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FOREWORD

The United Stated Nuclear Regulatory Commission (NRC) regulates the operation of the
nation’s 104 nuclear power plants by establishing regulatory requirements for the design,
construction and operation of such plants.  The NRC licenses the plants to operate and licenses
the plant operators.  As part of the license, licensees must meet the requirements of the
American Society of Mechanical Engineers Boiler (ASME) and Pressure Vessel code (B&PV). 
Section XI of the ASME B&PV Code states the non-destructive evaluation (NDE) techniques
used to inspect the systems, structures, and components of operating nuclear power plants. 
For operating nuclear power plants various methods of NDE techniques (e.g. ultrasonic testing,
visual testing, and eddy current) are used to perform inservice inspections (that is, inspections
on systems, structures, and components that are installed and in use) on the reactor vessel and
safety related systems and components.  Over the past 25 years, Pacific Northwest National
Laboratory (PNNL) has developed the technical bases for significant improvements to inservice
inspections (ISI) programs and has provided recommendations to the American Society of
Mechanical Engineers to improve the effectiveness and adequacy of ISI programs.  Because of
PNNL’s expertise in the area of NDE and its knowledge of the ASME Code and the NRC’s rules
and regulations related to ISI, PNNL was tasked to perform the research documented in this
NUREG/CR report, “An Assessment of Visual Testing.”

ASME Boiler and Pressure Vessel Code Section XI requires that inservice inspection be
conducted using visual, volumetric and surface NDE techniques.  Visual testing is conducted in
accordance with ASME Boiler and Pressure Vessel Code Section V.  Visual testing is
conducted to 1) detect discontinuities and imperfections on the surface of components,
including such conditions as cracks, wear, corrosion or erosion, 2) detect evidence of leakage
from pressure retaining components with or without leakage collection systems and 3)
determine the general mechanical and structural condition of components and their supports for
conditions such as loose or missing parts.  Visual testing is performed directly (within 24 inches
of sight) or remotely using mirrors, telescopes, boroscopes, fiber optics or cameras.  

The research described in this report was performed to address a recent request from the U.S.
nuclear industry to the ASME and the NRC to consider replacing volumetric and surface
examinations of certain safety-related components with a simpler visual testing method. 
Current methods of volumetric examinations, such as ultrasonic testing, are usually able to
detect and measure the depth and length of a crack in a material.  This information is used as
input to fracture mechanics calculations to determine the structural integrity of reactor
components as required ASME Section XI flaw evaluation standards. While using visual testing
may decrease radiation exposure to NDE personnel and shorten examination times for ISI, the
use of visual testing cannot gauge the depth of a crack and generally requires subsequent
ultrasonic testing to determine the depth of a detected crack. 

The detection of cracks provides information on degradation mechanisms that can affect the
structural integrity of components.  Before a decision can be made on the industry’s request, a
complete analysis of the reliability of visual testing is needed to understand the limits of normal
and enhanced visual techniques as they relate to detection of cracks.  As part of the analysis,
PNNL conducted a literature review of the state of the art of remote enhanced  visual testing
techniques, the sizes of flaws, and the abilities of camera systems to detect flaws.  PNNL also
conducted experiments using PNNL-archived cracked steel samples and several camera
systems. 



The results from the visual testing reliability assessment showed that many of the service-
induced types of cracks that occur in components are very tight (some with less than 20�m
(.0008-inch) crack opening dimension) and a large portion of these cracks are well below the
resolution limits and reliable detection limits for the camera systems being deployed today.  It
has also been determined that for effective crack detection, cameras must be held stationary
over a location for a brief period of time because detection reliability is poor when the camera
systems are “scanned” over an area.  Further, the current resolution test, using crossed 12�m
(0.0005-inch) diameter wires, is not a sufficient test for the camera systems and should be
replaced with more standard resolution and visual acuity tests.

Beyond the research described in this report, further experimental work is planned to determine
the value for the visual acuity parameters that are needed to reliably detect tight crack under
realistic conditions.  Visual testing methods currently being used under Section XI are adequate
to detect cracks having large surface opening dimensions during inspections of systems,
structures and components. However, VT cannot gauge the depth of a crack, necessitating
subsequent ultrasonic testing for this determination.  To ensure that visual testing provides the
same level of inspection reliability as ultrasonic testing, visual testing systems and personnel
may need to undergo performance demonstrations as required for ultrasonic personnel,
procedures and equipment.  Upon completion of this additional experimental work, the NRC will
have the technical basis it needs to decide how to respond to the nuclear industry request to
use a visual testing method instead of the volumetric and surface examinations as currently
required by the ASME Boiler and Pressure Vessel Code Section XI.

Carl Paperiello, Director
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission


