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\. C-E Power Systems Tel. 203/688-1911
Combustion Engineering, Inc. Telex: 99297 |
1000 Prospect Hill Road
Windsor, Connecticut 06095 |

t_E POWER
SYSTEMS

P-CE-7647
June 8, 1984

Consumers Power Company
Palisades Plant

Mr. C. Gilmor

Palisades Nuclear Plant
Consumers Power Company
Route 2, P.0. Box 154
Covert, MI 49043

Subject: Palisades Steam Generator Loose Parts

Dear Mr. Gilmor:

As we previously recommended, the candeck region of the Palisades A steam
generator has been reinspected for loose parts. None were found. In addition,
. an attempt was made to.examine the downcomer region of the steam generator for
loose parts. This was not practical using the inspection equipment available
at this time. Significant difficulty was encountered in controlling video
camera movement.underwater, with the result that both the primary and backup
video inspection equipment was damaged. After reviewinag the situation,
recognizing that the missing auxiliary feedwater sparger clamp assembly may
never reach the tubesheet, even if it is currently lodged in the downcomer
region, a decision was made to abort further efforts to perform a downcomer
inspection. After reviewing the available information, it was concluded that
it was not absolutely necessary to perform an inspection of the tubesheet for
the missing sheared bolt head, prior to plant startup. This conclusion was
reached based on the similarity in geometry to other loose parts for which
flow tests have been conducted. For the parts tested, these flow tests showed
that no significant damage should result from a single cycle of operation.

If practical to do so, C-E feels it is always desirable to remove any loose
parts in the steam generator.

At the next refueling outage C-E recommends that a tube sheet annulus inspection
be conducted to search for the sheared bolt head and to check for. any other
loose parts which might have been dislodged from the downcomer region. If work-
able techn1ques and equipment are available at that time, an inspection of the
downcomer region is recommended to provide additional assurance that no
potentially damaging loose parts are located there.



Mr. C. Gilmor -2- P-CE-7647

The above is submitted in response to your verbal inquiry to Bob Taylor,
requesting C-E's recommendations regarding what further action should be
taken with regard to the subject unaccounted for loose parts, and to
confirm our discussions on this subject yesterday (June 7, 1984).

Very truly yours,
COMBUSTION ENGINEERING, INC.

AT\ WY

W.D. Meinert
Palisades Project Manager

WDM/ jbn

cc: J.P. Pomaranski
D.R. Hughes
V.A. Anderson
M.D. Turnmire
R.W. Taylor
J.W. Matton
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To Technical Superintendent, Palisades

—%j//;g,?
From PM&MP ReSi ezz;%ngineer, Palisades CONSUMERS
_ POWER
Date May 4, 1984 COMPANY
Subject Auxiliary Feedwater Piping Internal
Correspondence
cC ADMullholand; P13-213B TEM 13-84

JGGose, PM&MP/Palisades
Doc. Control 950%42*10*%06

Upon being informed of a possible problem in the auxiliary feed lines DBB-1
and DBB-2 installed by the plant during the 1981 outage a review of the
drawings, piping class sheets and pipe class summary sheets was made. The
possibility of a pipe wall thickness problem arose as a result of UT examina-
tion performed on the pipe. The examination provided wall thickness readings
greater than the wall thickness of schedule 40 pipe with which the line was
constructed. This resulted in speculation that possibly a short section of
schedule 80 pipe had somehow been installed immediately adjacent to the Steam
Generator nozzle.

Isometrics M101-2937(Q) R/8 and M101-2938(Q) R/8 contain details of an en-
gineered adapter piece manufactured from a section of 5-inch XXS pipe machined
on one end to fit-up with the S.G. nozzle and on the other end to fit-up with
the schedule 40 pipe. This adapter piece is what was mistakenly thought to be
a piece of schedule 80 pipe installed erroneously.

Following the above, questions arose in various quarters regarding the propriety
of lines DBB-1 and DBB-2 being schedule 40. To check this situation, copies

of the appropriate pipe class sheets and pipe class summary sheets were
obtained. Minimum wall calculations per ANSI B31.,1, 1980 were made to check

the adequacy of the design. Copies of the pipe class sheets, pipe class

summary sheets, and check calculations are attached.

