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| U.S. Nuclear Regulatory Commission
1 White Flint North

l' 1155 Rockville Pike
Rockville, MD 20852

I

i Attention: Mr. James J. Raliegh
! Acting Project Manager

Project Directorate I-2
Division of Reactor Projects -I/II

L Subject: BAW-2127, Supplement 1, " Plant Specific Analysis in
| Response to Nuclear Regulatory Bulletin 88-11,
I ' Pressurizer Surge Line Thermal Stratification', Davis-
| Besse Nuclear Power Station Unit 1", dated September
L 1991.

Dear Mr. Raleigh:

Enclosed please find five (5) copies of the subject report
supplement. This supplement summarizes the B&W Owners Group
'(B&WOG) program that addresses the technical issues described in
NRC Bulletin 88-11 as they apply to the Toledo Edison, Davis-
Besse Nuclear Power Station Unit 1. The structural analysis has

L shown that the Davis-Besse surge line can meet its forty (40)
year design life.

|
Toledo Edison will submit or reference the material provided by

| this letter so that it is appropriately docketed.
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Should-you require additional information, please contact me at
(813) 866-4414,-or the B&W Owners Group Project Manager, A. W.
Robinson at (804) 385-3290.

I

Very Truly Yours,

O. d) . /ds *
,

D. N. Miskiewicz, Chairman
B&WOG Materials Committee

DNM/AWR

Attachment

cc: .T. L. Chan - USNRC (w/1 copy)
S. Hou - USNRC (w/1 copy)
J. Shea - USNRC (w/1 copy)
R. B.-Borsum

:

..



,
.

. . . .

.

.

.. ..

..

I B AW 2127
Supplement 1

iE September 1991E

I
to.

-

-- -

:/'+

I Plant-Specific Analysis

! in Response to
N

I Nuclear Regulaiory Commission
Bulletin 88-11

g

" Pressurizer Surge Line Thermal Stratification"
g

Davis-Besse Nuclear Power Station Unit 1 s.g

I
I

B&W NUCLEAR
I SERT / ICE COMPANY

I IIf|f I0h/8



l
'

E

g B AW-2127
Supplement 1

September 1991

I '
l

1

I ;

E

I
PLANT SPECIFIC ANALYSIS

; IN RESPONSE TO

NUCLEAR REGULATORY COMMISSION

BULLETIN 88-11 '

'' PRESSURIZER SURGE LINE
THERMAL STRATIFICATION"

Prepared for

I-
Toledo Edison Company

'E'

Prepared by
(see Section 10 for document signatures)'

R. W. Moore
C. K. ChandlerI D. E. Costa
G. L Weatherly

l-'

B&W Nuclear Service Company

3- P.O. Box 10935
'E Lynchburg, Virginia 24506-0935

I
|I

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



I
I

I
EXECUTIVE SUMMARY

.

On Decemt,er 20, 1988 the Nuclear Regulatory Commission issued NRC Bulletin 88-11.

The bulletin addressed technical concerns associated with thermal stratification
in the pressurizer surge line and required utilities to establish and implement
a program to ensure the svuctural integrity of the surge line. The B&W Owners

Group (B&WOG) has developed a comprehensive program to address the requirements

of the bulletin. This program and its results were summarized in 'W-2127,;g
u " Final Submittal for Nuclear Reculatory Commission Bulletin _S8-11 " Pressurizer

Surae Line Thermal Stratification" for the B&W-designed lowered-loop plants.
,li

Davis-Besse Nuclear Power Station Unit 1 (DB-1), the only operating B&WOG raised-

j loop plant, requires a plant-specific evaluation which is summarized in this
report supplement. As with the lowered-loop plant evaluation, the plant-specific

; evaluation for Davis-Besse Unit 1 involved comprehensive instrumentation. The

evaluation also involved assessment of operating practices and p*ocedures,

;g collection and review of historical plant data, and development of new design
15 basis transient conditions for the surge line to conservatively account for

thermal cycling, thermal stratification, and thermal striping. The evaluation
of thermal P. riping incorporated the best available data to characterize this
phenomenon as it may occur in the surge line.

I
The structural analysis for the new design conditions has shown that the Davis-
Besse Unit I surge line can meet its 40-year design life given the completion of
procedural and design modifications. Detailed finite element analyses have been
performed on the pressurizer surge nozzle, on the surge line to hot leg nozz'le,I and on -the limiting portions (the elbows) of the pressurizer surge line piping.
At all points in the surge line and the associated nozzles, the cumulative

fatigue usage factor remains less than one for the design life.

I
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1. INTRODUCTION

This report is a supplement to final Submittal for Nuclear Reculatory Commission

f Bulletin 88-11 " Pressurizer Surae Line Thermal Stratification" (Reference 1) and
summarizes the B&W Owners Group program addressing the technical issues described

in NRC Bulletin 88-11 (Reference 2) for the Davis-Besse Nuclear Power Station
linit 1. The analyses described in this report confirm that all surge line

'g pressure boundary components (including all nozzles) will satisfy applicable code
n stress allowables for the Davis-Besse Unit 1.

