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SUMMARY:

RESUME

The development of remote mechanized equipment for inservice inspection has kept pace
with regulatory requirements. This paper provides a description of equipment for in-
spection of l ight water-moderated, boiling water, and pressurized water reactor sys-
tems available fTom many sources.

Le développement des equipages mécanisés de commande a distance pour inspection en-
service des réacteurs a suivi les exigences réglementaires. Cette etude donne une
description des equipages pour inspection en-service des divers réacteurs qui sont
disponibles de plusiers sources.
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The development of remote mechanized equipment for the inservice inspection
of civilian power plants has kept pace with development of the nuclear industry and
the requirements imposed by regulatory authorities. When the first demonstration
reactors, such as the Elk River boiling water reactor (BWR) and the Trino Vercellese
pressurized water reactor (PWR) were constructed approximately 15 years ago, the
possibility of inservice inspection was only a minor consideration. In spite of this
lack of consideration, both of these vessels had inservice inspections performed. In
the case of Elk River, the nozzle-to-shell welds were ultrasonically inspected and the
cladding over the flange was liquid penetrant inspected in 1963. In the case of Trino
Vercellese, the nozzle-to-shell welds were ultrasonically inspected in 1968.

In the mid-1960s, considerable interest was being generated in formulation
of inservice inspection programs and regulatory requirements. The International
Atomic Energy Agency (IAEA) held a meeting in Pilsen, Czechoslovakia in 1966 to dis-
cuss the overall requirements for inservice inspection. About this same time, the
American National Standards Institute (ANSI) N45 Committee was formulating a standard;
Southwest Research Institute (SwRI), under the direction of the late Robert D. Wylie,
developed an inspection program for the San Onofre PWR system and, in conjunction with
utility personnel, evolved an inspection program for the Oskarshamn Unit 1 BWR pres-
sure vessel; and regulations were developed by Technischer Ueberwachungs-Verein and
others in Germany.

At the next IAEA meeting on this subject in Stockholm, Sweden, 1968, pre-
liminary programs were presented by several countries, but the only detailed programs
were the Oskarshamn Unit 1 program presented by Sweden and the ANSI N45 draft pre-
sented by the United States. This later document, with very few changes, became the
first edition of Section XI, "Inservice Inspection of Nuclear Reactor Coolant Pressure
Boundaries," issued in January 1970. With these inspection programs and Code activity
requiring inspection of reactor pressure vessels and piping, several organizations
started development of Temóte mechanized equipment to satisfy the regulatory require-
ments. The following briefly describes some of the early equipment development efforts
and the equipment capability and availability today. The discussion is limited to
equipment for light water-moderated reactor systems and does not include equipment for
gas-cooled, sodium-cooled, or heavy water-moderated systems.
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II. EARLY EQUIPMENT AND DEVELOPMENT

II.1. Elk River'reactor pressure vessel

This "reactor vessel-contained some slag inclusions in the welds which should
have beenremoved during the manufacturing process.: The" presencetof¿these slag inclu-
sions-was confirmed by/a review of the"fabrication radiographs and also by a manual
i^ltrasonic^inspection^performed'fröm^thë vessel;-inside surface» Based;on this, it is
deemed prudent to aevëlop|èquipment?to inspect the moré critical nozzle-tó-shëll welds.
three separate devices were built and were first used in 1963 for an ihservice inspec-
tion. Use of the devices was successful, and the presence of slag in one of the
nozzle-to-shell welds was confirmed.

11.2. Trino Vercellese reactor pressure vessel

The utility, Ente Nazionale per l'Energia Elettrica (ENEL), decided to in-
spect the nozzle-to-shell welds of this reactor on the general philosophy that all
plants should be inspected. The device was first used in 1968 and was deemed a suc-
cess.

1I.3. Oskarshamn Unit 1

SwRI and Tekniska Röntgencentralen (TRC), Stockholm, Sweden, designed and
built a complete inspection system for this reactor pressure vessel. This complete
vessel inspection system was used for the preservice inspection of Oskarshamn Unit 1
in 1969 and has since been used on four other reactors in Sweden.

