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At approximately 1700 on 3-1-88 it was determined that hydrogen was
accumulating in the supply line from the residual heat removal (RHR)
pump to the charging pump suction for the A train on each unit. The
amounts of hydrogen that accumulated could possibly have caused damage
to the A train charging pump if the recirculation phase of safety
injection (i.e., suction from the containment sump via RHR pump to the
charging pump) had been required. Normal charging pump operation and
the injection phase of safety injection vere not affected by the
hydrogen accumulations.

The hydrogen was vented from the piping and a periodic venting program
vas initiated to ensure the hydrogen accumulation was held to
acceptable levels. The normally operating charging pump on each unit
has been established as the B or C pump because of the identified
propensity for gas accumulation in the supply line from the residual
heat removal pump to the charging pump suction for the A train when the
A pump is running.

This event was caused by the piping configuration in that the layout of
the A train supply line from RHR piping allowed hydrogen to accumulate.
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Plant and System Identification

Vestinghouse - Pressurized Vater Reactor
Energy Industry Identification System codes are identified in the text as [XX].

Summary of Event

At approximately 1700 on 3-1-88 it was determined that hydrogen was accumulating
in the supply line from the residual heat removal (RHR) [BP] pump to the
charging pump suction [BJ] for the A train on each unit. The amounts of
hydrogen that accumulated could possibly have caused damage to the A train
charging pump if the recirculation phase of safety injection (i.e., suction from
the containrent sump via RHR pump to the charging pump) had been required.
Normal charging pump operation and the injection phase of safety injection vere
not affected by the hydrogen accumulations.

The hydrogen was vented from the piping and a periodic venting program was
initiated to ensure the hydrogen accumulation was held to acceptable levels. The
normally operating charging pump on each unit has been established as the B or C
pump because of the identified propensity for gas accumulation in the supply
line from the residual heat removal (RHR) pump to the charging pump suction for
the A charging pump when the A train is running.

Description of Event

At approximately 0315 on 2-26-88, while the unit was in Hode 1 operating at 100%
reactor pover, the high point vent valve (V483) on the Unit 1 A train RHR to
charging pump suction was opened to collect a vater sample. Vhen V483 vas
opened, only gas was vented. The venting was continued and a vater sample was
finally obtained from V483. As a result of this venting, the volume control
tank (VCT) [CB) levt1 decreased approximately 30%. At 13.99 gal /%, this equates
to about 420 gallons of water displacing the gas volume.

Plant personnel did not know the composition of the gas and started an
investigation to determine the source of the gas. It was believed that after
venting, the gas problem was resolved except for determining she source.

At approximately 1430 on 2-28-88, the Unit 1 B train RHR to charging pump
suction was vented as part of the investigation and no gas was observed.

At approximately 1800 on 2-29-88, the Unit 2 A train RHR to charging pump
suction was vented as a continuation of the investigation of the Unit 1
occurrence. The results vere similar to those obtained from the Unit 1 A train
venting and about 310 gallons of water displaced the gas volume. The Unit 2 B
train RHR to charging pump suction was vented and no gas was observed.
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At approximately 1700 on 3-1-88, the Unit 1 A train RHR to charging pump suction
was vented ageln. The volume decrease in the VCT level was 152 gallons. The
gas was sampled and the results indicated that it was 98.09% hydrogen, 1.65%
nitrogen, and 0.26% oxygen. This is comparable with semple results from theVCT gas.

Following the determination on 3-1-88 that hydrogen gas was accumulating in the
RHR to charging pump suction line, Alabama Power Company immediately initiated
actions to determine the effects of hydrogen accumulation. Since Vestinghouse
provided the design requirements for the RHR and CVCS and Bechtel developed thet

I

physical piping layout for these systems, these design organizations were
requested to evaluate this issue on the evening of 3-1-88.

At approximately 0300 on 3-2-88, the Unit 2 A train RHR to charging pump suction
was vented again and no gas was observed. At approximately 1620 on 3-2-88, the
Unit 1 A train RHR to charging pump suction was vented and the equivalent of
five gallons cf gas was vented.

The 1A charging pump vas the operating pump on Unit 1 and the 2B charging pump
vas the operating pump on Unit 2 for all venting evolutions noted above.

