New Hampshire

Tad C. Feigenboum
ee President and

Chief Executive Othicer

NYN- 91160
October 2, 1991

United States Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Dacument Control Desk
Reference: Facility Operating License No. NPF-86, Docket No. 50-443

Subject: Licensee Event Roport (LER) No. 91-010-01: Reactor Coolant System
Unidentified Leakage

Gentlemen:
Enclosed please find Licensee Event Report (LER) No. 91-010-01 for Scavrook
Station. This submittal supplements LER No. 91-010-00 wh.ch documented a July 25, 1991

event, and is being reported pursuant to 10CFRS0.73(a)(2)(1) and 10CFR50.73(a)(2)(ii)

Should you require further information regarding this matter, please contact Mr
Terry L. Harpster, Director of Licensing Services, at (603) 474-9521, extension 2765

Very truly yours,

Toal (- eatie AP

Ted C. Feigbnbaum
TCF:GK/

Enclosures: NRC Forms 366, 366A
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United Staces Nuclear Regulatory Commission
Attention: Document Coniro! Desk

Ll

Mr. Thomas T. Martin

Regional Administrator

United States Nuclear Regulatory Commission
Region |

475 Allendale Road

King of Prussia, PA 19406

Mr, Gordon E. Edison, Sr. Project Manager
Project Directorate 1-3

Division of Reactor Projects

U.S. Nuclear Regulatory Commission
Washington, DC 2555

Mr. Noel Duodley

NRC Senior Resident Inspector
P.O). Bux 1149

Seabrook, NH 03874

INPO

Records Center

1100 Cirele 75 Parkway
Atlanta, GA 30339
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On July 25, 1991, at 8:00 a.m,, while in MODFE 1 a1 100% reactor power, the Reactor Coolant System
(RCS)AB| unidentified leakage rate exceeded the 1.0 gpm Technical Specification (3.4.6.2b) himit.
The leak was lound to be in the vicinity of the pressurizer, but the exact location could not be
determined; therefore a controlled roactor shutdown was initiated

Following plant shutdown, the leakage source was identified as a failled Raychem "CryoFit" tube
coupling located in the pressurizer gas space sample line [KN]). The failure was a 360 degree
circumferential fracture at the coupling midpomi. A second failed CryoFit coupling located in the
same line was subsequently discovered. I

Safety-related use of CryoFit couplings at Seabrook Ststion has been limited to sampling and
instrumentation tubing applications. i

NHY has conservatively replaced a large number of CryoFit couplings installed 1o tubing exposed to
RCS chemistry conditions at elevated temperatures. NHY has reviewed applicable industry testing
of "Tinel" material and has tested a sample of CryoFit couplings removed from selected locations.
The root cause has been determined to be a specification deficiency. The failure mechanism has been
determined to be hydrogen embrittlement,

The use of these couplings shouia be reviewed for applicability in hydrogen environments, paying
particular attention to high température, high hydrogen, gas space applications at other nuclear
facilities
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On July 25, 1991, at 8:00 a.m., EDT, while in MODE 1 at 100% reactor nower, the Reactor Coolant
System (RCS) [AB] unidentified leakage rate exceeded the 1.0 gpm Technical Specification (3.4.6.2b)
limit. The ACTION associated with this specification requires the leakage rate to be reduced to
within limits within 4 hours or be in at least HOT S7T ANDBY within the next 6 hours and in COLD
SHUTDOWN within the following 30 hours.

o |8 |0 (0414 )3]9)1]|~]0]110]--[0]1]0)2 o0 |4

In response to the RCS Leak, the Unit Shift Supervisor entered Abnormal Operating Procedure
081201.02, "RCS Leak”. 1o addition, a containment entry was made and the leak was found to be
in the vicinity of the pressurizer, but the exact location of the leak could not be determined, Since
the RCS leakage was constant at a rate of approximately S.0 gpm, and its source could not be
precisely determined, a controlled reactor shutdown was initiated on July 25, 1991 at 11:4]1 am

Following the plant shutdown, an inspection of the pressurizer cubicle was conducted. 1t was
determined that the RCS leakage was causced by failure of a Raychem "CryoFit" tube coupling located
in the pressurizer gas space sample line [KN] approximately 35 feet downstream of the root isolation
valve (RC-V128). The pressurizer gas space sample line is fabricated from Type 3161 stainless steel
tubing, with tubing segments in this line joined by cither welded, CryoFit or compressivn couplings.
The failure which caused the RCS lcak was a 360 degree circumferential fracture at the midpoint of
a CryoFit coupling

