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ABSTRACT
MRP-139 recommendations for inspection of dissimilar metal (DM) welds in PWR vessels were launched in the last
years in the USA. Basically, it increases the frequency of the examinations in these type of welds, with major
emphasis in the hot loops, adding one intermediate inspection at the ten years interval in outlet nozzles. The spanish
nuclear power plants (NPP’s) have begun the implementation of this type of inspections on the vessel nozzles DM
welds.
As this type of inspections could have an impact in the critical path duration of the outage, it is necessary the use of a
mechanical equipment able to examine the nozzles DM welds in a short vessel occupation time (VOT) with high
quality, qualified techniques and minimum requirements of the refuelling platform.
Tecnatom undertook the design and development of a new more advanced equipment, named TENIS-DM, for
implementing the reactor pressure vessel (RPV) nozzles examination. This equipment was designed in order to
accomplish the stringent requirements and the updated examination techniques; it was used for the inspection of the
DM welds of Ascó 1 NPP inlet and outlet nozzles in March 2011.
Examination techniques and procedures were qualified through the GRUVAL validation program, based on
ENIC methodology. Mechanical scanner was equipped with a large number of examination probes, and TV
cameras -for visual inspection and also for monitoring the ultrasonic inspections. A remote operated submarine
was also used to give support to the operational personnel during the manipulation of the equipment and its
movements from one nozzle to the others. During two months before the inspection, tests of the complete
inspection system were made on a nozzle mock-up installed in a 4 meters deep well at Tecnatom´s facilities; this
scenario was also used during the training sessions of the inspection crew.
The defined technical and practical objectives were achieved: use of qualified techniques and minimal impact on
the critical path time of the outage.
In this paper a description of the inspection system to fulfil the MRP 139 recommendations and the experiences
achieved are presented. Benefits of the approach implemented are also shown.

1. INTRODUCTION
The MRP-139, providing Inspection and Evaluation Guidelines on Primary System Piping Butt
Welds, addresses to the NDE examination of these areas, based on several cases of flaw discovered in
alloy 600 and 182 in various plants. The phenomenon of Primary Water Stress Corrosion Cracking
(PWSCC) has been a recurring problem since mid 80s in Alloy 600, and most recently –second half
of 2000- also in Alloy 82/182.
According to the previous mandatory requirements prior MRP-139, ASME XI requires that the whole
population of dissimilar metal vessel nozzle-to-safe end welds (ASME Category B-F) and dissimilar
metal piping welds (ASME Category B-J) be inspected at ten-year intervals. The implementation of
MRP-139 requires that utilities conduct essentially equivalent exams earlier and more frequently than
required by the current ASME Code for Alloy 82/182 butt weld locations.
Although in Spain this new requirements were not mandatory until June -date of publishing of the
ASME Code Case N-770, that refers to them-, some plants wanted to be anticipated to this situation

and they begun to program this type of inspections in 2010 in order to accomplish the examination
frequency when the Standard was published in regular use.
It has to say that the scope of the Code Case N-770 is some wider than the MRP-139 scope, because
this last one includes mitigation activities taking in consideration several methods (WOL, SWOL,
FSWOL, INLAY, MSIP, etc.). Anyhow, this regulation addresses to make examinations pre and post
mitigation treatment. Hot legs are more sensitive to PWSCC than cold legs, and operation temperature
plays an important role.
The implementation of this regulation means: To increase the frequency of inspections (not deferrable
at the end of ten-year interval) and to prepare the inspection by using qualified procedures.
The inspections referred to in this article are those covering the nozzle-to-safe end dissimilar welds of
the reactor vessel. The development of the article shall be focused on the remote ultrasonic
examination of such areas from the nozzle bore, using the mechanical equipment TENIS-DM, that
was specifically designed and developed. The inspection described here was carried out in Ascó NPP,
Unit 1 (Spain) in 2011.

2. INSPECTIONS IN SPANISH PLANTS
These new inspections that were going to be implemented in Spanish plants had also the requirement
of to use validated procedures, as it is required in MRP-139.
The qualification of the procedures was carried out by using Spanish methodology, named GRUVAL,
which is based on ENIC methodology, supported by technical justifications and mock-ups containing
realistic flaws on which the procedures were tested and optimized.
In this type of inspections, in addition to the purely technical aspects, one of the most important
aspects is to reduce the vessel occupation time, the necessary space on the efueling platform and,
therefore, to minimize the impact on the outage critical path as well. To achieve these objectives, the
use of a full scope manipulator, as usual in end of ten-year interval reactor pressure vessel inspections,
becomes not feasible. Due to this a specific manipulator was designed for this purpose.

