-2 Orientation: TL 

Capsule: UNIRR Total Fluence:

60-

4.) 

2

-0•~ 

Temperature 

-40 
-40 

0 
0 
40 
40 
80 
80 
80

3 -200 -100 0 100 200 300 4 

Temperature in Degrees F 
Data Set(s) Plotted 

Plant: PVI Cap.: UNIRR Material: PLATE SA533B1 Ori.: TL Heat # 

Charpy V-Notch Data 

Input Percent Shear Computed Percent Shear

0 
0 
10 
10 
20 
20 
30 
40 
40

1.75 
1.75 
5.63 
5.63 
16.62 
16.62 
39.99 
39.99 
39.99

**** Data continued on next page ****

B-6

00 500 600

: M-6701-2

Differential

-1.75 -1.75 
4.36 
4.36 
3.37 
3.37 

-9.99 
0 
0

(



UNIRRADIATED (TRANSVERSE) 
Page 2

Material: PLATE SA533BI Heat Number. M-6701-2 Orientation: TL 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear Differential 
70 69 .99 
70 69 .99 
90 88.15 1.84 
90 88.15 1.84 

100 97.11 2.B8 
100 97.11 2.88 

SUM of RESIDUALS = 13.45

B-7

Temperature 
120 
120 
160 
160 
210 
210



CAPSULE 137 (TRANSVERSE) 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 08:40'.18 on 08-03-2000 
Page 1 

Coefficients of Curve 2 

A = 44.59 B = 42.4 C = 112.77 TO = 83.9 

Equation is: CVN = A + B* I tanh((T - TO)/C) ]

Upper Shelf Energy: 87 Fixed Temp. at 30 ft-lbs-. 43.4

Material: PLATE SA533BI

Temp. at 50 ft-lbs: 98.3 

leat Number. M-6701-2 Orie

Lower Shelf Energy: 2.19 Fixed 

ntation: TL

Capsule: 137 Total Fluence: 

300 

250 

200 

50 1OO -

-300 -200 -100 0 100

Temperature
200 300

in Degrees
400 

F
Data Set(s) Plotted 

Plant: PVI Cap.: 137 Material: PLATE SA533BI

Cha: 
Input CVN Energy 

9 
23 
24 
27 
35 
47 
52 
56

Ori: TL Heat #: M-6701-2

rpy V-Notch Data 
Computed CVN Energy

12.93 
18.98 
2728 
3222 
37.55 
4125 
45.01 
50.61

**** Data continued on next page ****

B-8

CI

z 
U

500 600

Temperature

-25 5 
35 

50 
65 
75 
85 
100

Differential

-3.93 4.01 
-3.28 
-522 
-2.55 

5.74 
6.98 
5.38



CAPSULE 137 (TRANSVERSE) 
Page 2

PLATE SA533BI Heat Number: M-6701-2 0rient• 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN Energy 
53 59.4 
68 66.94 
63 74.89 
86 80.58 
87 83.71 
90 85.2 
85 8625

ation: TL

SUM of RESIDUALS

B-9

Material: P

Temperature 
125 
150 
185 
225 
265 
300 
350

Differential 
-6.4 

1.05 
-11.89 

5.41 
328 
4.79 

-125 
= 2.13



CAPSULE 137 (TRANSVERSE) 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 08.59:59 on 08-03-2000 

Page 1 

Coefficients of Curve 2 

A = 41.13 B = 40.13 C 15326 TO = 93.75

Upper Shelf LE: 8127 

Material: PLATE

Equation is: LE. = A + B * I tanh((T - TO)/C) I 
Temperature at LK 35: 70.1 Lo 

SA533B1 Heat Number, M-6701-2 

Capsule: 137 Total Fluence:

wer Shelf LK: 1 Fixed 
Orientation: TL

-300 -200 -100 0 100 200 300 400 500 

Temnerature in Decrees F

Plant: PVl Cap: 137
Data Set(s) PI1 

Material: PLATE SA
otted 
533B1 Ori: TL Heat #: M-6701-2

Charpy V-Notch Data
Input Lateral Expansion 

10 
24 
24 
26 
32 
40 
43 
46

**** Data continued on next page ****

B-10

9) 

o-,4 

P.4

600

Temperature 

-25 
5 
35 
50 
65 
75 
85 
100

Computed LE. Differential

15.05 
20.18 
26.46 
29.98 
33.69 
3625 
38.84 
42.77

-5.05 3.81 
-2A6 
-3.98 
-1.69 
3.74 
4.15 
322



CAPSULE 137 (TRANSVERSE) 
Page 2 

Material: PLATE SA533B1 Heat Number: M-6701-2 Orientation: TL 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed L.E.  
50 492 
56 5523 
54 62.55 
70 69 
74 73.51 
78 76.17 
79 78.53 

SUM of RESIDUAL'

B-I1

Temperature 
125 
150 
185 
225 
265 
300 
350

Differential 
.79 
.76 

-8.55 
.99 
.48 
1.82 
.46 

-1.48



CAPSULE 137 (TRANSVERSE) 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:05:35 on 08-03-2000 
Page 1 

Coefficients of Curve 2 

A:= 50 B= 50 C =98.32 T0 = 164.35 

Equation is: Shearx. = A + B * [ tanh((T - TO)/C) ] 

Temperature at 50/. Shear. 164.3

Material: PLATE SA533BI Heat Number M-6701-2 

Capsule: 137 Total Fluence:

Orientation: TL

600-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F

Plant: PVI Cap: 137
Data Set(s) Plotted 

Material: PLATE SA533BI Ori: TL Heat #: M-6701-2

Charpy V-Notch Data

Input Percent Shear 

15 
10 
10 
15 
20 
20 
20 
25

Computed Percent Shear

2.08 
3.76 
6.71 
8.89 
11.7 

13.97 
16.6 
2126

**** Data continued on next page ****

B-12

C.) 

C.)

Temperature 

-25 
5 
35 
50 
65 
75 
85 
100

Differential

12.91 623 
328 
6.1 

829 
6.02 
3.39 
3.73



CAPSULE 137 (TRANSVERSE) 
Page 2

PLATE SA533BI Heat Number M-6701-2 Oriental 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear 
25 30.99 
30 42.75 
40 60.34 

100 77.44 
100 88.56 
100 94.04 
100 97.76 

SU!

tion: TL 

Differential 
-5.99 

-12.75 
-20.34 

22.55 
11.43 
5.95 
223 

M of RESIDUALS = 53.09

B-13

Material:

Temperature 
125 
150 
185 
225 
265 
300 
350



CAPSULE 38 (TRANSVERSE)

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 08:40f.18 on 08-03-2000 
Page 1 

Coefficients of Curve 3 

S A= 58.59 B = 56.4 C= 111.35 TO = 72.37

Upper Shelf Energy: 115 Fixed 

Material:

Equation is. CVN = A + B * I tanh((T - TO)/C) ] 

Temp. at 30 ft-lbs-. 10.1 Temp. at 50 ft-lbs: 

PLATE SA533BI Heat Number. M-6701-2 

Capsule: 38 Total Fluence:

552 Lower Shelf Energy: 2.19 Fixed 

Orientation: TL

cn

z

-300 -200 -100 0 100 200 300 400 

Temperature in Degrees F 
Data Set(s) Plotted 

Plant PVI Cap: 38 Material: PLATE SA533BI Ori.: TL Heat #: M-6701-2 

Charpy V-Notch Data 

Temperature Input CVN Energy Computed CVN Energy

-75 
-40 

0 
5 
10 
25 
50 
50

4 
8 
24 
39 
39 
37 
38 
47

9.66 
15.43 
26.36 
28.1 

29.94 
35.95 
47.41 
47.41

500 600 

Differential

-5.66 -7.43 
-2.36 
10.89 
9.05 
1.04 

-9.41 
-.41

-*** Data continued on next page ****

B-14



CAPSULE 38 (TRANSVERSE) 
Page 2 

Material: PLATE SA533BI Heat Number. M-6701-2 Orientation: TL 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN Energy Differential 
55 57.39 -2.39 
65 62.45 2.54 
89 83.43 5.56 
62 92.58 -30.58 
110 92.58 17.41 
112 104.64 7.35 
118 110.54 7.45 

SUM of RESIDUALS = 3.05

B-15

Temperature 
70 
80 
125 
150 
150 
200 
250



CAPSULE 38 (TRANSVERSE)

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 08.5959 on 08-03-2000 
Page 1 

Coefficients of Curve 3 

A = 42.42 B = 41.42 C = 114.49 TO = 61.39

Upper Shelf LE. 83.84 

Material: PLATE

Equation is. LK = A + B * I tanh((T - T0)/C) ] 

Temperature at LE. 35: 40.6 L 

SA533B1 Heat Number M-6701-2

Capsule: 38

)wer Shelf LE.: 1 Fixed 
Orientation: TL

Total Fluence:

-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F

Plant: PVI Cap.: 38
Data Set(s) Plotted 

Material: PLATE SA533BI Ori: TL Heat #: M-6701-2

Charpy V-Notch Data 

Input Lateral Expansion Computed LE.

5 
4 
21 
38 
30 
30 
28 
38

8 13.04 
22.12 
23.52 
24.98 
29.68 
38.31 
3831

**** Data continued on next page ****

B-16

Mn

Temperature

600

-75 
-40 

0 
5 
10 
25 
50 
50

Differential

-3 -9.04 
-1.12 
14.47 
5.01 
.31 

-10.31 
-.31



CAPSULE 38 (TRANSVERSE) 
Page 2 

1: PLATE SA533B1 Heat Number: M-6701-2 Or 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LE.  
42 45.52 
51 49.09 
71 63.32 
51 69.31 
79 69.31 
84 77.08 
78 80.87

ientation: TL 

SUM of RESIDUALS

B-17

Materia

Temperature 
70 
BO 
125 
150 
150 
200 
250

Differential 
-3.52 

1.9 
7.67 

-18.31 
9.68 
6.91 

-2.87 
= -2.51



CAPSULE 38 (TRANSVERSE)

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09.05:35 on 08-03-2000 
Page 1 

Coefficients of Curve 3 

A = 50 B = 50 C = 94.51 TO = 90.82 

Equation is: Shearx = A + B * [ tanh((T - TO)/C) I 
Temperature at 50z. Shear: 90.8

Material: PLATE SA533B1

Capsule: 38

Heat Number: M-6701-2 Orientation: TL

Total Fluence:

-300 -200 -100 0 100 200 300 400 500 600 

Temperature in Degrees F
Data Set(s) Plotted 

Plant: PVl Cap.: 38 Material: PLATE SA533BI Ori.: TL Heat #: M-6701-2

Charpy V-Notch Data
Input Percent Shear 

2 
5 
10 
15 
15 
20 
25 
30

Computed Percent Shear 

2.9 
5.9 

12.76 
13.99 
15.31 
19.89 
29.65 
29.65

**** Data continued on next page ****

B-18

Temperature

-75 
-40 

0 
5 
10 
25 
50 
50

Differential

-.9 -.9 
-2.76 

1 
"-.31 

.1 
-4.65 

.34



CAPSULE 38 (TRANSVERSE) 
Page 2 

PLATE SA533B1 Heat Number: M-6701-2 Oriental 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear 
45 39.16 
50 44.3 
60 67.33 
60 77.76 
90 77.76 

100 90.97 
100 96.66 

Sul

tion: TL 

Differential 
5.83 
5.69 

-7.33 
-17.76 

1223 
9.02 
3.33 

M of RESIDUALS = 2.93

B- 19

Material:

Temperature 
70 
80 
125 
150 
150 
200 
250



UNIRRADIATED (LONGITUDINAL)

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09.11:17 on 08-03-2000 
Page 1 

Coefficients of Curve 1 

S A= 76.59 B= 74.4 C= 78.78 TO = 66.09

Upper Shelf Energy: 151 Fixed 

Material:

z 
C�)

Tempera

-40 
-40 

0 
0 
40 
40 
80 
80 
120

Equation is: CVN = A + 13 * I tanh((T - TO)/C) I 

Temp. at 30 ft-lbs: 8.1 Temp. at 50 ft-lbs: 36.6 Lower Shelf Energy: 2.19 Fixed 

PLATE SA533BI Heat Number: M-6701-2 Orientation: LT 

Capsule: UNIRR Total Fluence:

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant: PV1 Cap.: UNIRR Material: PLATE SA533B1 Ori" LT H 

Charpy V-Notch Data 

ture Input CVN Energy Computed CVN Energ

9 
11 
19 
16 
70 
51 
83 
100 
120

400 500 600 

F

[eat #: M-6701-2 

y

11.62 
11.62 
25.61 
25.61 
52.82 
52.82 
89.59 
89.59 
120.81

Differential 

-2.62 
-.62 
-6.61 
-9.61 

17.17 
-1.82 
-6.59 

10.4 
-.81

**** Data continued on next page ****

B-20



1

UNIRRADIATED (LONGITUDINAL) 
Page 2

Material: PLATE SA533BI Heat Number: M-6701-2 Orientation: LT 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN Energy Differential 
107 120.81 -13.81 
123 138.44 -15.44 
157 138.44 18.55 
145 14724 -224 
152 147.24 4.75 

SUM of RESIDUALS =-9.33

B-21

Temperature 
120 
180 
160 
210 
210



UNIRRADIATED (LONGITUDINAL) 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:19.44 on 08-03-2000 
Page 1 

Coefficients of Curve I 

S A= 42.41 B= 41.41 C= 50.66 TO= 45

Upper Shelf LE: 83.83 

Material: PLATE

Equation is: LE. = A + B * I tanh((T - TO)/C) I 

Temperature at LE 35: 35.8 LO 

SA533B1 Heat Number. M-6701-2

wer Shelf LE- 1 Fixed 

Orientation: LT

Capsule: UNIRR Total Fluence:

-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F
Data Set(s) Plotted 

Plant: PVI Cap- UNIRR Material: PLATE SA533BI 

Charpy V-Notch Data 

Input Lateral Expansion Cot

2 
5 
11 
9 
45 
37 
59 
72 
78

Ori.: LT Heat #: M-6701-2

nputed LE.

3.79 
3.79 
12.98 
12.98 
38.34 
3834 
6721 
6721 
79.76

**** Data continued on next page ****

B-22

UID 

fri

600

Temperature

-40 
-40 

0 
0 
40 
40 
80 
80 
120

Differential

-1.79 1.2 
-1.98 
-3.98 

6.65 
-1.34 
-821 
4.78 

-1.76



UNIRRADIATED (LONGITUDINAL) 
Page 2

.1: PLATE SA533B1 Heat Number: M-6701-2 Or 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed L.E.  
77 79.76 
79 82.96 
92 82.96 
85 83.71 
83 83.71

ientation: LT 

Differential 
-2.76 
-3.96 

9.03 
1.28 

-.71 
SUM of RESIDUALS = -3.56

B-23

Materia

Temperature 
120 
160 
160 
210 
210



UNIRRADIATED (LONGITUDINAL)

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09'27:38 on 08-03-2000 
Page 1 

Coefficients of Curve 1

SA = 50 B = 50 C = 63.19 TO = 87.3 1

Equation is: Shear. = A + B * [ tanh((T - TO)/C) I 

Temperature at 507 Shear 87.3 

Material: PLATE SA533BI Heat Number. M-6701-2 ( 

Capsule: UNIRR Total Fluence:

)rientation: LT

C.  

4-

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant: PVI Cap.: UNIRR Material: PLATE SA533B1 Ori.: LT Hea 

Charpy V-Notch Data 

Temperature Input Percent Shear Computed Percent Shear 

-40 0 1.74 
-40 0 1.74 

0 10 5.93 
0 0 5.93 
40 30 1828 
40 10 1828 
80 50 4424 
80 40 4424 
120 70 73.78

400 500 

F

t #: M-6701-2

Differential 
-1.74 
-1.74 

4.06 
-5.93 

11.71 
-828 

5.75 
-4.24 
-3.78

**** Data continued on next page ****

B-24

600

I



UNIRRADIATED (LONGITUDINAL) 
Page 2 

PLATE SA533BI Heat Number. M-6701-2 Orientat 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear 
70 73.78 
90 90.89 
100 90.89 
100 97.98 
100 97.98 

SUE

ion: LT 

Differential 
-3.78 
-.89 

9.1 
2.01 
2.01 

4 of RESIDUALS = 4.24

B-25

Material:

Temperature 
120 
160 
160 
210 
210



CAPSULE 137 (LONGITUDINAL)

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09-.11:17 on 08-03-2000 
Page 1 

Coefficients of Curve 2 

A = 65.59 B= 63.4 C= 60.68 TO= 80.62

Equation is: CVN

Upper Shelf Energy: 129 Fixed Temp. at 30 ft-lbs. 4 

Material: PLATE SA533BI 

Capsule: 137

+ B * I tanh((T - TO)/C) 1 

2 Temp. at 50 ft-lbs: 

leat Number: M-6701-2 

Total Fluence:

65.3 Lower Shelf Energy: 2.19 Fixed 
Orientation: LT

) 

�-

-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F 
Data Set(s) Plotted 

Plant: PV1 Cap- 137 Material: PLATE SA533BI Ori.: LT Heat #: M-6701-2

Charpy V-Notch Data 

Input CVN Energy Computed CVN Energyature

9 
24 
28 
49 
86 
118 
125 
136

Difi

5.98 
19.67 
32.13 
49.62 
85.18 
117.3 

126.56 
128.52

600 

ferential 

3.01 
4.32 

-4.13 
-.62 
.81 
.69 

-1.56 
7.47

**** Data continued on next page ****

B-26

Uf.2

5 

Tp 

Tempera

-25 
25 
45 
65 

100 
150 
200 
250

= A



CAPSULE 137 (LONGITUDINAL) 
Page 2

PLATE SA533BI Heat Number: M-6701-2 Orientation: LT 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN Energy Differential 
126 128.9 -2.9 

SUM of RESIDUALS = 7.08

B-27

Material:

Temperature 
300



CAPSULE 137 (LONGITUDINAL) 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:19.44 on 08-03-2000 