The introduction briefly reiterates tne background for the thermal

stratification, striping and cycling issues, and a summary of the plant-specific
surge line fatigue analysis results and conclusions for Davis-Besse Unit 1. The

remaining sections _of the report are as follows:

Section 2 reviews the technical approach which has been developed by thea

B&W Owners Group,

a Section 3 discusses the plant-specific approach for Davis-Besse Unit 1,

a Section 4 describes the development of the new design basis thermal-
hydraulic conditions for the Davis-Besse Unit I surgs line,

-

a Sr 'ons 5 and 6 describe the stress and fatigue analyses perforrd for
_

t . avis-Besse Unit I surge line piping and its nozzles,

a Section 7 provides conclusions resulting from the Davis-Bease Unit 1
plant-specific analysis with regard to new dcsign basis transients which

I represent surge line thermal conditions and the structural ini.egrity of
the surge line,

a Section 8 states the conditions which form the basis for the analysis,

a Section 9 lists all references, and

s Appendix A provides a supplement to Section 3.1 and contains a detailed
discussion of the data acquisition for the Davis-Besse Unit I surge line.

I
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1.1 Backoround

The surge line in B&W 177 fuel assembly (177-FA) plants, including Davis-Besse
Unit 1, contains approximately 50 feet of piping which connects the pressurizer
lower head and the reactor coolant hot leg piping. During plant operation, the

; reactor to'lant system (RCS) is pressurized with a steam bubble in the
,

j pressurizer. Thus, the pressurizer contains saturated fluid while the remainder
; of the RCS is subcooled with temperatures cooler than the pressurizer fluid by
I 43*F or more. The surge line provides the means by which the pressurizer

accommodates changes in RCS inventory. The reactor coolant flows through the
! surge line during surges into and out of the pressurizer. During reactor coolant
; pump operations, there is normally a smali ~' low from the pressurizer due to
! continuous minimum pressurizer spray flow.

Due to differences in density, the reactor coolant can stratify in the horizontalI r ping sections whereby the fluid temperature varies f rom top to bottom with the
warmer fluid located above the denser (cooler) fluid. This phenomenon, known as
thermal stratification, is most pronounced during outsurges from the pressurizer.
During an insurge or outsurge under stratified conditions, thermal striping may
occur at the fluid layer it.terface. Thermal striping is a rapid oscillation of
the ther n ol boundary interface caused by interfacial waves and turbulence
effects. The original surge line fatigue analyses performed for the B&W 177-FA
plants did not account for thermal stratification which causes additional bending
moments in the piping, nor did the analyses account for thermal striping whichI affects the fatigue usage at the inner surface of the pipe,

in order to confirm pressurizer surge line integrity, the Nuclear Regulatory
Commission issued NRC Bulletin Number 88-11, pressurizer Surae Line Thermal
Stratification (December 20, 1988). This bulletin requires certain actions of

licensees of all operating pressurized water reactors (PWRs). The applicable
actions are paraphrased belew:

la. At the first available cold shutdown after receipt of the bulletin, and

which-exceeds seven days, conduct a visual inspection of the pressurizer
surge line.

I
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, 1b. Within four months of receipt of the bulletin, licensees of plants in

operation over ten years are requested to demonstrate that the pressurizer
surge line 'neets the applicable design codes and other FSAR and regulatoryI commitments for the licensed life of the plant, considering thermal

stratification and thermal striping in the fatigue and stress evaluations;
or provide the staff with a justification for continued operation while a

detailed analysis of the surge line is performed that implements items Ic
and Id below.

Ic. If necessary, obtain plant-specific surge line thermal and displacement
data. Data can be obtained through collective efforts if sufficient

similarities in geometry and operation can be demonstrated.I
Id. Update the fatigue and stress analyses to ensure compliance with the

applicable Code and Regulatory requirements within two years of receir,t of
the Bulletin or submit a justificction for continued operation and a

description of the proposed corrective actions for effecting long-term

resolution.

I A portion of the B&W Owners Group program was presented to the Nuclear Regulatory

Commission Staff on September 29, 1988 and April 7, 1989. lui interim evaluation,I BAW-2085, dated May 1989, provided the staff with a justification for near term
operation for all of the operating B&W 177-FA plants (Reference 3). The NRC

concluded that sufficient information had been provided to justify near term
operation for B&W p' ants until the final report could be completed (Reference 4).

I
The final report for the lowered-loop plan'.s was completed and submitted to the
NRC in December 1990. This supplement summarizes the plant-specific evaluation

for the Davis-Besse Unit I raised-loop plant, and documents compliance with
action items Ib, Ic, and ld of NRC Bulletin 88-11.I
1.2 Conclusion

Given the completion of the procedural and design modifications described in
Section 8, the surge line for Davis-Besse Unit 1 is shown to fulfill the 40-year

1-3
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licensed plant life.. The structural analysis of the surge line and associated

f nozzles has accounted for thermal conditions (thermal stratification, thermal
"

striping, and thermal cycling) existing during the life of the plant. The

- highest cumulative usage factor for 40 years of operation (240 heatup/cooldown
cycles) has a value of 0.93 and occurs in the nozzle-to-head corner of the

pressurizer nozzle. The second highest cumulative usage factor for the 40 years
of operation occurs in the nozzle-to-hot leg corner of the hot leg nozzle and has
a value of 0.76. Within the surge line proper, the highest cumui tive usage
f actor is 0.62 and occurs in the straight pipe in the lower horizontal run just
past the first elbow (elbow A on Figure 5-1). The cumulative usage factor for

the snubber stanchion (a welded attachment) is 0.08. -

5
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2, OVERVIEW 0F B&W OWNER'S GROUP PROGRAM

TheB&WOwner'sGroupMaterialsCommitteereport,hereafterreferredtoastt/
main report (Reference 1), includes a detailed discussion of the program
developed to address the technical concerns identified in NRC Bulletin 88-11.
The discussion of the program will not be repeated in this supplement, but will
be reviewed briefly. The program is divided into two basic sections: the design
basis thermal transients and structural analyses required to assess the integrity
of the surge line and associated nozzles for the balance of the design life of
each of the plants. This supplement is a summary of the program that addresses
the plant-specific evaluation for the Davis-Besse Unit I raised-loop plant. The
key elements of the program are as shown in Figure 2-1 of the main report except
that the surge line data is taken at Davis-Besse Unit 1.

