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INTRODUCTION   
 
The Electric Power Research Institute’s Materials Reliability Program (MRP) has developed an 
Inspection and Evaluation (I&E) Guideline (MRP-227) [1] to meet the requirements for aging 
management of pressurized water reactor vessel internals and license renewal activities. To support 
the guidelines MRP has also developed an Inspection Standard (MRP-228) [2] that provides the 
inspection requirements and this paper describes them. The inspection of vessel internals will be a 
necessary component of a plant's License Renewal and become a regulatory commitment. Generally, 
visual examinations will be used to detect evidence of age related degradation mechanisms but 
ultrasonics are used to examine bolting. During development of the I&E Guidelines several 
components have been identified as being potential areas to consider for inspection. Most of these 
components are susceptible to damage mechanisms that are not typically included in a nuclear in-
service inspection program for the pressure boundary components and these are addressed in the 
Inspection Standard. The Inspection Standard describes NDE procedure requirements for visual and 
ultrasonic (UT) examinations. (Fig 1)  It also describes demonstrations that have been conducted for 
the ultrasonic examination of bolts.   

 
Figure 1 - Internals Baffle and Former Plates 

 
 

BACKGROUND 
 
The process for NDE system qualification described herein is based on the use of technical 
justifications as described in the American Society of Mechanical Engineers Boiler and Pressure 
Vessel Code, Section V, Article 14 [3] and is similar to the European Network for Inspection 
Qualification (ENIQ).  The Technical Justification is a detailed explanation of the procedure including 
the method, and any laboratory or field experience that support the procedure capabilities.  The 
Technical Justification provides the technical basis and rationale for the qualification.   

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rti

cl
e:

ht
tp

s:
//w

w
w

.n
dt

.n
et

/?
id

=1
17

23



 

This qualification process builds on the field experience and previous work performed by the 
inspection vendors and other inspection organizations to develop the examination systems already in 
use today throughout industry and does not mandate any new performance demonstrations.  Where 
there is a need to simulate performance specific examinations for the purpose of preparing the 
Technical Justifications required by the Inspection Standard, or for other reasons, such as to qualify 
improved techniques, new or existing vendor mockups may be used or, where mockups of such 
components are not otherwise available, mockups developed by the MRP may be used. 

The general procedures describe the requirements for NDE system qualification, use of 
mockups, and general requirements for visual and ultrasonic examination for reactor vessel internal 
components.  An NDE system is generally defined as the procedure, personnel, and equipment used to 
perform an NDE examination.  The term NDE system is applicable for any method of examination, 
including visual inspection. The general procedures provide a uniform approach for NDE system 
qualification and consistency in the application of examination methods. 

 
 

TECHNICAL JUSTIFICATIONS FOR NDE SYSTEM QUALIFICATION 
 
The Technical Justification is a required written report providing the detailed explanation of the 
examination process, including the theory of the examination technique as applied to reactor internals 
inspections, the essential variables of the procedure, other influential parameters important to the 
overall performance of the examination system, and field experience and/or mockup demonstrations 
supporting the capabilities of the NDE system.  The Technical Justification includes a description of 
the active or anticipated material damage mechanisms and the NDE evaluation process used to 
interpret the results of the applied examination technique.  Prior to use of an NDE system for reactor 
internals inspections, the Technical Justification report shall be reviewed and approved by the utility. 

The content of the Technical Justification shall be as follows: (1) Description of the 
component(s) and degradation mechanism(s), (2) General description of the NDE system, (3) 
Influential parameters important to the overall examination performance, including the essential 
variables of the procedure, (4) Description of the Examination Technique, and  (5) Description of 
Procedure Experience.  

 
 

VISUAL INSPECTION OF REACTOR PRESSURE VESSEL (RPV) INTERNALS, 
COMPONENTS, AND ASSOCIATED REPAIRS 
 
The Inspection Standard is to be used by pressurized water reactor utilities when performing visual 
examination (Enhanced VT-1, detailed VT-1 and general VT-3) of reactor vessel (RPV) internals, 
components, and associated repairs to meet the recommendations set forth in applicable Materials 
Reliability Program documents. As used in this paper, the EVT-1 and VT-1 techniques are used for 
detecting surface imperfections and flaws such as cracks, wear, erosion, and corrosion.  Specifically, 
EVT-1 is used for the detection of surface breaking flaws, whereas VT-1 is used to detect surface 
conditions such as gaps.  VT-3 is used for detecting general degradation conditions. ASME Section 
XI [4] describes VT-1 and VT-3 while MRP-228 provides the requirements for EVT-1. 
 



 

Visual Personnel Training/Experience  
Personnel evaluating inspection data shall receive a minimum of four (4) hours of indoctrination 
training on inspection requirements and specific information related to the component(s) being 
examined. This training shall include the following, as a minimum: 
 

a. A review of actual inspection video recordings of the specific components, if available, 
showing the types of flaws or relevant conditions to which the components are susceptible.  
If video recordings of the specific components are not available, video recordings of other 
components or representative mockups exhibiting similar flaws or relevant conditions should 
be used. 

b. Various types of non-relevant indications that may be encountered such as grinding, 
machining, crud build-ups, mechanical marks from fabrication/erection, etc. 

c. Identification of areas prone to cracking, including details and characteristics of cracks that 
might be found in these areas. 

d. The effects of surface conditions on detecting and evaluating indications, including the 
masking effects of crud build-ups and other extraneous materials. 

e. Lighting variables, such as intensity, direction, and number of light sources, and the need to 
continuously monitor lighting and make adjustments during the examination to maintain 
maximum examination sensitivity.  

f. Inspection techniques which maximize the ability to detect and evaluate indications. 
 