Page 1 

Coefficients of Curve 2 

A = 44.8 B = 43.88 C = 61.91 TO = 69.37

Upper Shelf LE.: 88.77 

Material: PLATE

Equation is: LE. = A + B * I tanh((T - TO)/C) I 
Temperature at L.E. 35: 55.1 Lo 

SA533BI Heat Number: M-6701-2

Capsule: 137

Cl) 

4-)

wer Shelf LE- 1 Fixed 
Orientation: LT

Total Fluence:

-300 -200 -100 0 100 200 300 400 500 600 

Temperature in Degrees F

Plant: PVl Cap- 137
Data Set(s) Plotted 

Material: PLATE SA533B1 Ori.: LT Heat #: M-6701-2

Charpy V-Notch Data 
Input Lateral Expansion Computed L.K

9 
22 
24 
38 
71 
81 
79 
94

4.97 
17.9 

28.45 
41.79 
64.98 
82.73 
87.5 

B8.52

**** Data continued on next page ****

B-28

Temperature

-25 
25 
45 
65 
100 
150 
200 
250

Differential

4.02 4.09 
-4A5 
-3.79 

6.01 
-1.73 
-8.5 
5.47



CAPSULE 137 (LONGITUDINAL) 
Page 2

1: PLATE SA533BI Heat Number M-6701-2 Or 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LE.  
90 88.72

ientation: LT 

Differential 
127 

SUM of RESIDUALS = 2.4

B-29

Materia

Temperature 
300



CAPSULE 137 (LONGITUDINAL) 

CVGRAPII 4.1 Hyperbolic Tangent Curve Printed at 0927:38 on 08-03-2000 

Page 1 

Coefficients of Curve 2 

Az 50 B =50 C 8=14 TO = 108.69

Material: PLAT

Equation is-. Shear' = A + B * [ tanh((T - T0)/C) ] 

Temperature at 50W Shear: 108.6 

E SA533B1 Heat Number. M-6701-2 0 

Capsule: 137 Total Fluence:

3-

5--

6O 

CI4 

2C 

Tempera 

-25 
25 
45 
65 

100 
15( 
20( 
25

500 600 

Differential 

628 
3.46 
2.5 

-.65 
-4.72 
-321 

9.76 
3.1

**** Data continued on next page ****

B-30

rientation: LT

-300 -200 -100 0 100 200 o30 400 

Temperature in Degrees F 
Data Set(s) Plotted 

Plant: PVI Cap.: 137 Material: PLATE SA533BI Ori.: LT Heat #: M-6701-2 

Charpy V-Notch Data 

ture Input Percent Shear Computed Percent Shear 

t0 3.71 
15 11.53 
20 17.49 
25 25.65 
40 44.72 
70 7321 
100 9023 

0 100 96.89

II



CAPSULE 137 (LONGITUDINAL) 
Page 2

PLATE SA533B1 Heat Number. M-6701-2 Orientation: LT 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear Differential 
100 99.06 .93 

SUM of RESIDUALS = 17.46

B-31

Material:

Temperature 
300

-L - --



CAPSULE 38 (LONGITUDINAL) 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:11:17 on 08-03-2000 

Page 1 

Coefficients of Curve 3 

A = 71.59 B = 69.4 C = 9126 TO = 71.9 

Equation is: CVN = A + B * [ tanh((T - T0)/C) I

Upper Shelf Energy: 141 Fixed Temp. at 30 ft-lbs-. 8.7

Material: PLATE SA533BI

Capsule- 38

Temp. at 50 ft-lbs: 

eat Number: M-6701-2 

Total Fluence:

42.5 Lower Shelf Energy: 2.19 Fixed 

Orientation: LT

Cr 

C.) 

z

-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F

Plant: PVI Cap.: 38
Data Set(s) Plotted 

Material: PLATE SA533BI Qri- LT Heat #: M-6701-2

Charpy V-Notch Data 
Input CVN Energy Computed CVN Energy

5 
19 
38 
43 
60 
91 
116 
138

7.53 25.98 
35.89 
41.79 
5525 
92.31 
119.76 
136.31

**** Data continued on next page ****

B-32

Temperature

600

-75 
0 
20 
30 
50 
100 
150 
225

Differential

-2.53 -6.98 
2.1 
12 

4.74 
-1.31 
-3.76 

1.68



CAPSULE 38 (LONGITUDINAL) 
Page 2

PLATE SA533BI Heat Number: M-6701-2 Orientation: LT 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN Energy Differential 
144 139.39 4.6 

SUM of RESIDUALS = -27

B-33

Material: f

Temperature 
275



CAPSULE 38 (LONGITUDINAL)

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09.19.44 on 08-03-2000 
Page 1 

Coefficients of Curve 3

SA = 41.89 B = 40.89 C = 7824 TO = 46.5 1

Upper Shelf LE- 82.78 

Material: PLATE

Equation is: LE. = A + B * [ tanh((T - T0)/C) I 
Temperature at L.E. 35: 33.1 Lo 

SA533B1 Heat Number. M-6701-2 

Capsule: 38 Total Fluence:

wer Shelf LE.: 1 Fixed 
Orientation: LT

4F 

Zp-

-300 -200 -100 0 100 200 300 400 

Temperature in Degrees F 
Data Set(s) Plotted 

Plant: PVI Cap- 38 Material: PLATE SA533BI Ori: LT Heat #: M-6701-2

Temperature 

-75 
0 
20 
30 
50 

100 
150 
225

Charpy V-Notch Data 

Input Lateral Expansion Computed LE.

1 12 
31 
39 
44 
66 
74 
60

4.5 20.09 
28.54 
33.38 
43.71 
66.17 
77.36 
81.93

500 600

Differential 
-3.5 
-8.09 

2.45 
5.61 
.28 

-.17 
-3.36 
-21.93

**** Data continued on next page ****

B-34

I



CAPSULE 38 (LONGITUDINAL) 
Page 2 

Material: PLATE SA533BI Heat Number. M-6701-2 Orientation: LT 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LE. Differential 
106 82.54 23.45 

SUM of RESIDUALS = -526

B-35

Temperature 
275



CAPSULE 38 (LONGITUDINAL)

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 0927:38 on 08-03-2000 
Page 1 

Coefficients of Curve 3 

A=50 B1=50 C = 85.82 TO =73.77 

Equation is: Shear/ = A + B * tanh((T - TO)/C) ] 

Temperature at 5W/. Shear: 73.7

Material: PLATE SA533B1

Capsule: 38

CO 

C)

Heat Number. M-6701-2 Orientation: LT

Total Fluence:

-300 -200 -100 0 100 200 300 400 500 600 

Temperature in Degrees F

Plant: PV1 Cap-. 38
Data Set(s) Plotted 

Material: PLATE SA533BI Ori.: LT Heat #: M-6701-2

Charpy V-Notch Data
Input Percent Shear 

5 
15 
25 
25 
35 
65 
85 

100

Computed Percent Shear 

3.02 
15.19 
2221 
26.5 

36.49 
64.82 
85.52 
97.13

*"* Data continued on next page ****

B-36

Temperature

-75 
0 
20 
30 
50 
100 
150 
225

Differential

1.97 -.19 
2.78 
-1.5 

-1.49 
.17 

-.52 
2.86



CAPSULE 38 (LONGITUDINAL) 
Page 2

PLATE SA533BI Heat Number. M-6701-2 Orientation: LT 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear Differential 
100 99.08 .91 

SUM of RESIDUALS = 4.99

B-37

Material:

Temperature 
275

I I



UNIRRADIATED

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:42:36 on 08-03-2000 

Page 1 

Coefficients of Curve 1 

A = 83.09 B= 80.9 C= 56.43 T0 = -8.9

Upper Shelf Energy: 164 Fixed Temp.  

Material: WELD

quation is: CVN = A + B * Itanh((T - TO)/C) I 
at 30 ft-lbs'. -532 Temp. at 50 ft-lbs. -33.4 

Heat Number. M-4311-1/M-4311-2 

Capsule: UNIRR Total Fluence:

Lower Shelf Energy: 2.19 Fixed 
Orientation:

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant: PVl Cap- UNIRR Material: WELD Ori.: Heat #: M-4, 

Charpy V-Notch Data 

ature Input CVN Energy Computed CVN Energy

-100 
-80 
-80 
-40 
-40 

0 
0 
20 
20

7 
15 
18 
32 
40 
110 
95 
123 
127

8.36 1425 
14.25 
42.54 
42.54 
95.76 
95.76 
12125 
12125

400 500 

F
600

311-1/M-4311-2

Differential 
-1.36 

.74 
3.74 

-10.54 
-2.54 
1423 
-.76 
1.74 
5.74

**** Data continued on next page **

B-38

(iI 

0 

zo

Tempera



UNIRRADIATED 
Page 2

Material: WIELD Heat Number: M-4311-1/M-4311-2 Or 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN Energy 
123 121.25 
138 139.7 
124 139.7 
132 157.35 
176 157.35 
155 162.33 
167 162.33 
165 163.59 
155 163.59 
174 163.93 
156 163.93 

St

B-39

rientation: 

Differential 
1.74 

-1.7 
-15.7 

-25.35 
18.64 

-7.33 
4.66 
1.4 

-8.59 
10.06 

-7.93 
IM of RESIDUALS = -19.12

Temperature 
20 
40 
40 
80 
BO 

120 
120 
160 
160 
210 
210

I !



UNIRRADIATED

CVGRAPH 41 Hyperbolic Tangent Curve Printed at 09:51:31 on 08-03-2000 
Page 1 

Coefficients of Curve I 

A = 45.71 B = 44.71 C = 4224 TO = -20.62 

Equation is:. LE. = A + B * tanh((T - TO)/C) I 

Upper Shelf LE.: 90.43 Temperature at LE. 35: -30.9 Lower Shelf LE.: I Fixed 

Material: WELD Heat Number: M-4311-1/M-4311-2 Orientation: 

Capsule: UNIRR Total Fluence:

) 

LI- U

-300 -200 -100 0 100 200 300 400 500 600 

Temperature in Degrees F 
Data Set(s) Plotted 

Plant: PV1 Cap.: UNIRR Material: WELD On.: Heat #: M-4311-1/M-4311-2 

Charpy V-Notch Data 

ature Input Lateral Expansion Computed LE Differential

. 15C 

-10( 

S 5' 

Temnpera 

-lO( 

-80 

-40 
-40 

0 
0 
21 
21

3.03 
6.07 
6.07 

26.53 
26.53 
65.96 
65.96 
79.02 
79.02

-3.03 -.07 
2.92 

-5.53 
2.46 
4.03 
-.96 

-5.02 
2.97

"**** Data continued on next page ****

B-40

0 
6 
9 
21 
29 
70 
65 
74 
82



UNIRRADIATED 
Page 2

Material: WELD Heat Number. M-4311-1/M-4311-2 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LK 
81 79.02 
81 85.63 
84 85.63 
89 89.67 
94 89.67 
93 90.31 
91 90.31 
89 90.41 
91 90.41 
89 90.43 
91 90.43

Orientation: 

Differential 
1.97 

-4.63 
-1.63 
-.67 
4.32 
2.68 
.68 

-1.41 
.58 

-1.43 
.56 

SUM of RESIDUALS = -121

B-41

Temperature 
20 
40 
40 
80 
80 
120 
120 
160 
160 
210 
210



UNIRRADIATED

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 095959 on 08-03-2000 
Page 1 

Coefficients of Curve I 

A = 50 B = 50 C = 57.87 TO = -10.44

Material: WELD

Equation is: Shear. = A + B * I tanh((T - TO)/C) ] 

Temperature at 50. Shear. -10.4 

Heat Number M-4311-1/M-4311-2 

Capsule: UNIRR Total Fluence:

C.) 

C/D 4 

C.

Tempera

-100 
-80 
-8 
-40 
-40 

0 
0 
20 
20

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant: PVI Cap.: UNIRR Material: WELD Ori.: Heat #: M-431 

Charpy V-Notch Data 

ature Input Percent Shear Computed Percent Shear

0 
10 
10 
20 
30 
50 
70 
70 
80

4.33 829 
829 

26.47 
26.47 
58.92 
58.92 
74.11 
74.11

400 500 

F

1-1/M-4311-2

Differential 
-4.33 

1.7 
1.7 

-6.47 
3.52 

-8.92 
11.07 

-4.11 
5.88

**** Data continued on next page ****

B-42

Orientation:

600



UNIRRADIATED 
Page 2 

VELD Heat Number M-4311-1/M-4311-2 Ori 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear 
80 74.11 
80 85.1 
80 85.1 
90 95.79 
100 95.79 
100 98.9 
100 98.9 
100 99.72 
100 99.72 
100 99.95 
100 99.95 

SU

Material: W

B-43

entation: 

Differential 
5.88 
-5.1 
-5.1 

-5.79 
4.2 
1.09 
1.09 
.27 
27 
.04 
.04 

M of RESIDUALS = -3.03

Temperature 
20 
40 
40 
80 
80 

120 
120 
160 
160 
210 
210



CAPSULE 137

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:.4857 on 08-03-2000 
Page 1 

Coefficients of Curve 2 

A= 82.09 B= 79.9 C= 77.6 T0 = 421

Equation is: CVN = A + B I I tanh((T - TO)/C) I 

Upper Shelf Energy: 162 Fixed Temp. at 30 ft-lbs. -562 Temp. at 50 ft-lbs: -28.8 

Material: WELD Heat Number M-4311-1/M-4311-2 

Capsule: 137 Total Fluence:

Lower Shelf Energy: 2.19 Fixed 
Orientation:

-300 -200 -100 0 100 200 300 400 

Temperature in Degrees F 
Data Set(s) Plotted 

Plant: PV1 Cap.: 137 Material: WELD Ori.: Heat #: M-4311-1/M-4311-2

Temperature

-95 
-70 
-50 
-35 
-25 
-5 
0 
5

Charpy V-Notch Data 
Input CVN Energy Computed CVN Energy

7 
21 
28 
36 
55 
67 
79 
97

13.69 22.76 
33.87 
44.84 
53.36 
72.65 
77.76 
82.9

500 600

Differential

-6.69 -1.76 
-5.87 
-8.84 

1.63 
-5.65 

123 
14.09

*** Data continued on next page ****

B-44

Ic 

0l) 
zr



CAPSULE 137 
Page 2

ELD Heat Number: M-4311-1/M-4311-2 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN 
109 93.12 
123 131.33 
124 139.79 
147 149.51 
155 161.46 
162 161.92 
182 161.97

Energy

rientation: 

Differential 
15.87 

-8.33 
-15.79 
-2.51 
-6.46 

.07 
20.02 

JM of RESIDUALS = -9

B-45

Material: WI

Temperature 
15 
60 
75 
100 
225 
300 
350



CAPSULE 137

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 091:31 on 08-03-2000 
Page 1 

Coefficients of Curve 2 

A = 43.93 B = 42.93 C = 5225 TO = -21.09

Upper Shelf LE 86.87 

Material: WELD

Equation is-. LE. = A + B * I tanh((T - TO)/C) I 

Temperature at LE. 35: -32.1 Lower Shelf LE.: 1 Fixed 

Heat Number M-4311-1/M-4311-2 Orientation:

Capsule: 137 Total Fluence:

-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F

Plant: PV1 Cap: 137
Data Set(s) Plotted 

Material: WELD Ori.: Heat #: M-4311-1/M-4311-2

Charpy V-Notch Data 

Input Lateral Expansion Computed L.E.

5 
18 
26 
27 
42 
50 
58 
72

5.79 
12.45 
22.34 
32.77 
40.73 
56.76 
60.38 
63.76

-** Data continued on next page ****

B-46

(n,, 

P-

600

Temperature 

-95 
-70 
-50 
-35 
-25 
-5 
0 
5

Differential

-.79 5.54 
3.65 

-5.77 
1.26 

-6.76 
-2.38 

823



CAPSULE 137 
Page 2

WELD Heat Number: M-4311-1/M-4311-2 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LE.  
70 69.63 
90 83.19 
82 84.76 
92 86.05 
93 86.87 
84 86.87 
75 86.87

Orientation:

Differential 
.36 
6.8 

-2.76 
5.94 
6.12 

-2.87 
-11.87 

SUM of RESIDUALS = 4.71

B-47

Material:

Temperature 
15 
60 
75 

100 
225 
300 
350



CAPSULE 137

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:59:59 on 08-03-2000 
Page 1 

Coefficients of Curve 2 

A 50 B= 50 C= 47.34 TO = -6.56 

Equation is: Shear* = A + B * tanh((T - TO)/C) I 
Temperature at 50z Shear: -6.5

Material: WELD Heat Number. M-4311-1/M-4311-2

Capsule: 137 Total Fluence:

-300 -200 -100 0 100 200 300 400 50 

Temperature in Degrees F

Plant: PVI Cap: 137
Data Set(s) Plotted 

Material: WELD Ori: Heat #: M-4311-1/M-4311-2

Charpy V-Notch Data 

Input Percent Shear Computed Percent Shear

10 
15 
15 
20 
30 
45 
50 
70

2.32 6.41 
13.76 
23.12 
31.45 
51.64 
56.88 
61.97

**** Data continued on next page ****

B-48

Orientation:

C.)