2.] Development of New Desian Basis Conditions

The thermal-hydraulic phenomena which must be accounted for in the surge line are
thermal stratification, thermal striping, and thermal cycling. As these
phenomena occur to some degree in almost all modes of pl6nt operation, the surge
line conditions must be carefully considered from cold shutdown through heatup,

' power escalation, normal power operation, and cooldown.

Thermal cycling is associated with coolant mass and temperature changes in the
reactor coolant system (RCS). Thermal stratification can occur in the surge line
only during moderate to low flow rates through the surge line and may exist in
a steady state as well as in a transient condition. Thermal striping requires
the existence of thermal stratification. The main report considers the

requirements for a quantitative treatment of these phenomena in Subsection 2.1.

Davis-Besse Unit I was instrumented.to record the thermal trar,sients in the surge
line for plant heatup, power escalation, full power operation, and plant

2-1
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cooldown. Surge line displacement instrumentation was also added .to the surge

p line. The Davis-Besse Unit I data collection process, described in more detail
" in Appendix A, provided circumferential temperature measurements at several axial

locations along the surge line in adoition to displacement measurements for each
major displacement axis.

J

As performed for the lowered-loop plants, a review of the operating procedures,

-

provided a better understanding of t60se plant evolutions likely to cause surge

{ line upsets. The operating procedure review and consideration of the hourly
heatup and cooldown data over the plant operating history provided the bases for
generating design basis surge line transients for plant heatup, cooldown, and -

"

power operation.
]

As described in Subsection 2.1 of the main report, an important part of the
operating procedure review dealt with the potential upper bound for the
pressurizer to hot leg temperature difference as described in the lowered-loop

| analysis. For Davis-Besse Unit 1, the maximum calculated surge line tcp-to-
bottom temparature difference is 358F for the design transients, as discussed in

i Subsection 4.5.1.2. The maximum surge line top-to-bottom temperature difference
measured at Davis-Besse Unit I was 253F.

The relationship of thermal striping amplitude and frequency to the pipe fluid
conditions for Davis-Besse Unit 1 are based on the Battelle data as discussed ing

.

| Subsections 2.1 and 4.3 of the main report. The thermal striping data
correlation permits the determination of striping characteristics for any given
surge line flow rate and imposed top-to-bottom temperature difference. The

product of the thermal-hydraulic program is a revised set of surge line design
basis transient descriptions that aceo w for thermal cycling, thermal
stratification, and thermal s t r'i pi ng . p transients considered in the

,

'

previous design basis for the serge lina is , modified to account for all three
thermal phenomena. All design basis transients involving surges were considered
in the evaluation.

Results of the thermal-hydraulics part of the program consists of the input for
the stress analysis of the surge line itself, the associated nozzles at each end,

2-2
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and the one-inch diameter drain nozzle connection at the bottom of the lower ,

horizontal run. l. , stress analysis portion of the program is described in the
next st%1ction.

1.2 Stress Analysis

The stress analysis procedure is essentially the same as tnat used for the
lowered-loop plants. The first phase of the stress analysis involved building
a structural mathematical model containing the pressurizer, the surge line, the
hot leg. the reactor vessel and the steam generator. This structural
mathematical model was verified by using the measured surge line temperature data
from the Davis-Besse Unit I heatup of June 1990 to predict surge line

_

displacements. These predicted surge line displacements agree well with the
measured surge line displacements (see Subsection 5.1.4 and figures 5-2, 5-3, and,

,

5-4).

The structural loading analysis was performed using the new thermal-hydraulic
design basis and considering potential surge line whip restraint interference
with the gaps set at the as-measured conditions for each of the eight whip
restraints. The internal forces and moments were generated from the structural
loading analysis and were used for the stress analysis of the surge line ar.d the
nozzles associated with its endpoints. Loading cases were developed for each
period of history using the measured restrair,t ?ap dat representative of the
period.

,

The applicable piping code is the 1.%6 Edition of ASME Code NB-3600, in
accordance with NRC Bulletin 88-11 which states: *f atigue anal.; :is should be
performed in accordance with the lates! ASME Section til requirements

| incorporating high cycle fatigue." A Code recorailiation was performed with a
review of the surge li"e stress report for Da't's-Besse Unit 1.

I Using finite element aWysis for the elbows and simplified equations elsewhere
in the surge iine, all stress intensity values (Equations 12 and 13, and Thermal

Stress Rt.tchet) were found tc be within the allowables (taken from ASME Section
!!!, Appendix !). Theref ore, the elasto-plastic fatigue analysis was performed

2-3
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in accordance with NB-3653.6(c). To account for the thermal-hydraulic conditions
defined in the new design basis, the surge line f atigue analysis includes thermal
stratification, pressure ranges between the thermal stratification conditions,
thermal striping, fluM flow and temperature changes leading to through-wall

:g temperature gradients, and the additional localized stress due to the non-

:5 linearity of the top-to-bottom temperature profile.