Utilities shall also conduct site specific training for all personnel evaluating inspection data. The 

training shall include utility-specific procedural requirements, configuration details, previous 
inspection results, operation of inspection equipment, specific outage inspection scope, and any other 
pertinent information related to inspection, evaluation and reporting, as applicable. MRP has 
fabricated some mockups for training ((Fig 2) and the vendors also have mockups available.  The 
training is to be conducted prior to inspections for each refueling outage. Personnel evaluating 
inspection data shall have a minimum of ten (10) hours of work time experience performing EVT-1, 
VT-1 and/or VT-3 remote visual inspections of reactor internals  

 
Equipment Requirements  
For purposes of demonstrating system performance, the resolution card shall include, as a minimum, 
the 0.044 inch (1mm) characters described in ASME Section XI. They are small letters without 
decenders or ascenders such as a, c, e, o, etc. An alternative resolution standard may be used provided 
that it can demonstrate sensitivity equal to or higher than that demonstrated by the 0.044 inch 
characters When the examinations to be performed are limited to VT-3, a resolution card including 
VT-3 0.105 inch (2.5mm) characters may be used. 

 
Inspection Requirements  
Surfaces to be inspected shall be sufficiently free of extraneous materials such as crud and or other 
deposits that relevant conditions will not be masked.  For VT-3 inspections, the as-found condition is 
sufficient without further cleaning. Prior to EVT-1 inspection (e.g., to detect evidence of cracking), 
industry experience has shown that a cleaning assessment must be performed. This applies to surfaces 
in the “as-found” condition and in the post-cleaned condition conditions have the potential for 
masking crack indications, and cleaning shall be performed prior to inspecting. Lighting of the 
examination area should be controlled using integral camera lights and supplemental lighting as 
needed to maintain examination sensitivity. 

The resolution capabilities of the inspection equipment and technique shall be demonstrated 
using a resolution card, as described above under environmental conditions representative of the 
inspection area, prior to performing inspections and whenever components of the equipment that have 
been identified in the procedure as essential variables are changed. The resolution check is sufficient 
for EVT-1 or VT-1 provided the system is capable of resolving the 0.044 inch characters and it is 
sufficient for VT-3 provided the system is capable of resolving the 0.105 inch characters. The lens-to-
object distance required to resolve the required characters becomes the maximum distance of the lens 
to the surface of the item to be examined that may be used during the inspection. 



 

Inspection Technique  
The maximum distance of the camera to the inspection surface shall not exceed the distance 
demonstrated during the resolution check as described above; however, the actual distance needed for 
a proper examination may be less than the maximum demonstrated.  For EVT-1 inspections, the 
camera speed, overlap, and angle of view should be controlled. The speed of camera motion should 
not exceed 12.5 mm/second, overlap inspection scans in a manner that ensures complete coverage of 
the area of interest, and to the extent permitted by accessibility and component geometry, the camera 
should be positioned such that the angle view is not less than 30 degrees to the surface of the item to 
be inspected.  Smaller angles may be used if demonstrated during the resolution check. 

 

 
Figure 2 - Thermal shield and Flow distribution bolting 

 
 

ULTRASONIC EXAMINATION OF BOLTING IN REACTOR PRESSURE VESSEL 
INTERNALS 
 
This section describes requirements and recommendations for the performance of ultrasonic 
examination of bolting in reactor vessel internal components. 
 
Ultrasonic Personnel Training and Experience  
Personnel evaluating or analyzing inspection data shall be certified as a Level II or Level III examiner 
in the UT method. In addition, UT personnel analyzing inspection data shall receive a minimum of 
two (2) hours of training on the UT bolting procedure, examination requirements, and specific 
information related to the bolting being examined. As a minimum, this training shall include a review 
of actual UT bolting data, if available, showing the types of flaws or relevant indications to which the 
components are susceptible.  Recorded data or manual scanning of vessel internal bolts with reflectors 
representative of cracking, relevant conditions and non-relevant indications should be used. 
 
Equipment Requirements  
The equipment included in the UT procedure as an essential variable or range of variables as 
described in this section must be used for the examinations and be included in the technical 
justification and demonstration, as applicable.  Examination coverage should be reported as the 
number or percentage of the bolts that were successfully examined out of the population of bolts that 
were scheduled for examination. 
 



 

UT Technical Justifications and Demonstrations  
Ultrasonic examination systems are required to be qualified by a Technical Justification (TJ) as 
described earlier. The organization that prepared the procedure will also be responsible for preparing 
the Technical Justification. The utilities are responsible for approving the Technical Justification. 
 

 
Figure 3 - MRP core support assembly mockup 

 
 

APPLICABILITY 
 
This paper is a summary of the EPRI MRP NDE requirements for the inspection of PWR internals 
that was prepared to implement the reactor internals inspection program described in the PWR 
Internals Inspection and Evaluation Guidelines (MRP-227).  It contains requirements specific to the 
inspection methodologies involved as well as requirements for qualification of the NDE systems used 
to perform those inspections.   

The accompanying Inspection Standard is intended for the use of individual plant owners in 
preparing inspection procedures and qualifying NDE systems used to perform inspections needed for 
their PWR internals aging management programs.  As a companion to the I & E guidelines of MRP-
227, this standard is required for compliance with the mandatory requirements of MRP-227.  This 
standard is applicable to internals in the three Nuclear Steam Supply System pressurized water reactor 
designs currently operating in the United States: Babcock & Wilcox (B&W), Combustion 
Engineering (CE), and Westinghouse Nuclear, respectively.   
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