600

Temperature 

-95 
-70 
-50 
-35 
-25 
-5 
0 
5

Differential

7.67 8.58 
123 

-3.12 
-1.45 
-6.64 
-6.88 

8.02



CAPSULE 137 
Page 2

•ELD Heat Number M-4311-1/M-4311-2 Ori 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear 
80 71.31 
95 94.33 
90 96.9 
100 98.9 
100 99.99 
100 99.99 
100 99.99

SU.

entation:

Differential 
8.68 
.66 

-6.9 
1.09 
0 
0 
0 

M of RESIDUALS = 10.94

B-49

Material: W

Temperature 
15 
60 
75 

100 
225 
300 
350



CAPSULE 38

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at OR.42:36 on 08-03-2000 
Page 1 

Coefficients of Curve 3 

A 80.09 B = 77.9 C = 60.95 TO = -.46

Upper Shelf Energy: 158 Fixed 

Material:

Equation is: CVN A A + B * I tanh((T - TO)/C) I 
Temp. at 30 ft-lbs-. -47 Temp. at 50 ft-lbs: -25.3 Lower Shelf 

WELD Heat Number: M-4311-1/M-4311-2 Orientation: 

Capsule: 38 Total Fluence:

Energy: 2.19 Fixed

300F-- ----

250 

200 

150 / • 

100 ÷ 

50

-300 -200

Plant: PVI

Temperature

-100 0 100 200 300 400 

Temperature in Degrees F 
Data Set(s) Plotted 

Cap.: 38 Material: WELD Oni: Heat #: M-4311-1/M-4311-2 

Charpy V-Notch Data 

Input CVN Energy Computed CVN Energy

7 19 
11 
34 
25 
48 
95 
65

8.69 
16.63 
24.5 

27.62 
31.53 
50.33 
68.01 
80.69

500 600

Differential

-1.69 2.36 
-13.5 

6.17 
-6.53 
-2.33 
26.98 

-15.69

*.** Data continued on next page ****

B-50

CI) 

C.).  

z 

C)

-96 
-70 
-55 
-50 
-45 
-25 
-10 

0



CAPSULE 38 
Page 2

ELD Heat Number: M-4311-1/M-4311-2 Or 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN Energy 
96 99.45 
114 110.87 
129 133.02 
149 152.44 
163 156.89 
151 157.78 
170 157.95 

St

rientation: 

Differential 
-3.45 

3.12 
-4.02 
-3.44 

6.1 
-6.78 
12.04 

iM of RESIDUALS = -.68

B-51

Material: Wl

Temperature 
15 
25 
50 

100 
150 
200 
250



CAPSULE 38

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:51:31 on 08-03-2000 
Page I 

Coefficients of Curve 3 

A= 46.59 B = 45.59 C = 57.39 TO = -16.87

Upper Shelf LE.: 92.18 

Material: WELD

Equation is: LR = A + B * I tanh((T - T0)/C) I 
Temperature at LE. 35: -31.7 Lower Shelf L.E. 1 Fixed 

Heat Number- M-4311-1/M-4311-2 Orientation: 

Capsule: 38 Total Fluence:

cn

-300 -2W0 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant: PVI Cap.: 38 Material: WELD Ori- Heat #: M-43

Temperature

-96 
-70 
-55 
-50 
-45 
-25 
-10 

0

11-1/M-4311-2

Charpy V-Notch Data 

Input Lateral Expansion Computed LE.

7 
17 
14 
26 
22 
37 
69 
52

6.44 13.37 
20.09 
22.85 
25.88 
40.17 
52.02 
59.62

**** Data continued on next page ***

B-52

400 
F

500 600

Differential

.55 3.62 
-6.09 

3.14 
-3.88 
-3.17 
16.97 

-7.62



CAPSULE 38 
Page 2

Material: WELD Heat Number. M-4311-1/M-4311-2 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LK 
69 69.59 
71 74.98 
85 84.09 
90 90.65 
92 91.91 
90 92.13 
97 92.17

Orientation: 

Differential 
-.59 

-3.98 
.9 

-.65 
.08 

-2.13 
4.82 

SUM of RESIDUALS = 1.97

B-53

Temperature 
15 
25 
50 

100 
150 
200 
250



CAPSULE 38

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:59.59 on 08-03-2000 
Page 1 

Coefficients of Curve 3

SA = 50 B = 50 C = 59.75 TO = -1828 1

Material: WELD

Equation is Shear/ = A + B * [ tanh((T - T0)/C) I 
Temperature at 50z Shear -182 

Heat Number. M-4311-1/M-4311-2 

Capsule: 38 Total Fluence:

600-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F 
Data Set(s) Plotted 

Plant: PVl Cap.: 38 Material: WELD Ori.: Heat #: M-4311-1/M-4311-2

Charpy V-Notch Data 
Input Percent Shear Computed Percent Shear 

10 6.9 
20 15.04 
20 22,63 
25 25.7 
25 29.02 
40 44.4 
70 56.88 
60 64.83 

**** Data continued on next page ****

Differential 

3.09 
4.95 

-2.63 
-.7 

-4.02 
-4.4 
13.11 

-4.83

B-54

Orientation:

C)

Temperature 

-96 
-70 
-55 
-50 
-45 
-25 
-10 

0

m



CAPSULE 38 
Page 2

VELD Heat Number: M-4311-1/M-4311-2 Ori 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear 
70 7528 
85 80.97 
90 90.76 
100 98.12 
100 99.64 
100 99.93 
100 99.98

SUI

entation:

Differential 
-528 

4.02 
-.76 
1.87 
.35 
.06 
.01 

A of RESIDUALS = 4.84

B-55

Material:

Temperature 
15 
25 
50 

100 
150 
200 
250



UNIRRADIATED

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 11:18:01 on 08-03-2000 
Page 1 

Coefficients of Curve 1

A = 68.59 B = 66.4 C = 973 TO = 1.4 1

Equation is: CVN = A + 

Upper Shelf Energy: 135 Fixed Temp. at 30 ft-lbs: -632 

Material: HEAT AFFD ZONE 

Capsule: UNIRR

CI) 

C.) 

z 
U

B* [ tanh((T - TO)/C) I 
Temp. at 50 ft-lbs: -26.5 Lower Shelf Energy: 2.19 Fixed 

Heat Number: Orientation: 

Total Fluence:

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant: PVI Cap- UNIRR Material: HEAT AFFD ZONE Ori

Charpy V-Notch Data 

Temperature Input CVN Energy Computed CVN Energy 

-80 39 23.16 
-a0 30 23.16 

-40 41 41.91 
-40 59 41.91 

0 55 67.63 
O 53 67.63 

40 85 93.65 
40 55 93.65 
60 106 104.38

400 500 

F
600

Heat #:

Differential 
15.83 
6.83 
-.91 
17.08 

-12.63 
-14.63 
-8.65 

-38.65 
1.61

**** Data continued on next page ****

B-56

|



UNIRRADIATED 
Page 2

Material: HEAT AFFD ZONE Heat Number. Orientation: 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN Energy Differential 
115 104.38 10.61 
141 104.38 36.61 
95 112.99 -17.99 

139 112.99 26 
128 124.34 3.65 
105 124.34 -19.34 
139 130.1 8.89 
171 130.1 40.89 
126 1332 -72 
161 1332 27.79 

SUM of RESIDUALS = 75.8

B-57

Temperature 
60 
60 
80 
80 

120 
120 
160 
160 
210 
210



UNIRRADIATED

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 11'21:56 on 08-03-2000 
Page 1 

Coefficients of Curve I 

A= 40.96 B =39.96 C =94.95 TO = -15.46 

Equation is: LE. A + B * tanh((T - TO)/C)] 

Upper Shelf LE- 80.92 Temperature at LK 35: -29.7 Lower Shelf LE..: 1 Fixed 

Material: HEAT AFF'D ZONE Heat Number. Orientation: 

Capsule: UNIRR Total Fluence: 

200

150

100

0 0 

01 

50

/3-

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant: PV1 Cap- UNIRR Material: HEAT AFFD ZONE Ori.: 

Charpy V-Notch Data 

ture Input Lateral Expansion Computed LK

18 
24 
27 
40 
39 
40 
63 
42 
77

17.33 
17.33 
30.86 
30.86 
4741 
47A1 
61.97 
61.97 
67.38

400 

F
500

Heat #:

Differential 

.66 
6.66 

-3.86 
9.13 

-8.41 
-7.41 

1.02 
-19.97 

9.61

Tempera

-80 
-80 
-40 
-40 

0 
0 
40 
40 
60

"**** Data continued on next page ****

B-58

Ch 
PF-4

600



I !l

UNIRRADIATED 
Page 2

Material: HEAT AFFD ZONE Heat Number. Orientation: 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LE Differential 
81 67.38 13.61 
78 67.38 10.61 
64 71.49 -7.49 
79 71.49 7.5 
73 76.57 -3.57 
83 76.57 6.42 
70 78.99 -8.99 
83 78.99 4 
82 8024 1.75 
71 8024 -924 

SUM of RESIDUALS = 2.08

B-59

Temperature 
60 
60 
80 
80 
120 
120 
160 
160 
210 
210



UNIRRADIATED

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 11:29:47 on 08-03-2000 

Page 1 

Coefficients of Curve 1 

A= 50 B= 50 C= 73.95 TO = -.93

Material:

Equation is:. Shearz = A + B * I tanh((T - TO)/C) ] 

Temperature at 50. Shear. -.9 

HEAT AFF'D ZONE Heat Number: Ori 

Capsule: UNIRR Total Fluence:

entation:

-300 -200 -100 0 100 200 300 400 500 600 

Temperature in Degrees F 
Data Set(s) Plotted 

Plant: PVI Cap- UNIRR Material: HEAT AFFD ZONE Ori- Heat #:

Charpy V-Notch Data 

Input Percent Shear Computed Percent Shear

10 
20 
30 
40 
40 
40 
80 
40 
100

10.54 
10.54 
25.79 
25.79 
50.63 
50.63 
75.15 
75.15 
83.86

Differential 

-.54 
9.45 
4.2 
142 

-10.63 
-10.63 

4.84 
-35.15 

16.13

**** Data continued on next page ****

B-60

Temperature

-80 
-80 
-40 
-40 

0 
0 

40 
40 
60



-LI

UNIRRADIATED 
Page 2

Material: HEAT AFFD ZONE 

Capsule: UNIRR 

Charpy V-Notch 

Input Percent Shear 
90 
100 
90 
100 
100 
100 
100 
100 
100 
100

Heat Number: Orientation: 

Total Fluence: 

Data (Continued) 

Computed Percent Shear 
83.86 
83.86 
89.92 
89.92 
96.34 
96.34 
98.72 
98.72 
99.66 
99.66 

SUM of RESIDUALS

B-61

Temperature 
60 
60 
80 
80 

120 
120 
160 
160 
210 
210

Differential 
6.13 

16.13 
.07 

10.07 
3.65 
3.65 
127 
127 
.33 
.33 

: 34.81



CAPSULE 137

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 10:48:11 on 08-03-2000 
Page 1 

Coefficients of Curve 2 

A =63.09 B = 60.9 C =92.86 TO = -17.61

Upper Shelf Energy: 124 Fixed

Equation is. CVN = A 

Temp. at 30 ft-lbs'. -74.1 

Material: HEAT AFFD ZONE 

Capsule: 137

+ B * [ tanh((T - TO)/C) I 
Temp. at 50 ft-lbs: -37.9 Lower Shelf Energy: 2.19 Fixed 

Heat Number. Orientation: 

Total Fluence:

ci:� 

bfl 

z

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant: PV1 Cap- 137 Material: HEAT AFFD ZONE Oriz 

Charpy V-Notch Data 

Temperature Input CVN Energy Computed CVN Energy 

-70 27 31.98 
-45 89 45.64 
-35 56 51.83 
-20 25 61.53 

5 44 77.64 

20 118 86.5 
35 85 94.33 
100 138 115.03

400 500 

F

Heat #:

Differential 
-4.98 
43.35 
4.16 

-36.53 
-33.64 

31.49 
-9.33 
22.96

**** Data continued on next page ****

B-62

600



CAPSULE 137 
Page 2

Material: HEAT AFFD ZONE Heat Number: Orientati 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN Energy 
137 120.79 
118 123.34 
10J 123.86 
120 123.95

SI

ion:

Differential 
16.2 

-5.34 
-15.86 
-3.95 

JM of RESIDUALS = 8.53

B-63

Temperature 
150 
225 
300 
350



CAPSULE 137 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 11"21:56 on 08-03-2000 

Page 1 

Coefficients of Curve 2 

A = 43.54 B = 4254 C = 99.7 TO = -18.75

Equation is-. LE. = A + B * [ tanh((T - TO)/C) I 
Temperature at LE 35: -39 Lo

Material: HEAT AFFD ZONE 

Capsule: 137

0Heat Number 

Total Fluence:

)wer Shelf LE- I Fixed 
rientation:

600-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F
14 Data Set(s) Plotted 

Plant: PVI Cap- 137 Material: HEAT AFFD ZONE 

Charpy V-Notch Data 

Input Lateral Expansion Co, 

21 
53 
35 
26 
37 
79 
63 
83

Ori- Heat #:

nputed LE

23.41 
32.59 
36.67 
43.01 
53.49 
5929 
64.48 
78.89

**** Data continued on next page ****

B-64

Upper Shelf L.E.: 86.08

Temperature 

-70 
-45 
-35 
-20 

5 
20 
35 
100

Differential

-2.41 20.4 
-1.67 
-17.01 
-16.49 

19.7 
-1.48 

4.1



L

CAPSULE 137 
Page 2

Material: HEAT AFFD ZONE Heat Number: Orie 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LE 
82 8329 
84 85.45 
85 85.94 
86 86.03

ntation:

Differential 
-129 
-1.45 
-.94 
-.03 

SUM of RESIDUALS = 1.41

B-65

Temperature 
150 
225 
300 
350



CAPSULE 137 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 1129-.47 on 08-03-2000 
Page 1 

Coefficients of Curve 2 

A = 50 B = 50 C = 107.14 TO = -19.99 

Equation is: Shear. = A + B * [ tanh((T - TO)/C) I 
Temperature at 50/ Shear. -19.9

Material: HEAT AFFD ZONE Heat Number. Orientation:

Capsule: 137 Total Fluence:

C) 

C-) 

C.)

-300 -200 -100 0 100 200 300 400 

Temperature in Degrees F

Plant: PV1 Cap.: 137
Data Set(s) Plotted 

Material: HEAT AFFD ZONE

500 600

Ori- Heat #:

Charpy V-Notch Data 

Input Percent Shear Computed Percent Shear

15 
60 
50 
40 
50 
80 
60 
100

2822 
38.53 
43.04 
49.99 
61.45 
67.84 
73.62 
90.37

**** Data continued on next page **

B-66

Temperature 

-70 
-45 
-35 
-20 

5 
20 
35 
100

Differential

-1322 21.46 
6.95 

-9.99 
-11.45 

12.15 
-13.62 

9.62



L1il

CAPSULE 137 
Page 2

Material: HEAT AFFD ZONE Heat Number: Orientation: 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear Differential 
100 95.98 4.01 
100 98.97 1.02 
100 99.74 .25 
100 99.89 .1 

SUM of RESIDUALS = 729

B-67

Temperature 
150 
225 
300 
350



CAPSULE 38 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 10:48:11 on 08-03-2000 
Page 1 

Coefficients of Curve 3 

A = 60.59 B = 58.4 C = 125 TO = -17.07 

Equation is:. CVN = A + B * tanh((T - TO)/C) ]

Upper Shelf Energy: 119 Fixed Temp. at 30 ft-lbs: -89.7 

Material: HEAT AFFD ZONE

Temp. at 50 ft-lbs: -40

Heat Number:

Lower Shelf Energy: 2.19 Fixed

Orientation:

Capsule: 38 Total Fluence:

-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F
600

Plant: PVI Cap- 38
Data Set(s) Plotted 

Material: HEAT AFFD ZONE Ori- Heat #:

Charpy V-Notch Data 
Input CVN Energy Computed CVN Energy

12 
23 
54 
53 
18 
30 
47 
103

10.84 
21.06 
29.93 
35.32 
45.56 
54.58 
56.9 
68.52

**** Data continued on next page ****

B-68

z

Temperature

-175 
-120 
-90 
-75 
-50 
-30 
-25 

0

Differential

1.15 1.93 
24.06 
17.67 

-27.56 
-24.58 
-9.9 
34A7



CAPSULE 38 
Page 2

Material: HEAT AFFD ZONE Heat Number Orientation: 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN Energy Differential 
62 79.54 -17.54 

108 95.76 1223 
100 108.85 -8.85 
148 115.48 32.51 

SUM of RESIDUALS = 35.6

B-69

Temperature 
25 
70 
130 
200



CAPSULE 38 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 1121:56 on 08-03-2000 
Page 1 

Coefficients of Curve 3 

A = 45.75 B = 44.75 C = 143.69 TO = -7.5

Upper Shelf LK: 90.51 

Material: Ht

Equation is: LE. A + B * I tanh((T - TO)/C) I 
Temperature at LK 35: -42.7 Lo 

EAT AFFD ZONE Heat Number: C 

Capsule: 38 Total Fluence:

wer Shelf LK: 1 Fixed 
Frientation:

-300 -200 -100 0 100 20 300 400 500 

Tpmner art.re in Degrees F
Data Set(s) Plotted 

Plant: PVI Cap.: 38 Material: HEAT AFFD ZONE Ori.: 

Charpy V-Notch Data 

Input Lateral Expansion Computed LE.