The conclusions based upon the checks made are; that no schedule 80 pipe was
wrongfully installed adjacent to the vessel nozzle; the line schedule is
adequate for the design pressure and the remaining wall thickness based upon
UT is greater than the calculated minimum wall including a 14% margin for
bending, even though this system appears to be made up of straight sections
and fittings.

References: '
M101-2937(Q) R/8
M101-2938(Q) R/8
5935-M-260 Sh. 35 R/1 (Copy attached)
5935-M-259 Sh. 100 R/1 (Copy attached)
Check Calc. 5-3-84 —~ TEM (Copy attached)

IC0584-0001A-MM02
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Former Drawing No. /7-260 .83 J

CLASS 500 PRESSURE — TEMPERATURE RATING |CLASS: DBB \
CARBON STEEL
CODE: ASME B&PV CODE, SECTION 11}, CLASS 2
ITEM NMATERIAL SPECIFICATION SIZE REMARKS J
PIPE: .
6" Schedule 80 A :
ASME SA-106, GR. B 4" thru | schedule ‘40 ﬂcp/jo Sf= /4722
2" & smal- | Schedule 80
lexr
]
AFITTINGS: 2%" and
larger
ASME SA-234, GR. WPB SEAMLESS, BUTT WELDING, WALL THICKNESS
.\ TO MATCH PIPE.
ASME SA-105 2" & a3
saller 3000% Socket ‘.'7e1-\.1ng
FLANGES: ASME SA-105, F&D, i
| BOREZD TO MATCH PIPE 25" & 900% WELDING NECK, SMALL T&G
: larger- '
PLATE ASME SA-515, GR. 70 -—- ——-e
VALVE ASME SA-215, GR. WCB 25" & CASTINGS
BODY: ' larger
BOLTING ASME SA-183, GR. B? ————- AN STANDARD STUD BOLTS WITH HEAVY
ASME SA-184, GR. 2H HEXAGON NUTS.
GASKETS: | "FLEXITALLIC”OR 2x" & STYLE R-4, STYLE CG FOR 26" & LARGER
- APPROVED EQUAL laraer
VALVES: GATE GLOBE CHECK BUTTERFLY
25" & . 800= BW: DB&-GT DBB-GB .DBB-CK
larger ' '
FIELD WELD END PREPARATION AND TR.ANSITION: DRAWING 12447-G-84(Q)

Attachment ¢, Sheet 2

Qb RE0Zp

BRANCH CONNECTIONS 2" & 1arger BRANCHES: GROUP A, DRAWING cet G2 \, BTIO fé
. 2" & Smaller Branches: Draw:ng gé’?}ee &3 § NFORSDI:ZF IGN}
CORROSION ALLOWANCE: None
= Nene o MAY2 1984
'FIELD WELDING PROCEDURE: DRAWING 12447-G-84(Q) - .
Cor..
WELD JOINT NDE: DRAwING 12447-G-84(Q) s
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] ¥~ ' ' .. i ‘
no. | pate | REVISIONS .8y — . | cwx APPR
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SOUTH HAVEN, MICHIGAN . _ q‘
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= « C-E Power Syst;zms Tel. 203/688-1911
Combustion Engineer:ng, inc. Telex: 99297

" 4000 Prospect Hitt Road

Post Ottice Box 500
Windsor, Cornecticut 06095-0500

2 POWER
t 2 SYSTEMS

P-CE-7597

Consumers Power Company
Palisades Plant

Mr. D. R. Hughes
Consumers Power Company
1945 Parnall Road
Jackson, Michigan 49201

SUBJECT: AUXILIARY FEEDWATER SPARGER REPAIR

~ References: (A) W. D. Meinert to D. R. Hughes, "Auxiliary Feedwater Sparger
Repair," P-CE-7573, dated March 29, 1984,

(B) Corrective Action Review Board Meeting, April 5, 1984,
Attachments: (1) Auxiliary Feedwater Sparger Study. _ - | e

(2) Response to Consumers Power Ccmpany Questions, received
April 19, 1984,

(3) C-E Calculation, SS-801, “"Evaluat tion of Palisades Auxiliary
Feedwater Piping For A Postu]ated Water Hammer Event”, dated
April 19, 1984, _

(4) C-E Position on the Palisades Steam Generator Auxiliary
. Nozzle Spzrger Repair, April 16, 1984. '

Dear Mr. Hughes:

This letter has been prepared to address the Palisades auxiliary feedwater
sparger repair effort. The enclosed attachments discuss the sparger design,
damage and repair based on the information presently available.