3. AD-HOC EQUIPMENT
This mechanical equipment TENIS-DM (TEcnatom Nozzles Inspection Scanner - DissiMilar), which
basic principles are based on a former design that was developed in 2001, was intended to perform the
ultrasonic scans of the nozzle-to-safe end weld and safe end-to-pipe weld areas. The former
equipment (named TENIS), after the ultrasonic techniques were updated to the new procedures, was
used in 2010 to perform the first ultrasonic examination of these areas of the three outlet nozzles in a
Spanish plant (Ascó 2 NPP). The new development was used in march 2011 in Ascó 1 NPP. This new
equipment TENIS-DM is the tool to which that we are going to refer.
This mechanical equipment consists of a main longitudinal support structure, containing an axial mast
that it is extended up to the examination area, once the equipment is located and positioned into the
nozzle. The examination probe holders are mounted on a rotating piece, at the end of this extensional
mast. The inspection path is a combination of the axial movement of the mast and the rotation
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movement of the probe holders. The probe holders are deployed or retracted into the area being
examined by pneumatic cylinders. In order to protect the probe holders during the introduction or
extraction of the device from the nozzle, the front part of the tool includes rolling balls, so that they
are the ones that contact with the wall of the nozzle when the modules are retracted. Finally, the
equipment also includes three underwater cameras that are assigned for surveillance of important parts
of the tool, mainly the extension and retraction of the modules. An additional high quality TV camera
is used to perform the remote visual inspection of the weld, and also to verify the actual surface
condition as an additional help for data analysis. Once into the nozzle, the tool is locked onto the bore
inside wall by means of pneumatic cylinders. A set of encoders associated with the movements of the
equipment at all times indicate the operator of the data acquisition system the actual position of each
transducer.

NOZZLE TO SAFE END AND
SAFE END TO PIPE WELDS

Figure 1. Location of the interest areas for inspection by means of TENIS equipment.

The novelty of this design is that it is conceived so that its weight in water is almost zero (slightly
positive) for easy handle from fuel platform, that it requires the least effort for the operators. To
achieve this goal, the tool is equipped with flotation devices located at the front and at both sides of
the main body. The inclinometers installed in the structure provide the machine operator information
for the balance of the equipment in both the horizontal and vertical axes. This information is crucial
especially during the downward movement of the equipment to the nozzle, when horizontal position is
required.
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Figure 2. General view of the TENIS-DM equipment, used for examination of the dissimilar metal welds in
PWR vessel inlet & outlet nozzles

4. ON-SITE OPERATION
The TENIS-DM equipment is lifted up from its support, and then approximate to the front of the
reactor cavity handling crane, where operators take the control of the tool by using a line of poles
which is attached to it by a pneumatic connection. Once under the control of the operators, the tool
begins its descent down to the level of nozzles. It is important that, throughout the whole inspection
window, any recirculation system actuating on vessel or cavity must be disabled.

Figure 3. Introduction operation of the TENIS-DM into the nozzle bore (Ascó NPP, Unit 1)
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The TENIS-DM equipment has also got rear pieces touching the inner wall of the vessel (or core
barrel if installed) that mark the extent up to which the machine has to be introduced to be positioned
correctly for exploration. These pieces have sensors that indicate the contact against the wall. The
final stage of the introduction operation is the self-centering of the tool inside the nozzle, by means of
two sets of pneumatic cylinders that are operated from the control system console. After fixing the
position of the machine into the nozzle, the exploration can begin, after the necessary verification of
all the system parameters on the equipment control console and data acquisition system for
ultrasonics. The change from one nozzle to another is made simple, operating on the poles that guide
the TENIS-DM equipment.

Figure 4. Left picture: TENIS-DM locked inside the nozzle. This image is provided by the submarine in support
of the inspection (right picture).

The whole process of introducing the equipment described above would be more difficult to perform
without the necessary external support of visual aids to guide the positioning of the equipment
operators. For this task, a submarine commanded by remote control is used; thanks to its great
maneuverability, it provides the image of the interest part or from the necessary perspective for the
positioning operator. The images are sent to a monitor installed in the handling crane -where the
personnel operating the poles are located- in addition to data acquisition desktop, from where the
whole operation is managed. As additional support, the surveillance cameras installed on the
equipment are also available.
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Figure 5. From left to right: Vision provided by the TENIS environment cameras, equipment control system
display and ultrasonic data acquisition system display (MIDAS).