Design criteria and as-built dravings were reviewed on 03-02 and 03-03-88. The
evaluatica of hydrogen accumulation was discussed among Alabama Pover Company,
Vestinghouse and Bechtel during several telephone conversations on 3-2 and
3-3-88. Vestinghouse provided alabama Pover Company with preliminary
recommendations for operation on 3-3-88. These recommendations vere formally
provided by Vestinghouse to Alabama Pover Company on 3-4-88. Included in the
March 4th guidance was a recommendation to perform several more vents to
determine the rate of accumulation and then institute a venting process such
that total accumulation does not exceed 6.0 cubic feet at any time. This
recommendation was implemented and the 6.0 cubic foot criterion has not been
exceeded since the venting on 3-1-88.

The piping elevations for the A and B train RHR to charging pump suction lines
are not the same on both units. The A train piping high point on Unit 1 is 133'
and on Unit 2 it is 132'6". The B train elevations are approximately 114' for
both units. The VCT is located on the 121' elevation and is 9'3" in height.

Subsequent investigation shoved that significant hydrogen accumulation occurs in
the A train RHR to charging pump suction piping on each unit and is most
prevalent when the A pump is operating.

,, ,_ , .u wm m oeu sa ns
C



. _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ .

asRC Fenn assA V 3 hvCLE Am CEivLt.10AY COMWf96eces
*

LICENSEE EVENT REPORT (LER) TEXT CONTINUATION ueaovio evs w mo-eio.
ExPipts: 8. 31 at

,acmty enAast tu pocalisouwsta ut tta huwe64 ISI PAGE (3'

ma " C0.'' M*J:

Farley Nuclear Plant - Unit 1 o |5 j o | 0 | o | 31 4 8 818 Ol d 6 01 1 nl A 0F dn-- --

mv ,, . , < s.* =ac r mam iin

Background Information

On 11-6-79, during startup testing of Unit 2, an Operating Change Request (OCR)
vas generated by the startup organization to request a solution to the potential
for the accumulation of gas pockets in the suction line to the Unit 2 pumps.
This DCR was prompted by the fact that during the Unit 2 cold hydro test, with a
nitrogen overpressure in the VCT and C pump running, gas was found to accumulate
in the suction loop of the idle B pump. The OCR suggested a system modification
to route a line from the high points of the inverted loops in the pump's suction
back to the VCT gas discharge line. The OCR recognized that the suction of the
A pump could probably not be vented back to the VCT since the high point in the
suction to the A pump is actually higher than the VCT level. The OCR proposed
that the A pump vent be piped up to a drain header to allov for periodic
venting. The OCR also recognized that the pump suction pressure at the
elevation of the inverted loops could be less than the pressure in the VCT with
normal charging flovrates, such that the suggested venting arrangements vould
not be feasible without system modification. The OCR did not propose anychanges to Unit 1.

On 6-10-81, a Production Change Request (PCR) for Unit 2 vas generated by the
plant staff. The PCR identified the problem that, with charging pumps 2A or 2C
in operation and 2B charging pump idle, a volume of gas collects in the suction
line of the 2B pump. The plant staff cnly identified the problem of gas
accumulation in the 2B pump when idle due to the fact that the 2B pump suction
pipe routing is significantly different from the 2A and 2C pipe routing. The
plant did not recognize the potential for gas accumulation in the A train RHR to
charging pump suction piping.

On 8-7-81, it was determined, following an on site evaluation by Bechtel
engineers, that the only temporary solution to the accumulation of hydrogen gas
in the suction side of the Unit 2 B charging pump vas continuously running the
2B pump. The permanent fix identified on 8-7-81 vas to install four (4) 3/4"
air operated - fail closed valves and route the pump suction vents back to the
gas space in the VCT.

On 3-22-82, Vestinghouse recommended the installation of vent lines from the
charging pump suction lines to the VCT gas space to eliminate the accumulation
of gases in the charging pump suction line inverted loops for the 2P and 2C
pumps. Vestinghouse recommended a vater seal also be added to the 2A pump tee
connection of the RHR to charging pump recirculation line and the charging pump
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2A suction line, as well as vent line due to the fact that the 2A charging pump
suction piping high point is higher than that of the VCT vater level and vouldu_
therefore not vent to the VCT. The Vestinghouse proposal vas applicable to Unit
1 as well as Unit 2, however the proposal stated that the vater seal
(reccamended for the 2A pump due to the height of the RHR to charging pumpg piping) vas not required for any of the Unit 1 charging pump suction line vents.