SwRI built the manipulating device (Figure 1) for use inside the vessel.
The device has circumferential, translational, and vertical motion so as to be able to
place an inspection device anywhere within the vessel.

SwRI also fabricated a vessel inspection module. This module contains one
fixed longitudinal search unit and two variable angle search units. The angles are
variable so as to be able to produce a surface wave in either direction; and, in addi-
tion, the search units can be moved toward and away from, each other a distance of one
wall thickness. The angle search units are contained in a central disk which can be
rotated through 270 degrees so as to be able to inspect longitudinal and circumferen-
tial welds.

TRC built a nozzle inspection module for attachment to this device and a
special module for the forced recirculation nozzles. This later device was required
as the forced recirculation nozzles could not be reached from inside the vessel. The
device was inserted through a special pipe attached to the nozzle elbow.

TRC also fabricated a closure head inspection device, and SwRI fabricated a
special television camera manipulator that would pass through a 100-millimeter diameter
hole and move the camera from the vertical to the horizontal position with an elbow
and also rotate the image through use of a rotatable mirror.

1I.4. German research

The German government gave a research and development project to Maschinen-
fabrik Augsburg-Nürnberg (MAN), Krautkramer-Branson, Incorporated, Kraftwerk Union,
and the Federal Institute of Materials Testing, for inspection of reactor pressure
vessels. The initial equipment was developed for inspection of PWR vessels from the
inside. This unit (Figure 2) consisted of a central mast for vertical movement, a
horizontal boom for horizontal movement toward and away from the vessel shell, and
circumferential rotational ability. Development of this equipment was initiated in
1968 and first used on Obrigheim in 1970.

11.5. San Onofre Unit 1 reactor pressure vessel

SwRI fabricated a nozzle inspection system including a rotational device and
a nozzle inspection device. This system was used for the preservice inspection in 1967.
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CURRENT EQUIPMENT

It can be seen from the preceding paragraphs that the principal equipment
development activity in the 1960s was performed by a single company in each of several
countries—Germany, Sweden, and the United States. With the issuance of Section XI of
the ASME Code, "Inservice Inspection of Nuclear Reactor Coolant Pressure Boundaries,"
in 1970, a legal requirement to perform inservice inspection was placed on American
utilities. This led to development of inservice inspection services and equipment by
the nuclear steam supply system (NSSS) suppliers and other organizations in the United
States as well as other countries.

As a general statement, it can be said that one problem of inservice inspec-
tion that has essentially been solved is remote mechanized equipment for performing
inspections. MAN, Mitsubishi Heavy Industries, Ltd., Programmed and Remote Systems
Corporation, SwRI, Te'KTran, TRC, United Kingdom Atomic Energy Authority, and Westing-
house all have devices for inspecting reactor vessels from the inside; Atomics Inter-
national, Automation Industries, General Electric, SwRI, and TRC have devices for in-
specting vessels from the outside. There are also other companies which make devices
for inspection of piping welds, eddy current testing of tubing, and other areas re-
quiring inspection. In summary, trained personnel--not equipment—is probably the
major problem today with respect to inservic.e inspection.

The following sections will describe equipment currently available from
SwRI. This equipment is typical of that supplied by other organizations, and these
other organizations will be named as fc. . to the author.

1II.I. Closure head

ATeas of primary interest on the closure head are the flange-to-head weld
and nozzles in the head. A device was developed to examine the 20-inch (500-millimeter)
nozzle in the center of the head of the LaCrosse BWR. This device is an adaptation of
a device used to examine vessel nozzles and pipe welds. A device was also built to
examine head nozzles that are not in the center of the head. This device was designed
to follow the slanted elliptical weld between the head and the nozzle as well as the
plane circular weld between the nozzle and attaching flange.

