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4.5 TESTS AND INSPECTIONS 

4.5.1 Reactor Coolant System Inspection 
4.5.1.1 Non-Destructive Inspection of Material and Components 
Table 4.5-1 summarizes the quality control program for Reactor Coolant System components.  In 
this table, the non-destructive tests and inspections which are required by Westinghouse 
specifications on Reactor Coolant System components and materials are specified for each 
component.  The tests required by the applicable codes are included in this table.  Westinghouse 
requirements, which are more stringent in some areas than those requirements specified in the 
applicable codes, are also included.  The fabrication and quality control techniques used in the 
fabrication of the Reactor Coolant System were equivalent to those used for the reactor vessel. 

Westinghouse requires, as part of its reactor vessel specification, that certain special tests, which 
are not specified by the applicable codes, be performed.  These tests are listed below.  

1. Ultrasonic Testing - A 100% volumetric ultrasonic test of reactor vessel plate for 
shear wave was performed in addition to code requirements.  This 100% 
volumetric ultrasonic test is a severe requirement, but it assures that the plate is of 
the highest quality. 

2. Radiation Surveillance Program - In the surveillance program, the evaluation of 
the radiation damage is based on pre-irradiation testing of Charpy V-notch and 
tensile specimens and post-irradiation testing of Charpy V-notch, tensile, and 
wedge opening loading (WOL) fracture mechanics test specimens.  This program 
is directed toward evaluation of the effect of radiation on the fracture toughness of 
reactor vessel steels based on the transition temperature approach and the fracture 
mechanics approach, in accordance with ASTM-E-185, “Standard Recommended 
Practice for Surveillance Tests for Nuclear Reactor Vessels”.  The surveillance 
program does not include thermal control specimens.  These specimens are not 
required since the surveillance specimens will be exposed to the combined 
neutron irradiation and temperature effects and the test results will provide the 
maximum transition temperature shift.  Thermal control specimens as considered 
in ASTM-E-185 would not provide any additional information on which the 
operational limits for the reactor vessel are set. 
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4.5.1.1.1 Radiation Surveillance Program 
The reactor vessel surveillance program uses eight specimen capsules which is more than the 
minimum number recommended by ASTM-E-185.  The capsules are located about 3 inches from 
the vessel wall directly opposite the center portion of the core.  Sketches of an elevation and plan 
view showing the original location and dimensional spacing of the capsules with relation to the 
core, thermal shield and vessel and weld seams is shown in Figures 4.5-1 and 4.5-2, respectively.  
The capsules can be removed when the vessel head is removed, and can be replaced when the 
internals are removed.  The capsules contain reactor vessel steel specimens from the limiting 
shell plate located in the core region of the reactor and associated weld metal and heat affected 
zone metal.  (As part of the surveillance program, a report of the residual elements in weight 
percent to the nearest 0.01% will be made for surveillance material base metals and as deposited 
weld metal.)  In addition, 64 correlation monitors made from fully documented specimens of SA-
533 Grade B Class 1 material obtained through Subcommittee II of ASTM Committee E10, 
Radioisotopes and Radiation Effects, are inserted in the capsules for Unit No. 1 only.  The eight 
capsules contain approximately 32 tensile specimens, 352 Charpy V-notch specimens (which 
include weld metal and heat affected zone material) and 32 WOL specimens.  Dosimeters 
including Ni, Cu, Fe, Co-A1, Cd shielded Co-A1, Cd shielded Np-237 and Cd shielded U-238 
are placed in filler blocks drilled to contain the dosimeters.  The dosimeters permit evaluation of 
the flux seen by the specimens and vessel wall.  In addition, thermal monitors made of low 
melting alloys are included to monitor temperature of the specimens.  The specimens are 
enclosed in a tight fitting stainless steel sheath to prevent corrosion and ensure good thermal 
conductivity.  The complete capsule is helium leak tested.  Vessel material sufficient for at least 
2 capsules will be kept in storage should the need arise for additional replacement test capsules 
in the program. 
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The eight capsules for Unit No. 1 contain the following types and number of specimens.  

Material Capsule S, V, W, and X Capsule T and U Capsule Y and Z 

 Charpy Tensile WOL Charpy Tensile WOL Charpy Tensile WOL 

Limiting 
Plate∗ 10 -- -- 10 2 4 10 2 -- 

Limiting 
Plate∗∗ 10 2 4 10 -- -- 10 -- -- 

Weld Metal 8 2 -- 8 2 -- 8 2 4 

HAZ 8 -- -- 8 -- -- 8 -- -- 

Correlation 
Monitors 

8 -- -- 8 -- -- 8 -- -- 

 

                                                 
∗ Specimens machined in the major rolling direction of the plate. 
∗∗ Specimens machined normal to the major rolling direction of the plate. 
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The eight capsules for Unit No. 2 contain the following types and number of specimens. 