Attachment (1) has been revised to clarify Reference (A), incorporation of new
information, and address items that were discussed during a meeting at
Palisades site, Reference (B).

On April 19, 1984, C-E received a list of questions to be answered for
Consumers Pcwer Company safety evaluation on the auxiliary feedwater sparger
modification. The responses to these questions are provided in Attachment
(2). Additionally, C-E has performed a calculaticn Attachment (3) “Evauuatxon
of Palisades Auxiliary Feedwater Piping for a Postulated Water Hammer Event
that should address some of your concerns,

Attachment (4) is C-E's position on the Palisacdes steam generator auxiliary
. feedwater nozzle sparger repair as a result of an internal meeting in
Chattanooga, Tennessee, on April 16, 1984,
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. C-E is also reviewing normal plant operating and emergency procedures that
could be affected by auxiliary feedwater flow rate restrictions to help
preclude water hammer. A marked-up copy of these procedures will be forwarded

to Consumers by Friday, April 27, 1984,

In summary, C-E recommends that the sparger be removed. A new thermal liner .
with splash shield assembly should be installed to protect the auxiliary
feedwater nozzie from direct impingement of cold auxiliary feedwater.
Auxiliary feedwater flow rate restrictions will be required when the level in
the steam generator is below the auxiliary feedwater nozzle to prevent water
hammer in the first horizontal pipe until testing can be performed to provide a
basis to relax these restrictions. The modification and flow restrictions will
remove the potential for a damaging water hammer to occur inside the steam
~generator. The external piping will remain full of water during normal :
operating conditions. Further action to keep the external piping as full of
water as possible when the steam generator water level is below the auxiliary
feedwater nozzle could be considered. Periodic testing, to demonstrate that
2 significant portion of the external piping would not void within a reasonable
time for operator action, could be performed. This would require installation,
of a means for monitoring the externdl piping for line voiding.

If you have any further questions regarding any of the attached information,
please let me know.

Very truly yours,
COMBUSTiON ENGINEERING, INC.

. . e '
m.ﬁ.w

W. D. Meinert »

Palisades Project Manager

WOM/CJG:jcp

xc: G. B. Slade
W. J. Beckius
R. W. Montross
C. Gilmor
J. P. Pomaranski
J. W. Matton
R. W. Taylor

FA4A94




Attachment (1)
Combustion Engineering
Auxiliary Feedwater Sparger Study

Background

puring a recent inspection of the steam generators, damage was observed to the
internal auxiliary feedwater piping in both units. C-E personnel have
inspected both steam generators. In one unit the nozzle liner was sheared off
and the first support bracket was broken. In the second unit, the weld was
cracked between the nozzle liner and the elbow allowing the pieces to separate
and the first support bracket was twisted. It is our understanding that a
visual inspection of the external auxiliary feedwater piping has been performed
and that no significant damage was found. ' ' |

*s

Investigdtion

C-E has reviewed the results of the water hammer test that was conducted after
the auxiliary feedwater spargers were installed. During the test no water
hammer was observed at the test conditions. However, a review of the raw data
(strip chart recorder traces) reveals evidence of periodic water hammer(s),
between the tests run at steam generator pressures of 200 psi and 900 psi at
flow rates of approximately 40 gallons per minute (below the range of test
conditions). The indications stopped when the flow rate was raised to 50
gallons per minute, with the steam generator at 900 psi.

Additional verbal information has been received from the site. Based on
interviews with the site opefating staff and information obtained during the
site meeting, Reference (B), it is understood that small water hammers may have
occurred during sodium recovery operations during the last cycle of operation.
These indications were reported to have been observed when the steam generator
level was below thé auxiliary feédwater nozzle with estimated flow rates

of 15 to 30 gallons per minute. The water hammers were cyclic in nature ‘and
stopped when auxiliary feedwater flow was increased above 50 gallons per minute,




