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PART 9900: TECHNI CAL GUI DANCE

FPLUGS. TG
MECHANI CAL - FREEZE PLUGS

A PURPOSE

To provide guidance on the use of freeze plugs during system
mai nt enance or nodification on reactor fluid systenms, which, for
vari ous reasons, cannot be isolated through the use of existing
val ves.

B. DEFI NI TI ONS

Freeze Plug - Freeze Seal. A nethod of preventing fluid flowin a
pi pi ng system by freezing the fluid. The area of fluid frozen
perforns the sane function as a valve. The terns freeze plug and
freeze seal are synonynous.

C BACKGROUND

On April 19, 1989, at the River Bend Station, a freeze plug fail ed
on a 6-inch service water line. The freeze plug had been estab-
lished to allow inspection and repair work on manual isolation
valves to a safety-related auxiliary building cooler. The failure
of the freeze plug resulted in flooding portions of the auxiliary
bui | di ng. Approxi mately 15,000 gal |l ons of service water covering
portions of the 141-foot |evel discharged through a di sassenbl ed
i solation valve. Aportiononthe water flowed t hrough holes in the
fl oor under safety-related 480 VAC notor control centers on to
non-safety-related cabinets on the 114-foot |evel containing
di sconnect |inks and a 13. 8/480 VACtransforner. Sincethe cabinets
wer e not designedto shed thewater, anelectrical fireball resulted
t hat damaged the cabi net and conponents.

During an Oconee 1 shut down for a refueling outage, a freeze plug
was used to facilitate replacenent of a 3-inch dianeter section of
| ow pressure injection piping, because no val ves were avail able to
isolate the affected piping. The freeze plug was in a line
connected to the borated water storage tank, which has a 388, 000
gal l on capacity, and supplies borated water for the | ow pressure
injection system The freeze plug failed, and approxi mately 30, 000
gal | ons of water | eaked i nto vari ous areas of the auxiliary buil ding
and a portion drained through the station yard drai nage systemand
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unintentionally flowed past the site boundary before the | eak was
brought under control 8 hours after the freeze plug fail ed.

| nf ormati on Noti ce 91-41, "Potential Problens Wth the Use of Freeze
Seals," identified potential problens relatedtothe freeze seal in
PWRs and BWRs, specifically includingboththe Ri ver Bend and Cconee
1 incidents. The information notice indicated that freeze sea

failure in a PAR react or boundary systemcould result in inmediate
| oss of primary coolant. In BWRs, failure of a freeze seal in a
system connected to the vessel's | ower plenumregion, such as the
reactor wat er cl eanup (RAWCU) system couldresult inthe water | evel

inthe reactor vessel falling belowthe top of the active fuel. The
estimated time for this to occur is less than 1 hour if the sea

failed conpletely and makeup water was not added to the reactor.
The i nformati on notice i ndi cated concerns that freeze seal failures
in secondary systens can also be significant because of the
potential for consequential failures, suchas theloss of RHRin the
Ri ver Bend event. The information notice identified procedural
i nadequacies that resulted in a failure to install and nonitor a
tenperature detection device, and a | ack of personnel training in
the use of freeze seals. Other inportant considerations identified
in the notice included: "exam ning training, procedures, and
conti ngency plans associated with the use of freeze seals, and
eval uating the need for and avail ability of additional water nakeup
systens and their associated support systens."

D. DI SCUSSI ON

Freeze plugs are routinely used in nuclear reactor fluid systens to
drain or isolate conmponents which for various reasons cannot be
conveniently isolated by val ving. Basically, a freeze plug is
produced by chilling the outside of a pipe, usually by imersing a
portion of the pipe in liquid nitrogen. Eventually, the water at
the inner surface of the chilled pipe freezes and the ice/water
interface grows towards the center of the pipe and also along its
axis. Although this descriptionis rather sinplified, there exists
certain probl emareas about which care nust be taken, both for the
establ i shnent of an effective freeze seal and for t he assurance t hat
the freeze seal will be adequately mai ntained for the period of tine
itisrequired. It isessential, therefore, that witten procedures
be establ i shed and f ol | owed, and t hat adequat e trai ni ng be conduct ed
for personnel to correctly inplenment these procedures.

In the course of the NRC staff's evaluation of shutdown and | ow
power operations (NUREG 1449), the staff identified and exam ned
pl ant configurations used during shutdown operations involving
tenporary seal sinthereactor coolant system This includes freeze
seals that are used in a variety of ways to isolate fluid systens
tenporarily, tenporary plugs for nucl ear instrunment housings, and
nozzle danms in PARs. The staff has identified instances in which
failure of these seals, either because of poor installation or an
overpressure condition, can lead to a rapid non-isolable | oss of
reactor coolant. This concern is of special inportance in PWRs
because t he energency core cooling system(ECCS) is not designedto
automatically mtigate accidents initiated at pressures bel owa few
hundred psig and is not normally fully avail able for manual use
during these conditions. In BWRs, the ECCS is required to be
oper abl e during cold shutdown, and during refueling when there is
fuel in the reactor vessel and the vessel water level is |ess than



23 feet above the reactor pressure vessel flange. In addition, the
ECCS is actuated automatically when water level is low in the
reactor vessel.

At the River Bend Station (RBS), freeze seals were bei ng produced
by both outside contractor personnel and plant naintenance

personnel. Each organization had its own freeze seal procedure.
The RBS procedure permtted a freeze seal contractor to use his own
procedure. Much of the licensee's know edge on freeze seal

production was gleaned from observation of the freeze seal
contractor during the first refueling outage. There had been no
formal training or a |list of personnel qualified on freeze sea
techni ques established for RBS mai nt enance personnel .