4 
12 
39 
33 
16 
24 
46 
64

8.92 
16.46 
22.55 
26.15 
32.89 
38.8 
40.33 
48.08

"**** Data continued on next page ****

B-70

CI)

600

Temperature

-175 
-120 
-90 
-75 
-50 
-30 
-25 

0

Heat #:

Differential

-4.92 
-4.46 
16.44 
6.84 

-16.89 
-14.8 

5.66 
15.91



CAPSULE 38 
Page 2

Material: HEAT AFFD ZONE Heat Number: Orie 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LE 
48 55.7 
75 67.79 
70 79 
90 85.78

ntation:

Differential 
-7.7 
7.2 
-9 
421 

SUM of RESIDUALS = -1.51

B-71

Temperature 
25 
70

130 
200



CAPSULE 38

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 1129.47 on 08-03-2000 
Page 1 

Coefficients of Curve 3 

A = 50 B = 50 C = 112.84 TO = -31.87

Equation is: Shear. = 

Temperature 

Material: HEAT AFF'D ZONE 

Capsule: 38

A + B * I tanh((T - Tm)/C) I 
at 50/. Shear: -31.8 

Heat Number: Orientation: 

Total Fluence:

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant: PV1 Cap.: 38 Material: HEAT AFF]D ZONE Ori.: 

Charpy V-Notch Data 

ature Input Percent Shear Computed Percent Shear

5 
10 
45 
40 
30 
40 
50 
85

7.33 17.33 
26.3 
31.77 
42.03 
50.83 
53.04 
63.75

400 500 

F

Heat #:

Differential

-2.33 -7.33 
18.69 
822 

-12.03 
-10.83 
-3.04 
2124

**** Data continued on next page ****

B-72

4-) 

0 02

Tempera

-175 
-120 
-90 
-75 
-50 
-30 
-253 

0

600



CAPSULE 38 
Page 2

Material: HEAT AFFD ZONE Heat Number: Orientation: 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear Differential 
50 73.26 -2326 

100 85.88 14.11 
100 94.62 5.37 
100 98.38 1.61 

SUM of RESIDUA[S = 10.42

B-73

Temperature 
25 
70 
130 

200



UNIRRADIATED STANDARD REFERENCE MATERIAL 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 10:4627 on 08-04-2000 

Page 1 

Coefficients of Curve I 

A = 65.59 B = 63.4 C= 66.96 TO = 64.43 

Equation is. CVN = A + B * [ tanh((T - TO)/C) I

Upper Shelf Energy: 129 Fixed Temp. at 30 ft-lbs 21.9 

laterial: SRM SA533BI 

Capsule: UNIRR

Temp. at 50 ft-lbs. 47.6

Heat Number: 
Total Fluence:

Lower Shelf Energy: 2.19 Fixed

Orientation: LT

200 

o 150 

100 

56

50 

-30 

Temperature 

-40 
-40 

0 
0 
40 
40 
80 
80 
120

0 -200 -100 0 100 200 300 400 500 600 

Temperature in Degrees F
Data Set(s) Plotted 

Plant: PV1 Cap: UNIRR Material: SRM SA533BI

Charpy V-Notch 
Input CVN Energy 

9 
8 
20 
22 
47 
40 
82 
71 
125

Ori: LT Heat #:

Data 
Computed CVN Energy 

7.56 
7.56 
18.35 
18.35 

43.44 
43.44 
80.07 
80.07 
108.73

**** Data continued on next page ****

B-74

Differential

1A3 .43 
1.64 
3.64 
3.55 

-3.44 
1.92 

-9.07 
1626



UNIRRADIATED STANDARD REFERENCE MATERIAL 
Page 2

Material: SRM SA533BI Heat Number Orier 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input CVN Energy Computed CVN I 
96 108.73 
121 122.09 
130 122,09 
131 127.38 
132 127.38

ttation: LT

Energy Differential 
-12.73 
-1.09 

7.9 
3.61 
4.61 

UM of RESIDUALS = 18.71

B-75

Temperature 
120 
160 
160 
210 
210



UNIRRADIATED STANDARD REFERENCE MATERIAL 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 10f.49.12 on 08-04-2000 
Page 1 

Coefficients of Curve 1 

A = 41.63 B = 40.63 C = 56.01 TO = 56.71

Upper Shelf LE- 8.  

Material: SI

Equation is-. LE. = A + B * I tanh((T - TO)/C) I 
Temperature at LE 35: 47.4 lx 

RM SA533B1 Heat Number: Orie

wer Shelf LEz I Fixed 
rntation: LT

Capsule: UNIRR Total Fluence:

"- 150

14 1007-

,,.) 

?-a 50

O

Temperature 

-40 
"-40 

0 
0 
40 
40 
80 
80 

120

0 -200 -100 0 100 200 300 400 500 600 

Temperature in Degrees F
Data Set(s) Plotted 

Plant: PVl Cap.: UNIRR Material: SRM SA533BI 

Charpy V-Notch Data
Input Lateral Expansion 

I I 

13 
33 
28 
60 
53 
83

Ori2 LT Heat #:

Computed LE.  

3.49 
3.49 
10.47 
10.47 
29.85 
29.85 
57.61 
57.61 
74.58

**** Data continued on next page ****

B-76

Differential

-2.49 -2.49 
-.47 
2.52 
3.14 

-1.85 
2.38 

-4.61 
8.41



UNIRRADIATED STANDARD REFERENCE MATERIAL 
Page 2 

Material: SRM SA533BI Heat Number: Orientation: LT 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LK Differential 
68 74.58 -6.58 
78 8028 -228 
84 8028 3.71 
83 81.93 1.06 
78 81.93 -3.93 

SUM of RESIDUALS = -3.48

B-77

Temperature 
120 
160 
160 
210 
210

I I



UNIRRADIATED STANDARD REFERENCE MATERIAL 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 1051:56 on 08-04-2000 
Page 1 

Coefficients of Curve 1 

A = 50 B= 50 C =61.02 TO = 88.76 

Equation is. Sheary = A + B * tanh((T - TO)/C) I 
Temperature at 50/. Shear 88.7

Material: SRM SA533B1 
Capsule: UNIRR

Heat Number

Total Fluence:

Orientation: LT

-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F

Plant: PVI Cap.: UNIRR

Input Percent Shear 

0 
0 
10 
10 
20 
20 
40 
40 
80

Data Set(s) Plotted 
Material: SRM SA533Bl 

arpy V-Notch Data
Ori.:. LT Heat #:

Computed Percent Shear

1.44 
IA4 
5.16 
5.16 

16.82 
16.82 
42.86 
42.86 
73.56

**** Data continued on next page ****

B-78

0

600

Temperature

-40 
-40 

0 
0 
40 
40 
80 
80 
120

Differential 

-1.44 
-1.44 

4.83 
4.83 
3.17 
317 

-2.86 
-2.86 

6.43



UNIRRADIATED STANDARD REFERENCE MATERIAL 
Page 2 

Material: SRM SA533B1 Heat Number. Orientation: LT 

Capsule: UNIRR Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear 
60 73.56 

100 91.16 
100 91.16 
100 98.15 
100 98.15

SUM of RESIDUAL'

Differential 
-13.56 

8.83 
8.83 
1.84 
1.84 

= 21.61

B-79

L1f1i

Temperature 
120 
160 
160 
210 
210



CAPSULE 137 STANDARD REFERENCE MATERIAL 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 10f.46:27 on 08-04-2000 
Page 1 

Coefficients of Curve 2 

A = 53.59 B = 51.4 C = 75.06 TO = 160.54 

Equation is: CVN = A + B* [ tanh((T - T0)/C) I

Upper Shelf Energy: 105 Fixed Temp. at 30 ft-lbs: 1232 Temp. at 50 ft-lbs: 1552 Lower Shelf Energy: 2.19 Fixed

Material: SRM SA533B1 Heat Number: Orientation: LT

Capsule: 137 Total Fluence:

300-

256

200

150

0

-300 -200 -100 0 100 200 300

Temperature in Degrees
400 

F

Plant: PV1 Cap.: 137
Data Set(s) Plotted 
Material: SRM SA533BI Ori.: LT Heat #:

Charpy V-Notch Data
Input CVN Energy 

8 
9 
32 
22 
47 
74 
105 
110

Computed CVN Energy

4.9 
10.65 
1927 
30.92 
46.42 
78.37 
96.31 
102.55

**** Data continued on next page ****

B-80

I 

z 
U

100

50

0

/
4- +-rl---± I t I

C 0

500 600

Temperature

25 
70 
100 
125 
150 
200 
250 
300

Differential

3.09 -1.65 
12.72 

-8.92 
.57 

-4.37 
8.68 
7.44



L -

CAPSULE 137 STANDARD REFERENCE MATERIAL 
Page 2 

Material: SRM SA533BI Heat Number: Orientation: LT 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Temperature Input CVN Energy Computed CVN Energy Differential 
350 100 104.34 -4.34 

SUM of RESIDUALS = 1321

B-81



CAPSULE 137 STANDARD REFERENCE MATERIAL 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 10-.49-.12 on 08-04-2000 
Page 1 

Coefficients of Curve 2 

A = 42.32 B = 41.32 C = 90.15 TO = 154.68

Upper Shelf LE.: 83.64 

Material: SI

Equation is. LE. = A + B * I tanh((T - TO)/C) I 
Temperature at LE. 35: 138.5 L0 

tM SA533BI Heat Number: Orie 

Capsule: 137 Total Fluence:

wer Shelf LE- 1 Fixed 
ntation: LT

-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F

Plant: PV1 Cap: 137
Data Set(s) Plotted 
Material: SRM SA533BI Ori.: LT Heat #:

Charpy V-Notch Data

Input Lateral Expansion 

8 
11 
24 
26 
41 
57 
82 
84

*"* Data continued on next page **

B-82

CO~

4-)

600

Temperature

25 
70 
100 
125 
150 
200 
250 
300

Computed LE. Differential

5.4 11.95 
19.93 
29.18 
40.17 
61.5 

74.74 
80.47

2.59 -.95 
4.06 

-3.18 
.82 

-4.5 
725 
3.52



CAPSULE 137 STANDARD REFERENCE MATERIAL 
Page 2

aterial: SRM SA533B1 Heat Number: Orienta 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LE 
76 82.57

tion: LT 

Differential 
-6.57 

SUM of RESIDUALS = 3.04

B-83

Temperature 
350

Ma



CAPSULE 137 STANDARD REFERENCE MATERIAL 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 1051.56 on 08-04-2000 
Page I 

Coefficients of Curve 2 

S A= 50 B= 50 C: 82.17 TO = 171.67 

Equation is- Shearz = A + B * tanh((T - TO)/C) ] 

Temperature at 50z Shear. 171.6

Material: SRM SA533B1 
Capsule: 137

Heat Number: 

Total Fluence:

Orientation: LT

t)ti 

6O

S 4 411

20

-30 

Temperature 

25 
70 
100 
125 
150 
200 
250 
300

o -200 -100 0 100 200 300 400 500 

Temperature in Degrees F
Data Set(s) Plotted 

Plant: PVI Cap- 137 Material: SRM SA533B1 Ori- LT Heat #:

10 
15 
20 
25 
30 
60 
100 
100

2.73 
7.76 
14.87 
24.3 
37.1 

66.58 
87.05 
95.78

-*** Data continued on next page ****

B-84

600

Charpy V-Notch Data 
Input Percent Shear Computed Percent Shear Differential

726 723 
5.12 
.69 

-7.1 
-6.58 
12.94 
4.21



CAPSULE 137 STANDARD REFERENCE MATERIAL 
Page 2 

Material: SRM SA533BI Heat Number. Orientation: LT 

Capsule: 137 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Percent Shear Computed Percent Shear Differential 
100 98.71 128 

SUM of RESIDUALS = 25.07

B-85

Temperature 
350



CAPSULE 38 STANDARD REFERENCE MATERIAL 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 1&:46:27 on 08-04-2000 
Page 1 

Coefficients of Curve 3 

A= 53.59 B= 51.4 C = 94.01 TO = 182.81

Upper Shelf Energy: 105 Fixed 

300Y--

Co 250

200-

150

0O0 

10

Equation is: CVN = A 

Temp. at 30 ft-lbs. 136.1 

Material: SRM SA533BI 

Capsule: 38

+ B * I tanh((T - TO)/C) I 

Temp. at 50 ft-lbs: 1762 Lower Shelf Energy: 2.19 Fixed 

Heat Number. Orientation: 

Total Fluence:

-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F 
Data Set(s) Plotted 

Plant: PVl Cap- 38 Material: SRM SA533BI Ori- t Heat #:

Temperature 

0 
100 
125 
175 
200 
225 
250 
325

Charpy V-Notch Data 

Input CVN Energy Computed CVN Energy

4 
28 
30 
42 
45 
91 
88 
110

4.26 
1726 
25.45 
49.33 
62.89 
7523 
85.13 

10023

600

Differential 

-26 
10.73 
4.54 

-7.33 
-17.89 

15.76 

2.86 9.76

"**** Data continued on next page ****

B-86

|
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CAPSULE 38 STANDARD REFERENCE MATERIAL 
Page 2 

Material: SRM SA533B1 Heat Number Orientation: 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Temperature Input CVN Energy Computed CVN Energy Differential 
375 100 103.3 -3.3 

SUM of RESIDUALS = 14.87

B-87



CAPSULE 38 STANDARD REFERENCE MATERIAL 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 10:49,12 on 08-04-2000 
Page 1 

Coefficients of Curve 3 

S A= 40.81 B= 39.81 C= 77.47 TO = 16523

Upper Shelf LE. 80.62 

Material:

Equation is-. LE. = A + B * I tanh((T - TO)/C) I 
Temperature at LK 35: 153.8 Lo 

SRM SA533131 Heat Number. Or

Capsule: 38

wer Shelf LE.: 1 Fixed 

ientation:

Total Fluence:

-300 -200 -100 0 100 200 300 400 500 6o0 

Tpmnrp q ure in Degrees F
Data Set(s) Plotted 

Plant: PVI Cap- 38 Material: SRM SA533B1 Orig Heat #:

Charpy V-Notch Data

Input Lateral Expansion 

1 14 
28 
42 
40 
90 
72 
71

Computed LK

2.1 
13.46 
21.81 
45.8 
57.56 
66.59 
72.59 
79.35

Differential

-1.1 .53 
6.18 

-3.8 
-17.56 

23.4 
-.59 

-8.35

*** Data continued on next page ****

B-88

Temperature

0 
100 
125 
175 
200 
225 
250 
325



CAPSULE 38 STANDARD REFERENCE MATERIAL 
Page 2 

Material: SRM SA533B1 Heat Number: Orientation: 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Input Lateral Expansion Computed LE. Differential 
82 8026 1.73 

SUM of RESIDUALS = .43

B-89

1 _

Temperature 
375



CAPSULE 38 STANDARD REFERENCE MATERIAL 

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 1051.56 on 08-04-2000 
Page I 

Coefficients of Curve 3 

S A= 50 B= 50 C= 35.72 TO = 196.95 

Equation is- Shear-/ z A + B* [ tanh((T - TO)/C) ] 

Temperature at 50D Shear: 196.9

Material: SRM SA533B1 

Capsule: 38

Heat Number.  
Total Fluence:

-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F
Data Set(s) Plotted 

Plant: PVI Cap.: 38 Material: SRM SA533BI Ori.: Heat #:

Charpy V-Notch Data
Input Percent Shear 

5 
10 
15 
25 
45 
95 
90 
100

Computed Percent Shear 

0 
.43 

1.74 
22.62 
5424 
82.77 
95.11 
99.92

**** Data continued on next page ****

B-90

Orientation:

C.)

600

Temperature

0 
1oo 
125 
175 
200 
225 
250 
325

Differential

4.99 9.56 
1325 
2.37 

-924 
1222 

-5.11 
.07



CAPSULE 38 STANDARD REFERENCE MATERIAL 
Page 2 

Material: SRM SA533B1 Heat Number Orientation: 

Capsule: 38 Total Fluence: 

Charpy V-Notch Data (Continued) 

Temperature Input Percent Shear Computed Percent Shear Differential 
375 100 99.99 0 

SUM of RESIDUALS = 28.12

B-91



APPENDIX C

Charpy V-Notch Shift Results for Each Capsule Hand-Fit vs. Hyperbolic Tangent 

Curve-Fitting Method (CVGRAPH, Version 4.1)
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TABLE C-1 
Changes in Average 30 ft-lb Temperatures for Intermediate Shell Plate M-6701-2 

(Longitudinal Orientation) 
Hand Fit vs. CVGRAPH 4.1

Hand Fit AT3o
-4.

40OF
+

330F

TABLE C-2 
Changes in Average 50 ft-lb Temperatures for Intermediate Shell Plate M-6701-2 

(Longitudinal Orientation) 
Hand Fit vs. CVGRAPH 4.1

TABLE C-3 
Changes in Average 35 mil Lateral Expansion Temperatures for Intermediate Shell Plate M-6701-2 

(Longitudinal Orientation) 
Hand Fit vs. CVGRAPH 4.1 

Capsule Unirradiated Hand Fit AT35 Unirradiated CVGRAPH Fit AT35 

1370 350F 60OF 250F 35.82°F 55.18 0F 19.350F 

380 350F -- - 35.82°F 33.19°F -2.630F

TABLE C-4 
Changes in Average Energy Absorption at Full Shear for Intermediate Shell Plate M-6701-2 

(Longitudinal Orientation) 
Hand Fit vs. CVGRAPH 4.1

Capsule [ Unirradiated Hand Fit I AE

1370 151 ft-lb 129 ft-lb -22 ft-lb

380 151 ft-lb -

C-1



TABLE C-5 
Changes in Average 30 ft-lb Temperatures for Intermediate Shell Plate M-6701-2 

(Transverse Orientation) 
Hand Fit v.• C\/(RAPH •. 1

Capsule Unirradiated Hand Fit AT3o Unirradiated CVGRAPH Fit AT3o 

1370 320F 40OF 8OF 29.86°F 43.41 OF 13.55°F 

380 320F - -- 29.86°F 10.14 0F -19.71 OF 

TABLE C-6 
Changes in Average 50 ft-lb Temperatures for Intermediate Shell Plate M-6701-2 

(Transverse Orientation) 
Hand Fit vs. CVGRAPH 4.1 

Capsule Unirradiated Hand Fit ATso Unirradiated CVGRAPH Fit ATso 

1370 72OF 100°F 280F 71.24°F 98.34°F 27.10°F 

380 720 F - - 71.24°F 55.25°F -15.98OF 

TABLE C-7 
Changes in Average 35 mil Lateral Expansion Temperatures for Intermediate Shell Plate M-6701-2 

(Transverse Orientation) 
Hand Fit vs. CVGRAPH 4.1 

Capsule Unirradiated Hand Fit AT3 Unirradiated CVGRAPH Fit AT3s 

1370 70°F 750F 50F 66.22°F 70.13°F 3.90°F 

380 70OF .... 66.22OF 40.65OF -25.56OF 

TABLE C-8 
Changes in Average Energy Absorption at Full Shear for Intermediate Shell Plate M-6701-2 

(Transverse Orientation) 
Hand Fit vs. CVGRAPH 4.1 

Capsule Unirradiated Hand Fit AE Unirradiated CVGRAPH Fit AE 

1370 98 ft-lb 87 ft-lb -11 ft-lb 98 ft-lb 87 ft-lb -11 ft-lb 

380 98 ft-lb - - 98 ft-lb 115 ft-lb 17 ft-lb

C-2



TABLE C-9 
Changes in Average 30 ft-lb Temperatures for Surveillance Weld Material 

Hand Fit vs. CVGRAPH 4.1 

Capsule Unirradiated Hand Fit AT3o Unirradiated CVGRAPH Fit AT3o 

1370 -54°F -45°F 90F -53.28°F -56.22°F -2.94°F 

380 -54OF ....- 53.28OF -47.00°F 6.27°F 

TABLE C-10 
Changes in Average 50 ft-lb Temperatures for Surveillance Weld Material 