Material Capsule S, V, W, and X Capsule T, U, Y and Z 

 Charpy Tensile WOL Charpy Tensile WOL 

Limiting Plate* 8 -- -- 8 -- -- 

Limiting Plate** 12 2 4 12 2 -- 

Weld Metal 12 2 -- 12 2 4 

HAZ 12 -- -- 12 -- -- 

 

Each capsule contains the following dosimeters and thermal monitors.  

4.5.1.1.2 Dosimeters 
Pure Cu 

Pure Fe 

Pure Ni 

CoA1 (0.15% Co) 

CoA1 (Cadmium shielded) 

U238 (Cadmium shielded) 

NP237 (Cadmium shielded) 

 

                                                 
* Specimens machined in the major rolling direction of the plate. 
** Specimens machined normal to the major rolling direction of the plate. 
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4.5.1.1.3 Thermal Monitors 

97.5% Pb, 2.5% Ag (579°F MP) 

97.5% Pb, 1.75% Ag, 0.75% Sn (590°F MP) 

The fast neutron exposure of the specimens occurs at a faster rate than that experienced by the 
adjacent vessel wall because the specimens are located between the core and the vessel.  Since 
these specimens experience accelerated exposure and are actual samples from the materials used 
in the vessel, the RTNDT measurements are representative of the vessel at a later time in life.  

The calculated maximum fast neutron (E > 1 MeV) exposure of the reactor vessel at the 
clad/base metal interface after 32 EFPY of cumulative operating time is 1.802 x 1019 n/cm2 for 
Unit 1 and 1.625 x 1019 n/cm2 for Unit 2. 

The reactor vessel surveillance capsules were originally located at orientations shown in Figure 
4.5-2.  The capsule lead factors (ratio of fast fluence at the capsule location versus that at the 
vessel inner wall) for Unit 1 and 2 are listed below: 

 Unit 1 Unit 2 
Capsule Identification Lead Factor Lead Factor 

T 3.51 3.48 

X 3.51 3.46 

Y 3.51 3.47 

U 3.50 3.44 

W, V, Z 1.23 1.22 

S 1.82* 1.22 
 

*The projected Unit 1 lead factor for Capsule S above correlates to 32 EFPY.  The cumulative 
lead factor for Capsule S will continue to decrease with increased EFPY based on relocations of 
Capsule S in the reactor vessel in 1995 and 2010.  The projected lead factors as a function of 
EFPY are shown in LTR-REA-10-79. 

The Unit 1 capsule at the 4° position was originally known as capsules S while the Unit 1 
capsule at the 184° position was originally known as capsule W.  In 1995 the capsule at the 4° 
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position was moved to the 40° position and was re-designated as capsule W while the capsule at 
the 184° position was re-designated as capsule S.  These changes were documented in AEP 
Safety Review Screening Checklist CE-95-0309, dated 9/19/95. 

During Unit 1 refueling outage in March 2010 (U1C23), Capsule “W” was formally relocated 
back to its 4 degree location and re-named as capsule “S”, (which was its original designation).  
The designation of Capsule “S” at 184 degrees was changed back to “W” which was its original 
designation. 

Correlations between the calculations and the measurements on the irradiated samples in the 
capsules, assuming the same neutron spectrum at the samples and the vessel inner wall, are 
described in Sub-Section 4.5.1.3 and indicate good agreement.  

The anticipated degree to which the specimens will perturb the fast neutron flux and energy 
distribution will be considered in the evaluation of the surveillance specimen data.  Verification 
and possible readjustment of the calculated wall exposure will be made by use of data on 
withdrawn capsules.  Capsules T, U, X, and Y have been removed and tested for both units. 

The schedule for removal of capsules is as follows: 

Removal Time Effective Full Power Years (EFPY) 
Capsule Unit 1 Capsule Unit 2 

T 1.27 T 1.09 

X 3.48 X 5.27 

Y 4.95 Y 3.24 

U 9.17 U 8.65 

W 32   

S Standby S 32 

V, Z Standby V, W, Z Standby 

 

CNP has committed to pulling and testing one additional standby capsule at each unit between 
32 and 48 EFPY to cover the peak fluence expected at 60 years.  A fluence update will be 
performed at 32 EFPY when Capsules W (Unit 1) and S (Unit 2) are pulled and tested.  A 
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subsequent fluence update will be performed when the standby capsules at each unit are pulled 
and tested between 32 EFPY and 48 EFPY. 