Attachment (1)
page 2 of 7

- present Auxiliary Feedwater Sparger Design

The present sparger design incorporates the design features presently used in
the industry to preclude water hammer, Top discharge J tubes are used to keep
the sparger full of water when steam generator water level is below the
sparger. If the sparger becomes partly drained, a water slug formation can
occur during the refilling of the sparger. Large vent area to sparger volume
ratios were incorporated to minimize the probability of water slug formation.
This sparger design compares favorably with the design of other units. An anti-
siphon gooseneck was incorporated to prevent sparger draining through the
thermal sleeve clearances when steam generator level is below the nozzle for
extended periods of time. Consistent with standard PWR practice, every effort’
was made to maintain the sparger full of water to minimize the probability of
water hammer when auxiliary feedwater flow was initiated. Due to the location
of the existing supports, the auxiliary feedwater spargers at Palisades were
fnstalled close to the normal water level. These supports have limited load
carrying capability that prevents hanging the sparger lower in the steam
generator., This location results in the top of the anti-siphon gooseneck being
in the steam space, at normal steam generator water levels. A small steam void
would, therefore, be present in the gooseneck during plant operation.

Postulated Water Hammer Mechanism(s)

System configuration, operation and physical damage have all been studied to
determine a mechanism that could produce the damage observed. A number of
different conditions can be postulated that could have resulted in several
types of water hammer events of varying severity.

A comparatively large water hammer event would have been required to cause the
damage observed in the steam generator. This belief is supported by the
fnspection of the damaged parts. A large tensile load had to occur to break
the nozzle liner and shear the support bracket. There is no known evidence of
eyclic failure of these components. The water hammer test conducted following
the sparger installation produced pressure spikes of several hundred psi.
These water hammers are not believed capable of causing the physical damage
observed to the spargers. The sparger damage probably occurred during
subsequent plant operation.

"y - o LI s | LY 1e TR T Y Y WM SR W WY e )
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when the piant ts at power, the auxiliary feedwater system is usually in a
standby configuration, 1.e., it is only operated monthly for surveillance .

testing. The sparger gooseneck high point vent is in the steam space during
. normal plant operation. As a result of back leakage through the auxiliary
feedwater system over this extended period of time, steam could have entered
the high point vent in the gooseneck and displaced the water in the nozzle
liner and some of the external piping. This displacement of water would
continue until the system leak rate was balanced by the condensation rate of
steam in the uninsulated piping. When the auxiliary feedwater system was
manually initiated at a very low flow rate, a region of two phase flow
developed in the external horizontal run of piping. When the steam came in
contact with the cold auxiliary feedwater, the condensation rate exceeded the
- venting capacity of the vent on top of the gooseneck, producing a low pressure
void in the horizonta} pipe. Steam generator pressure would then accelerate a
slug of water from the sparger over the gooseneck impacting the piping near the
nozzle liner. C-E believes this slug of water would have had enough energy to_
produce the damage observed. ' il

Several mechanisms have been postulated to explain the small periodic noises
reported by the site operating staff. None of the following theories can be
definitely proven analytically but are based on the information currently
available to C-E. One mechanism assumes the sparger is intact, the other two
mechanisms assume the sparger is damaged.

The periodic banging during the original testing could have been due to two-
phase flow in the gdoseneck section of the sparger. At normal steam generator
water'level, there is a small steam void in the top of the gooseneck. When
cool auxiliary feedwater flow is introduced to the steam generator at very low
flow rates, cold water cascades over the gooseneck. Steam rushes in through
the high point vent to replenish the steam that is condensing in contact with
the cold water. At a critical flow rate, the steam void collapses causing a
small differential pressure that pulls a small slug of water up the gooseneck
from the sparger. The water then redistributes and a small void of steam is
recreated in the top of the gooseneck. Conditions have then been reset to
allow this small banging to reoccur. .Because the steam space involved is
small, the resulting pressure differential would also be small. This mechanism
should not result in a damaging water hammer that creates enough energy to
damage the sparger. The observed pressure spikes from the test data were a few
hundred pst which is consistent with this theory.
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- Two other theories have been postulated which would produce periodic banging

after the sparger had been damaged. A banging noise could have been the result
of auxiliary feedwater flow pushing on the internal piping causing it to strike
the steam generator internals. Secondly, after the sparger had been damaged,
the first horizontal run of auxiliary feedwater piping would drain if the steam
generator level was below the nozzle. If auxiliary feedwater flow was
{nitiated manually at a Tow flow rate, two-phase flow conditions could exist in
the first horizontal pipe run outside the steam generator. As the pipe
refilled, steam in contact with cold auxiliary feedwater would condense in the
pipe. Steam would rush in to replace the condensed steam. At some point
during the filling of this horizontal pipe, the steam velocity would increase -

~to a point where it caused a wave to form blocking off the steam flow. The

entrapped steam bubble would collapse producing a 1ow pressure zone in the
horizontal pipe. Water would then be accelerated into this low pressure zone.
When these columns of water collide in the Tow pressure zone their kinetic
energy is transformed into potential energy and is manifested in a pressure
pulse. This energy is dissipated as the pressure wave radiates through the
auxiliary. feedwater piping. It is believed that this mechanism produced the
water hammer observed by the operators during the sodium recovery operations
during the last ¢ycle of operation.

