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On February 18,1997, with the unit in Mode 5, it was determined that defects existed in the original design of tie rod
essemblies in eight Recirculation Spray System (RSS) expansion joints (3RSS*EJ1 A through D and 3RSS*EJ2A through D).

,

Th se joints are essential to containment integrity and to the heat removal function of the RSS. The specific design |
dificiency is a failure to provide adequate clearance for intermediate tie rod nuts. As a result of this defect, if the joints were i

subjected to their design basis loads, the stress levels in the joint tie rod assembly could have exceeded its analyzed
operating limits and the joint could experience deformation. This condition was reported on February 18,1997 pursuant to
10CFR50.72(b)(1)(ii)(B) as a condition during operation that resulted in the nuclear power plant being outside of the design
bisis of the plant.

The cause of this event was determined to be a defective design which had been issued by the vendor, the Temp Flex !
division of Johnson Controls. This vendor has subsequently gone out of business. This condition is significant since
failure of the joints could adversely affect containment integrity and long term cooling capability for the core. There were
no adverse safety consequences from this condition in that the plant has not experienced a design basis event that would
challenge the expansion joint.

The required physical modifications to the eight expansion joints within the RSS will be completed prior to entry into mode
4. Additionally, a review of similar expansion joints provided by the original vendor will be performed.
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1. Description of Event

On February 18,1997, with the unit in Mode 5, it was determined during a reanalysis of the Recirculation Spray System
(RSS) piping, that defects existed in the original design of tie rod assemblies in eight RSS expansion joints (3RSS*EJ1 A
through D and 3RSS*EJ2A through D). These joints me essential to containment integrity and to the heat removal
function of the RSS. The specific design deficiency . . failure to provide adequate clearance for intermediate tie rod
nuts. As a result of this defect, if the joints were subjected to their design basis loadst the stress levels in the joint tie rod
essembly could have exceeded its analyzed operating limits and the joint could experience deformation. This condition
r/Is reported on February 18,1997 pursuant to 10CFR50.72(b)(1)(ii)(B) as a condition during operation that resulted in
ths nuclear power plant being outside of the design basis of the plant.

The safety functions of the RSS are to remove heat from the containment, provide for iodine removal, and support long
t:rm core cooling by providing adequate suction pressure to the High Pressure Safety injection (SlH) and Charging
(CHS) pumps. The RSS equipment is configured with four pump / cooler flow paths. Each of the four flow paths has two
expansion joints, one near the pump and one near the cooler. The expansion joints provide piping flexibility between the
RSS pump and the RSS cooler. Flexibility is required to prevent overloading the equipment piping nozzles. The
expansion joints also function as part of the piping configuration to convey the containment sump water from the pumps
to the coolers.

Th3 existing joints are a tandem bellows design with a center or intermediate pipe spool separating the two bellows.
Proper operation of the joint requires that the intermediate spool be able to rotate freely. To provide stability for the
intirmediate spool there are lugs or " ears" welded to the spool. The tie rods pass through holes in these lugs. As the
flinges are displaced transverse to the length of the joint during operation, the design intent is for the two bellows
ci:ments to bend and the center spool to rotate slightly such that the joint forms an "S" curve to accommodate the
movements. In the original design there are two nuts located on either side of each lug, with no clearance between the i

nuts and the lugs shown on the design drawings. These nuts restrain the intended rotation of the center spool and |
impose more severe deflections on the bellows elements. In addition, the nuts tend to prevent angulation of the tie rods
as they pass through the ears due to the zero clearance. As a result, increased stress levels could be induced into
either the lugs or tie rods.

I
Th3 lugs on the center spool are an integral welded attachment to the spool and subject to the rules of American Society
Of Mechanical Engineers (ASME) Section lil, Subsection NC-3645. This section of the ASME Code limits " excessive
bending stresses" imp 7 sed by attachments. Given that the lugs are forced to bend by the interaction of the rods and
nuts, the stresses in the ears, the spool wall material, and the attachment weld do not conform to the Code, and thus do
not meet their original design.

Tha joint tie rod assembly is an integral part of each expansion joint. It is needed to balance the pressure thrust across
th) joint, which otherwise would transfer excessive loads to the piping and attached equipment. The existing tie rods are
common ASTM A36 threaded rod. The tie rods are subject to large tensile stresses due to internal joint pressure loads.
Thise tensile stresses are beyond the normal stress allowable for the A36 threaded rod material. If the combined
t:nsion and bending were to cause the tie rods to fail, the joint could have excessive bellows extension and the pressure
boundary integrity of the metal bellows could be challenged. Alternatively, if the constrained tie rods were to cyclically
distort the center spool attachment, fatigue cracking of the spool pressure boundary could occur. In either case, leakage
of containment sump inventory into the Engineered Safety Features (ESF) building is a possible consequence. In
addition, loads on the RSS pump and cooler nozzles could be excessive, and the equipment supports could be
challenged.
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Th3 ASME Code does not specifically state requirements for design of tie rods. Pressure design of bellows expansion
: joints is governed by ASME Code Section NC-3649.1. This section requires that the pressure thrust generated at the ;

; joint be resisted by " . rigid end anchors, cross-connection of the section ends or other means" which is considered to ;

i rr, quire that the tie rods be designed to standards at least as rigorous as those utilized for pipe supports. Under |

specified conditions the rods will be subject to large prying and bending loads which could result in stresses exceeding !
ccceptable levels. Further, A36 threaded rods are intended only for direct tension loads, and subjecting them to

q combined large tension and bending is not acceptable. Thus the rods do not meet their original design requirements. i

|
This event is reportable pursuant to 10CFR 50.73(a)(2)(ii)(B) as a condition during operation that resulted in the nuclear l

i power plant being in a condition that is outside of the design basis of the plant. ;
.

