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ted: An 2nanounced inspection was conducted of the licensee's erosion/corrosion
8 (E/C) inspec: on program 10 ascertain that activities 1elative to tae long-ierm E/C monitoring
" prograni are seing accomplished in accordance with NRC requirements. Generic Letter
J 89-08 and lic nsee commitments and procedures.

Results: The program and its implementation are excellent. “the engincering staff
: responsibie for E/C program developmeat and implementation is well qualified and
‘ knowh dgeable of the activities for which 'ney are responsibie. The licensee’s F/C consultant
is exper ienced in E/C progran developmen! ind brings wide experience gained at other
nuclear facilities to the licensee's program.
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for the evaluation and disposition of inspection results which do not satisfy screening of
acceptance cnteria and determination of the frequency of subseguent inspections.

The NED responsibility for selecting and prioritizing the E/C program scope is supplemented
by a consultant contracted by the licensee. The particular consultant to BECo nerforms the
same function at other nuclear facilities, thereby giving BECo the benefit of experiences al
those other plants.

4.2  Site

The livensee's site Quality Assurance Department (QAD) responsibilities for the program, as
defined by M-577, include inspection scheduling, the preparation of locations for inspection,
nerforming inspections, requesting engineering disposition of inspection results which fail
screening criteria and the generauon of onconformance reports (NCRs) for inspection resulis
which do not satisfy acceptance critena,

S0 INSPECTION AUTIVITIES
5.0 General Requirements

The licensee’s primary inspecuon method incorporates ultrasenic examination technigues for
measuring pipe wall thickness. Specification M-577 provides for the use of visual inspection
of the internal pipe surface, where practical, as an alternate method for determining locations
of E/C susceptibility. The specification notes that visual inspection should be supplemented
by ultrasonic thickness measurements when areas of erosion are detecteu. In practice, fhe
licensee has determined that significantly eroded areas sometimes appear to be insignificant or
go undetected by the rumote visual inspection technique that is required (o perform the
majority of the inspections, thus giving a false sense of security regarding the actual pipe
condition. Based on the above, the licensee stawed that it does not plan o use visual
inspection methods unless there is no other available inspection method.

After the initial piping selection is made and prioritized by NED, the inspection sample is
transmitted from NED to the inservice inspection (IS1) group which is part of the QA/QC
organization. The delegated QC staff member then prepares a Maintenance Request (MR)
from which the planning group prepares a Maintenanc: Work Plan (MWP). The MWP
sequentially lists the steps necessary to perform the work, including inspection hold ponts.
There was no provision for an independent review of the work plan against the orginal NED
list to confirm that all of the required points were scheduled for inspection.  In response 1o
the inspector’s questions in that regard, the licensee revised Quality Control nstruction 10.03
1o require that, for QC generated 1SI/Erosion-Corrosion Maintenance Requests, the work plan
shall be independently verified against source documentation for completeness.
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When inspections are in progress during an outage, the QC staff is responsible tor providing
the IS1 vendor with the inspection locations, Vendor personnel, under licensee direction,
apply the appropriate grid patter, as specified by M-577, to each inspection location.

Datum points to locate the gnd patterns are permanently marked on the pipe using low stress
stamps. Grid spacing is identified by M-577 based on nominal pipe sice (NPS) as follows:

< 6.625" b
» 6.625" tn < 12,78 r A
> 12.75" 1o < 240" av
> 240" 4"

As an alternate method for determinizng grid size, the following formula can be used:

2/Re

where R = radius
t = nominal thicknes

When the formula is used to calculate grid size, the calculated size is rounded down to the
nearest 1/2".

5.2 E/C Program Review

The licensee performed computer analysis using the EPRI CHECMATE program of the main
steam, feedwater/condensate, moisture separator drains, extraction steam, reactor water clearn-
up and neater drain systems. During the inspectiun, the accuracy of licensee’s input data to
the computer program was verified on a sampling basis for the moisture separator drain @nk
#102 to the leve! controi valve and the extraction steam to the heater #E105A. The
information obtained from the input file was accurate. The chemistry data used was based on
the average chemistry over the fuel cycle taken from the daily logs. Since the licensee has
applied hydrogen water chemistry to mitigate intergranular stress-corrosion cracking,
hydrogen is injected into the feedwater system and oxygen is fed to the condensate system.
An average oxygen concentration of 35 ppb with a neutral pH was factored in the anal; sis.
The design parameters for the analysis were taken from the piping snecification and the
operating parameters such as flow rate and enthalpy were derived from a heat balance. A
network flow analysis was performed where change of phase condition took place. A first sct
of E/C results predicted an average erosion rate and a current erosion rate for each
component. Since the as-built thickness of the components is not known, the actual amount
of wall loss that has occurred 10 reduce the component to the present wall thickness was
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calculated by using (e EPRI band method. A second set of E/C results was obtained by
inputting the thickness data taken from RFO 8, into the existing models.