In the NB-3600 simplified elasto-plastic fatigue analysis, all applicable surge
line locations were analyzed, including the drain line nozzle and the snubber
stanchion which were considered as branch connections. The total cumulative
usage factor is less than 1.0 at all surge line locations,

in addition to the structural analysis of the surge line described above,
detailed stress analyses of the pressurizer and hot leg nozzles were performed
to demonstrate compliance with the ASME Code, Section 111.

Finite element models were made of both nozzles and the thermal and pressure
stresses were calculated using the revised design basis transient descriptions
as input. Piping loads acting on the nozzles were taken from the structural
analysis of the surge line and were combined with the pressure and thermal

! stresses. Stress and fatigue analyses were performed in accordance with the
|

| requirements of the 1986 Edition of the ASME Code, Section !!!, NB-3200 and
NB-3600. The analyses demonstrate that the cumulative usage factor for each
nozzle is less than 1.0.

I
|I

|I
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3. PLANT-SPECIFIC APPROACH FOR DAVIS-BESSE UNIT 1

Section 3 of the main report (Reference 1) describes the decision to evaluate the

| lowered-loop plants generically and the need for a plant-specific approach for
the Davis-Besse Unit 1 plant. The assessment addressed two different types of
factors: (1) those that are inherent in the equipment design and (2) the plant-
specific operating and surveillance procedures that may influence the surge line -

conditions,

31 Comparison of Confiaurations

As described in Section 3.1 of the main repor , the lowerea-loop plants are

sufficiently similar to be evaluated generically. However, the differentesI between Davis-Besse Unit I and the lowered-loop plants led to the decision to
install special instrumentation at Davis-Besse to gather data during the heatup
from the 6th refueling outage in the summer of 1990. Considerations leading to
this decision were as follows:

a The Davis-Besse surge line configuration differs significantly from the
lowered-loop plants as shown in figures 3.1 and 3.2 of the main report.
The lower horizontal run is somewhat shorter, and there is an upper ~

horizontal run in excess of 20 feet compared to 2.5 feet in the lowered-
loop plants.

The surge line at Davis-Besse Unit 1 incorporates eight fixed pipe whip
restraint structures, with impact collars clamped to the surge line. In
addition to placing a limit on pipe displacement, these impact collars
interrupt the insulation, permitting gaps on either side. The increased
heat loss affects the magnitude of the stratification temperature

differences.

3-1
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e At Davis-Besse the power-operated relief valve (PORV) inlet condensate

drain is connected to the surge line drain upstream of the drain isolation
valve. Condensate reflux into the surge line depends upon heat losses
from the line, and could have some influence on the surge line

stratification response.

3.2 Plant Operations

Section 3.2 of the main report considers the plant operational aspects of a
generic evaluation of the B&WOG plants. The magnitude and number of thermal

'

cycles applied to the pressurizer surge line were evaluated to formulate the
design basis cycles. The evaluation included review of applicable plant

operating procedures and plant data as well as interviews of the plant operators.
Plant data from the instrurnted Davis-Besse Unit I surge line and historical
operating data for plant heatup and cooldown events for Davis-Besse Unit 1I provide most of the bases for describing the design transients for Davis-Besse
Unit 1. All of the B&W plants operate in a similar fashion as described in theI main report; however, certain differences between the sets of design transients
for Davis-Besse Unit I and those for the lowered-loop plants have resulted from
this evaluation. These differences cre discussed in detail in Section 4.4.

3.3 Conclusion

While the lowered-loop plant configuration and plant operations are quite similar
and a generic development of design basis transients is justified, Davis-Besse
Unit 1, which is a raised-loop B&W plant, requires a plant-specific analysis due
to the uifferences discussed in Section 3.1. The analysis for Davis-Besse Unit
1 is addressed in this supplemer.tal report.

The 1:1thodology described in the main report is generally applicable to the
Dtvis-Besse Unit 1 analysis. This includes the correlation of stratification and
striping, the synthesis of design transients, the structural modeling techniques,
the structural loading analysis, and the fatigue enalyses of the surge line and
its associated nozzles. Differences from the material contained in the main
report, due to plant-specific structural and operating conditions are identified
and justified in this supplement.

3-2

I
I



%

h
i

b

4. DEVELOPMENT OF NEW DESIGN BASIS FOR SURGE LINE

4.1 Instronentation of Davis-Bel}1 Unit 1 Smae_Litte

Plant-specific thermal and displacement data for the Davis-Besse Unit I surge
line were collected for the following reasons:

a The original Davis-Besse Unit 1 instrumentation does not supply sufficient
_ _ _

data for an understanding of the thermal conditions throughout the line.

s Differences inherent in the design of Oconee Unit I and Davis-Besse Unit I
result in different thermal conditions for the two surge line
configurations. - .

s The surge lines have differences in geometric layout, draining
arrangemsnts, piping supports and restraints, and insulation.

The objectives and the technical approach for data collection have been identical
for the Oconee and Davis-Besse instrumentation programs. The objectives of the
Davis-Besse surge line instrumentation program have been to determine:

a The magnitude of the thermal stratification including the maximum top-to-
bottom piping temperature differential,

s Variations in the thermal stratification with axial position along the _

surge line,

a The changes in surge line displacement that result from thermal
stratification,

a The plant operations that cause thermal stratification cycles, and

a The temperature response of the surge line to changes in surge line
.

conditions.

