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Duke Power Company '
Oconee Nuclear Generation Department

P.O. Box 1439
Seneca, SC 29679

\ - DUKE POWER

June 24, 1992

U.S. Nuclear Regulatory Commission
Document Control Desk '
Washington, DC 20555

Subject: Oconee Nuclear Station, Units 1, 2, and 3
Docket Nos. 50-269, -270, -287
"NRC Bulletin 88-08 A

JW Hampron

Vice President
(803)885-3499 Office
(704)373-5222 Fsx

By letter dated December 29, 1989 information was provided to the NRC concerning
the results of our analysis in response to Action Item 3 of the NRC Bulletin
- concerning thermal stresses in plpmg systems connected to the Reactor Cooling

. System.

A phone conservation conducted on Jun. 23, 1992 between the NRC Oconee PrOJect
Manager and Steve Sills of Oconee Civil Eng’meermg indicated that additional

information concerning this response was desired.

This letter prov1des a more detalled description of the HPI analysis performed on the

piping referenced in the prev1ous submittal.

S Hrap e

J. W. Hampton
Vice President

OCK/ock
Attachments
xc:  (W/Attachments)

Mr. S. D. Ebneter, Regional Administrator
US Nuclear Regulatory Commission, Region II

- Mr. L. A. Wiens, Project Manager
- Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission

Mr. P. E. Harmon
NRC Senior Resident Inspector
Oconee Nuclear Station
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6.0 DESCRIPTICN OF HPI ANALYSIS

The HPI line was instrumented as shown in Fiqure 2 to quantify the
level of stratification, if amy,. in the piping. The temperature -data
‘was reviewed and reduced imto the piping thermal load shown in Figure
3. Figure 4 consists of ten pages of the actual temperature data
collected. As noted in Figure 3 and described in detail in this
Section, the thermal loading was constructed to envelope variations
fram the observed temperature data; so, final stress results are not -
sensitive to reasonable variations from the observed Unit 1 data in
terms of flow rate, flow direction or cyclic frequency.

The analysis method used in the HPI analysis corresponds to the method
presented in NB-3653 of ASME Section III, '87 Addenda, adapted for
stratified oconditions. To complete a NB-3653 fatigue evaluation
requires that three stress intensities be defined:

Sp = Peak Stress Intensity _
‘Salt = Alternating Stress Intensity

Sn = Maximmm Secondary Stress Intensity

However, these code defined stress intensities must be agumented by
additional stress quantities due to stratification. - A stratified
nan-linear top of pipe to bottam of pipe temperature distribution can
be described by a uniform portion, a linear portion and a non-linear
portion. The uniform portion of the profile corresponds to the
expansion temperature typically used in thermal expansion analysis. '
. The linear portion, T-linear, produces a bending mament in the pipe.
The mament equivalent of T-linear, Meq, can be calculated as follows:

Meg = EaZ T-linear

The resultant mament loads on the piping 'due to Meg ére then
multiplied by C2 /2 for inclusion in the maximum secondary stress
‘intensity, Sn; and, multiplied by K 2 C2 /2 for inclusion in the

maximm peak stress intensity, Sp. The stress due to the nomlinear
portian, A';"3, is calculated as:

EalAT
1-v)

‘and, included in the code equation for peak stress intensity.
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Without a clearly defined fluid flow time history the stress due to AT, and -
ATy was appraximated. Numerous one-dimensional heat transfer analyses were -
performed. The analyses were performed on cross-sections varying in
thickness fram 1/4" to 3/4" in .01" increments. A step change in
temperature from 70 F to 500°F was applied to the inside surface. - The hold
time for the hot temperature was varied as was the heat transfer
coefficient. Outside surface temperatures were then observed. This heat
transfer analysis work was performed in November and Decemmber of 1988 as a .
part of the bounding analysis calculation for NRCB 88-08 (Reference 8).