The CHECMATE ruodels were also revised to reflect changes in operating hours as of the
next refueling and the use of low alloy steel (P-11) material in place of carbon steel. The
models were rerun 10 determine the components planned for inspection during the nexl
refueling outage.

The input data for analysis were reviewed and verified by the licensee subsequent 10 data

input by the licensee's consultant. The results of the analys.s were extensively reviewed by

the licensee's consultant and by their own engineering department. The licensee

cunservatively estimated screening thickness for components for evaluadon of measured wall
| thickness,

Based on the review of the analysis and discussions with personnel, the licensee’s program
meets the current industry standard and complies with the requirements of the Generic
Letier 89-08,

5.3 Inspection Method

The information regarding inspection locations includes sketches and drawings showing wiere
in the plant the piping is located and, additionally, the specific inspection points are identified
on the sketches,

After the appropriate gridline pattern is appliad to t* * pipe, thickness reacings are
sequentially recorded at the intersection of each grid line. The technicians use an ultrasonic
data logger 10 store each reading until the data are loaded into & petsonal computer.  Afier
loading data inwo the computer, the information is saved on a computer disc for analysis and
printed on a hard copy report, each of which is provided 1o the licensee.

The data logger identifies the grid location that should be measured allowing the techmician to
confirm that the uitrasonic transducer is at the correct location. Additionally, the logger
permits inspection personnel to review its data bank prior 10 leaving the inspecion site,
thereby assuring that all required inspection points were measured. The use of the data
logger helps to assure that data ace accurately recorded and, by speeding up the data
acquisition process, helps reduce personnel exposure to radiation.

During the performance of E/C inspections duzing RFO-8, no licensee QC surveillance of
vendor E/C inspection activities was performed. The licensee poinied out that the same
vendor personnel performed IS1 examinations during the outage and QC surveillance were
performed of those activities. The licensee stated that the surveillances of the ISI activities
provided adequate assurance that the vendor examiners followed procedures and competently
performed the examinations.
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Inspection results are evaluated and dispositioned b the licensee, and are used to update the
CHECMATE computer program. Tne updated program produces more accurate wear rate
values from which subsequent inspections are planned. Piping which is shown 1o be the mos!
susceptible 10 B/C and which exhibits the greatest wear rate is «ot o ed by the licensee with
piping fabricated from material containing 1.25% chromiuwin and U.5% nolybdenum, which
16 more resistant 10 E/C than is carbon steel.

The piping locations selected for initial inspections during RFO-8 included approximately
10% of the most susceptible areas of the following four plant systems:

1. Extraction Steam Piping - 8 components
2. Moisture Separaior Piping - 8 components
3 Feedwater Piping - 2 components
4, Heater Drain & Vents - 11 components

Prior to RFO-8, two leaks were identified and temporarily repaired on the extraction steam
and moisture separator systems.

The results of the licensee's inspection revealed unacceptable wear in extraction steam piping
and moisture separator piping. However, there was negligible wear in feedwater piping and
heater drain and vents. Based on evaluation of the RFO-8 inspection results tnat did not meel
the acceptance critoria, and because 'wo tirougii wall leaks existed prior to the outage, the
licensee determined that piping replacement was the most effective option for portions of the
extraction steam piping as compared 10 augmented inspections and local repairs. The
decision to replace piping resulted in the replacement of 900 feet of piping. 200 feet of 12"
diameter pipe on the 8th stage extraction steam system in the condenser bay and 700 feet of
6" diameter pipe on the moisture separator drain system in the condenser bay.

The RFO 8 experience demonstrated that pipe replacement may be a more efficient long term
option as compared 1o augmented inspections and local repairs. At oresent the 'icenser plans
{0 continue its use. The replacement opion will oe evaluated periodically by the licensee.
The benefits derived from the replacement program include minimizing the need for followup
inspections, significantly reducing the risk of unexpected failures in future plant operating
cycles, less outage time to replace ‘arge sections of pipe than 10 perform local repairs and
exposure to radiation by construction personnel is minimized.

Planning for RFO 9, which is scheduled for April 1993, is in progress. The engineering
activities are scheduled to be complcted by July 1, 1992, The engineering E/C activities for
RFO 10 are intended to be completed | year prior o the outage. At present, tracking and
trending of E/C inspection results is performed by NED at Braintree, Massachusetts. The
licens 2e intends that those functions be performed in the future by systems engineering al the
plant.



6.0 CONCLUSIONS
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