Safety Implications

While the auxiliary feedwater spargers were damaged, the safety function of the
system was not impared.

- Decay heat removal capability was not degraded. Auxiliary feedwater .
flow capability was demonstrated each month during the surveillance
test. ' '

- The steam generator pressure boundary integrity is not believed to
have been degraded. The thermal liner stayed in place protecting the
thick wall section of the nozzle from cold water induced thermal
stress. While not considered likely, the inner radius of the nozzles
could have been subjected to cold water splashing. This splashing
could give rise to surface cracking of this portion of the nozzle.
Visual inspection of the nozzle inner radius will be performed during

M o b e e i EIEor -




the sparéer repair work to confirm the present condition of the inner
surface of the nozzle,

- The external auxiliary'feedwater piping is not believed to be
damaged. A visual inspection of the external auxiliary feedwater
piping was performed and we understand that no significant damage was
found. '

- .Radiographic inspection of the nozzle weld and horizontal piping to
the first elbow has been performed. No cracking of the welds or pipe
has been reported, however, we understand that some loss of wall
thickness near the top of the pipe may have occurred. |

-Design Alternatives

Several design alternatives have been considered to reduce the probability of

water hammer in the system. Lowering the sparger would prevent steam from
entering the gooseneck and the external piping while the steam generator is at

normal water level. This had been evaluated previously. The existing brackets

can not support the load induced by this design. Based on the apparent
successful operation of the plant for some period of time in the existing -
configuration, the recommended modification is to remove the sparger and
install a modified nozzle liner and splash shield to protect the nozzle.

Removal of the sparger and gooseneck eliminate several of the conditions
believed to have contributed to the large water hammer. When the steam
generator is at normal water level, back leakage through the auxiliary
feedwater system will be made up with water from the steam generator. By
maintaining the nozzle and external piping full of water, the mechanism to
produce a large differential pressure is eliminated. If the steam generator
level is below the nozzle, the thermal liner and the first horizontal pipe run
of external piping immediately outside the steam generator will drain. C-E has
performed a calculation to evaluate the conditions under which water hammer
might occur during the refill of this pipe. This analysis assumed that only
the first horizontal length of auxiliary feedwater piping is voided. If steam
generator level is maintained below the auxiliary feedwater nozzle for a
sufficient length of time, there is the potential to void the next horizontal
run of piping. A void in the second horizontal pipe run could produce a large
water hammer event when auxiliary feedwater flow is initiated.




" As discussed during the meeting, Reference (B), water hammer may have occurred
_{n the first horizontal pipe during sodium recovery operations. During this
operation, steam generator water level was allowed to drop below the auxiliary
feedwater nozzle and auxiliary feedwater flow rates were very low. It is
reconmended that'ahy"%ihe the auxiliary feedwater nozzle is not submerged,
auxiliary feedwater fiow.be initiated at a flow rate that would prevent two-
phase flow in this pipe (i.e., >70 gpm).

0perat16na1 Testing

Calculations indicate that water hammer can occur in the first horizontal pipe
- run. The potential for water hammer exists when steam generator level is below
the auxiliary feedwater nozzle and auxiliary feedwater flow is below 70 gallons
per minute. For flow rates above 70 gallons per minute the horizontal pipe
will flow water solid and will not be susceptable to two-phase fiow induced
water hammer. When the auxiliary feedwater nozzle is completely submerged in -
water the horizontal pipe will remain full of water and no restrictions are
imposed on the auxiliary feedwater flow rate. As a minimum, flow testing
‘should be performed to verify that water hammer will not occur within the flow
restrictions indicated above. With the plant at hot standby conditions, the
steam generator level should be quickly dropped below the auxiliary feedwater
nozzle. Auxiliary feedwater flow should then be initiated rapidly at a rate of
150 gallons per minute. This test would simulate plant operation for expected
transients that would automatically initiate the auxiliary feedwater system.
Auxiliary feedwater flow should be slowly throttled from 150 gallons per minute
to 70 gallons per minute while the auxiliary feedwater nozzle is uncovered to
confirm that water hammer will not occur in the recommended flow range.