Hand Fit vs. CVGRAPH 4.1 

Capsule Unirradiated Hand Fit AT50 Unirradiated CVGRAPH Fit ATho 

1370 -330 F -20°F 130F -33.43°F -28.82°F 4.60°F 

380 -330F - - -33.43OF -25.30°F 8.12°F

TABLE C-11 
Changes in Average 35 mil Lateral Expansion Temperatures for Surveillance Weld Material 

Hand Fit vs. CVGRAPH 4.1

TABLE C-12 
Changes in Average Energy Absorption at Full Shear for Surveillance Weld Material 

Hand Fit vs. CVGRAPH 4.1

Hand Fit AE Unirradiated CVGRAPH Fit AE

162 ft-lb -2 ft-lb 164 ft-lb 162 ft-lb -2 ft-lb

-.... 164 ft-lb 158 ft-lb -6 ft-lb

C-3



TABLE C-13 
Changes in Average 30 ft-lb Temperatures for the Heat-Affected-Zone Material 

Hand Fit vs. CVGRAPH 4.1

Capsule Unirradiated Hand Fit AT3o Unirradiated CVGRAPH Fit AT30 
1370 -620F -620F 0OF -63.20F -74.18 0F -10.980F 
380 -620F .- 63.20F -89.79OF -26.59OF 

TABLE C-14 
Changes in Average 50 ft-lb Temperatures for the Weld Heat-Affected-Zone Material 

Hand Fit vs. CVGRAPH 4.1 

Capsule Unirradiated Hand Fit AT50 Unirradiated CVGRAPH Fit ATso 

1370 -25OF -250F 00F -26.570 F -37.90F -11.32°F 
380 -25OF ...- 26.570 F -40.01OF -13.43°F 

TABLE C-15 
Changes in Average 35 mil Lateral Expansion Temperatures for the Heat-Affected-Zone Material 

Hand Fit vs. CVGRAPH 4.1 
Capsule Unirradiated Hand Fit AT3 Unirradiated CVGRAPH Fit AT35 

1370 -30OF -30OF 0OF -29.74OF -39.04OF -9.30F 

380 -30OF -29.74°F -42.710F -12.970F 

TABLE C-16 
Changes in Average Energy Absorption at Full Shear for the Heat-Affected-Zone Material 

Hand Fit vs. CVGRAPH 4.1 

Capsule Unirradiated Hand Fit AE Unirradiated CVGRAPH Fit AE 

1370 135 ft-lb 124 ft-lb -11 ft-lb 135 ft-lb 124 ft-lb -11 ft-lb 

380 135 ft-lb .. 135 ft-lb 119 ft-lb -16 ft-lb

C-4



TABLE C-17 

Changes in Average 30 ft-lb Temperatures for the Standard Reference Material 
Hand Fit vs. CVGRAPH 4.1

TABLE C-18 
Changes in Average 50 ft-lb Temperatures for the Standard Reference Material 

Hand Fit vs. CVGRAPH 4.1

TABLE C-19 
Changes in Average 35 mil Lateral Expansion Temperatures for the Standard Reference Material 

Hand Fit vs. CVGRAPH 4.1

Capsule Unirradiated Hand Fit AT35 

1370 45 0F 150OF 105 0F 

380 450F -

TABLE C-20 
Changes in Average Energy Absorption at Full Shear for the Standard Reference Material 

Hand Fit vs. CVGRAPH 4.1

Capsule Unirradiated Hand Fit AE Unirradiated CVGRAPH Fit AE 

1370 129 ft-lb 105 ft-lb -24 ft-lb 129 ft-lb 105 ft-lb -24 ft-lb 

380 129 ft-lb - - 129 ft-lb 105 ft-lb -24 ft-lb

C-5
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Message: Harold and John -- Attached is a copy of a BNA article that appeared 
today. I have also attached copies of the materials that were filed with the Commission 
relative to our 2.206 petition. Thank you.  

THIS FACSIMILE TRANSMISSION (AND/OR THE DOCUMENTS ACCOMPANYING IT) ARE INTENDED ONLY FOR THE USE 
OF THE INDIVIDUALS OR ENTITIES TO WHOM IT IS ADDRESSED. THIS TRANSMISSION CONTAINS INFORMATION FROM 
ENVIROCARE OF UTAH, INC, WHICH MAY BE PRIVILEGED, CONFIDENTIAL OR EXEMPT FROM DISCLOSURE UNDER 
APPLICABLE LAW. IF THE READER OF THIS TRANSMISSION IS NOT THE INTENDED RECIPIENT, YOU ARE HEREBY 
NOTIFIED THAT ANY DISSEMINATION, DISTRIBUTION, COPYING OR THE TAKING OF ANY ACTION IN RELIANCE ON THE 
CONTENTS OF THIS TRANSMISSION IS STRICTLY PROHIBITED, IF YOU HAVE RECEIVED THIS TRANSMISSION IN 
ERROR, PLEASE NOTIFY US IMMEDIATELY AT OUR TELEPHONE NUMBER LISTED ABOVE. WE WILL BE HAPPY TO 
ARRANGE FOR THE RETURN OF THIS TRANSMISSION TO OUR OFFICES AT NO COST TO YOU.  

46 West Broadway, Suite 116, Salt Lake City, Utah 84101 
Clive Facility Fax: (435) 884-3549 Mixed Waste (435)-884-6689

DATE:

TO: 

TO:

PHONE:

FAX:

RE:
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Daily Environment Report 
No. 208 
Thursday, October 26, 2000 

NRC Policy Change, Delayed Decision Creates Untenable Situation, Envirocare Says 

A change in the Nuclear Regulatory Commission's interpretation of a law, coupled with repeated delays in 
issuing that interpretation as a final decision, has put a Utah company in an "untenable" situation, according to an 
attorney representing the firm.  

Jon Carter, an attorney representing Envirocare of Utah Inc., told NRC officials that the commission has 
put the company in an "untenable" situation by changing its interpretation of a law that describes low-activity wastes 
that must be regulated and by delaying formal issuance of that interpretation.  

Envirocare is licensed by NRC to dispose of low-activity radioactive waste. Carter and other Envirocare 
representatives met with NRC officials Oct. 25 to discuss a wide range of issues.  

Envirocare and the Snake River Alliance, an Idaho-based environmental organization, have petitioned the 
commission to regulate all wastes that are byproducts of uranium or thorium ore processing conducted for the 
nation's nuclear weapons program.  

NRC Acknowledges Inconsistency. Smart Treby, assistant general counsel at NRC, said the commission 
has regulated byproduct wastes inconsistently.  

For many years, the commission focused on the process by which the wastes were generated, he said. All 
of these mill tailing wastes were considered 11e.(2) wastes, he told BNA. The designation is based on the section of 
the Atomic Energy Act (AEA) that describes these wastes.  

In 1999, the commission reviewed the act and determined that Congress made a distinction, he said.  
Uranium and mill ore processing wastes are regulated by the commission only if they were generated at an NRC
licensed facility on or after the law went into effect Nov. 8, 1978, according to the commission's current 
interpretation of the law.  

Byproduct waste generated at a facility that was not licensed by the NRC as of that date is not regulated by 
the commission, under its current interpretation.  

Decision Expected by November. Such waste is being generated by the Formerly Utilized Sites Remedial 
Action Program (FUSRAP), which was operated by the Department of Energy from its inception in 1974 until 1997, 
when Congress transferred the program to the U.S. Army Corps of Engineers.  

NRC changed its interpretation of the law after the corps took over the program and was trying to identify 
less expensive ways to dispose of FUSRAP waste, Carter told BNA after the meeting. It is typically cheaper to 
dispose of byproduct waste at a state-licensed facility than at Envirocare.  

Although the commission has stated its current interpretation of the law at public hearings and in letters, it 
has not made a formal statement. That formal "final action" will result from the Envirocare's and Snake River's 
petitions, Treby said.
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Senior NRC officials are reviewing staff recommendations for that final decision, Treby said. NRC expects 
to issue its decision by the end of November or earlier, he said. This is the third time NRC has delayed this 
decision.  

NRC's current interpretation of the law and its delayed decision have created several problems, Carter said.  

Under the AEA, when a waste disposal facility closes a "cell" containing 1 le.(2) wastes, either an 
authorized state agency or DOE is required to take ownership of the waste. Cells are the term for the area in which 
the waste is buried. If a state declines to take ownership, the law makes DOE the long-term "custodian" of the 
waste, Treby said.  

Ownership Key Question. If NRC issues its current interpretation of the law as a final decision, DOE 
would not be required to take ownership of that portion of waste shipped to Envirocare, but generated before the 
1978 cutoff, Carter said.  

About half of the I million cubic yards of waste shipped to Envirocare for disposal in its I le.(2) cell was 
generated before 1978, Carter said. If DOE declines to take ownership of that portion, Envirocare could be deemed 
its custodian, he said.  

At the meeting, Treby said Envirocare could argue that DOE must be responsible for the waste since the 

department identified it as I Ie. (2) waste when it shipped the material for disposal.  

"From a liability perspective this puts us in a difficult position," Carter said.  

Carter and Ken Alkewa, who also represented Envirocare, described another problem.  

NRC Reviewing FUSRAP Classifications. The corps is shipping FUSRAP waste, which it has certified as 
complying with Envirocare's license, i.e., being Ile.(2) wastes, from two New Jersey sites. Yet, the corps also has 
asked NRC to review the corps' conclusion as to whether this waste qualifies for the 1 le.(2) designation.  

FUSRAP waste from one site, the Maywood Interim Storage Site, is 11e.(2) waste that can be buried in the 
federally licensed cell, said Philip Ting of NRC's Office of Nuclear Materials Safety and Safeguards. The 
Maywood site, located northwest of Hackensack, N.J., is included on EPA's National Priorities List.  

A corps official familiar with Maywood could not be reached to say whether FUSRAP waste from that site 
has been disposed at facilities other than Envirocare, which are regulated by states, not NRC, and hence should not 
accept I le.(2) waste.  

Carter asked how the NRC would enforce its jurisdiction if the agency decides it does not have authority 
over waste generated before 1978 in facilities not licensed by NRC.  

None of the NRC officials described a specific enforcement plan. But, Ting replied that if NRC learned that 
a shipment of I le.(2) waste had been disposed of at a facility not licensed by the agency, that facility "would be in 
trouble." 

NRC has not made a decision about the FUSRAP generated at the other site, called the Wayne Interim 
Storage Site, Ting said. The 6.8-acre Wayne site is located near Maywood, east of Lincoln Park, N.J.  

Carter asked Treby whether Envirocare should continue to dispose of the waste generated at the Wayne site 
in its NRC-licensed cell. Envirocare has one cell licensed for I le.(2) waste, and another licensed by the state for 
naturally occurring radioactive materials.  

Treby did not respond directly. However, Envirocare is only supposed to dispose of I le.(2) wastes in the 
NRC-licensed cell, he said.



10/26/00 14:51 ICY 

Utah Decision. Utah could allow Envirocare to dispose of the Wayne waste in the cell it operates, Treby 

said. However, he continued, if he were a state regulator he would not allow the disposal until NRC has made its 

decision about how it defines 11le.(2) wastes.  

After the meeting, Carter told BNA the uncertainty the company is facing is "disconcerting to say the least." 

Rail cars with waste from Wayne are headed to Envirocare, he said. The corps has certified the waste as 

being I le,(2) material, Carter said. That certification, however, was done in 1995, he said.  

Treby's comments during the meeting appeared to suggest that Envirocare should not bury this waste in the 

NRC-licensed cell, Carter continued. "Should we tell the army to turn the trains around?" 

Carter said he intended to seek another meeting with NRC to clarify-what Envirocare should be doing with 

the Wayne waste and additional FUSRAP waste the corps is shipping from St. Louis.  

The corps, waste disposal companies, and the Environmental Technology Council, which represents 

commercial hazardous waste disposal facilities, have filed responses to Envirocare's petition with the NRC.  

Legislative history shows that Congress never intended for NRC to regulate FUSRAP waste, the corps, 

ETC, and companies argued. Congress was aware of other sites that contained mill tailing waste, but the uranium 

mill tailings act that established FUSRAP listed only 22 specific inactive sites that should be cleaned up by the 

federal government, the corps said.  

Much of the waste cleaned up in FUSRAP can be safely disposed at hazardous waste facilities, the groups 

argued.  

William M. Beckner, executive director of the National Council on Radiation Protection and Measurements, 

a nonprofit scientific group that develops recommendations on radiation protection, previously told BNA his 

organization is developing a report calling for risk-based radiation regulation.

By Pat Phibbs

.o004
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- ENVIROCARE OF UTAH, INC.  

THE SAFE ALTERNATIVE 

October 25, 2000 

VIA FACSIMILE - (301) 415-3725 

Jack Goldberg 
Deputy Assistant General Counsel for Enforcement 

Nuclear Regulatory Commission 
One White Flint North Building 
11555 Rockville Pike 
Rockville, MD 20852-2738 

Dear Mr. Goldberg: 

Representatives of Envirocare of Utah, Inc. (Envirocare) met this morning with 

Nuclear Regulatory Commission staff including Stuart Treby from the Office of General 

Counsel. I had a couple of questions about Envirocare's 2.206 petition and Mr. Treby referred 

me to you.  

I am curious as to whether the NRC intends to provide the petitioners an opportunity to 

review the Commission's decision under the NRC's new 2.206 petition process. We certainly 

would like to take advantage of this opportunity if it exists.  

In addition, I clarified for Mr. Treby that the attached letter and responses relate to 

issues before the NRC in our 2.206 petition, and we would appreciate a careful consideration 

by the Commission of these matters.  

Please telephone me at (801) 557-4350 if you have any questions. Thank you.  

Very truly yours, 

Jonathan P. Carter 
General Counsel 

Attachment 

cc: Stuart Treby, Via Facsimile, w/o attachment 

Karen Cyr, Via Facsimile, w/o attachment

46 WESTBROADWAY SUITE 116 a SALT LAKE CITY. UTAH 84101 - TELEPHONE (801) 532-1330

ioo 005
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MILLER & CHEVALIER 

ess FIFTEENTH STREET, N.W. SUITE 900 
WASHINGTON, D.C. 20005-6701 

(202) 626-5800 FAX! (202) 628-08,8 

October 1g, 2000 

Mr. Dennis K. Rathbun 
Director, Office of Congressional Affairs 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555-0001 

Dear Mr. Rathbun: 

Envirocare of Utah has reviewed the NRC's responses to questions of the Senate 
Committee on Environment and Public Works regarding uranium mill tailings regulation that 
were attached to your letter of September 12, 2000, to Senator Bob Smith. The attached 
comments on those responses are submitted on behalfofEnvirocare. The comments are directed 
to four of those responses, since, in Envirocare's view, it is those responses that bear most 
directly on the subject matter of Envirocare's pending section 2.206 petition on mill tailings 
regulation.  

By copy of this letter, we request that the attached comments be considered in connection 
with that petition.  

Yours sincerely, 

Leonard Bickwit, Jr.  

Attachment 

cc: Dr. William D. Travers 
NRC, Executive Director for Operations 

Smart A. Treby, Esquire 
NRC, Office of General Counsel 

Douglas E, Roberts, Vice President, Regulatory and External Affairs 
Envirosource Technologies 

Robert M. Andersen 
Chief Counsel, U.S. Army Corps of Engineers 

Gary Richardson, Executive Director 
Snake River Alliance, Petitioner
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SENATOR BENNETT'S QUESTION 6 

Is NRC reversing the position stated in 57 Fed. Reg. 20,527 (May 13, 1992) that materials 

that satisfy the lle.(2) definition generated by MED/AEC "qualify as lle.(2) byproduct 

material"? And if so, why? 

This question and the NRC's response both address a 1992 Request for Public Comment 

("the Request") on proposed Commission guidance regarding disposal of "non II e.(2) byproduct 

material" in uranium mill tailings piles. The response suggests that the Request's discussion of 

section 11 e.(2) byproduct material is consistent with the Commission's current position that pre

1978 FUSRAP mill tailings1 are not covered by section 1 le.(2) of Atomic Energy Act ("AEA").2 

To the contrary, however, the Request clearly indicates that FUSRAP mill tailings are section 

1 le.(2 ) material. The response reaches the opposite conclusion only because it does not focus on 

critical portions of the Request. Thus, the NRC's current position is in fact a reversal of the 

position taken in the Request.  

The response correctly points out that in the Request, "the term 'non-11 e.(2) byproduct 

material"' refers to waste that is "similar" to section 11 e.(2) material but "is not legally 

considered to be 11 e.(2) byproduct material." The response also correctly observes that certain 

FUSRAP wastes are described by the Request as failing into this category of "non-1 le.(2) 

byproduct material." What the response omits, however, is the reason why these wastes are 

viewed as not qualifying as 1 e.(2) material. That reason is that the particular FUSRAP wastes 

identified are wastes that are not produced from the processing of source material. It is only 

those wastes that are referred to in the request as "non-I le.(2) byproduct material," while 

FUSRAP wastes that were produced from such processing are clearly viewed by the Request as 

within the coverage of section I1 e.(2).  

The Request's General Principle 

A review of the Request's relevant language makes this clear. At the beginning of the 

Request, it is stated: 

In the guidance documents and associated staff analyses [included in the Request], 

the term "non-11 e.(2) byproduct material" is used to refer to radioactive waste 

that is similar in physical and radiological characteristics (for example, low 

specific activity) to byproduct material, as defined in Section 11 e.(2) of the AEA 

I These comments will use the term "pre-19 7 8" material to refer to material over which the 

NRC asserts that it lacks jurisdiction.  

2 Envirocare acknowledges that it does not know the exact position that the Commission is 

or will be taking on this matter. For purposes of these comments, it will assume that the position 

is that mill tailings do not meet the definition of section 11 e.(2) of the AEA unless such tailings 

were produced at a site licensed by the NRC as of the effective date of section 83 of that act or 

thereafter.

I

L� 007
4007
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but does not meet the definition in that section because it is not derived from ore 
processed primarily for its source material content.  