E- Again, this served to reinforce the plant's position that the problem wasp limited to Unit 2, primarily 2B suction piping, and that the venting of all= other pumps was an enhancement. The Vestinghouse proposal did not identify theT fact that the Unit 1 RHR to charging pump piping configuration was similar to 2A
L or that it was different from the B train RHR to charging pump suction piping.

E.

L On about 6-28-82, the plant staff received a summary report of '.esting perforn.edW on the IB charging pump vhich observed some indication of gas voids in the
= pumpage. The plant staff vas requested to initiate a Unit 1 PCR, similar to the
7- Unit 2 PCR for venting the charging pump suction.

h In a letter to file dated 12-29-82, the plant staff indicated that the request; to initiate a Unit 1 PCR similar to the Unit 2 PCR for venting the charging pump--

suction was still being considered since the plant believed that the Unit 2 PCR
_ may not be the best solution to the gassing problem in the charging system.
E Again, at this time, the plant's viev of the problem was the venting of the pump

suction, and the plant did not recognize a concern or the potential for hydrogenr

accumulation in the section of piping from the RHR to the charging pump suction.

On 3-2-87, the 1A charging pump vas observed to have gas in the suction pipingmg
-

p when it was started up after having been idle for approximately 19 days. Thed- problem was not repeated, and the possible cause for the gas accumulation was
identified as being due to a VCT pressure drop from approximately 20 psig to 15
psig due to the hydrogen pressure regulator failing at the hydrogen banks. It

--

E
vas believed that some gas came out of solution at that time forming a gas

{ pocket in the A charging pump suction piping.
'-

At that time, the only problem recognized by the plant to exist was in the 2B
-

charging pump suction. The plant staff thus believed that the proposed solution'

vould not vork because it called for venting froe t!e pump suction (which was_

felt to be at a lover pressure than VCT pressure if gas was coming out of"- solution) to the VCT gas space. Therefore, a PCR vas not generated for Unit 1.E Since the Unit 2B charging pump gas problem vas being averted by running the 2B"
pump and, since no other charging pump on either unit had consistently shovn anyE propensity for gas buildup in the suction header, the Unit 2 PCR vas voided on

-- 2/2/88.
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Cause of Event

This event was caused by the piping configuration in that the layout of the A
train supply line from RHR piping allowed hydrogen to accumulate. Normal
suction for the charging pumps is from the VCT. The VCT contains an
overpressure of hydrogen in equilibrium with the liquid. In general, the
suction piping layout for each Unit 1 and 2 charging pump resembles an inverted
loop (See Attachment). There is the potential for gas coming out of solution
and migrating to these inverted loops.

For the Unit 1 A charging pump suction piping, the top of the inverted loop is
at 109.5 ft. elevation. The RHR to charging pump suction header is connected to

i the top of the inverted loop and rises to elevation 133 ft. The vent used to
! vent the gas is located at this elevation. The Unit 2 A pump suction piping is'

similar to Unit 1 except the top of the loop is located at 114 ft. elevation.
The high point and location of the vent in the RHR t'o charging pump suction
header is at elevation 132.5 ft. Both of these geometries provide the
conditions for trapping large amounts of hydrogen gas in the respective RHR to
charging pump suction headers.

If hydrogen comes out of solution, it vould accumulate in these A charging pumpinverted loops. Review of the piping layouts identifies that the section of
pipe containing the void is connected via a vertical pipe run to the charging
pump suction piping at the top of the inverted loop. It is believed that!

hydrogen gas was evolving frcm the fluid and accun.ulating in the RHR v.o charging
( pump suction supply header, since this provided the high point in the system.