A device to examine the head-to-flange weld has also been developed. The
device consists of an electrically driven car with encoder positional readout and
adjustable arms which hold the transducer module against the surface. A curved track
is temporarily attached to the flange to provide support and positional reference for
the device. This device can examine the head-to-flange weld from the outside surface
above the flange; with a different transducer module and in a different configuration,
the same weld can be examined through the seal surface.

1II.2. Vessel flange

The areas of interest are the flange-to-vessel weld and the flange ligaments.
The device described above (for examination of the head-to-flange weld through the seal
surface) can be used for examining the flange-to-vessel weld. This weld can also be
examined by an attachment to one of the major positioning systems used for inspection
from the inside. At the present time, ligament examination is usually still a manual
operation, but devices are being modified to perform a mechanized examination of this
area.

III.3. Studs

Several devices have been developed to examine the studs, including one
which examines the threaded root area from inside the heater hole. The device quickly
attaches to the top of the stud, and all scanning operations are controlled remotely.
This device provides a more superior examination than can be obtained using- longitudi-
nal waves from the end of the stud. Similar devices have been built by Ishikawajima-
Harima Heavy Industries Company, Ltd., MAN, TRC, and others.
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III.4. Vessel welds

Generally, BWRs do not lend themselves readily to internal examination; how-
ever, in some cases this approach is desirable. Earlier discussions described the
system developed for Oskarshamn Unit 1 in 1966 and adapted for examination of four
other reactors in Sweden.

Except for these Swedish vessels, BWR vessels are inspected from the outside.
An example of devices currently being used for examination of BWRs from the outside is
the pole-mounted track device (Figure 3). This device operates from vertically mounted
tracks placed within the annulus between the pressure vessel and the insulation. It
has been possible to operate in an annulus as small as 5 inches (125 millimeters); how-
ever, a space this small is not recommended. This device employs an arm which has been
curved to fit the vessel radius. Search units are mounted on the arm and then the arm
is moved back and forth perpendicular to the direction of the track. In this manner,
circumferential weld seams can be examined. Vertical weld seams are scanned by fixing
the arm position and moving the entire device up and down the track. Currently, it is
possible to examine an area as long as the track and 20 inches (500 millimeters) on
both sides. This device has been used successfully for several inspections in this
country. Similar devices are supplied by Atomics International, Automation Industries,
and MAN.

Another major equipment package for external vessel examination was supplied
for use on Oskarshamn Unit 2, Ringhals Unit 1, and Barseback Units 1 and 2 in Sweden;
all are BWRs. The concept of this device was the use of stationary tracks placed to
allow access to certain welds in the lower portion of these vessels. Access to the
examination area on Ringhals Unit 1 was through a series of tunnels approximately 12 x
20 inches (300 x 500 millimeters) in cross section. The examination device traversed
the tunnel and then rotated its inspection arm into position after reaching the exami-
nation area. Emphasis was placed on examination of the welds above and below the re-
circulation nozzle as well as the skirt-to-vessel weld. MAN supplies a device similar
in function to inspect the ligaments between the penetrations in the lower head of a
BWR.

An example of a device for the examination of a PWR vessel from the inside
is the Wisconsin-Michigan Power Company inspection device (Figure 4). This device con-
sists of a major positioner supplied by Programmed and Remote Systems Corporation (PaR)
and remote positioning devices for the ultrasonic modules supplied by SwRI. The major
positioner is capable of 32-foot (1800-millimeter) vertical movement, 6-foot (1800-
millimeter) horizontal extension, and 360-degree rotation of the lower unit. The lower
unit also has a pivoting arm for use in examining the lower head. A nozzle inspection
device can be attached to the horizontal member for examination of nozzles up to 42-
inch (1050-millimeter) inside diameter. It is also possible to attach a wall examina-
tion device to the horizontal member for examination of all vessel weld seams except
the lower head. Where access permits, the wall inspection device may be attached to
the lower pivoting arm for examination of the lower head. This device has been suc-
cessfully used in this country for both preservice and inservice inspections. Similar
devices are supplied by Mitsubishi Heavy Industries, Ltd., MAN, TekTran, and Westing-
house.