More extensive testing cdu]d be performed to minimize the operational
limitations. This testing would be performed over the entire auxiliary
feedwater flow range at reduced steam generator pressures. Reduced steam
generator pressures would minimize the magnitude of the water hammer that could
occur and would provide a basis for relaxing operational restrictions.
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Conclusion

In conclusion, C-E recommends that the sparger be removed. A new thermal liner

‘ with splash shield assembly should be installed to protect the auxiliary
feedwater nozzle from direct impingement of cold auxiliary feedwater.
Auxiliary feedwater flow rate restrictions will be required when the level in
the steam generator is below the auxiliary feedwater nozzle to prevent water
hammer in the first horizontal pipe until testing can be performed to provide a
basis to relax these restrictions. The modification and flow~restrictioné will
remove the potential for a damaging water hammer to occur inside the steam
generator. The external piping will remain full of water during normal
operating conditions. Further action to keep the external piping as full of
water as possible when the steam generator water level is below the auxiliary .
feedwater nozzle could be considered. Periodic testing, to demonstrate that a
significant portion of the external piping would not void within a reasonable
time for operator action, could be performed. This would require installation

Lg ]
of a means for monitoring the external piping for line voiding.
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"Attachment (2)

RESPONSES TO LIST OF ITEMS TO BE ANSWERED FOR CPCO SAFETY EVALUATION ON
AUXILIARY FEEDWATER SPARGER MODIFICATION

1. Justify acceptability of design

Ouestion 1 (a): Why if forces are greater than stress allowable is design
. acceptable?

Question 1 (b): Why is deviation from normal design practice acceptable?

Questfon 1 (c): Calculation

See the SUMMARY AND CONCLUSIONS , C-E calculation 55-801, EVALUATION OF .
PALISADES AUXILIARY FEEDWATER PIPING FOR A POSTULATED WATERHAMMER EVENT. If

. worst calculated waterhammer pressure pulses of 4000 psi (see Figure 1) were

actually experienced, the calculted stress produced at the minimum

cross section would slightly exceed the mimimum yield stress at temperature.
Using ASME fTatigue curves a total of approximately 2000 cycles of this
transient pressure pulse would be allowable. For 25 cycles (pulses) the
fatigue usage factor would be negligible. : )

There is no normal design practice for waterhammer. SS-801, based on the

_ASME code, is considered a reasonable approach to evaluate this postulated

transient. In view of the ductility of the carbon steel material the
stress of 31 KSI (52% of Su) is considered to be well below a damaging stress.

It should be noted that this calculation presupposes undamaged material and
a willingness to accept operational restrictions to avoid/limit water hammer
occurrences untii experimental or theoretical justification is available

to provide a basis for relaxing the restrictions.

Question 1 (d): How much certainty does C-E have in the calculation, any
tolerance?

The above discussions center around the structural analyses which C-E has
performed to demonstrate that the piping system has sufficient structural
strength to withstand the calculated worst case loadings due to waterhammer.
However, the prediction of the onset of waterhammer and the resultant
magnitudes is a very difficult calculational process. To minimize the
uncertainity in these calculations, C-E has chosen to use experimental
empirical correlations wherever possible.

These correlations are broken down into two areas, the prediction of the onset
of wave formation, which is the necessary precondition for waterhammer, and the
prediction of the magnitude of the resultant waterhammer, Wave formation
occurs due to the counterflow of steam across the surface of auxiliary
feedwater within the thermal sleeve. As the level of water within the sleeve
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{ncreases due to ‘an increase in auxiliary feedwater flow or the refill of the
steam generator, the available flow area for steam to enter the sleeve from the
steam generator is reduced. Since the condensation rate remains relatively
constant during this period, the velocity of the steam must continually
increase to compensate for the reduced flow area. At some point during the
recovery process, the steam velocity reaches a point where the drag forces on
the surface of the feedwater cause a wave to form. Once this occurs, the
available flow area for the steam 1s rapidly reduced resulting in total
blockage.