The B trsin (both Units 1 and 2) has a suction piping geometry which does not
permit tha voiding of large sections of piping, regardless of pump status. The
geometry.in these piping sections is such that any hydrogen evolving cannot be

! trapped and is therefere svept through the pump. This is due to the fact that
i there are no auxiliary lines (potential traps) connccted to the suction piping
i at the top of the inverted loop. This is ,upported by the fact that the plant
| found no indication of hydrogen accumulation when vtnting the B train RHR to
l charging pump suction piping on both Units 1 and 2.
t

Reportability Analysis and Safety Assessment|

This event is reportable because the A train charging pump for each unit was
potentially inoperable for more than 72 hours prior to the determination oni

'

3-1-88 that hydrogen gas was accumulating in the RHR to charging pump suction
line. Technical Specification 3.1.2.4 requires that at least two charging pumpsbe operable.

|
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It is noted that the location of the Unit 1 and 2 pump A void vill have no
effect on normal pump operations since this line is used only for safety
injection recirculation. However, when going onto recirculation, if a void
existed in this line, it might be pushed through the charging pump by the RHR
pumps.

Vestinghouse Pump Engineering and Pacific Pump identified the following concerns
with passing this gas volume through the pump. The consequences on the pump are
highly dependent on how the gas is mixed with the fluid prior to entering the
pump. If the gas is not mixed and passes as a slug, the pump could experience a
relatively long period of time (approximately 40 seconds) during which no water
is available for pump lubrication. Given this vorst case scenario, the pump
vibration would significantly increase and cause rotating element internal
rubbing and possibly seizure or shaft breakage. However, Vestinghouse believes
this scenario is very improbable since the hydrogen vould normally be expected
to mix vith the water prior to reaching the pump suction.

Vith partial mixing, it is expected that enough lubrication is provided to
prevent pump failure. However, any appreciable amount of gas in solution
(greater than 5%) may result in a temporary imbalance in the loads on the
impeller. This imbalance could be severe enough to the pump rotating element to
cause rotor shaft bending and shaft crack initiation. Even if this occurs,
Pacific Pump believes that the pump could continue to run for several days
before shaft failure. At this time following an accident, the system is i

depressurized and the RHR pump vould provide adequate core cooling.

The other consequence of passing a colution of part gas end water is that pump
hydraulic performance vill degrade during the time the mixture passes through
the pump. Once all of the gas is purged, pump performance vill recover.
Vestinghouse believes this is acceptable since pump performance is less
stringent during recircolation thar. during injection. Therefore, a slight
degradation of charging pump flov for a short period of time at the initiation
of recirculation is acceptable.

The RHR pump to charging pump piping for both trains has been periodically
vented since 3-2-88 in order to minimize hydrogen accumulation. Charging pump

| vibration spectrum data, as well as charging pump hydraulic performance data,'

vere sent to Vestinghouse for analysis. No trend or indication of pump problems
or impending failure such as shaft failure was identified. Further evaluationis continuing.

| There was no effect on plant operation and the health and safety of the public
| vere not affected by this event. The amount of hydrogen that accumulated prior
| to 3-1-88 could possibly have caused damage to the A train charging pump if the
| recirculation phase of safety injection (i.e., suction from the containment sump

via RHR pump to the charging pump) had been required. Normal charging pumpi

j operation and the injection phase of safety injection vere not affected by the
I hydrogen accumulation.
|
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Corrective Action

The normally operating charging pump on each unit has been established as the B
or C pump because of the known propensity for gas accumulation in the supply
line from the residual heat removal pump to the charging pump suction for the A
train when the A pump is running. Periodic venting of the A train RHR to
charging pump suction on both units vill continue to minimize hydrogen
accumulation.

Design options vill be evaluated to provide a long term solution to the
accumulation of gas in the A train RHR to charging pump suction header on both
units and in the Unit 2 B charging pump suction. The pump suction line
configuration on all pumps vill be evaluated and corrective action vill be taken
if determined to be necessary.

Additional Information

No components failed during this event.
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Alabama Power Company
600 North 18th Strast
Post Office Box 2641
Birmingham, Alabama 352914400

- Telephone 205 250-1835

L
Li"Z "!Leen, Alabama Power

the southem ekctic system

April 25, 1988

Docket Nn. 50-348

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk

.

Vashington, D.C. 20555

Dear Sir:

, Joseph H. Farley Nuclear Plant - Unit 1
Licensee Event Report No. LER 88-006-01

Joseph H. Farley Nuclear Plant, Unit 1, Licensee Event Report No. LER
88-006-01 is being submitted in accordance with 10CFR50.73. This is a
revision to LER 88-006-00 submitted on March 31, 1988.

If you have any questions, please advise.

Respectfully submitted,

<,

11).,b. |$4 W
R. P. Mcdonald
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