4.5.1.1.4 Surveillance Capsule Program Update - Unit One Only 
In accordance with the Radiation Surveillance Program described previously, capsules T, X, Y 
and U were removed from Unit One reactor vessel at the defined removal time.  Capsules S, V, 
W, and Z remain in the vessel. 

Subsequent to the removal of capsule “U”, Unit One began operating at a reduced reactor coolant 
system temperature and pressure (RTP) to improve original steam generator longevity.  As a 
result of this change, it was decided to relocate one of the remaining radiation surveillance 
capsules to a higher lead factor area to determine the potential embrittlement affects of operating 
at reduced temperature and pressure. 

To address these changes from an administrative standpoint, the following changes have been 
made to the capsule designations.  It should be noted that the specimens located within the 
capsules are physically stamped with their original letter designations.   

The Unit 1 capsule at the 4° position was originally known as capsules S while the Unit 1 
capsule at the 184° position was originally known as capsule W.  In 1995 the capsule at the 4° 
position was moved to the 40° position and was re-designated as capsule W while the capsule at 
the 184° position was re-designated as capsule S.  These changes were documented in AEP 
Safety Review Screening Checklist CE-95-0309, dated 9/19/95. 

Figure 4.5.2a shown in revision 21.2 of the UFSAR provides a surveillance capsule location 
view for Unit One based on the capsule movements and re-designations described above. 

During Unit 1 refueling outage in March 2010 (U1C23), Capsule “W” was formally relocated 
back to its 4 degree location and re-named as capsule “S”, which was its original designation.  
The designation of Capsule “S” at 184 degrees was changed back to “W”, which was its original 
designation.  

At the conclusion of Fuel Cycle 14, the original Capsule “S” from location of 4 degree was 
relocated to 40 degree location in 1995 and was relocated back to 4 degree location in 2010.  The 
40 degree location is a higher lead factor location and Capsule “S” accumulated a higher dose for 
about 15 years.  Therefore, the total irradiation history of Capsule S encompassed Fuel Cycles 1 
through 14 at the 4º location, Fuel Cycles 15 through 22 at the 40º location, and Fuel Cycles 23 
and beyond at the 4º location.  At the time of capsule relocation, D. C. Cook Unit 1 had operated 
for a total of 22.381 Effective Full Power Years (EFPY). 
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The impact of the relocation of D. C. Cook Unit 1 Reactor Vessel Materials Surveillance 
Capsule “S” from a quadrant equivalent azimuthal location of 40º to an azimuthal location of 4º 
relative to the core cardinal axes at the conclusion of Fuel Cycle 22 has been documented in a 
Westinghouse report noted in Reference (2) in Section 4.5.1.4. 

By this back relocation of the capsule, Figure 4.5-2a becomes superseded and Figure 4.5-2 
provides the location of remaining four capsules going forward from U1C23. 

4.5.1.1.5 Quality Control Program 
Table 4.5-1 summarizes the quality control program with regard to inspections performed on 
reactor coolant system components.  In addition to the inspections shown in Table 4.5-1, there 
were those performed by the equipment supplier to confirm the adequacy of material he 
received, and those performed by the material manufacturer in producing the basic material.  The 
inspections of reactor vessel, pressurizer, and steam generator were governed by ASME code 
requirements.  The inspection procedures and acceptance standards required on piping materials 
and piping fabrication were governed by USAS B31.1 and Westinghouse requirements and are 
equivalent to those performed on ASME coded vessels.  

Procedures for performing the examinations were consistent with those established in the ASME 
Code Section III and were reviewed by qualified engineers.  These procedures have been 
developed to provide the highest assurance of quality material and fabrication.  They consider 
not only the size of the flaws, but equally as important, how the material is fabricated, the 
orientation and type of possible flaws, and the areas of most severe service conditions.  In 
addition, the accessible external surfaces of the primary reactor coolant system pressure 
containing segments received a 100% surface inspection by Magnetic Particle or Liquid 
Penetrant Testing after hydrostatic test (See Table 4.5-1).  Reactor vessel plate material was 
subjected to angle beam as well as straight beam ultrasonic testing to give maximum assurance 
of quality.  Reactor vessel forgings received the same inspection.  In addition, 100% of the 
material volume was covered in these tests as an added assurance over the grid basis required in 
the code.  