The outside temperatures for the 3/4" thick section were tracked until the
rate of change in temperature and the total change in temperature matched
the values reported for Farley in NRCB 88-08. The hold time and heat
transfer coefficient that matched the Farley temperatures were then taken
as the representative thermal load to be used in the analysis. When
applied to a .35 " thick section the analysis showed a rate of temperature
change of 156°F in one minute. | |

The through wall thermal stresses due to AT, and 'A'Tz were then time phased
with the stress due to the stratified bending stress. The stress due to
AT and AT, equalled 7.0 Ksi when the canbined stress was a maximum.

A Reynolds mmber was calculated for the heat transfer coefficient
corresponding to the representative thermal load. The number indicated
turbulent flow. The maximm rate of temperature change actually observed
2t the outside surface was 110°F/min ( See Figure 3). As noted in Figure -
3, this maximum value was observed only once during the unexpected Occnee 1
reactor sutdown on 3/1/89 (See Figure 4 sheet 3 of 10). The 110 °F/min
temperature change was acoompanied by a total elimination of the thermal
stratification, also indicating turbulent flow inside the pipe. Conclide
that the 7.0 Ksi corresponding to- an outside temperature change of
156 °F/min will be a conservative value to use in the evaluation of the
cyclic thermal stratification event.

The actual observed temperatures also indicated an essentially linear
temperature profile fram top to bottom of the pipe. Thus, the stress due
to the non-linear portion, AT3, was assumed to be zero. Since the observed
temperature distribution was appraximately linear with no abrupt well
defined boundary layer, any striping effects which could be associated with
the stratified conditions were assumed negligible. Due to the relative low

rate of heat transfer; and, since there are no significant material

discontiruities in the affected HPI piping, the stresses due to the Ta-Tb
effect were also considered negligible. : o
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_The Occnee RCS Functional Specification (Reference 14) defines 360 cycles
 of -start-up and cooldown. So, 360 cycles of stress were evaluated when
going from RCS full power conditions plus stratiféed conditions to the zero
Stress state. As shown in Figure 3 2.1 x 10 cycles of stress were
evaluated when going fram RCS full power conditions, plus stratified
conditions, back to RCS full power conditions alone (i.e. 2.1 x 10 6 cycles

of stress due to the stratified conditiaons). e - '

The minimum cycle time actually observed was 20 minutes '(See Figure 1).
The maximum number of cycles observed in any two hour period was - five,
corresponding to 24 mimute cycles; and, the maximm nmmber of cycles

" observed duirng any eight hour period was nine, correspanding to 53 minute

cycles.  To account for the fact that the cycle time could potentially
worsen the minimum observed cycle time (20 min) was cut in half, to 10
mirmutes (See Figure 3). In light of the actual observed data, assuming cne
cycle every 10 mirutes over the life of the plant is cgns:.dered
oonservative. e cycle every 10 mimites corresponds to 2.1 x 10 cycles
over the forty year life of the plant. R '

The 1209F maximum top-to-bottom temperature difference was observed at only
one location on the piping, immediately down stream of valve 1HPI-152. The
temperature decays as the distance away from the RCS increases. At a point
approximately ten feet upstream of valve 1HPI-152 (measured along the pipe
and away fram the RCS) the temperature decays to a point that
_stratification should not be ‘significant. But for analysis purposes the
maximm temperature difference of 1200F is rounded up to 1500F. This full
1500F stratification gradient is applied to the horizontal piping over the
- length of piping fram points twenty-feet upstream of valves HP-152, 153 to
the pipe-to-RCS nozzle weld points. '

The maximm cumlative usage factor calculated for all of the Oconee unit
HPI piping components was 0.81. The value at first appears to be high,
 close to the allowable value of 1.0. Bowever, considering the conservative..
assumptions used in the analysis described above, the results adequately
confirm the structural integrity of the line for. the 40 year life of the
plant. _ o v -
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Notes: 1) HPI Pumps A & B supply normal make-up (i.e. normal high
pressure injection). HPI Pump C is used only for emergency
safety injection. _ : )

2) AB = Auxiliary Building, RB = Reactor Building
3) The portions of HPI piping between HP-153 and Reactor Inlet

Line; and, between HP-152 and Reactor Inlet Line, were identi

as potentially susceptible to the type of event described
in NRC Bulletin 88-08.