! |
i

i 11. Cause of Event

Th3 cause of this event was determined to be a defective design which had been issued by the vendor, the Temp Flex |division of Johnson Controls. This vendor has subsequently gone out of business. The defect was not discovered by .

4 cither the Architect / Engineer during construction or by the plant staff due to a lack of specific expertise in the design of
'

expansion joints. '

;

111, Analysis of Event4

i
i This condition is significant since failure of the joints could adversely affect the ability of the RSS to perform its safety

functions in that if the joints experienced their specified pressure, temperature and movements, they could be challenged,

! beyond their initialintended design limits. The exceedance is to an extent that adequate margin against failure could not
] be assured during a design basis event.
i

There were no adverse safety consequences from this condition in that the plant has not experienced a design basis
event that would challenge the expansion joint. In addition, the current vendor (Senior Flexonics Corporation int

' Houston Texas) has stated that the joint would likely have performed its design function if the lateral movement is in the
same plane as the tie rods.

j

IV. Corrective Action

Th3 required physical modifications to the eight expansion joints within the RSS will be completed by August 131997,
and no later than prior to entry into mode 4.

Expansion joints provided by Temp Flex division of Johnson Controls will be identified and reviewed to verify that they
meet design requirements August 13,1997, and no later than prior to entry into mode 4.

NRC FORM 366A 14 95)
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V. Additional information

This event was discovered as a result of reanalyzes being performed in response to:

LER 96-007-00 " Containment Recirculation Spray. Quench Soray, and Safety Iniection Systems Outside Desian Basis !

Due to Desian Errors"

On April 3,1996, at 13:55, with the plant in Mode 5 at 0-percent power, it was determined that the )
plant had operated in a condition that was outside the design basis due to a deficiency in specific j
design conditions for a system needed to remove residual heat and mitigate the consequences of an
accident. It was determined that the Containment Recirculation System (RSS) spray piping and
supports were not adequately designed for thermal loads resulting from accident temperatures.
Accident temperatures could result in stresses above the design allowable stresses for plant
" Faulted" conditions.

It was initially determined that the higher RSS temperatures could result from a postulated loss of
Service Water (SWP) to one or more RSS heat exchangers it was subsequently determined that:
(a) unacceptable stresses in RSS piping, Quench Spray System (OSS) piping, and portions of piping
which comprise the Safety injection (SI) flowpath, and the associated supports for those systems,
could also result from the design basis accident temperatures inside containment, and (b) the original
design basis analyses for the RSS and OSS systems utilized support anchor movements which were
nonconservative.

As corrective actions, design reviews of the RSS, OSS, SI, and other systems are being performed,
design improvements being made, and the systems restored to appropriate design basis
requirements prior to declaring the systems operable for other than modes 5 and 6. As action to
prevent recurrence, those systems which would be exposed to a Post-LOCA or Post HELB

,

I

environment and which are required to mitigate the consequences of a design basis accident are
being reviewed in order to determine whether or not they are susceptible to the same types of design
deficiencies j

!
Th3 expansion joints had been purchased from the Temp Flex division of Johnson Controls and were installed prior to i

1986 as part of the original plant construction. The Temp Flex line has since been discontinued, and its business sold
to the Senior Flexonics Corporation in Houston Texas.

1
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Similar Events

LER 97-016-00 *Pipina Supports for Portions of the Residual Heat Removal system in A Condition inconsistentWith The
Desian installation Details"

On February 6.1997, at 17:00 with the plant in Mode 5 at 0-percent power, it was determined that
piping supports for portions of the Residual Heat Removal system (RHS) were in a condition
inconsistent with the design installation details. Specifically, while implementing piping support ,

modifications to address conditions previously identified in LER 96-007-00, workers found the piping j

system to be outside of its designed configuration. An engineering review determined on February 7,
1997 that the supports would not function as designed. As a result, an immediate notification was
made pursuant to 10CFR50.72(b)(1)(ii)(B) of a condition during operation that resulted in the nuclear
power plant being in a condition that is outside of the design basis of the plant. j

1

This condition was significant in that had the plant experienced a decign basis accident in containment i

the potential existed that the RHS might have been unable to fulfill its required safety function. !
However, there were no adverse safety consequences from this condition since the RHS system has !
never been required to operate in a post accident environment nor has it experienced a seismic event. |

Immediate corrective action was taken to restcre the piping supports to their designed configuration.
In addition, a representative sample of other safety related pipe supports are being inspected to
determine if conditions exist which would cause the piping support to not perform as designed.

|

Manufacturer Data

Ells System Codes

Containment Spray System - BE

Ells Eauipment Codes

Expansion Joint - EXJ
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