To meet the objectives, a comprehensive instrumentation package was installed
that has included 46 thermocouples mounted on the outside circumference of the
surge line and 14 displacement instrumer,ts affixed to various parts of the line.
The thermocouples and displacement instruments were connected to a data
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-, 0 + 11 i system allowing continuous monitoring of all instruments. in

[ addition, numerous permanent plant Computer signals were recorded with this data
acquisition system and the plant computer system. Deta ls of the instrumentationi

and the data acquisition system are included in Appendix A.

The instrumentation package and data acquisition system were installed in April
and May of 1990 during the Sixto Davis-Besse Unit 1 Refueling Outage (6Rf0).
Data were recorded as the plant prepared for and went into its normal heatup in
early June. There was no interference with normal plant operations and no
changes to procedures were made to accommodate the data acquisition or to reduce

the effects of pctential thermal stratification. Data were recorded throughout -

the heatup, power escalation, and for several dt.ys near full power.

4.2 Correlation of Scrae line Tempertigr_nr

I The correlation of the Davis-Besse Unit 1 surge line temperatures versus plant
conditions paralleled that of the lowered-loop plants, as described in SectionI 4.2 of the main report. Measurements and methods specific to the Davis Besse
analysis are described below.

Plant Temperature Measurements

The Davis-Besse Unit I surge line temperatures were measured at eight cross
sections distributed throughout the horizontal portions of the line, as show1 in

Fir.ure A-2. At six of these instrumented cross sections, seven thermocouples -

were oistributed over the pipe circumference to provide uniform and complete
'coverage of the temperature profile across the height of the pipe; top- and

bottom-of-pipe thermocouples were used at the remaining two locations.

Surge line temperatures wer.e recorded at twenty-second intervals through much of
June and July 1990. These measurements spanned two heatups, a cooldown, power

escalation, and operation near full power, for ease of handling and analysis,
the interval of almost continuous data from 10 June through 12 July were divided
into the following three data sets:
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I June 10-18, 1990

June 23-30, 1990
July 1-12, 1990

I
The major plant conditions during data collection are outlined below. The

indicated events were identified by reviewing logs, and by examining time-based
traces of spray valve position, spray line temperature, pressurizer level, core
power, primary flow rate, and reactor coolant pump power.

JE0LLQ-1L._1910_01D

The June 10-18, 1990 data encompassed a heatup. Initially, the plant was cold

and pressurized with nitrogen. Considering time zero as 0000 hours, on June
10th,' a pressurizer steam bubble was established at about 20 hours, pumps were
operated briefly and independently for venting, between 83.7 and 85.3 hours.
Reactor coolant heatup was begun at 122 hours using 2 pumps; a third pump was
added at 146.5 hours and the fourth at 202 hours.

June 23-30.1990 (1314

The measurements of June 23-30, 1990 began with a plant cooldown in progress.
Two reactor coolant pumps were operating until 6 hours. Auxiliary spray was
actuated intermittently between 6.6 and 33.3 hours. The pressurizer was
blanketed with nitrogen icyond 20 hours. Conditions remained largely quiescent
through 90 hours. Then the pressurizer level was reduced, and a steam bubble was
drawn beyond 95 hours. The reactor coolant pumps were operated individually and

briefly for venting, between 110.4 and 111.1 hours. The heatup was started at
123.3 hours using 2 pumps; a third pump was activated at 140.5 hours, and the
fourth at 157 hours. Spray was activated briefly at 165.3 and 175.2 hours.
Minimum continuous spray flow was interrupted for approximately 1 hour starting

at 169.2 hours. -

I
|

'All references to times for various changes in plant conditions are
referenced to 0000 hours of the first day of the data collection period.
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I
g July 1-12. 1990 Data

The data taken during July 1-12, 1991 involved power escalation. four reactor
coolant pumps were operated throughout the measurement period, except for 3-pump
operation from 38.4 to 38.7 hours. Spray was used intermittently, and was

; maintained for 8 hours starting at approximately 210 hours. Power operation
began at 62 hours; power was increased beyond approximately 40% of full power at
105 hours, and beyond approximately 60% at 172 hours.

|
;

, The acquired plant data were extensively cross-plotted and compared. The local

| temperature distributions, the sequential response of temperature versus location
in the surge line, and their responses to insurges and outsurges generally
confirmed the sensitivity and self-consistency of the surge line temperature
measurements.

:

The Davis-Besse Unit 1 surge line temperature measurements were processed in the
same fashion as the Oconee measurements, as described in Section 4.2.2 of theI main report. Interf ace elevations and both local and extreme temperature

,

differences were extracted from the data. Maximum top-to-bottom temperature

differences were determined separately for the lower- and upper-elevation piping
runs.