When blockage occurs, the necessary preconditions for waterhammer are present.
The steam that is trapped within the sleeve continues to condense, This
depressurizes the steam pocket creating a differential pressure across the
wave. This pressure difference accelerates the wave of water away ‘from the
steam generator into the auxiliary feedwater system piping where it impacts the
column of water within the pipe. This creates the pressure impulse associated
with waterhammer, : :

The calculation concerning the onset of wave formation is based on a MIT paper,
reference A, This paper uses the dimensionless Taitel-Dukler Criteria,

which has been correlated to experimental test data, to predict wave

formation., A computer code is used to calculate this number at various pointe
along the thermal sleeve, while taking into account the condensation rate, the
auxiliary flow rate and the height of the water level within the pipe. From

" these runs, a curve is plotted, Figure 1, which shows the onset of wave
formation as a function of auxiliary flow rate and water level at the exit to

the thermal sleeve. .

The pressure rise following the collapse of the trapped steam bubble is
determined using correlations documented in the Creare waterhammer report,
reference B. An attempt has been made to verify this method by comparing the
predicted pressure with experimentally obtained Tihange test data. When using
this method, the impact velocity of the slug is first computed as a function of
the water level within the pipe and the available steam generator pressure.

The pressure rise is then calculated using classic waterhammer theory involving
the accoustical velocity of the water, its density and the slug velocity. This
tnformation is also plotted on Figure 1 as a function of the water level within
the pipe.

The maximum pressure rise is determined by the intersection of the wave
formation and the pressure rise curves. For other flow conditions the pressure
rapidly decreases. Hence, a very unique set of conditions are required before
pressure increases of the magnitude assumed in the stress analyses can be
achieved.

Recent discussions with plant staff indicate that water hammers have not been
detected during low flow conditions, such as during sodium recovery operations,
indicating that if waterhammer occurred it was of much lower magnitude than

the worst case predicted by the waterhammer calculation. Recently conducted
radiograph tests, which identified no pipe wall cracks, provide additional
support for this belief,
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Question 1 (e):1 List of assumptions.

There are relatively few key assumptions made in these calculations. It is
assumed that waterhammer does occur once wave formation is predicted. In
reality, these waves may be broken up before complete blockage occurs, thus
further limiting the flow conditions under which waterhammer can occur.

‘Another critical assumption is a one-dimensional temperature profile within the
‘auxiliary feedwater. Under actual flow conditions, the surface of the

feedwater would heatup more rapidly, creating a temperature profile through

the feedwater. T[f the profile were considered, the rate of heat transfer and
hence the condensation rate would be reduced. This would reduce the amount of
steam being drawn into the thermal sleeve and further limit the flow conditions
under which wave formation is possible.

The magnitude of the pressure impact is very dependent on the condensation rate
within the trapped steam pocket. In this analysis, it is assumed that rapid **
condensation of the magnitude believed to occur at Tihange takes place.
However, for this to occur, the surface of the water must be broken up into
small droplets, which greatly amplify the condensing area. If the surface
doesn't breakup, the pressure within the steam pocket remains relatively high,
reducing the slug velocity and ultimately the peak pressure,

Question 1 (f): Degree of conservatism,

In general, this is a best estimate calculation, since all critical
correlations are based on empirical data. If wave formation and rapid
condensation do occur, significant waterhammers are possible. If these
conditions are not present or they are significantly reduced, the magnitude of
the waterhammers will be much less. The fact that no waterhammers have been
reported during the most recent low flow operations indicates that these
calculations are conservative and that other mitigating factors are coming into

play.

Question 1 (g): Under what conditions do we have severe waterhammer?

The most severe waterhammer is predicted to occur when the pipe is
approximately 60% full. Under these conditions, a worst case waterhammer of
approximately 4000 psi is predicted. If wave formation occurs at higher or

- lower water levels within the pipe, and/or flow rates are either smaller or

greater, the predicted pressure pulse is reduced significantly. This has
prompted C-E to recommend that an interim minimum auxiliary flow restriction of
70 gpm be placed on plant operations when the level in the steam generator is

below the top of the auxiliary feedwater nozzle. Both tests and analytical

calculations indicate that, for this flow, the sleeve will flow full, thus
preventing the formation of a steam pocket which must be present before
waterhammer can occur.
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Question 1 (h): Will the pipe fracture?

The p1pe should not fracture provided the assumptions de]ineated in the
discussion of 1l.(a), (b), (c) above are valid.

Question 1 (i): If the chances are greater for a fat1gue type failure-
how many cycles are allowable?