Quality Control engineers monitored the supplier’s work, witnessing key inspections not only in 
the supplier’s shop but in the shops of subvendors of the major forgings and plate material.  
Normal surveillance included verification of records of material, physical and chemical 
properties, review of radiographs, performance of required tests, and qualification of supplier 
personnel.  
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Section III of the ASME Code required that nozzles carrying significant external loads are 
attached to the shell by full penetration welds.  This requirement was carried out in the reactor 
coolant piping, where auxiliary pipe connections to the reactor coolant loop were made using full 
penetration welds.  

The Reactor Coolant System components were welded under procedures, which required the use 
of both preheat and post-heat.   

Preheat requirements, not mandatory under Code rules, were performed on weldments including 
P1 and P3 materials which are the materials of construction in the reactor vessel, pressurizer and 
steam generators.  The purpose of using both preheat and post-heat of weldments was to produce 
tough, ductile metallurgical structures in the completed weldment.  Preheating produces tough 
ductile welds by minimizing the formation of hard zones.  Post-heating achieves this by 
tempering any hard zones, which may have formed due to rapid cooling.  

4.5.1.1.6 Electroslag Weld Quality Assurance 
The 90o elbows used in the reactor coolant loop piping are electroslag welded.  The following 
efforts were performed for quality control of these components.  

1. The electroslag welding procedure employing one wire technique was qualified in 
accordance with the requirements of ASME Boiler and Pressure Vessel Code 
Section IX and Code Case 1355 plus supplementary evaluations as requested by 
WNES-PWRSD.  The following test specimens were removed from a 5-inch thick 
weldment and successfully tested.  They are:   

a. 6 Transverse Tensile Bars - as welded 

b. 6 Transverse Tensile Bars - 2050°F, H20 Quench 

c. 6 Transverse Tensile Bars - 2050°F, H20 Quench + 750°F stress relief 
heat treatment 

d. 6 Transverse Tensile Bars - 2050°F, H20 Quench, tested at 650°F 

e. 12 Guided Side Bend Test Bars 

2. The casting segments were surface conditioned for 100% radiographic and 
penetrant inspections.  The acceptance standards were ASTM E-186 severity level 
2 except no category D or E defectiveness was permitted and USAS Code Case 
N-10, respectively.   
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3. The edges of the electroslag weld preparations were machined.  These surfaces 

were penetrant inspected prior to welding.  The acceptance standards were USAS 
Code Case N-10.   

4. The completed electroslag weld surfaces were ground flush with the casting 
surface.  Then, the electroslag weld and adjacent base material were 100% 
radiographed in accordance with ASME Code Case 1355.  Also, the electroslag 
weld surfaces and adjacent base material were penetrant inspected in accordance 
with USAS Code Case N-10.   

5. Weld metal and base metal chemical and physical analyses were determined and 
certified.   

6. Heat treatment furnace charts were recorded and certified.   

Reactor coolant pump casings fabricated by electroslag welding were qualified as follows: 

1. The electroslag welding procedure employing two and three wire technique was 
qualified in accordance with the requirements of the ASME Code Section IX and 
Code Case 1355 plus supplementary evaluations as requested by WNES-PWRSD.  
The following test specimens were removed from an 8 inch thick and from a 12 
inch thick weldment and successfully tested for both the 2 wire and the 3 wire 
techniques, respectfully.  They are: 

a. Two wire electroslag process - 8” thick weldment.   

1. 6 Transverse Tensile Bars - 750°F post weld stress relief 

2. 12 Guided Side Bend Test Bars 

b. Three wire electroslag process - 12” thick weldment 

1. 6 Transverse Tensile Bars - 750°F post weld stress relief 

2. 17 Guided Side Bend Test Bars 

3. 21 Charpy-V Notch Specimens 

4. Full section macro examination of weld and heat affected zone 

5. Numerous microscopic examinations of specimens removed from 
the weld and heat affected zone regions 

6. Hardness survey across weld and heat affected zone 
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c. A separate weld test was made using the 2-wire electroslag technique to 

evaluate the effects of a stop and restart of welding by this process.  This 
evaluation was performed to establish proper procedures and techniques as 
such an occurrence was anticipated during production applications due to 
equipment malfunction, power outages, etc.  The following test specimens 
were removed from an 8 inch thick weldment in the stop-re-start-repaired 
region and successfully tested.  They are:   

1. 2 Transverse Tensile Bars - as welded 

2. 4 Guided Side Bend Test Bars 

3. Full section macro examination of weld and heat affected zone.   

d. The weld test blocks in a., b., and c. above were radiographed using a 24 
MeV Betatron.  The radiographic quality level as defined by ASTM E-94 
obtained was between one-half of 1% to 1%.  There were no 
discontinuities evident in any of the electroslag welds.   