Correlation

The Davis-Besse Unit I surge line correlations were developed in much the same
f ashion as those of the lowered-loop plants, as described in Section 4.2.3 of the
main report. The major plant conditions affecting the surge line temperatures
were:

s Surge line flow rate (or pressurizer level versus time)

s System pressure (or saturation temperature)

s Hot leg temperature

The supplementary plant conditions included: reactor coolant pump status, spray
status, magnitude of pressurizer level oscillations, core power level, and the
status of the decay heat removal system during a cooldown. Correlations were
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I
developed for the elevation of the thermal interf ace in the lower- and upper-
elevation piping runs, as well as for the following temperatures:

a Top- and bottom-of-pipe, lower-elevation run

s Top- and bottom-of-pipe, upper-elevation run

a Pressurizer nozzle (fluid)

| Each of these temperature correlations pertained to a surge line piping outside
metal temperature. The exception is the pressurizer nozzle fluid temperature,
as described below. Additionally, an estimate of the riser average temperature
was formed from the bracketing pipe temperatures. The temperature at the hot
leg-to-surge line nozzle was taken to be that of the top of pipe in the upper-I elevation run. This temperature was used to determine the temporal extremes of
the hot leg-to-surge line nozzle temperature. The top-to-bottom temperature
difference in the t pper-elevation piping was used to characterize the

stratification temperature difference at the nozzle.

The pressurizer nozzle correlation provided a direct estimate of the temperature
of the nozzle fluid, rather than metal. This correlation basically varied the
nozzle fluid temperature toward the temperature of the source fluid in proportion
to the volume of fluid displaced during a flow event. The source fluid
temperature for an outsurge was the saturation temperature. However, the
temperature at the nozzle required treatment of the 200 f t' volume of the lower
pressurizer which is located below the pressurizer heaters and may contain
coolant below the saturation temperature. The current outsurge fluid

displacement was obtained by integrating the preceding surge line volumetric flow
rates. The predicted nozzle fluid temperature thus increased towird the current
saturation temperature as the current outsurge displacement approached 200 ft'.

Insurge predictions were handled in two phases. The first phase involved theI temperatures predicted for the lower-elevation piping; the source temperature for
j the second phase was the hot-leg temperature. The associated fluid volumes were

5 f t' (approximately one-half of the volume of the lower-elevation piping run),
and the total surge line volume, 22.3 f t'. The outsurge and second-stage insurge

I
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source temperatures were modified using rudimentary heat balances to estimate the
heat losses to ambient.

I This type of correlation was necessitated by the absence of a temperature
measurement near the nozzle. The performance of this correlation was checked by
comparing its predictions to the nozzle metal temperatures observed in Oconee,
as well as by examining its response to test cases.

:_

The correlations of pressurizer nozzle fluid temperatur( provided estimates of
temperature versus time. These temperatures were processed to obtain the extreme
temperatures (peaks and valleys, or PVs), in the same manner as for the other
surge line temperatures. The incremental changes of the nozzle fluid temperatureI were compared to the corresponding time increments to obtain rates of change.
A change-weighting method was used to obtain rates of change which were more --

appropriate for stress analysis than those derived directly from incremental time
steps.

The resulting weighted rates of change tended to reflect those rates of change
which were large, persistent, and significant for the stress analysis.

The surge line outside-wall temperature measurements, and therefore theI correlations based on these measurements, reflected the thermal time constant of

the wall . lemperature changes of relatively short duration were separately
identified for comparison with those predicted by the correlations. The

temperature changes during selected short duration events were combined with the
general results of the temperature predictions for further consideration. The

temperature change associated with c short duration event was the difference
between the pre-event temperature and the fluid temperature based on the fluid
volume displaced during the event. The selection criteria for short duration
events were as follows:

1. Surge line mass flow rate greater than 10,000 lbm/h (insurge or outsurge).

I 2. Duration (of flow rates greater than one-half of the maximum flow rate)
less than 12 minutes.

3. Temperature changes greater than 50f.
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I
These criteria were selected such that all events of significance for stress or
fatigue were considered.

I 4.3 Thermal Strlping

Thermal striping in the Davis-Besse Unit I surge line was evaluated using the
same correlations and techniques as have been used for the lowered-loop plants,
and as described in Section 4.3 of the main report. In the Davis-Besse
calculations, however, the surge line fluid velocity was modified to account for
the makeup system cycling experienced at Davis-Besse. lhis modified velocity has
been used whenever the makeup system controls were placed in automatic. Then the

fluid velocity was required to be at least as large as the surge line velocities
that had been observed (based on rates of change of pressurizer level) during the
more extrem'e cyclic variations of pressurizer level. This velocity was used to
evaluate the Richardson number and hence the maximum striping amplitude; anI increased velocity obtained a smaller Richardson number and a larger maximum
striping amplitude.

4.4 Review of Operational History

A review of the operating history of the Davis-Besse Unit 1 plant was performed
in a manner similar to that performed for the lowered-loop plants. Historical
operating data were collected for plant heatup and cooldown events for Davis-
Besse Unit 1. These data were retrieved for 31 of 40 heatups and 32 of 39

cooldowns, ending with the heatup from the 6th refueling outage in June 1990.
The recorded parameters included hourly data for the pressurizer, RCS cold leg,
and surge line (original thermocouple) temperature and pressurizer level. The

data were sufficiently complete to characterize the limiting temperatures for RCS
and pressurizer heatup and cooldown for past operations with a high level ofI confidence. This historical review provided substantial support for the

selection of limiting temperatures for use in stress and fatigue analysis.

In combination with Davis-Besse data, data collected earlier for the analysis of
the lowered-loop plant surge line were employed in describing the Davis-Besse
heatup and cooldown transient. Specifically, the lowered-loop plant data were

I
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used in definition of the typical flow rates in the surge line as derived from
I pressurizer level variations with time.