. Using ASME fatique curves, approximately 2000 cvc]es of the postulated pressure

pulse would be allowable. If a single violation of the operating restrictions
did not result in the accumulation of over 25 water hammer pulses the >
cumulative usage factor would be negligible (u=0.0125). See. also calculation

$S-801 and the discussion under 1l.{(a), (b), (c) above.

NOTE : Experimental measurements would be required to determine the rate
(waterhammer pulses/time) at which cycles are accumulated if the operating
restrictions are violated.

Question 1 (j): Do you recommend NbE on the auxiliary feedwater piping after
 the.modification is complete and the plant has run for
awhile?

Yes. - Baseline NDE data should be taken before startup. This would

provide a basis for comparison should something unforeseen occur. Repeat of
the NDE inspection at the next refueling outage would provide conf1rmat1on that
no degradation had taken place durwng the operating cycle.

2. Operational restrictions

Question 2 (a): If above a certain pressure and below a given steam
generator level, what flows are forbidden? What flows
should be avoided? What are postulated consequences?

To avoid waterhammer in the auxiliary feedwater system piping adjacént to
the steam generator the following restrictions are recommended.
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If SG level is below 60% (NR) AFW should only be initiated at flow rates
greater than 70 gpm. If auxiliary feedwater flow is initiated manually a flow
rate above 70 gpm should be established as quickly as possible to avoid
waterhammer while passing through the restricted fiow range. Flow should not
be reduced below 70 gpm until SG level is recovered and maintained at on above
a level of 60% (NR).

Question 2 (b): Is there a tolerance on your calculated flow values?
If so, what?

As shown on the attached figure there is a theoretical possib{1ity of water
hammer over a range of flows of 5 gpm (when the auxiliary feedwater nozzle is
being recovered) to 60 gpm. The recommended operational restriction is 70 gpm.

Based on reported operators' recollections, waterhammer (when it was observed)
occurred at flow rates of 30 to 40 gpm and ceased when the flow rate was
{ncreased to 50 gpm, This is in excellent agreement with our calculations as
shown on the attached figure. Based on the operators' observations the actual
upper limit for observable water hammer to occur may be approximately 50 gpm.

>y

Question 2 {c): Calculations
See discussions under 1 above.

Question 2 (d): Procedural requirements

The operational requirements mentioned in 2(a)should be incorporated into

every procedure that may require that the AFW system be used. SOP 12 Feedwater
System and EOP 1 Reactor Trip are being reviewed and changes recommended in
theiapp;opriate areas. The additional procedures listed below will also be
reviewed.

Plant Heatup

Plant Cooldown

Loss of Main Feedwater
Loss of Off Site Power
Turbine Trip

Loss of Condenser Vacuum
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3, Can we justify continuing to operate after having experienced a short
interval of operation at low aux1l1ary feedwater low steam generator
level?

Question 3 (a): How long can we stay in this region of low floy/ﬁow level?

As indicated above, until justification (experimental or theoretical) can be
provided for relaxing the recommended operating restrictions the restricted
operating region should be administratively avoided. Should operation in ‘this
region occur the following questions would need to be addressed .

(1) Did waterhammer occur, i.e. was detectable waterhammer obsérved?
(2) What was the severity of the water hammer?
(3) How many cycles (pressure pulses) were accumulated?

As discussed above and delineated in SS-801 the ASME fatigue curves would
permit up to approximately 2000 cycles of the worst postulated (calculated)
pressure pulse. For 25 cycles the cumulative usage factor is essentially
negligible. Experimental measurements would be required to ascertain the rate
at which water hammer cycles would actually be accumulated if the recommended
operating restrictions are not addressed tooxn These same experimental -
measurements could be used to measure the actual magnitude of the pressure
pulses and provide a basis for possible relaxation of the restriction. .

\ dhevel to.

To put this in better perspective, if the period of the water hammer is once
per second and the operator responded to correct the situation within 5
minutes, 300 cycles would be accumulated. If the period was 20 to 30 seconds
between waterhammer, consistent with some of the operators' recollections as
reported to C-E, the number of cycles accumulated would only be 10 to 15 for
the_same period of time.

Question 3 (b): What corrective action should be taken?

If a flow rate less than 70 gpm occurs at a steam generator level below 60%
(NR) the flow rate should be promptly increased to greater than 70 gpm, or
terminated.
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