2. The casting segments were surface conditioned for 100% radiographic and 
penetrant inspections.  The radiographic acceptance standards were ASTM E-186 
severity level 2 except no category D or E defectiveness was permitted for section 
thickness up to 4½ inches and ASTM E-280 severity level 2 for section 
thicknesses greater than 4½ inches.  The penetrant acceptance standards were 
ASME Code Section III, paragraph N-627.   

3. The edges of the electroslag weld preparations were machined.  These surfaces 
were penetrant inspected prior to welding.  The acceptance standards were ASME 
Code Section III, paragraph N-627.   

4. The completed electroslag weld surfaces were ground flush with the casting 
surface.  Then, the electroslag weld and adjacent base material were 100% 
radiographed in accordance with ASME Code Case 1355.  Also, the electroslag 
weld surfaces and adjacent base material were penetrant inspected in accordance 
with ASME Code Section III, paragraph N-627.   

5. Weld metal and base metal chemical and physical analyses were determined and 
certified.   

6. Heat treatment furnace charts were recorded and certified.   
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4.5.1.1.7 In-Process Control of Variables 
There are many variables that must be controlled in order to maintain desired quality welds.  
These, together with an explanation of their relative importance are as follows:  

1. Heat Input vs Output 

The heat input is determined by the product of volts times current and is measured 
by voltmeters and ammeters, which are considered accurate, as they are calibrated 
every 30 days.  During any specific weld these meters are constantly monitored 
by the operators.  

The ranges specified are 500-620 amperes and 44-50 volts.  The amperage 
variation, even though it is less than ASME allows by Code Case 1355, is 
necessary for several reasons:  

a. The thickness of the weld is in most cases the reason for changes.   

b. The weld gap variation during the weld cycle will also require changes.  
For example, the procedure qualifications provide for welding thicknesses 
from 5” to 11” with two wires.  The current and voltage are varied to 
accommodate this range.   

c. Also, the weld gap is controlled by spacer blocks.  These blocks must be 
removed as the weld progresses.  Each time a spacer block is removed 
there is the chance of the weld pinching down to as much as 1” or opening 
to perhaps as much as 1½”.  In either case, a change in current may be 
necessary.   

d. The heat output is controlled by the heat sink of the section thickness and 
metered water flow through the watercooled shoes.  The nominal 
temperature of the discharged water is 100°F.   

2. Weld Gap Configuration 

As previously mentioned, the weld gap configuration is controlled by 1¼” spacer 
blocks.  As these blocks are removed there is the possibility of gap variation.  It 
has been found that a variation from 1” to 1-3/4” is not detrimental to weld 
quality as long as the current is adjusted accordingly.   
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1. Flux Chemistry 

The flux used for welding is Arcos BV-1 Vertomax.  This is a neutral flux whose 
chemistry is specified by Arcos Corporation.  The molten slag is kept at a nominal 
depth of 1-3/4” and may vary in depth by plus or minus 3/8” without affecting the 
weld.  This is measured by a stainless steel dipstick.   

2. Weld Cross Section Configuration 

It is noted that the higher the current or heat input and the lower the heat output 
the greater the dilution of weld metal with base metal.  This causes a more round 
barrel-shaped configuration as compared to welding with less heat input and 
higher heat output.  This would cut the amount of dilution to provide a more 
narrow barrel-shaped configuration.  This is also a function of section thicknesses; 
the thinner the section, the more round the pattern that is produced.   

3. Welder Qualification 

Welder qualification is in accordance with ASME Code, Section IX rules, using 
transverse side bend test specimens per Table Q.24.1. 

4.5.1.2 Reactor Coolant System In-Service Inspection Program 
1. Introduction 

a. Basis 

The in-service inspection program is based, as far as is practicable, on the 
applicable edition of Section XI of the ASME Code, In-Service Inspection 
of Nuclear Power Plant Components.  Since this code was not available 
during the early design stages, 100-percent compliance may not be 
feasible.  Access for in-service examination was considered during the 
final design, and modifications were made where practical to make 
provisions for maximum accessibility within the limits of the basic plant 
design.  For details of these provisions, see item 4, Access For 
Examination.   

b. Methods of Examination 

Although ultrasonic techniques will be used for most of the volumetric 
examination, radiography may be used on small-diameter piping as well as 
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for cast structures and other areas where material characteristics do not 
allow the use of ultrasonic techniques.   

The method of examination planned for each area - volumetric, surface, or 
visual - is detailed as part of the in-service inspection program.   