In conjunction with the review of plant data, operating and surveillance
procedures were reviewed for Davis-Besse Unit 1 to identify those events that:

might cause thermal stratification cycles. Because of this review, certain

differences between the sets of design transients for Davis-Besse Unit 1 and
those for the lowered-loop plants resulted. Transient events were added to
include the conditions of (1) inservice makeup pump testing, and (2) complete
interruption of pressurizer spray bypass flow. Certain design events were

- deleted including fiP1 injection tests and miscellaneous pressurizer spray
; actuations. The liPI injection tests were eliminated as a design transient for

the surge line for Davis-Besse Unit 1 because this test is conducted with the
pressurizer at or near ambient temperatures. It was determined that the
miscellaneous spray actuations occur infrequently at the plant and that spray
actuations are predominately of the variety associated with operations to change
the boron concentration in the pressurizer; as a result, the miscellaneous spray
flow events are included in the separately described transient for pressurizer
boron equilibration (Transient 2002).

:g The operating procedures for Davis-Besse Unit I were used as the basis for
IE determining the major flow events accounted for in the heatup and cooldown design

transients. Random flow events, the particular causes of which have not been
identified, were also included to ensure that typical pressurizer level changes
are reflected in the design transients. The data for pressurizer level versus
time collected for the analysis of the lowered-loop surge line, in addition to

'

data specific to Davis-Besse Unit 1, were used to characterize the random flow

I events included in the heatup and cooldown design transients for
Davis-Besse Unit 1.

The design heatup and coolde , transient descriptions were generated based on

,

plant data as well as plant limits for the relationship between pressurizer
temperature and RCS temperature. To conservatively generate design transient

| conditions for the surge line for past heatup events, two sets of temperature
differential curves were used to ensure a conservative representation overall.
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I
One curve represents the maximum differential likely to be seen in any operation
experienced in the past by Davis-Besse Unit 1. This maximum temperature
difference (MID) curve is configured to be strongly conservative, and to cover
those few heatups not covered in the rectrded hourly data. The second curve is
configured to produce a more realistic, but still conservative representation ofI the data. This curve bounds 80 percent of all the plant data.

A certain fraction of the past events were specified to have occurred with
conditions defined by the strongly conservative MID curve. The remaining events
were evaluated on the basis of the conservative representation of plant data
provided by the second curve.

I The maximum temperature difference (HTD) curve bounds all the plant data with the

exception of three short operating periods (a few hours) which occurred during
the actual heatups. The overall maximum temperature differentials for the heatup
covered by the HTD curve were not exceeded, however, the differences during these
short periods exceeded a small portion of the bounding curve by ' O'F or less.i

These short periods are negligible in the analysis, and the HTD curve used as a
basis for the development of design transients is a strongly conservative
representation of past operations,

i For generating descriptions of future design heatup and cooldown events, the

,g recommended operating limits for the pressurizer and RCS temperatures given in
W Section 8 of BAW-2127 were used with the added restriction that the maximum

pressurizer temperature be limited to 415F when the RCS temperature is below
185F. The RC temperature of 185F was selected suf ficiently low to provide
adequate flexibility for prt asurizer operation; a more restrictive temperature
of as high as 230F could be justified based on a review of plant data but would
not provide the same degree of operating flexibility.

As a result of the review of plant data and operating procedures, the following'

major differences were identified between operations at Davis-Besse Unit I andi those for the lowered-loop plants:

I
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1. At Davis-Besse Unit 1, the maximum pressurizer pressure and temperatures

at which the plant is operated during low temperature conditions in the
RCS are lower than for the other operating plants; this is because the
Decay Heat Removal System relief valves are used for low temperature
overpressure protection below about 250f in the RCS, which limits the
maximum allowable pressurizer pressure. This is consistent with the
restriction that the maximum pressurizer temperature is limited to 415FI when the reactor coolant temperature is below 185F as reflected in the
analysis.

2. The control of pressurizer level with the makeup valve operating under
automatic control at Davis-Besse Unit I results in cycling of the mrkeup
valve and small amplitude variations in pressurizer level on the order of
+/- 1 inch of level. This cycling is pronounced during plant operation atI low pressure and substantially subsides during operation at high
temperature and pressure (Modes 1, 2, and 3).

I
3. The duration of heatup operations at Davis-Besse Unit I appears to be

| significantly longer than is typical for the other plants. Also, a large
amount of time has been spent between consecutive cooldown and heatup
events with the RCS at low temperature and the pressurizer maintained at
an elevated temperature (up to 415'f).

I The above differences in operations were factored into the descriptions of the
design heatup and cooldown transients for Davis-Besse Unit 1.

45 Development of Revised Desian Basis Transients

The revised surge line design basis tt ansients are listed in Table 4-1. These

redefined transients comprise the bases for the reevaluation of the structural
*

int u rity of the surge line piping and nozzles. Table 4-2 presents the design
number of events for each type of transient. The bases for the number of events
for design purposes are provided in the following subsections.

I
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lhe design basis plant heatup and cooldown transients were completely redefined

[ in this program. Other transients included in the design basis were generally
retained in termt of the existing surge line boundary conditions of pressurizer

j'~ and RCS temperatures and surge line flow rates, but thermal stratification and
striping were included in the surge line transient descriptions. In addition to
the changes made to the design heatup and cooldown transients, a number of k
transients were added and other modifications made to the set of design basis
events as a result of the review of the operating history and the operating

procedures for Davis-Besse Unit 1.

In general, the development of the revised design basis transient: for Davis- ~

Besse Unit 1 followed the same process used for the lowered-loop plants. The

process used to generate the boundary conditions of temperature and the surge
line flow rates for plant heatup and cooldown transients are discussed below.