III.5. Nozzles

Examination from inside. The first equipment for examination of nozzle-to-
shell welds was designed by SwRI in 1963 for use on the Elk River reactor vessel as
previously stated. This equipment was successful in performing inservice inspection
in nozzles which were fabricated in accordance with the as-built drawings. The equip-
ment would not work in some nozzles due to their being undersized and oval shaped.
Considering what SwRI now knows about the problems, the equipment worked remarkably
well and did detect and record some of the reflectors that were in that vessel.

Currently, most inspections are being performed with a device similar to that
shown in Figure 4. This device is inserted into the nozzle by the major positioner and
rotated to make the inspection. All of the companies mentioned in III.4. above provide
these devices.
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Examination from outside. At the present time, SwRI has two devices for ex-
ternal examination of nozzles. One of these devices, our Butt Weld Inspection Device,
is capable of examining a piping or nozzle butt weld. This device is used in conjunc-
tion with special track. A remote liquid penetrant system is available to allow
mechanized surface examination of dissimilar metal welds in high radiation fields.
The seconddevice for external examination of nozzles is the nozzle-to-shell system.
This system uses a portion of the Butt Weld Inspection Device for the drive car and
adds a special arm to reach into the nozzle-to-shell weld area. Figure 5 shows the
version which/has recently been used at Peach Bottom Unit 2 in one of the five config-
urations that were required to do this examination. Each nozzle type had to be con-
sidered separately and required a different configuration because of the very limited
access imposed by the insulation design. In future plant designs, SWRI hopes to have
the input concerning access requirements early enough to avoid similar restrictions.
A different nozzle-to-shell device was built for Tokyo Electric Power Company with a
difference in configuration made possible by much more liberal access. Devices similar
to these have been supplied by Atomics International and are under development by
Automation Industries and MAN.

III.6. Other equipment

A magnetic device for trackless movement on the vessel wall has been built
'and used on the preservice inspection of Fukushima Unit 2. The device was designed to
operate in a 4-inch (100-millimeter) annulus and negotiate a plate offset of up to
3/8 inch (9 millimeters). Unfortunately, it was presented with situations in which the
offset was as much as 3/4 inch (18 millimeters). The device is quite slow and not
recommended for accurate repeatability. However, it has been utilized for restricted
access preservice work and has excellent potential as an analysis tool for restricted
access areas.

General Electric has a magnetic track device that is located by acoustic sig-
nals and has been used for preservice inspections.

Many schemes, such as lasers, acoustic signals, taut wires, and radioactive
pills, have been suggested to aid in locating these devices. All these schemes have
their problems and perhaps something to contribute, but the basic problem is that of
holding the device on the wall. It is one thing to hold a magnetic device on a surface
that is reasonably smooth and clean, but quite another if the surface is unpredictably
rough and cluttered with paint, scale, or other materials. These problems are capable
of solution but wilï require considerable time and effort.

CONCLUSION

In conclusion, equipment from many sources is available to perform inservice
inspection, and more is being developed to meet special cases. There are still major
problems in application of ultrasonic techniques (such as to stainless steel and to
Inconel), in training and qualification of personnel, and in characterization and
sizing of imperfections.
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FIGURE I.

ID Examination Device Designed
for Oskarshamn Unit 1

FIGURE 2.

Device Fabricated by Maschinen-
fabrik Augsburg Nürnberg
(MAN)
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FIGURE 3.

Track-Guilded (POLE)
Examination. Device Used for
Examining Vertical and
Circumferential Vessel Welds
from the OD
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FIGURE 4. -i-;-;-
ID Examination Device "=
Fabricated by Programmed and
Remote Systems Corporation

FIGURE 5.
Nozzle-to-Shell Examination
Device Used at Peach Bottom
Unit 2