2. Inspection Program 

The ISI Program Plan was developed according to the requirements of 10 CFR 
50.55(a), paragraph g(4).  Every ten years the program will be updated in 
accordance with 10 CFR 50.55(a), paragraph g(4). 

3. Examination Techniques and Personnel Qualifications 

The in-service examinations are scheduled to be performed by several techniques.  
These techniques are listed below with some comments as to their applicability.   

a. Visual Examination - A visual examination can readily be made of the 
exterior of the piping and its supports, valves and their supports, pumps 
and their supports, and the pressurizer and the steam generators when the 
insulation has been removed.  With the insulation in place, a visual 
examination can determine relatively gross changes, leaks, support hanger 
settings, etc.  A visual examination can be made of the exterior of the 
upper closure head outside the control rod drive structure, but a visual 
examination of the interior surface of the head will require either 
decontamination or remote techniques.  A gross visual examination of the 
interior of the reactor can be made through the use of monoculars or 
binoculars of 5X to 10X magnification.  A critical visual examination can 
be made with remote viewing equipment such as borescopes or television 
systems.  Direct or remote visual examination of the internal surfaces of 
the vessel can indicate surface scratches or evidence of corrosion, erosion, 
misalignment, or movement, but it is not believed to be capable of 
determining cracking in the cladding.  Mechanical removal of the oxide 
layer can make cracks visible by direct or remote visual observation, but 
this technique is only feasible on selected areas.   

In general, visual examination shall be conducted in conformance with 
Section XI of the ASME Boiler and Pressure Vessel Code.   
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b. Surface Examination 

1. Magnetic Particle Examination - This examination is applicable 
only to ferromagnetic materials and, in general, shall be conducted 
in conformance with Section XI of the ASME Boiler and Pressure 
Vessel Code.   

2. Liquid Penetrant Examination - This examination is applicable to 
any nonporous surface.  As with visual techniques, liquid penetrant 
techniques usually cannot detect cracks in the cladding after the 
system has been in service unless the surface oxide is mechanically 
removed.  Any liquid penetrant examination conducted shall be in 
conformance with Section XI of the ASME Boiler and Pressure 
Vessel Code.   

c. Volumetric Examination 

Radiography - This technique was used to examine almost all of the 
pressure boundary welds in the system covered by Section III of the 
ASME Boiler and Pressure Vessel Code.  These techniques may be 
duplicated in-service on most of these welds with the exception of those in 
the reactor pressure vessel.  However, as pointed out for the pump casing 
welds, such radiography may be very difficult during in-service inspection 
due to the background radiation and the geometry involved.  Thus, where 
radiography must be employed during in-service inspection, techniques 
and results that are not in conformance with Section XI of the ASME 
Boiler and Pressure Vessel Code may be required.  However, any 
radiography to be performed, will be in accordance with the Code as far as 
is practical.   

Ultrasonic Examination - This will be performed using both manual and 
automated techniques, depending upon the radiation level and the 
geometry involved.  The procedures used for the in-service inspection 
program, in general, conform with Section XI of the ASME Boiler and 
Pressure Vessel Code.   

d. Personnel Qualification 
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Personnel performing the nondestructive examination operation are 
qualified in accordance with SNT-TC-1A as applicable to the examination 
techniques and methods used.  All in-service nondestructive examinations 
will be performed by or under the direct supervision of Level II personnel.  
Personnel performing examinations not covered by SNT-TC-1A, shall be 
qualified to comparable levels of competence by subjection to comparable 
examinations.   

Detailed procedures have been written for all examination methods.   
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4. Access for Examination 

a. Plant Accessibility 

The following provisions and modifications were performed within the 
limits of the basic plant design to maximize the plant accessibility for 
examination purposes:   

1. The reactor vessel closure head is stored dry on the reactor 
operating deck during refueling to facilitate visual examination.   

2. Reactor vessel studs, nuts and washers are removed todry storage 
during refueling.   

3. Removable plugs are provided in the primary shield just above the 
nozzle welds, and the metallic insulation covering the nozzle welds 
is readily removable.   

4. Those components and piping requiring insulation and subject to 
in-service inspection according to Section XI are provided with 
readily removable metallic insulation over all welds (except for the 
reactor vessel shell and those piping welds in the primary shield 
and crane wall penetrations).   

5. The reactor coolant pump design was modified to include a 
removable coupling (spool piece) between the motor and pump to 
facilitate reactor coolant pump seal inspection and/or replacement.   

6. Access holes are provided in the lower internals barrel flange to 
allow remote access to the reactor vessel internal surfaces between 
the flange and the nozzles without removal of the lower internals.   

7. A removable manway is provided in the lower internals lower core 
support plate to allow remote visual examination of the reactor 
vessel bottom head without removal of the lower internals.   

8. Manways are provided in the steam generator channel head and 
pressurizer top head to allow access for internal examination.   

9. Subsequent to the formal issue of the Section XI code, 
requirements were established to locate, where possible, piping 
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deadweight and seismic supports and rupture restraints to reduce to 
a minimum the interference with examination.   

b. Reactor Vessel 

The reactor vessel presents special problems in access because of the 
radiation levels and the need for remote underwater accessibility.  Because 
of these limitations, several steps were incorporated into the design and 
fabrication of the vessel to facilitate the preparation for in-service 
examination.  These are:   

1. The design of the reactor vessel in the core area is a clean, 
uncluttered cylindrical surface to permit positioning of in-service 
examination tools without obstruction.   

2. Shop ultrasonic examinations were performed on internally clad 
surfaces to an acceptance and repair standard to assure an adequate 
cladding bond to allow ultrasonic testing of the base metal.  
Indications of cladding separation whose amplitude equals or 
exceeds that of a 3/4T reference hole were not permitted.   

3. Subsequent to the reactor vessel shop hydrostatic test, important 
areas of the reactor vessel were ultrasonically tested and mapped.   
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4.5.1.3 Determination of Reactor Vessel RTNDT 

A. Measurement of Integrated Fast Neutron (E > 1.0 MeV) Flux at the Irradiation 
Samples 

The current plans for the Unit 1 and Unit 2 Reactor Vessel Irradiation 
Surveillance Program, as developed by Southwest Research Institute, contain the 
detailed procedures that describe the methods used to test the irradiation samples 
and to determine their specific activity and analyze and compute the neutron 
fluence exposure.  The procedure is generally applicable for testing and analysis 
of any gamma-emitting specimens but is used specifically for: 

1. 59Co (n,γ) 60Co 

2. 58Ni (n, p) 58Co 

3. 54Fe (n, p) 54Mn 

4. 63Cu (n,α) 60Co 

The procedures are based on ASTM Method E181, “Standard General Methods 
for Analysis of Radioisotopes”, ASTM Method E261,”Standard Method for 
Measuring Neutron Flux by Radioactivation Techniques”, and ASTM E185, 
“Standard Recommended Practice for Surveillance Tests for Nuclear Reactor 
Vessel”.  The procedures are used to correlate the neutron fluence with the 
changes in reactor vessel material fracture toughness properties so that the heat-up 
and cool-down limitations can be determined in accordance with requirements of 
the Technical Specifications.  See Section 4.4 for further details.   

B. Calculation of Integrated Fast Neutron (E > 1.0 MeV) Flux at the Irradiation 
Samples (Reference 1) 

As part of the surveillance testing and evaluation program, the neutron transport 
and dosimetry analysis serves two purposes:  (1) to determine the neutron fluence 
(E > 1.0 MeV) in the surveillance capsule where the metallurgical test specimens 
are located and (2) to determine the neutron fluence (E > 1.0 MeV) incident on 
and within the reactor pressure vessel (RPV). 

The methodology for RPV fluence determination is based on combining results of 
transport calculations with measured dosimeter activities.  The transport 
calculations provide three important sets of data in the overall analysis:  (1) 
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spectrum-weighted, effective dosimeter cross sections, (2) lead factors for various 
locations in the RPV, and (3) fluence rates at locations of interest. 

The calculated effective cross sections for different dosimeters are divided into 
the measured reaction rates in order to obtain the fluence rate (E > 1.0 MeV) at 
the capsule location.  The corresponding fluence rates at various depths into the 
RPV are obtained by dividing the capsule fluence rate by the appropriate lead 
factors.  Both the effective cross sections and the lead factors depend only on 
ratios of computed results so that absolute calculations are not required.  The 
measured dosimeter activities provide the fluence rate normalization.  However, 
absolute fluence rates are calculated to compare with measurements to provide a 
measure of the uncertainty involved in the RPV fluence determination procedure. 