FIGURE 1
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" To RC PUMP 18I
DISCH. CONT, ON ;
- DWG.N0.0-4928- 3(5)-{,5\

GENERAL NOTES

. PIPE SPEC.
A 272" scH. 160 STAINLESS STEEL, TYPE 3164,
ABTM A-376
A\ 22" 8CH. 160 STAINLESS STEEL, TYPE 304
.ABTM A-B76
2 DEB\GN DATA « :
26500 PRIG & Gso F
3080 PSIG © 200 F
3 MOMENTS OF PRIMARY COOLANT SYSTE
SEE B4 W DWGS, 128625E § 28626E
4 DIMENSIONS A® SHOWN ARE FOR PIPE
id THE COLD ERECTED POSITION.
5 TYPICAL SHIELDING, PENETRATION 10. (§

caLe. NO;_O5¢-3¢81

Ev_ [ PERFD.] DATE | CHKD. | DAIE
O | Rt |72 81 | nezz {"2amy

\ PAGE Z &8 OF : .
PEN.NO.S2 € ‘ ‘

70.5°AZIMUTH
KEY PLAN ONIT_L
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(74&/7&:!61;/3‘/@ Namas 2 C’/{’V/Gjl e )

Figure 2
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"GENERAL NOTES

1} PIPE SPEC: :
2%°SCH. 160 5.5 TYPE 316H, ASTM A-376.
2%* ¢ 4° SCH. 16O S, TYPE 304H, ASTM A-37a

2 ~De§|¢s~ DATA:

2500 PSIG @ &50°F, .
2050 PSIG ® 200°F. .
2) MOMENTS OF PRIMARY COGLANT SYSTEM
SEE BeW DWGS I284LLSE & 128L2&E.
. 4) DIMENSIONS AS SHOWN ARE FOR PIPE
' . IN THE COLD ERECTED POSITION.
“2%,* '9 TYPICAL SHIELDING PENETRATION NO.

) ' catc No. o328l

wey. 1PEaiD. | DAYE | caud. 1 CRI
o | 17ter _I"j

L

paGe 27 OF

) 90°* 7°-S°A1|MUT'
KEY PLAN- UNIT |

A TN .cuu/?/e Mme: _F Zoca,f/.ou;
(—T/)e«maa,f/c. /Vm“ arg. 5\/0«/:/.) v d:) )
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Parametric Cmparisoﬁ of -
Cyclic Thermal Stratification Data
'Analyzed' vs 'Observed’ -

Actual

As Used in Final

Quantity - Preliminary |
: : * Bounding Observed Fatigue Evaluation
Analysis :

 Maximm rate of ~200°F/min - 110%F/min 1560F /min’
temperature change L : - ,
at outside surface (note 1)
Maximm temp. 200 F stepped -~ 120 F linear 150 F linear
difference from at the three from top~to-bottom from-top—to-
of pipe to bottam o'clock position - - bottam
of pipe; and, ‘ :
shape of gradient (note 2)
Amount of hori- 3ft 10£ft 20ft
zontal piping : '
considered strati- . - (note 3)
fied per HPI leg
(see Fig. 1)
Nunber of _ 1 cycle _ - 1 cycle 1 gycle
applied cycles 2 mmtes 20 minutes ' 10 mirutes

=14,300 cycles

=143,000 cycles '=28,600 cycles
Ty | %3

yT

Notes 1)

2)

3)

nxismaadmmvasobs'ervedonlymce; d:r:ingtheimemected

reactor shutdown on 3/1/89. The high rate of temp. change
was accanpanied by a total elimination of the thermal
stratification (See discussion on page 7 ). A more
representative value to associate Eif'th the 20 mimite period
cycles would be on the border of 10°F/min. Thus the 110%F/min

used in the Fatigue Evaluation is conservative.

See discussion on page 8

See discussion on page 8

FIGURE 3
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