5.

PREVIOUS TRAINING AND EQUIPMENT TESTS IN MOCK-UP

To ensure a successful inspection work, it is essential to implement a full program of testing and
training for the whole team involved in the inspection; if possible, by simulating real operating
conditions, each of the participants playing the role that is assigned as required in team organization.
These training sessions were conducted for two weeks in the Tecnatom’s facilities using a pit in
which a carbon fiber mock up -reproducing a full scale sector of internal vessel wall containing one
inlet and one outlet nozzle for a PWR vessel- was introduced. To simulate more closely the test
environment, a platform similar to the handling crane of the reactor cavity was installed. This scenario
made the simulation very complete.

Figure 6. Training activities undertaken by the inspection team at the Tecnatom facilities, prior
to inspection in Asco NPP.
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6.

VALIDATED INSPECTION PROCEDURES

The most important technical condition for the implementation of the MRP-139 guide issued by EPRI
is that the inspection procedures to be used must be validated according to the method described in
Appendix VIII of ASME, which requires the use of realistic defects implanted in a test mock-ups on
which is to verify the detection and sizing capabilities of the inspection procedures.
In Spain, the validation of inspection procedures is being undertaken through the program named
GRUVAL, based on ENIC methodology. In the case of dissimilar metal welds between nozzle and
safe end of PWR vessels, several trials have been conducted on realistic models with realistic defects
in place, in order to demonstrate the capabilities of the procedures. All the essential parameters of the
inspection have been analyzed in the corresponding technical justifications.
The practical evidence is obtained following the procedures to be validated in a sample that
reproduces the dissimilar metal weld between the nozzle and safe end, and the safe end-to-pipe weld
(austenitic). During the actual inspection, both welds were scanned for practical reasons of proximity
between them, even though the regulation only applies to the dissimilar weld.

Figure 7. Display of UT Data Analysis Software (MASERA) showing a sample of defects used in the
GRUVAL validation for the UT detection procedure used in Asco 1and 2 NPP.

The interest volume of the weld corresponds to the inner third of the thickness -which is in contact
with the aggressive environment of the primary water- being examination length to be considered at
both sides of the weld of 13 mm. The actual margin adopted in practice inspection is more than this,
in order to cover possible uncertainties in the actual position of the welds.
Ultrasonic techniques applied in the detection of defects are composed of four dual transducers 70°
FD10 longitudinal wave, 2 MHz which focal range is suitable for the focal depth to be covered. Due
to the orientation of the probes in the probe holders, scans in the axial direction and circumferential
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direction for defect detection are performed at the same time, which has a positive effect on saving
inspection time. The full scan of a nozzle is about ninety minutes using an overlap of 5 mm between
scan lines.
MIDAS was used as UT data acquisition system, developed by Tecnatom, with ability to manage up
to sixteen channels simultaneously.
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Figure 8. Dimensions and welding edge preparation of the nozzle to safe end and Safe end to primary
pipe. Example of outlet nozzles in Ascó NPP.
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Figure 9. Interest volume for the examination of the nozzle to safe end and Safe end to
primary pipe welds. Required extension by MRP-139 is the same as indicated in
ASME XI.
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7. CONCLUSIONS
•

The inspection of the nozzles in Ascó 1, first inspection carried out using TENIS-DM
equipment, was developed without incident, and has been the second experience in Spain of
these inspection requirements, following the recommendations of the guidance of MRP-139
issued by EPRI. At the time of this presentation, Code case N-770 is already approved and
published.

•

This inspection has been the practical stage for the implementation of procedures for
mechanized ultrasonic inspection, according to the validated methodology GRUVAL, using
the new inspection tool TENIS-DM.

•

The inspection equipment, TENIS-DM, has been effective in its inspection capabilities, vessel
maneuverability, and reliability of operation, providing a good quality ultrasonic data.

•

The impact of the inspection on the critical path of the outage has been minimal, and the
examination was performed within the required schedule and quality.

•

For the human team that participated in the development and preparation of the equipment, as
well as the inspection itself, has been a rewarding experience for the high technological level
of the intervention. Furthermore, the optimization of the inspection, in terms of reducing
vessel occupation time, is a challenge of continuous improvement for the whole inspection
team.
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