(Emphasis added.) It is then stated, in a reference to such material, that: 

Some licensees have proposed to directly dispose of radioactive wastes in existing 
uranium mill tailings sites. The materials vary from tailings from extraction 
processes for metals and rare-earth metals (such as copper, tantalum, columbium, 
zirconium) to spent resins from water-treatment processes. However, because 
these materials did not result from the extraction or concentration of uranium or 
thorium from ore, they are not 1 1e.(2) byproduct material.  

(Emphasis added.) The general principle is thereby established that tailings resulting from the 
processing of metals and rare-earth metals, as well as other wastes unrelated to AEA source 
material, are not section 11 e.(2) byproduct material and are to be distinguished in that regard 
from tailings resulting from the processing of uranium and thorium, which are to be considered 
1 le. (2) material.  

Application of the Principle 

The Request then applies this general principle to the "Types of Wastes Being Proposed 
for Disposal Into Tailings Piles." At the beginning of that discussion is the language cited in 
response to Senator Bennett's question. That language reads as follows: 

The NRC and the Agreement States continue to receive requests for the direct 
disposal of non-i le.(2) byproduct material into uranium mill tailings piles. The 
following general categories of non- I Ie.(2) byproduct material illustrate the 
requests submitted to NRC and the Agreement States for disposal into uranium 
mill tailings piles licensed under authority established by title II of UMTRCA.  

The first category, mine wastes, are found not to "satisfy the definition of 11 e.(2) 
byproduct material, because they do not result from the extraction or concentration of uranium or 
thorium from ore." (Emphasis added.) The second, secondary process wastes, are described as 
tailings created when "natural ores. . . are processed for rare-earth or other metals." (Emphasis 
added.) These tailings are not viewed as 11 e.(2) byproduct material, since "the ore was not 
processed primarily for its source material content, but for the rare-earth or other metal." 

(Emphasis added.) 

It is against this background that the discussion of wastes at FUSRAP sites takes place.  
The full discussion of those wastes is as follows: 

These sites primarily processed material, such as monazite sands, to extract 
thorium for commercial applications. Government contracts were issued for 
thorium source material used in the Manhattan Engineering District and early 
Atomic Energy Commission programs. Wastes resulting from that processing and
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disposed of at these sites would qualify as 1 le.(2) byproduct material. However, 
it is not clear that all the contaminated material at these sites result from 
processing of ore for thorium. At some sites there was also processing for rare 
earths and other metals. The DOE, which accepts responsibility for the FUSRAP 
materials, is investigating options for disposal and control of these materials.  
DOE estimates that a total of 1.7 million cubic yards of material is located at sites 
in 13 States. Recent proposals have considered the transportation of FUSRAP 
materials from New Jersey to tailing piles at uranium mills in other States, such as 
Utah, Washington, and Wyoming.  

(Emphasis added.) There can be no doubt as to the point the Request is making by these 
observations. While the FUSRAP tailings not resulting from the processing of source material 
are not section 11 e,(2) material, tailings that do result from such processing do in fact constitute 
I le.(2) material.  

The Meaning of "Would" 

The response also argues that when the Request states that FUSRAP "would qualify as 
I1 e.(2) byproduct material" (emphasis added), it means only that such tailings would qualify as 
such material if they "fell under NRC jurisdiction in the first place." This argument is plainly 
without merit. The response places great weight on the Request's use of the word "would" in the 
above-quoted language. The phrasing used, however, is merely a natural way to provide a 
generalized explanation. In fact, in the paragraph just preceding the one in which the quoted 
language appears, the discussion of "secondary process wastes" contains the same phrasing: "If 
the tails contain greater than 0.05 percent uranium and thorium, they would be source material 
and would thus be licensable and have to be disposed of in compliance with NRC regulations." 
(Emphasis added.) This is not a reference to what would happen if some other unnamed 
condition were met.  

In sum, one would conclude from the response that the Request means just the opposite 
of what it says. The only defensible answer to Senator Bennett's question is that the 
Commission's current position is in fact a reversal of the position it took in the Request.  

A marked-up copy of the relevant portions of the Request is attached.  

Attachment
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SENATOR BENNETT'S QUESTION 4 

Please explain why 10 C.F.R. 40.2(b) [sic] makes no reference to such materials having to 

be licensed by NRC but rather appears to suggest that NRC can regulate such materials 

whether licensed or not as long as they are not at a DOE controlled Title I site.  

The response to this question takes a similarly forced approach to 10 C.F.R. § 40.2a. A 

fair reading of the regulation again demonstrates that the Commission is reversing previously 

held positions.  

The regulation in question reads as follows: 

Section 40.2a Coverage of inactive tailings sites.  

(a) Prior to the completion of the remedial action, the Commission will not 

require a license pursuant to 10 CFR chapter I for possession of residual 

radioactive materials as defined in this part that are located at a site where milling 

operations are no longer active, if the site is covered by the remedial action 

program of Title I of the Uranium Mill Tailings Radiation Control Act of 1978, as 

amended. The Commission will exert its regulatory role in remedial actions 

primarily through concurrence and consultation in the execution of the remedial 

action pursuant to Title I of the Uranium Mill Tailings Radiation Control Act of 

1978, as amended. After remedial actions are completed, the Commission will 

license the long-term care of sites, where residual radioactive materials are 

disposed, under the requirements set out in § 40.27.  

(b) The Commission will regulate byproduct material as defined in this 

part that is located at a site where milling operations are no longer active, if such 

site is not covered by the remedial action program of Title I of the Uranium Mill 

Tailings Radiation Control Act of 1978. The criteria in Appendix A of this Part 

will be applied to such sites.  

The structure of this regulation and the dividing line it draws are stated clearly. The title 

indicates that the regulation as a whole deals with "inactive tailings sites." The category of 

inactive sites is divided into two components. Subsection (a) addresses "site[s] where milling 

operations are no longer active, if the site is covered by the remedial action program of Title I of 

the UMTRCA." (Emphasis added.) Subsection (b) covers the rest, that is, "site[sl where milling 

operations are no longer active, if such site is not covered by the remedial action program of Title 

I of the UMTRCA." (Emphasis added.) There is no suggestion that anything less than all 

inactive sites are intended to be covered by the section's provisions. In this respect, the 

regulation reflects the broad statutory language of sections 11 e.(2), 81 and 84 of the AEA. From 

the title of the regulation on down, the clear indication is that the section deals with the entirety 

of the category of inactive sites.

I
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The Text of the Rule 

The response, accordingly, is at odds with the rule's text. It reads an additional restriction 

into subsection (b), claiming that the subsection applies only to an inactive site that was under 

active license "as of the effective date of UMTRCA." The response appears to acknowledge the 

tension between the NRC's current position on section 1 le.(2) and the language of the 

regulation. It argues, however, that "[t]he inconsistency disappears if the intent of the regulation 

is understood." This leads to some necessary questions. If an essential feature of subsection (b) 

is that only licensed sites are covered by the subsection, why does the subsection make 

absolutely no reference to that limitation? Why is there no indication of the Commission's 

current interpretation either in section 40.2a or in any other section of UMTRCA's implementing 

regulations? Given that exemptions from licensing and regulation are clearly stated all 

throughout those regulations and elsewhere in Part 40,1 why is there no mention of an exemption 

from regulation for tailings from sites not under license as of November 8, 1981 (i.e., the 

effective date of Section 83)? How could the Commission consistently fail to include references 

to an exemption that goes to the heart of the Commission's jurisdiction over mill tailings? The 

analysis of the Commission's regulations put forward in this response parallels the analysis that 

has been offered with respect to the legislation itself. In each case, it is asserted that language 

that on its face unquestionably covers all mill tailings at inactive sites should be read not to do 

so. In the absence of some compelling explanation as to why this purported exemption was left 

unexpressed, it is not possible to believe that any such exemption was actually intended.  

Other Contemporaneous Commission Actions 

Not only are indications of the Commission's current interpretation absent from the 

proposed and final versions of this regulation; they are also missing from other relevant 

contemporaneous Commission documents. No mention of the Commission's current 

interpretation can be found, for instance, in the Commission's final rule of August 24, 1979, 

relating to mill tailings licensing; 2 in Commission meeting transcripts in 1979 regarding the need 

for such licensing and for proposed changes in UMTRCA; 3 or in the Executive Legal Director's 

discussion papers on which the Commission meetings were held.4 If the Commission in 1979 

and 1980 had in fact adopted the interpretation now held by the NRC, there would have been 

good reason for it to note that interpretation at that time. The meeting transcripts indicate that 

SSee. e.g., 10 C.F.R. §§ 40.1, 40.2, 40.11, 40.12, 40.13, 40.14, 40.32 and 150.31.  

2 44 Fed. Reg. 50,012 (Aug. 24, 1979).  

3 Discussion of SECY-79-88 - Timing of Certain Requirements of the Uranium Mill 

Tailings Radiation Control Act of 1978 before the Nuclear Regulatory Commission (March 7, 

1979); Discussion of SECY-79-8 8 - Uranium Mill Tailings before the Nuclear Regulatory 

Commission (May 9, 1979 and May 17, 1979).  

4 SECY-79-88 (Feb. 2, 1979); Staff Response to the Commission Request for Further 

Information Regarding SECY-79-88 (May 7, 1979).
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the Commission was eager to avoid licensing tailings in the immediate aftermath of UMTRCA's 

enactment at sites licensed by Agreement States. 5 It undertook such licensing only because the 

Executive Legal Director advised that UMTRCA required such action. 6 Had the Commission 

actually believed that its licensing responsibilities related only to tailings produced at sites 

licensed on the effective date of section 83, it could have argued that those responsibilities could 

not be determined until that effective date had arrived and should accordingly be delayed. Its 

failure to make that argument is further evidence that the Commission's current position is one 

that was not held by the Commission at the time.  

As a related matter, it should be noted that if the Commission had actually held that 

position, it could not have justified the licenses it issued in 1979 and 1980. In those years, the 

Commission issued general licenses to its licensees for the tailings possessed by those licensees.  

One may legitimately ask under what authority it was functioning. Under the Commission's 

current position, the NRC at that time could not have known what tailings constituted "byproduct 

material," since that fact would have been unknowable until November 8, 1981, the effective 

date of section 83 and the date on which jurisdiction would have been determined. The 

Commission would essentially have been in limbo prior to that date, since although it had been 

told to regulate "any byproduct material" immediately upon enactment, 7 it would not have 

known which tailings were "byproduct material" until three years after enactment. The 

Commission issued tailings licenses during this period because such an anomalous construction 

almost certainly never occurred to anyone at the Commission at the time. The total confusion 

this construction would have caused during these early years strongly suggests that the 

construction never occurred to anyone in the Congress either.  

NRC Actions Since 1998 

Envirocare's comments on the NRC's responses to Senator Bennett's Questions 4 and 6 

thus support the view that prior to 1998 the Commission interpreted its authority to apply to all 

mill tailings without exception. The responses themselves, on the other hand, attempt to convey 

the impression that the position taken in the so-called "Former letter" of March 1998 was 

consistently maintained during the twenty years prior to that letter. For the reasons stated, the 

responses are not persuasive in that regard.  

5 The Commission wished to delay its licensing authority until three years after enactment, 

as it had proposed in the legislation it originally submitted to the Congress. See H.R1 13382, 95th 

Cong. § 2 (1978). This bill, introduced by Congressman Udall, was based on the Commission's 

submission.  

6 It is significant that the Executive Legal Director's advice that licenses were required to 

be issued immediately was based entirely on sections 81, 84 and I le.(2) of the AEA. There is no 

indication in that advice that section 83, which had not yet become effective at the time, in any 

way limited the reach of those sections with respect to the Commission's obligations under 

UMTRCA or that section I1 e.(2) was otherwise limited in its coverage.  

7 See UMTRCA § 208.
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It is worth noting, moreover, that even since 1998 the Commission has taken positions at 

odds with its current view. First, the Commission has maintained that it can regulate pre-1978 

mill tailings on NRC-licensed 1 le.(2) sites to the same extent as it regulates post-1978 tailings.  

In a letter to the Utah Department of Environmental Quality, it stated, "[i]fpre-1978 1 le.(2) 

byproduct material is presented as such to the NRC-licensed Envirocare facility for disposal, 

Envirocare must comply with all the requirements applicable to disposal of I le.(2) byproduct 

material."8 This statement cannot be reconciled with the Commission's position that pre-1978 

material is beyond the Commissions jurisdiction. The Commission cannot regulate non

licensable material to the same extent that it regulates licensable material, even when the non

licensable material is sent to an NRC-licensed site.  

Second, the NRC initially indicated that an Envirocare request to dispose of pre-197 8 

mill tailings in its Utah Agreement State-regulated low-level waste cell should be denied based 

on 10 CFR § 61.1(b) of the Commission's regulations, which the NRC has asserted restricts the 

disposal of mill tailings in facilities regulated under Part 61.9 It took this position 

notwithstanding that the restrictions in section 61.1 (b) apply only to mill tailings defined in Part 

40, which the Commission contends do not include pre-1978 mill tailings.  

Third, notwithstanding that under Envirocare's section 11 e.(2) license, non-11 e.(2) 

material may not be disposed of in its licensed 11 e.(2) cell, the Commission has routinely 

permitted the disposal in that cell of FUSRAP mill tailings, which it contends are non-1 le.(2) 

material. 10 Finally, the Commission has consistently permitted such disposal in the face of its 

current guidance document on the disposal of non-11 e.(2) material, which states, "[Rladioactive 

material not regulated under the AEA shall not be authorized for disposal in an 1 le.(2) byproduct 

material impoundment." I I 

8 Letter to William J. Sinclair, Director of Utah Dep't of Environmental Quality, Div. of 

Radiation Control (Sept. 24, 1999).  

9 Id.  

10 The disposal of these materials has occurred pursuant to certification procedures 

specifically required and approved by the NRC to be included in Envirocare's Standard 

Operating Procedures. At the time of the adoption of these procedures in April 1994, the NRC 

stated, "NRC staff has reviewed the information in the procedure and concludes that the 

procedure will ensure that wastes other than I1 e.(2) byproduct material are precluded from 

disposal in the NRC licensed disposal site. The procedure also will ensure documentation of the 

constituents in the waste." See Safety Evaluation of the "Procedures for Certification of 1 le.(2) 

Material." 

11 60 Fed. Reg. 49,296 (Sept. 22, 1995). Since 1994, Envirocare has disposed of 

approximately one-half million cubic yards of FUSRAP material in its 1 le.(2) disposal cell 

without NRC objection.

4



10/26/00 14:59 

What the Commission has been doing, it appears, is regulating this material when it 

chooses to and not regulating it when chooses not to, without regard to the clear requirements of 

the law governing this subject matter and the applicable Commission regulations. The 

Commission should reject this practice and revert to the position it consistently maintained 

during the twenty years following UMTRCA's enactment.

5
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SENATOR BENNETT'S QUESTION 3 

Exactly where in § 83 or in the related legislative history does it say that NRC has no 

authority over wastes that satisfy the definition of lle.(2) byproduct material MED or AEC 

generated by processing for uranium or thorium if generated prior to 1978? (Please 

assume that such materials are under the control of a private entity and not DOE or are 

going to be removed from DOE control).  

The Commission's response is reducible to several arguments, which are considered here 

in order.  

The Lanyuay-e of Section 83 

The Commission argues that the language of section 83 "clearly indicates that NRC's 

regulatory authority and responsibility for... [mill tailings] material are prospective. That is, 

Congress intended NRC to regulate only those mill tailings at existing licensees' sites and those 

newly licensed after UMTRCA was enacted." But the language does not so indicate. What it 

does indicate is that the provisions of that section are to apply only to licenses in effect on the 

effective date of the section and all future licenses. The language does not address what other 

sections of UMTRCA are intended to do.  

Moreover, in restricting its application to licenses in effect on the effective date of the 

section and all future licenses, the section does no more than state the obvious. The only 

category of licenses excluded are licenses not in effect on the section's effective date, i 

licenses that existed at one time but that terminated prior to November 8, 1981. That is because 

it would not have made sense for a section requiring that licenses contain certain specified 

provisions to be applied to licenses that had terminated before the section even came into effect.  

There is thus nothing meaningful about the selection of the words "[a]ny license issued or 

renewed after the effective date of this section." The fact is that no other words could reasonably 

fit in the place in which those words appear.  

What is meaningful is that Congress decided to regulate mill tailings primarily through 

the licenses of the Commission's source material licensees. Congress made section 83 the 

centerpiece of Title II, and no doubt anticipated that most of that title's requirements would be 

imposed through the provisions of that section. It also made unmistakably clear, however, that 

other authorities and obligations would be assigned to the Commission through other sections of 

Title II. Sections 81 and 84, in conjunction with the definition of section 1 le.(2), extend the 

reach of Title II beyond the licenses referenced in section 83 to all uranium and thorium mill 

tailings.  

There is nothing ambiguous about these statutory instructions. Section 83's requirements 

clearly apply only to source material licenses in effect on or after November 8, 1981. The 

requirements of sections 81 and 84 just as clearly apply to all material meeting the definition of 

section 11 e.(2), i.e., all uranium and thorium mill tailings. Moreover, none of the sections in any 

way conflicts with the others. The requirements for section 83 licenses are more extensive and 

specific than the requirements of sections 81 and 84, but the requirements are not in conflict.

I
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What sections 81 and 84 unambiguously indicate is that Congress intended for the NRC's 
authority to encompass all mill tailings, whenever and however produced. Thus, while the 
regulation of tailings was to be conducted primarily through the licenses of source material 
licensees, the Commission was to have authority to deal with any and all safety concerns posed 
by mill tailings. No other reason has been offered, and none suggests itself, as to why these 
sections read the way they do.  

It thus cannot be said that the language of section 83 "clearly indicates.. . that the 
Congress intended NRC to regulate only those mill tailings materials at existing licensees' sites 
and those newly licensed after UMTRCA was enacted." On the contrary, sections 83, 81, 84 and 
I Ie.(2), when read in conjunction with each other, unambiguously indicate just the opposite.  