Industry developments have improved upon neutron flux calculation techniques 
used in earlier Southwest Research capsule analysis reports for Units 1 & 2.  The 
capsule analysis reports should be consulted for the specific technique employed 
to compute the neutron flux.  The current technique utilizes a discrete ordinates 
calculation using an updated version of the Dot 4 one and two-dimensional 
neutron/photon transport code to obtain the radial ® and azimuthal (θ) fluence-
rate distribution for the vessel geometry and capsule location.  The inclusion of 
the surveillance capsules in the R-θ model accounts for the significant 
perturbation effects from the physical presence of the capsules.  A 47-group 
energy structure for the SAILOR cross-section, and S8 angular structure and a P3 
Legrendre cross-section are used in the computations. 
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C. Measurement of the Initial RTNDT of the Reactor Pressure Vessel Base Plate and 

Forgings Material 

The unirradiated or initial RTNDT temperature of pressure vessel base plate and 
forgings material is measured by two methods.  These methods are the drop 
weight test per ASTM E208 and the Charpy V-notch impact test (Type A) per 
ASTM E23.  The RTNDT temperature is defined in ASTM E208 as “the 
temperature at which a specimen is broken in a series of tests in which duplicate 
no break performance occurs at 10°F higher temperature”.  Using the Charpy V-
notch test, the RTNDT is defined as the temperature at which the energy required 
to break the specimen is a certain “fixed” value.   

For ASTM A533B Class 1, A508 Class 2 and A508 Class 3 steel the ASME III 
Table N-421 specifies an energy value of 30 ft-lb.  This value is based on a 
correlation with the drop weight test and is referred to as the “30 ft-lb-fix”.  A 
curve of the temperature versus energy absorbed in breaking the specimen is 
plotted.  To obtain this curve, 15 tests are performed which include three tests at 
five different temperatures.  The intersection of the energy versus temperature 
curve with the 30 ft-lb ordinate is designated as the RTNDT. 

As part of the surveillance program, Charpy V-notch impact tests, tensile tests, 
and fracture mechanics specimens are taken from the core region plates and 
forgings, and core region weldments including heat-affected zone material.  The 
test locations are similar to those used in the tests by the fabricator at the plate 
mill.   

The uncertainties of measurement of the RTNDT of base plate are: 

1. Differences in Charpy V-notch foot pound values at a given temperature 
between specimens. 

2. Variation of impact properties through plate thickness.   

The fracture toughness technology for pressure vessels and correlation with 
service failures based on Charpy V-notch impact data are based on the averaging 
of data.  The Charpy V-notch 30 ft-lb “fix” temperature is based on multiple tests 
by the material supplier, the fabricator, and by Westinghouse as part of the 
surveillance program.  In the review of available data, differences of 0°F to 
approximately 40°F are observed in comparing curves plotted through the 
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minimum and average values respectively.  The value of RTNDT derived from 
the average curve is judged to be representative of the material because of the 
averaging of at least 15 data points, consistent with the specified procedures of 
ASTM E23.  In the case of the assessment of RTNDT shift due to fast neutron 
flux, the displacement of transition curves is measured.  The selection of 
maximum, minimum or average curves for this assessment is not significant since 
like curves are used.   

There are quantitative differences between the RTNDT temperature 
measurements at the surface, ¼ thickness or the center of a plate.  Differences in 
RTNDT temperature between ¼ T and the center in heavy plates had been 
observed to vary from improvement in the RTNDT temperature to increases up to 
85°F.  The RTNDT temperature at the surface had been measured to be as much 
as 85°F lower than at ¼ T. 

The ¼ T location is considered conservative since the enhanced metallurgical 
properties of the surface are not used for the determination of RTNDT 
temperature.  In addition, the limiting RTNDT temperature for the reactor vessel 
after operation is based on the RTNDT temperature shift due to irradiation.  Since 
the fast neutron dose is highest at the inner surface, usage of the ¼ T RTNDT 
temperature criterion is conservative.   

Data are being accumulated on the variation of RTNDT across heavy section 
steels at Westinghouse Nuclear Energy Systems.  Similarly, the Pressure Vessel 
Research Committee sponsors an evaluation of properties of pressure vessel steels 
in plates and forgings greater than 6 inches thick.  Preliminary data show RTNDT 
temperature differences between ¼ T and center of less than 20°F.  The present 
criteria of using RTNDT temperature + 60°F at the ¼ T location without taking 
advantage of the enhanced properties at the surface of reactor vessel plates is 
conservative.   

To assess any possible uncertainties in the consideration of RTNDT temperature 
shift for welds, heat affected zone, and base metal, test specimens of these three 
“material types” are included in the reactor vessel surveillance program.   
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4.5.1.4 References for Section 4.5 

1. “Reactor Vessel Material Surveillance Program for Cook Nuclear Plant Unit 2 
Analysis of Capsule X,” P. K. Nair, et. al. (May 1987) 

2. Westinghouse letter No. AEP-10-89 dated May 20, 2010 and its attachment 
Engineering Report No. LTR-REA-10-79 
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