The RBS and contract or procedures had sone notabl e di fferences. The
freeze seal contractor's procedure required installation of a
tenperature neasuring device into a sleeve in the freeze seal
chanber. The RBS procedure did not require installation of a
t enper at ure neasuri ng devi ce. Wil e the RBS procedure di scussed use
of such a device, it was anbiguous in that it required a resistor
tenperature sensor probe be taped to the pipe surface, but showed
a sketch with a thernocouple protruding from the chanber. The
freeze seal contractor required recording tenperature every 5
m nut es during establi shnment of the freeze plug and every 15 m nut es
whi | e t he pl ug was bei ng hel d. There were no tenperature nonitoring
or recording requirenents in the RBS procedure. The freeze seal
contractor utilized a manifold boot and control |l ed fl owby dri pping
liquid nitrogen from a vent, whereas the RBS procedure vented
gaseous nitrogen (which is not considered to be a very reliable
method). In addition to tenperature neasurenent, there are other
i ndi cations of freeze conditions. These indications are frosting
of the pipe at each end of the boot and observation of water flow
downstreamfromthe freeze seal. Neither of these nethods are very
reliable, but both were usedinthe RBS procedure. In addition, the
freeze seal contractor prohibited nultiple seals from a single
nitrogen bottle, but no such prohibition was stated in the RBS
procedur e.

In the RBS incident two freeze seals were produced fromthe sane
nitrogen bottle. Nitrogen flowwas controll ed by observati on of the
ni trogen plune at the vent, and sone val ve mani pul ati on was required
to produce equal plunmes from both vents and to maintain roughly
uni form plunme size for the duration of the freeze. Tenperature
i ndi cation was esti mated by the axial | ength of frosting onthe pipe
on ei ther end of the boot. The freeze plug fail ed even t hough vapor
fl ow out of the jacket vent was observed and frost |ines indicated
that a plug had forned.

At Oconee the freeze plug procedure did not provide adequate
gui dance for determ ning the anount of liquid nitrogen required.
Two bottles of liquidnitrogen were consi dered by the supervisor to
be a sufficient supply for the task and were avail abl e at the freeze
site. Wen the first bottle was depl eted, personnel took it away
to be refilled. After refilling the first bottle, it was
subsequently returnedtothe freeze site. Wienthe first bottl e was
next used, it was determned that it had been only partially
refilled due to operator and mai ntenance personnel unfamliarity
with the refilling process. The refilled first bottle |lasted for
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about 15 mnutes, which did not allow enough tine to refill the
second bottle. Wiile the second bottle was being refilled, the
freeze seal failed.

As a result of these events, the inspector should ensure that the
licensee has considered the following itenms in establishing
procedures and control s:

1. Maintenance procedures ensure that an adequate supply of
liquid nitrogen is available prior to commencing the freeze
seal operation.

2. Personnel are trained in the filling of nitrogen bottl es.

3. Each freeze plugw | be supplied by a single source of Iiquid
ni trogen.

4. Freeze pluginstallation and mai nt enance wi Il be perfornmed by
pl ant personnel who have been trained on freeze plug
installation and mai nt enance techni ques and procedures.

5. The licensee has a docunented contingency program wth
i npl ementing procedures to useinthe event that afreeze pl ug
fails.

6. Freeze plug procedures require comunications between the
control roomand t he mai nt enance per sonnel perform ngthe work
to keep the control room apprised of the status of ongoing
wor k.

7. Prior to establishnent of a freeze seal, the area of pipe
schedul ed to contain the seal shoul d be subjected to surface
i nspection (MI or PT) to assure that no surface defects are
present.

8. The equi pnent used to establish and maintain the seal should
be designed to provide uniform distribution of coolant.
Provi sion should be provided for tenperature nonitoring
i nstrunentation and dependabl e fl ow nonitoring of sone sort
(Observation of gaseous plune is not consi dered an adequately
dependabl e fl ow nonitoring nethod).

9. Freeze seals should not be perfornmed within sonme m ni num
di stance (e.g., a mninmumof 3 pipe dianeters) from piping
di scontinuities.

10. Freeze plug jacket tenperature will be nonitored to ensure
that liquid nitrogen flow is naintained.

11. Provide adequate ventilation to assure adequate circulation
of volatile coolants. In confined areas, an air analyzer
shoul d be in operation and frequent observations perforned.

12. During freeze plug thaw, a minimum A p across the seal is
necessary to prevent downstream danmage from novenent of the

pl ug.
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13.

14.

15.

16.

Recommended nodifications to basic freeze seal procedure for
variations in seal orientation (i.e. pipe axis horizontal or
vertical) should be provided where needed (i.e. tenperature
and flow nonitor |ocations).

Adequat e neasures have been taken to protect electrical
equi prent and ot her systens whose operati on coul d be i npact ed
by a failure of the freeze plug.

Pl anni ng and supervi sion of freeze seal operations should be
conducted by qualified and experienced personnel. In many
cases, contractors wth special expertise and experience in
conducting freeze seal operations will be used. A nore in-
depth i nspection may be warranted if a recogni zed speci al i st
in the area of freeze sealing is not being used.

Planning for freeze seal operations should include

consi deration for the potential for causing structural danage
to t he pi pi ng based on t he eval uati on of a qualified engi neer.

END
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