Legislative History: Exemption of FUSRAP 

The response also states: "It is clear from the legislative history that Congress was aware 
of the FUSRAP sites and concluded that those sites would not be handled under UMTRCA." It 
then cites in support of that contention certain portions of the legislative history, which are 
discussed below. The first and most obvious answer to the contention, however, is that if it were 
in fact the case, i.e., if Congress "concluded that [FUSRAP] sites would not be handled under 
UMTRCA," why did Congress not simply say so in the statute? As just noted, the language of 
Title 11 is unambiguously comprehensive. The sequence of events in the legislative history 
confirms that this comprehensiveness was intentional. NRC draft legislation, which combined 
the ultimately-adopted definition of section 11 e.(2) with the then-existing all-inclusive language 
of section 81, plainly applied the new licensing authority of the Act to all mill tailings. All 
versions of Title II considered throughout the legislative process were similarly comprehensive.  
These versions no doubt were reviewed routinely by NRC lawyers, by counsel for the House 
committees where the legislation was developed, and by the House Legislative Counsel's Office.  
The absence of any grandfathering provision in sections 81, 84 or 1 le.(2) could not have failed to 
be noticed. It is apparent that both the Congress and the Commission wished the Commission's 
authority over tailings to be as comprehensive as its authority over any other licensable material 
under the AEA. In sum, it is not credible that a Congress that truly wished to exclude material 
associated with FUSRAP from NRC regulation under UMTRCA would have drafted, in a 
carefully worded statute where other exclusions are clearly stated, language in Title II that 
unambiguously covers all mill tailings.  

Beyond that, the legislative history strongly indicates that such tailings were intended to 
be included not only under Title II's provisions, but also under Title I. While the record is often 
murky and confusing on this matter, it shows that (i) the Congress was indeed aware of some 
sites that ultimately became "FUSRAP sites," even though they were never referred to by that 
name and were typically referred to as "other sites"; (ii) at the time UMTRCA was considered, 
all that was in progress was a survey of these other sites - none had actually been selected for 
remediation;1 (iii) the text of Title I, which listed the 22 specific sites that were initially selected 

See Uranium Mill Tailings Control Act of 1978: Hearings Before the Interstate and 
Foreign Commerce H. Rep., 95ffh Cong. 185 (1978) (statement by James Liverman that DOE was

2
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for the Title I remedial program, also provided for a one-year time frame, or "window," during 

which DOE was permitted to add to that list of sites; (iv) the principal reason for that window 

was to allow the survey of the "other sites" to be completed so that those sites could be included 

in Title I if they were found to have mill tailings and otherwise met the title's criteria; and (v) 

Congress likely believed that if the surveyed sites had mill tailings on them, and did not qualify 

for Title I's government-owned site exemption, they would in fact be included in Title I.  

It is thus not the case that Congress decided, as the NRC response suggests, to approve a 

two-track system, with Title I operating on one track and FUSRAP on the other. In fact, it is 

impossible to imagine that Congress could have sanctioned such a system, given the other 

contemporaneous decisions it was making regarding UMTRCA. In its development of Title I, 

Congress insisted on significant and unusual regulatory controls, the most important of which 

were federal or state acquisition of tailings sites and disposal sites, the ultimate transfer to the 

federal government of the tailings and sites once remedial action was complete, and NRC 

licensing of DOE or such other federal agency as the President determined should be the ultimate 

custodian of the land and the tailings. Notwithstanding that the NRC objected to the licensing of 

DOE, the Congress insisted that such licensing be required. Against this background, it is not 

conceivable that Congress, to the extent it understood that the "other sites" might have mill 

tailings on them, would have accepted a separate remediation system for those sites free of the 

protections Congress had laboriously developed for the Title I program, especially NRC 

regulation.
2 

Mr. Liverman's Statement 

The response bases its arguments to the contrary on three portions of the legislative 

history: (i) a statement of James Liverman, DOE Acting Assistant Secretary for the 

Environment, (ii) language in a House committee report with respect to certain reporting 

requirements under the statute, and (iii) certain statements that the response asserts indicate that 

Title II was to apply only to existing and future licensed sites. None of this legislative history 

provides a basis for the NRC's current position.  

To begin with, the response's quote from Mr. Liverman can by no means be viewed as 

the Congress's final word on whether the sites DOE was still surveying would be covered by 

"currently in the process of evaluating" these sites for radioactivity hazards, that some of these 

sites would "probably" require remediation, but that "the need for remedial action [had not yet 

been] determined") ("Commerce Hearings").  

2 Of course, notwithstanding these intentions at the time of enactment, the FUSRAP sites 

ultimately were never incorporated into the program. They were, however, covered by Title II 

nonetheless, since that title was drafted comprehensively. As stated in its pending section 2.206 

petition, Envirocare is not arguing that the reason Title II was so drafted was to cover such sites.  

That may or may not have been the case. What is clear is that the title was drafted 

comprehensively to cover all eventualities, i.e., to cover everything that the Congress thought of, 

or might not have thought of, with regard to mill tailings.

3
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Title I. For one thing, Mr. Liverman appears to have been of more than one mind on the matter.  

In another passage, he indicated that after the current survey was complete, "DOE will be in a 

position to determine which, if any, of these properties could be included in this legislation." 3 

Far more important, from all indications Congress disagreed with the statement quoted in the 
response. As indicated, what Congress enacted in Title I was a provision that designated a one
year window for the post-enactment designation of sites other than the sites listed in the title. In 

discussing an early draft of this "window" provision, the EPA explained that "DOE has been 
conducting environmental surveys of old sites that were formerly used for research and 
development work in the early days of the Nation's atomic energy program. Some of these sites 

may be found to have similar conditions and would be covered under this bill." (Emphasis 
added.) In fact, before UMTRCA's enactment, the ongoing survey had already identified one 
site that involved a serious mill tailings problem-- Canonsburg, PA - and this site was 
immediately added to Title I.4 As for other sites in the survey, Congress specifically asked 
whether any of these sites were known to have mill tailings, and DOE indicated in response that 
it could not yet identify any such sites with mill tailings. 5 

In short, Congress from all indications believed it had successfully provided for the 
remediation of all inactive mill tailings sites not covered by a specific exemption. After listening 
to Mr. Liverman, the EPA and the other relevant hearing witnesses, the House Interior 
Committee explained that the 22 named Title I sites "consist of tailings resulting from operations 
under Federal contracts. None are now under active license by the Nuclear Regulatory 
Commission. While it is believed that these sites are the only ones which possess all such 

characteristics, the bill permits the inclusion [through the window provided] of any other sites 
meeting those characteristics."' 6 

Report Language On Reporting Requirements 

The response relies on House Commerce Committee report language that requires reports 

with regard to remedial activities concerning certain sites that were ultimately included in 
FUSRAP. The response notes that the sites are identified separately from Title I sites and 
concludes that Congress "viewed the FUSRAP sites as separate and distinct from the Title I 
sites." 

3 Commerce Hearings at 185.  

4 See UMTRCA § 102(a)(1); Uranium Mill Tailings Control Act of 1978: Hearings Before 

the Subcomm. on Energy and the Environment of the Comm. on Interior and Insular Affairs, 95h 
Cong. 49 (1978) ("Interior Hearings"); Commerce Hearings at 298.  

5 See, e.g., Commerce Hearings at 328-32 (giving a list of "all known mill tailings sites 

located in the United States" that did not include any sites in the survey except for Canonsburg).  

6 H. R. Rep. No. 95-1480, part 2, at 13 (1978) ("Interior Committee Report").

4

4018



10/26/00 15:03 ' 1019 

The reporting requirement in question, however, relates to a category of sites pecifically 

exempted from Title I: government-owned or controlled sites.7 There is no doubt that such sites 

were excluded from Title I coverage under section 101 (6)(A)(i) of UMTRCA. Thus, while it is 

true that some sites that later became FUSRAP sites are mentioned in the report language, that is 

only because they qualified for this specific exemption for federally owned sites. The language 

makes this clear: 

The Committee understands there that [sic] are a number of 

federally owned or controlled sites with such materials or tailings, 
such as the TVA site mentioned earlier and a DOE site in 

Lewiston, N.Y., and some in New Jersey.8 

(Emphasis added.) As the Commission is aware, FUSRAP deals primarily with privately owned 

sites. This passage thus in no way implies an exemption from UMTRCA's Title I, much less 

from Title II, for such sites or for FUSRAP generally.  

Moreover, the response's claim that each of the sites mentioned in this passage "was a 

FUSRAP site at the time Congress enacted UMTRCA" is not correct. First of all, there were no 

"FUSRAP sites" at the time of enactment. As indicated, no sites had yet been selected for 

remediation at that time.9 Moreover, "the TVA site" is "the Tennessee Valley Authority site at 

Edgemont, South Dakota," which has never been in the FUSRAP program and which was 

referred to repeatedly in hearings as an example of an excluded federal site.10 

References to Existin! Sites 

The response also notes references in the legislative history that it claims suggest that the 

new authority conferred by Title II was to apply only to milling operations that were active at the 

time of UMTRCA's enactment. For three reasons, however, those references cannot be relied on 

to justify the Commission's restrictive interpretation of Title II. First, to the extent that the 

references can-be read as the Commission characterizes them, the references are undeniably 

imprecise. For example, Title II unquestionably provided the NRC with authority to perform its 

Title I responsibilities, notwithstanding that those responsibilities do not relate to active mill 

operations.1 1 The Commission also has specifically acknowledged that it was provided 

7 This is one of the two principal exemptions from Title I, the other relating to licensed 

sites. It is significant that there is no independent exemption for FUSRAP sites that do not fall 

into these two categories.  

8 H. R. Rep. No. 95-1480, part 1, at 41 (1978) ("Commerce Report").  

9 See supra note 1.  

10 Commerce Hearings at 260; see also, L._., id. at 197, 328.  

11 Both the House Interior Committee report and the House Commerce Committee report 

on the legislation specify that the new section 84 of the AEA was to be used in part for the
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authority under Title II to regulate the Edgemont site, an inactive but licensed site. Just as the 

legislative history references quoted in the response should not be read to preclude the exercise 

of these authorities, they should not be read to foreclose the regulation of FUSRAP waste.  

Rather, they should be read to indicate that Title II is primarily, not exclusively, about active mill 

operations.  

Second, the references can be further explained by the fact, discussed earlier, that the 

Congress in 1978 assumed that the sites that ultimately were remediated under FUSRAP, if they 

were found to have mill tailings, were to be included in Title I as a result of the one-year window 

provision provided by that title. Consistent with that assumption, the Congress probably viewed 

the universe of mill tailings sites as essentially consisting of Title I sites and active mill 

operations. It is not surprising, therefore, that casual statements of the sort cited by the 

Commission appear in the record.  

Third, the flavor of those statements does not suggest an intent to restrict the 

Commission's authority. For example, the full paragraph from the House Commerce Committee 

report from which one of the references cited in the Commission's response was taken reads as 

follows: 

The lack of any control over these inactive sites under the 1954 act and other laws 

to require clean up of these sites is the principal basis for committee action to authorize 

this remedial program. This situation does not exist at active mill tailings sites. Those 

sites, even those with tailings derived from Federal contracts, are subject to NRC 

regulation as a result of the enactment of NEPA in 1970. The NRC can require these 

operators, as a condition to the granting of a license, to take steps to stabilize these piles, 

although the control is not adequate. Indeed, the NRC testified that it has obtained 

commitments from some licensees to cope with the problem to some degree. This bill 

will provide additional authority to effectively control tailings at these active and all 

future sites.  

(Emphasis indicates the statement that was quoted in the NRC's response.) There is no 

indication here of an intent to limit the Commission, or to insist that the "additional authority" 

should never be used at sites that are not active. Such statements should be contrasted with the 

clear statutory mandates of sections 81, 84 and 1 le.(2), which unambiguously provide that the 

Commission is not to be limited in its jurisdiction over mill tailings, as well as with the 

substantial legislative history indicating that UMTRCA's coverage was to be comprehensive.
12 

performance of these Title I responsibilities. Interior Committee Report at 21; Commerce Report 

at 45.  

12 See e.p. Commerce Report at 29, ("The committee is convinced that all tailings pose a 

potential and significant radiation health hazard to the public."); Interior Committee Report at 

15, ("The Commission... is the lead agency in regulation, oversight and management of 

uranium mill tailings-related activities. It is one of the major purposes of [UMTRCA] to clarify 

and reinforce these Commission responsibilities, with respect to uranium mill tailings at bo
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Conclusion 

In sum, neither the statutory language of section 83 nor UMTRCA's legislative history is 
in conflict with the view that the NRC's authority under UMTRCA relates to all mill tailings.  
Some further observations in support of this view are relevant here. The first is that Envirocare 
is not aware of any statutes that are drafted in the way the NRC now reads UMTRCA. It seems 
fair to ask whether any other statute exists where the controlling definition is drafted in 
unambiguously broad terms and where the reader is asked to import major limitations on that 
definition from other sections of the act that do not purport to modify the definition. It may 
further be asked whether the UMTRCA Congress, notwithstanding the statute's comprehensive 
objectives, would have denied the Commission authority (i) over all mill tailings on sites whose 
licenses terminated between 1978 and 1981, (ii) over all pre- 1978 mill tailings on sites rejected 
by FUSRAP, (iii) over all imported mill tailings, and (iv) over all pre- 1978 tailings on 
government sites, whether or not such sites were acquired by private parties prior to remediation.  
One must further ask whether the Congress would have endorsed legislation that would have left 
the NRC in regulatory limbo for three years in the manner referred to in the comment on the 
previous response. Finally one must ask whether the Congress, in a statute designed to curtail 
dual regulation, EPA regulation, and state regulation of mill tailings would have endorsed a 
statute where these objectives were essentially thwarted. 13 The Commission's interpretation 
requires one to accept that all of these unlikely and unfortunate circumstances came together in 
UMTRCA, notwithstanding that the actual language of the statute and the predominant themes of 
its legislative history clearly indicate just the opposite. Any such interpretation should be firmly 
rejected.  

active and inactive sites.") (Emphasis added.) For a more extensive discussion of the legislative 
history relating to UMTRCA's comprehensiveness, see Envirocare's Reply to the Supplemental 
Response of Envirosafe Services of Idaho, Inc. and the Environmental Technology Council and 
to the U.S. Army Corps of Engineers Letter Response at 23-38 (filed Sept. 13, 2000 with NRC) 
("Reply Brief').  

13 See discussion in Reply Brief at 45-49 and comments on subsequent response.
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SENATOR BAUCUS'S AND SENATOR GRAHAM'S QUESTION 2 

You have taken the position that the NRC does not have authority over the disposal of 
FUSRAP mill tailings. Does that mean that you cannot regulate the disposal of such 
material even at a site that is otherwise regulated by the NRC? Please explain your 
reasoning on this matter.  

The response to this question raises important safety concerns. Under the NRC's current 
position, the Commission's authority over FUSRAP mill tailings disposed of at NRC-licensed 
sites is necessarily subject to significant limitations. That is because if pre-1978 FUSRAP 
tailings are not licensable material, they cannot be regulated as such, whether or not they are sent 
to an NRC-licensed site. If we understand the response correctly, it is consistent with this view.  
The response observes that in the circumstances identified the NRC could impose its Part 20 
dose limits against the licensee. It does not claim, however, that all other regulations that are 
significant for safety purposes could be imposed with respect to the FUSRAP material.  

In Envirocare's view, the imposition and enforcement of a number of such regulations 
would be beyond the NRC's authority. For example, if pre-1978 material is brought on-site and, 
as is often the case, occupies a portion of the site separate from the site's post-1978 material, the 
radon flux standard of Criterion 6 of Part 40's Appendix A could not be imposed by NRC with 
respect to the pre-1978 material. The same can be said of other standards of safety significance, 
such as the ground water protection requirements of Appendix A's Table 5, the ALARA 
requirements of 10 CFR § 20.1101 (b), the storage and control requirements of 10 CFR 
§§ 20.1801 and 20.1802, the posting requirements of 10 CFR § 20.1902(a), and the long-term 
surveillance plan requirements of the general license issued under 10 CFR § 40.28. While these 
are all requirements that the NRC has determined are necessary for the protection of public 
health and safety where post-1978 material is concerned, the pre-1978 material would be free of 
such requirements. This would be the case notwithstanding that the pre-1978 material in 
question would be likely to have radiation levels that are on the higher end of the spectrum for 
such material. As the Commission is aware, the policy of the Army Corps of Engineers has been 
to send material with higher than normal radiation levels to NRC-licensed sites.1 

This does not mean, of course, that the material would not be subject to any alternative 
regulatory regime. From all indications, however, no federal regulation would be available. The 
Environmental Protection Agency has made clear that it does not regulate pre-1978 mill tailings, 
since, whatever the NRC's position may be, the EPA views this material as Atomic Energy Act 
byproduct material. 2 The NRC's position, accordingly, will leave the regulation of this material 
to state authorities, without regard to the level of competence and experience such authorities 

1 Needless to say, none of these same safety standards would apply at sites that are wholly 
unlicensed by the NRC, such as the RCRA disposal sites to which the Corps is now sending 
FUSRAP tailings with lower levels of radiation.  

2 Attachment to letter from EPA to Hon. Clint Stennett, Minority Leader, Idaho State 
Senate, at 3 (June 26, 2000).
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may have demonstrated with respect to the regulation of nuclear materials. Some of these states 
may have no Agreement State relationship of any sort with the NRC.3 

The NRC's position also will result in a related undesirable consequence: that of dual 
regulation of disposal sites. In the scenario discussed -where pre-1978 and post-1978 material 
exist on the same site in separate identifiable locations - the site owner typically will be 
subjected to two different sets of regulations and requirements. The Commission has recently 
considered dual regulation scenarios of this sort in other decision-making contexts and has 
generally regarded them as undesirable. 4 Moreover, it is clear that it was a principal objective of 
UMTRCA to avoid both dual regulation and state regulation of mill tailings.5 That the NRC's 
position will produce just the sort of regulation that the statute was designed to avoid is one of 
the many anomalous consequences associated with the Commission's position.  