Raychem CryoFit couplings are made of ea alloy comprised primarily of titanium and nickel which
exhibits a "shape memory effect.” If this material in a manufactured shape, such as a cylinder, 1s
coclsd below its phase transformation temperature (approximately -200 degrees F) and the shape of
thk  material s then expanded, the material will return to s ornginally-mansfactured shape as it
warms back through its phase trunslormation temperature. A Cryofit coupling utilizes this “shape
memo.y" phenomena during the instellstion process. The Cryolit coapling is cooled below the
transforma‘ion temperature. The ends of the coupling are then expanded and the ends of two lengths
of tubing are then inserted ‘nto the ends of the coupling. As the coupling warm (o room
tempe atwie it shrinks around the tubing ends to produce ¢ strong, pressure-retaining joint,

As an mmmediate follow-up «ction to this coupling tailure, NHY removed for evaluation tae failed
CryoFit couphing and additional Cryofit couplings from other locations along the pressurizer gas space
sample line as well as from the pressurizer liquid space sample line and one RCS hot leg sample
line, During the process of removing additional couplings for evaluation, a sccond failed CryoFu
coupling was discovered. This coupling was also located in the pressurizer gas space sample line at
a point approximately five inches downstream of the location of the first failed coupling. This second
CryoFit coupling fractured after an accidental impact which was imparted to the sample line by an
engincer while descending into the pressurizer vault as part of the line inspection effort '

After the Jiscovery of the two fatled CryoFit couplings, New Hampshire Yankee (NHY) notified the
NRC pursuant te WCFRSO.72(b)(2)(1), on Augusi 14, 1991 of a potential defect in the application
of Raychem CryoFit couplings installed in the pressurizer gas space sample line.

Field walkdowns confirmed that over 3000 CryoFit couplings with diameters ranging between one
quarter and one half inch were originally installed in Seabrook Station in both safety related and non-
nuclear safety applications. Safety-related use of CryoFit couplings has been limited to sampling and
instrumentation tubing applications. A typical sampling or instrument tube may cootain a combination
of welded, CryoFit and/or compression couplings. Only CryoFit couplings are affected by the failure
mechanism in gquestion.
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There were no adverse salety consequences as a result of this event. The RCS leakage rate was
sufficiently small to permit an orderly plant shutdown. The leakage was contained in the Reactor
Containment Building [NH]. No additional abnormal conditions were noted during the shutdown
process.  The subsequent liquid and gas released into the Reactor Contatnment Building were
processed through the normal plant radwaste sysicms. The second degraded CryoFit coupling had
been installed in the same hioe; and if it bhad failed in addition to the first failed coupling during
plant operation, the RCS leakage rate may have increased slightly, but could not have exceeded the
makeup capacity of a charging pump during the conduct of an orderly plani shutdown.

All operator actions were determined to be appropriate to ensure the safety of the plant. At no
time during this event was there any impact on the heaith and safety of plant employees or the
public.

New Hampshire Yankee has reviewed this event for 10 CFR Part 21 considerations and has
determined that this event is not reportable under 10 CFR Parnt 21, However, New Hampshire
Yankee can make no judgement as to the use of those couplings in other auclear plants. Therefore,
New Hampshire Yaskee recommends that the use of these couplings should be reviewed for
applicability in hydrogen environments, paying particular gttention to high temperature, high
hydrogen, gas space applications at other nuclear facilities,

The root cause for the failed couplings has been determined to be a specitication deliciency. The
specification for procurement of the CryoFit couplings did not adentify the various process fluids
or environmental conditions in which the CryoFit couplings were to be used.  Additionally, the
specification did not require the vendor to identify any service restrictions applicable to CryoFit
couplings based on known fluid chemisiry effects.

Mectallurgical evaluation results indicate that the failure mechanism is hydrogen cembrittlement.
Although the detailed failure mechanism s complex and the exact mechanism in this case s
currently unknown, the hydrogen embrittiement process appears to occur only in the presence of
signiiicant hydrogen at high temperature.  Evaluation of failed CryoFit couplings indicates that
materinl degradation progressed from the inside to the outside diameter of the coupling until a 360
degree, cucumferential, through-wall failure resulted.

A controlled reactor shutdown was initiated on Jaly 25, 1991 at 11:41 a.m. in accordance with
Technical Specification 3.4.6.2 ACTION b.