An additional safety concern also warrants the Commission's attention. That concern 
relates to sites that were rejected by DOE for FUSRAP because of "hold harmless" clauses in the 
contracts under which the relevant waste was produced. These clauses, which arguably freed 
DOE from responsibility for the clean-up of such waste, have led to the denial of a significant 
number of FUSRAP applications. It is not clear that the sites involved will ever be remediated.  
A series of articles in USA Today recently discussed these developments. 6 While we are not in a 
position to evaluate the dimensions or severity of the risks involved, what is clear is that these 
sites will not be regulated by the NRC under its current position. That prospect provides an 
additional safety-related reason for reexamining the NRC's interpretation.  

3 The Corps, of course, could evaluate a state's radiation protection program and its 
competence to administer that program before sending this material to any given NRC-licensed 
site. There is serious question, however, whether the Corps institutionally is the appropriate 
agency to make these judgments. There can be no doubt that the Congress that enacted 
UMTRCA would not have thought so.  

4 See Commission vote sheets for SECY-99-0277 and SECY-99-0012.  

5 See Reply Brief at 48-49.  

6 Peter Eisler, Little Time For Safety As Arms Race Runs At Full Speed, USA Today, Sept.  

6, 2000, at 16A; Peter Eisler, Official Sites Got Attention: Private Sites Staved Private, USA 
Today, Sept. 6, 2000, at 16A.
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W(JCL=AR REGULATORY COMMISSION 
AGWNCY" Nuclear Regulatory commission.  

57 FR 20S25 

May 13, 1992 

Uranium Mill Facilities, Request for Public CommenSc on Revised Guidance on 
Disposal of Non-Atomic Energy Act of 1954, Section lie. (2) Byroduct Materia. in 
Tailings Impoauments and Position and Guidance on the Use of Uranium Mill Feed 
Materials Other Than Nar-ural Ores 
ACTION: Reiuest for public comment.  

SUMARY: The Nuclear Regulatory Commission (NRC) is soliciting. public coanPnt on 
two guidance documents: "Revised Guidance on Disposal of Non-Atomic Energy Act 
of 1954, section lie. (2) Byproduct Material in Ta.lirns Impoundments" and 
"Position ad Guidance *n the Use of Uranium Mill Ps¢d Materials Other Than 
Natural Ores:. along •rith the associated staff analyses.  

fT=ES: The coment period epirea June 12, 1592.  

ADD=SSES, Send written conjents to Chief, Rules and Directive.s Review Brazch, 
U.S. Nuclear Regulatory Commission, Washington. DC 20S55, or hand deliver to 
7920 Norfolk Avenue, Bethesda, MD, betweeLf 7:4S m.m. and 4;15 p.m. on Federal 
workdays.  
FOR FURTHER INFORX&TION CONTACT? Myron Fliagel, Office of Nuclear Materisl 
Safety and Safeguards, U.S- Nuclear Regulatory Conmmssion, Washington, DC 20555; 
telephone (301) 504-25SS.  

TEXT: StnPPLNETPARy IIORM•ATION: 

Discussion 

NRC stkaff hae prepared a revision to its licensing guidance, issued July 27, 
1988. on the disposal of tnaterial other than that defined ii section Ile. (2) of 
the Atomic Energy Act of 18S4 (AEA). as amended, in uranium mill tailings 
i.mpourndments (Part a of the Supplementary Ibformation). The staff has ^lso 
prepared new licensing guidance on the processing of feed materials other than 
natural ares in uxranium mills (Part ] of the Supplemenzary information). In 
developing the guidance, staff analyzed the policy and legal issues involved for 
each guidance document. In order to solicit input all interested parties on the 
issues aesociated with these guidance documents.- the NRC is soliciting comments 
fr•om thre public, rhe Envir•'rPental Protectlon Agency, NRC Agreement'States, and 
regional low-level waste compacts. Comments received will be considered in 
deciding whether che guidance documents should be revised.  

In the guidance documents and associated staff analyses, the term 
• ncn-Ile. (2) byproduct material L's used to refer to radioactive waste that is 
similar in physical and radiological characceristics (for example, low specific 
activity) to byproduct material, as defined in Section lIe. (2) of the A]EA bur
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does not meet the definition in that, section becauSe it is not derived from ors 

processed primarily for its source material content.  

The staff analyses in parts A and 2 conttain additional def ni•tions and 

extensive background information necessary to understand the suamary guidance 

documents. The reader shcould consult the analyae5 for the terms and issues 

presented in context.  

Part A -- Revised Guidance an DiSposal of Son-Atomic Bnergy Act of lqS4, 

Section Ile. (2) byproduct. material in Tailings ImpouunAdMts 

1. In reviewing licensee requetUst for the disposal of source material wastes 

chat have radiological characteri•Stics copparable to those of Atomic Rnergy Act 

(AMA) of 19S4. section lie, (2) byproduct material (hereafter designed as wiie!2) 

byproduct material*) in tailngs impoundments, staff will follow the guidance 

seat forth below. Licensi•xg of the receipt and disposal of such non-AlA, section 

lie. (21 b-rproduct materiul (bereafter designated as vnon-ll. (2) byproduct 

material") should be done under 10 CFR Part 40.  

2. Naturally occurring and accelerator produced material waste shall not be 

authorized for disposal in an Ile- (2) byproduct material impoundment.  

3. Special nuclear uamerial and Section lie, (I) product materiol waste should 

not be considered as candidatepS for disposal in a tailings impoundment, without 

compelling reasons to the contrary. If staff believes thar such material should 

be disposed of in a tailings impomndment in a Bp*CifiO instance, a req[est for 

approval by the Commission should be prepared.  

4. The lie. (2) licensee must demonstrate rhat the material is vot subject to 

applicable Resource Consfervation and Recovery Act regqulations 
or or-her U3.S.  

Onvironienetal Protection Agency standards for hazardous or' tok~ic wastes prior to 

disposal.  

S_. The lle(2) license* must demonsltrate that there are no Compreh~ensive 

gnvironmental Response, Compensation and Liability Act issues related to the 

disposal of the non-lle(W) byproduct material

6. The Ile. (2) licensee must damonscatUe that there will ba no significant 

environmental impact from diaposirg of this material

7. The Ile. (2) license uorus demonstrate that the proposed disposal will not 

ComproMise the rec•amation of the tailings impounudmnne by demonatrating 

compliance with the reclamation and closure criteria of appendix A of 10 cVR 

part 40.  

A. T- e lle, (2) licensee must provide docume•tation sh wiun approval by the 

Regional Low-Level Waste Compact in whose jurisdiction the waste originates as 

well as approval by the Compact in whose jurisdiction the disposal "site in 

located.  

R. The twpartment of Eneggy should be informed of the Nuclear Regulatory 

Commission findings and proposed action, with an opportunity to provide commence 

within 30 days, before granting the license amendment to the i•e. (2) licensee.

10025
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10. The mechanism to authorize the disposal of non-lie. (2) byproduct material 

in a tailings impoundment is an amendment to the mill license under 10 CFR Parxt 

4o, authorizing the receipt of the material and its disposal. Additionally, an 

exemption to the requirements of 10 CFR Part 61, under the authority of 9 61.6, 

must be granted. The license amendment and the 0 61.6 exemption should be 

supported with a staff analysis paper ad4ressing the issues discussed in this 

guidance.  

NRC Staff Analysis of Disposal of Non-Atomic Energy Act of 1954. Section 

lie. (2) Byproduct Material in Tailings Impoundments 

1. Introduction 

Recently, the Nuclear Regulatory Comm1ission (NRC) received several requests 

to allow activities other than the normal processing of native uranium ore at 

licensed uranium milling facilities, we have, in the past, receiveds and, in 

some cases, approved, sislilar requests. These requests have fallen into two 

categories. The first camegory of requests is to allow the processing of 

feedstock material that is not usually thought of as ors, for the extraccion of 

uranium, and then dispose of the resulting wastes and tailings in the facilityto 

tailings pile. The wecc.td category of requests is to allow the direct disposal 

of non-Atomic Energy Act (AR&) of 1954, section Ile. (2) byprodulct material nL 

heirafter designated as *non-Ile. (2) byproduct matezial"] . that was aot 

generated onsite, into tailings piles.  

n 1 For the purposes of this analysis, the term .non-llu. (2) byproduc; 

material# will be used to refer to radioactive waste that is similar to 

byproduct material, as defined in the APA in section Ile. (2), but in not legally 

considered to be lie. (2) byproduct material.  

In assessing these requests, the staff has raised two policy concerns related 

to tailings piles. The first concern is that the requested aýtivity might result 

in complicated, dual, or even multiple ragularion of the tailings pile, and the 

second concern is that the requested activity might jeopardize the ultimate 

transfer to the United 5tates Government, for perpetual cuetody and maintenance, 

of the reclaimed tailings pile.  

This analysis addres'ses the second category of requests, that is, requests to 

dispose of non-lie. (2) byproduct material in tailings pile*. Issues relating to 

such proposals requesting regulatory consideration of commingling of tailings 

with other radioactive wastes are discussed. This analysis is limited to options 

involving commingling with existing tailings impoundments.  

2. Background 

The Uranium Mill Tailings Radiation Control Act (UKMTRC) of 1978 amended the 

AEA to; specifically include uranium and thoarium mill tailings and other wastes 

froi the process as radioactive material to be licensed by NRC- Specifically, 
the definition of byproduct material wan revipcd in Section lie. (2) of the AFA.  

to include ". . . the tailings or wastes produced by the extraction or 

concentration of uranium or thorium from any ore processed primarily for its 

source material concent.0
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The definition of byproduct material n2 in Section lie. (2) of the AEA 

ineludes all the wastes resulting from the milling process, not just the 

radioactive components. In addition, Title II of UMTRCA amended the AEA to 

explicitly exclude the requirement for the Environmental Protection Agency (EPA) 

to permit lie. (2) byproduct material under the ResoUrce Conservation and 
Recovery Act (RCRA) - The designation of Ile. (2) byproduct material conrrasts 
significantly with the attuation for source material n3 and other radioactive 
materials controlled under the authority of the AFA. This possibility for dual 

regualation by both NRC and EPA can become an issue w1he4 dealing with mixed 
hazardous wastes. As a result of IMTRCA, NRC amended 10" CFR Part 40 to regulate 

the uranium and thorium tailings and wastes from the milling process. Thus, 

under normal operation, all the tailings and wastes in an N1C or Agreement State 

licensed mill producing uranium or thorium are classified as RIle. (2) byproduct 

material," and are disposed of in tailings piles regulated under Part 40. They 
are not subject to EPA regulation, under RCRA. However, the EPA Clean Air Act 
regulations still result in direct EPA permit authority over the mill tailings, 
whether or not they are :omingled with non-lie. (2) byproduct material waste.  

n 2 Renceforth, byproduct material as defined in Section lie. (2) of the ASA 
will be referred to as "mle. (2) byproduct material." 

n 3 Except Sn the case of source material ore, source material consists only 
of the radioactive components of the waste, that is; uranium, thorium, or any 
combinat Ion of the two (10 CFR 40.4 (h)J.  

The UMTRCA also required and provided for long-term custody and surveillance 
of the byproduct materia] and the land use for itis disposal. The Dcparteem of 
Energy (DOE) is the Federal agency currently devignated as the "custodial 
agency" by the AEA. However, the UMTRCA specifically referred only to lie. (2) 
byproduct material. UNTHCA contains no provision allowing for the transfer of 
custody or title, and hence for eventual long-term custody and surveillance of 
other material, even if the material were no more radioactive or toxic than the 
Uranium or thorium tailings themselves.  

3. The Category of Requests. for Commingled Disposal To Be Adressed 

Some licensees have proposed to directly dispose of radioactive wastes in 
existing uranium mill railings sites. The materials vary from tailingsr from 
excraccion proeesses for metals and rare-earth metals (such as. copper, tantalum, 
Columbium. zirconium) to spent resins from water-treatment processed. Kovever.  
Vecause theme materials did not result from the extraction or concentratio= of 
uranlium or thorium from ore, they are not lie. (C) byro..uct material. Many of 
We~ise 1orihanim" wastes have clevated concentrations of source marerial, and 
unless otherwise exempted, require licensed jontrol, it the materials exceed the 

0.05-percent licensable (c:oenfet of source material by weight) criterion in 10 
CFR Part 40. Some of the wastes proposed for commingling contain radioactive 
material, not regulated ky NRC. that classify as naturally-occurring and 
acoelerator-produced radioactive material (NARN) and as such cannot be easily 
disposed of. Tn most of the proposals the staff has seen, disposal of these 
materials" in tailings impoundments would not significantly increase the effect 
on the public health, safety, and environrent. Because of the relatively large 
volumes of these wastes, low-level waste disposal options are limited, These 
wastes arc similar to tailings in volume, radioactivity, and toxicity.  
Therefore, some waste producer$ see the mill tailtngg disposal sites as
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providing an economical o~ption for such disposal, 

4. Types of Wastes Being Proposed for Disposal into Tailings Piles 

The NRC and the Agreement states continue to receive rxequests for the direct 

disposal of non-lie. (2) byproduct material into uranium mill tailinge piles. The 

following general categories of non-Ile. (2) byproduct material illustrate the 

requests submitted to NRC and the Agreement States for disposal into uranium 

mill tailings piles licensed 4ader authority established by title II of UMTRCA: 

4.1 Mine Wastes 

To mine uranium or other source material ore from underground or open-pit 

mines, operators frequently need to dewater the mine cavities. This results in 

quantities of mine water uith sqspeyded or dissolved constituents,. some of which 

are source material. After processing the mine water to satisfy National 

Pollution Discharge Blimination System or other release requirements. the 

resultant clean mine water is then discharged offaite. In some cases, the 

resulting water-treatment filter-cake or sludge residues exceed the o. O5-percent 

licensable limit for source material. These residues do not satisfy the 

definition of lie. (21 byproduct material, because they do not result from the 

extraccion or eoncentration of uran-tuo or thorium froto ore, 

NRC and the Agreement States have been contacted by licensees and waste 

generators that desire to dispose of such filter-cake or sludge residue directly 

into the tailings piles at licensed uranium mill tailings sites, NRC has 
indicated that such material does 'not constitute lie, (2) byproduct material.  

4.2 Seconjdary Process Wastes 

Frequently. natural cres that are Erocessed for rare-earth or other matis 
have significant concenCrations of radioactive elements. kxamples inclade 
copper, zirconium, and vanadium ores. Sometimes the uranium is captured in a 

sicde-stream recovery operation, in which uranium is precipitated out of the 

pregnant solution, before or after the rare earth or other metal. Although this 

uide-stream recovery operation is licensed by NRC. the tailings (which consist 

of the crushed depleted ore and the depleted solution after recovery of metals 

and rare earths) are not lie- (2) byproduct material. This is because the ore was 

not processed primarily for its source material content, but for the rare earth 

"or other metal. If the tails contain greater tsan 0.05 percent urxEaium and 

thorium, they would be source material and would thus be licensable avd have to 

be disposed of in compliance with NRC regulations. NRC has received requeast 
from NRC and Agrecment State licensees to dispose of such tailings (resulting 
from processes to extract other metals) i.rCo licensed uranium mill tailipso 
piles.  

4.3 Formerly Utilized sites Remedial Action Program (FUSRAP) 

These sises primarily processed material, such as monazite sands, to exrract 
thorium for eacnmwrcial applications. Government contracts were issued-fr 
thorium source material used in the Manhattan Engineering Districc and early 
Atomic Energy Commn•4sion programs. Wastes resulting from that processing and 

disposed of at chese sites would qualify as Ile. (2) byproduct material. Nowever, 
it is not clear that all the contaminated material at these sites result from
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processing of ore for thriuam. At somne bites there was also processing for rare 

earths and other WetalS. The DoE. wlich accepts respon-al -ity for Ehe C . _ 

sateraia., is' invesiFgatinS options for disposal and control of these materials.  

pa.9 estimates that a total of 1-7 million cubic yards of material is located at 

sites in 13'States. Recent proposals have considered the transportation of 

FUBRAP materials from New Jersey to tailing piles at uranium mills in other 

states, such as Utah, Washington. and Wyoming.  

4.4 NARM 

These wastes result from a wide range of operations, but are not generally 

regulated by the ABA. Past requests for disposal in uranium mill tailing ponds 

have included contaminated resins from ion-exchange well-water purifying 

operations. NRC has also received -inquiries regardinxg the disposal of 

construction scrap and radium-contaminated soil from old commercial operations

The individual States usually administer the regulatory responsibility over 

NARM. but many other Federal agencies have jurisdictional responsaibIlities 

related to NARM. These include EPA, thv Consumer Product Safety Commisaion', the 

Department of Health and Human Services, and the Department of Labor. There im a 

State-licensed XAKM disposal facility in Clive. Utah, licensed to Envirocare of 

Utah, In-.  

Two common elements run through most of the requests we have received for 

direct disposal of non-fle.(2} byproduct material in tailiggs piles: the 

material is of low specific-activiry, and the macerial is physically eimilaz to 

lie. (2) byproduct material. Most of the requeses are for bulk material like 

poil, crushed rock, or sludges, contaminated with source material in relatively 
low eoncenrations.  

5. Previous Staff Guidance 

In response to a request from Region IV, the Director of the office of 

Nuclear Material Safety and Safeguards (NNSS) provided guidance for addressing 

requests to allow the disposal of nOn-lie. (2) byproduct material in licensed 

mill tailings impoundments_' Thc staff considered that the types of material 

proposed for cuch disposal could be separated into two categories: {l) NARM 

wastes; and (2) wastes generated by operations regulated under the AEA.  

In the guidance, the 4taff concluded that it would not approve a policy of 

allowing disposal of NARM wastes in tailings impoundments- A major concern was 
that NRC did not have authority tQ regulate HARM. If States or EPA became 

involved in regulation of NAM, a situacion with duplicative jurisdiction with 
respect to the commingled radioactive materials could be created- Furthermore, 

the Commission's authority, under section 84c of the AEA, to approve 
alternatives to requirements, if the NARM wastes wcre to violate standards, 
would be ivpaired.  

The staff viewed the other category, wastes generated by operations regulated 
under the AEA, as potentially acceptable in a mill tailings impoundment. Each 

such proposal should be considered on a cape-specific basis. The guidance 

identified four findings that would have to be made before NRC would authorize 
such disposal.
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