Immediate corrective actions were as follows. A root cause analysis was performed 1o determine
the cause of the fatlures of the CryoFit couplings in the pressurizer gas space sample line.  Based
on industry information known at the time, technical input from the vendor and preliminary results
of testing a small group of CryoFit couplings mitially removed from 1nstalled locaticns at Seabrook
Station, a hypothesis was formed that CryoFit coupling applications in high hydrogen and high
lemperalure environments are not appropriate. A review of design and procurement documents was
conducted 1o determine the type of service and extent of usage of CryoFit couplings al Seabrook

:"“n‘““ o ol 8GN0 1958 0004 S38/484

~



T P ———— . P — B T e A A e

NAT bocm M4a US NUCLEAR REGULATORY COMMISSION
- LICENSEE EVENT REPORT (LER) TEXT CONTINUATION APPROVED OMB NO 31500104

Lxmkis a0 m

LITY NAME (1] DOCKET NUMBER 123 CER NUMBEA (8) PEGH (3
Than l!guluﬂlt N(::m:

SEABROOK STATION

°l’1°l_°_i°["‘J“13 911 -~ 0}110 —Oil. 014 [0F 0 {4

TEXY (X mowy apoce ¥ moparnd. h sostiow NRD Forw XA 01

Station. A ficld walkdown of accessible tubing systems was conducted to determine the scope of
application of CryoFit couplings in safety-related and non-safety-related systems. Criteria for selection
of additional CryoFit couplings from installed locations for testing were established.  Applyiog this
eriteria, & group of CryoFit couplings representative of the range of service at Scabrook Station was
removed from installed locations and prepared for testing. New Hampshire Yankee informed the NRC
and the industry of the status of CryoFit coupling concerns at Seabrook Station vig the TOCFRS0.72
report and LER 91-010-00.

Follow-up actions to resolve CryoFd coupling concerns included @ review of pertinent hitersture and
applicable industry testing, The review of pertinent literature did not identify any failures of Cryofit
couplings. The review of industry testing identificd testing performed by the B&W Nuclear Service
Company and Framatome as having significant results epplicable to Seabrook Station, The B&W tests
were performed on Tinel material samples i RCS and secondary side chemistry environments at
clevated temperatures. The results of this testing showed no evidence of stress corrosion cracking,
intergranular “ttack, pitting or general corrosion. Framatome conducted tests of Tinel material samples
in an RCS chemistry environment. The Tinel material tested by Framatome was similar but not
identical to that used at Seabrook Station. The Framatome testing results confirmed our hypothess that
applications of Tinel material in high hydrogen and high temperature environments are not appropriate.

Follow-up actions also iacluoded replacement or isolation and testing of selected CryoFit couplings
originally installed in Seabrook Station applications.  As s conservative measure, NHY replaced or
isolated all CrvoFit couplings installed in the pressurizer gas and liquid space sample tubing inside
Containment, all pressurizer instrumentation tubing, and all remotely unisolable tubing connected to
the RCS pressure boundary that experiences RCS chemistry conditions, including instrumentation for
actuation of the Reactor Protection System (RPS)[JC| and the Engincered Salety Features Actuation
System (ESFAS)[JE].  Additionally, NHY replac.d all CryoFit couplings installed in tubing which is
exposed to RCS chemisiry conditious and whose failure could degrade the performance of the
Emergency Core Cooling Systems (ECCS){BE||BPL[BQ] . Replacement couplings were either the
welded or compression type. The NHY testing program conducted testing on a variety of Cryoli
couplings exposed to a spectrum of plant chemistry environments, temperatures, flowing condiions
and exposure times. Testing included mechanical property testing, metallography testing, burst testing
and hydregen absorption tests.  The reqults of this testing confirmed that Cryofit couplings are not
suitable for high temperature applications exposed to pressurizer gas space chemistry conditions.
These test results also conlirmed that CryoFit couplings are acceptable for use in applications that
experience aormal RCS chemistry and temperatures under either stagnant or flowing conditicns,

Based on information from the literature review, applicable industry testing and the NHY testing
prugram, NHY is confident that the CryoFit couplings remaining installed in Scabrook Station are
capable of purforming their intended function for the life of the planl  However as a conservative

measure, NHY will implement a sampling program to verify the corrosion resistance of CryoFit
couplings installed in Seabrook Station.

At the time of initiation of the RCS leak caused by the first coupling failure, the plant was in MODE
t, Power Operation at 100% reactor power, with an RCS temperature of 587 degrees Fahrenhent and
pressure of 2,235 psig. Al the time of discovery of the second failed coupling, the plant was in
MODE 5, Cold Shutdown.

This is the first event of this type at Seabrook Station
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