Plant data were used to characterize the variations in RCS and pressurizer

temperatures with time. Using the plant data, tabulations of the durations of
various modes of operation, i.e., time spent below 200f temperature, time spent
in the actual heatup process, at temperature plateaus, and at hot zero power at
the end of the heatup, were used to arrive at a description of the typical

variation of RCS temperature with time for the design heatup and cooldown
transients.

I -

Plant data were used to plot the paths taken during actual heatup and cooldown
operations in terms of pressurizer-to-RCS temperature differential as a function
of RCS temperature. These traces established both bounding and typical
variations of prnssurizer-to-RCS temperature differentials with RCS teniperature.
For one of the design heatup transients, the bounding variation of the

; pressurizer-to-RCS temperature differential was based upon the maximum

temperature difference (MID) curve which generally bounds the plant data and is
strongly conservative. Given the RCS temperature at any point in time for the
design transient, generated as described above, the variation of pressurizer--to-

-

RCS temperature differential was used to establish the pressurizer temperature
for the heatup and cooldown transient based on either the generally bounding MTD
curve or the plant data.
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Thb pressurizer surge line flow rates were generated based on known, quantifiable
plant operations, or other 1.0w rates based on typical plant data for pressurizer

3

h level change versus time (for which the exact cause of the flow could not be
identified).

A simulation of the makeup system control of the pressurizer level was used to
generate the flow response in the surge line as a result of changes to the net
make up volumetric flow rate (difference between in-flow to and out-flow from the

!
RCS). With the makeup controls in automatic, a change to the net effective
makeup volumetric flow rate will perturb the pressurizer level, causing the
makeup valve to be repositioned to restore pressurizer level to the setpoint.

~

The calculation of the surge rate includes the effects of the following:

a Changes, or upsets, in the net makeup volumetric flow to the RCS;

a Effects of RC volume change caused by the time rate of change of
temperature of the reactor coolant;

Effects of the general trend in pressurizer level, e.g., effects of changea

in pressurizer level setpoint by the operator;

Effects of spray rate, either automatic or manual spray operations (e.g.,a

for cooling the pressurizer to depressurize the RCS or for adjustments of
pressurizer boron concentration);

e Effects of operator adjustments of letdown to maintain both the level and
the desired makeup flow rate.

.

Based on a review of plant procedures, a list of the operations in the plants
that potentially affect the surge line flow rate wa- generated. To the exter,

possible, the likely numbers of flow changes and the magnitudes of the changes
of flow rate into (or out of) the RCS were estimated. Using these estimates for
upsets of t'.e net volumetric makeup into the RCS, and including additional
" random" events, the pressurizer surge line flow rates and pressurizer level
response were calculated. A number of random events were added to the simulation

to ensure that the total number of level changes agrees with the number of level
chat , events derived from the plant data for heatup and couldown operations.
The random flow rate events were characterized by a statistical analysis of the
plant data for pressurizer level changes.
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The surge line boundary conditions of pressurizer temperature and hot leg

[ temperature, along with the surge line flow rates described for each design
transient were used simultaneously to generate consistent sets of both

' stratification and striping temperature differences.

The striping calculations utilize a correlation for the cumulative frequency of
occurrence of striping temperature change as a function of striping amplitude.I The maximum striping amplitude was correlated to the kichardson number. for a
given design transient, the therm;.1 response of the surge line was calculated as
a function of time, and at each time interval (time cut) as the calculation
advances, the distribution of the frequency of striping cycles was calculated for
each degree f increment of striping temperature dif ference. The number of cycles
for each increment of striping temperature differences was calculated by

I multiplying the frequency by the length of the time interval. The number of
cycles in each increment of striping temperature difference was accumulated as,

t

the calculation progresses to arrive at a total for the entire transient.
I

for each piping 10 ation and type of component (pipe or elbow), the thermal
striping was evaluated considering a range of from 1/2 to 4 seconds for the
period. The critical period giving the maximum stress caused by the thermal
striping was used for each particular location.

4.5.1 Heatun Transient 1
7

4.5,1.1 Heatyp Transient Descriptions _g_nd Number of Occurrences

A number of different categories of design heatup transients have been described
for Davis-Besse Unit 1. The various categories arise from considerations of (1)
time in plant life (past or future), (2) whether the pressurizer temperature
represents a bounding upper limit or a variation typical of plant operations, (3)
the various time intervals corresponding to operations with different measured
whip restraint clearances, and (4) accommodation of the period of limited
clearance between the snubber stanchion and the west wall of the compartment.

The various time categories for the design heatup transients are defined os
follows:
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Description Restraint Gaps
Ca ory

il for time period 1/77 through 5/80 Minimum original gaps

T2 Time period 6/80 to 5/82 As measured gaps 6/80

Time period 6/82 to time of
modification of snubber stanchion

T3 clearance to west wall,12/84, and As measured gaps 6/82
through 11/88

Time period 12/88 to time of ~

modification of gap clearances
14 made during the month of 4/90 and As measured gaps 12/88

through the 7" fuel cycle, and 4/90
anticipated to end 9/91

_

Future events, beginning after Restraints gapped to15 Refueling Outage No 7 allow free motion

I A set of two types of heatup events are specified for each time category, one
odd-numbered and one even-humbered design eveht type. Generally, odd-numbered
design heatup transients represent the generally bounding variation of

pressurizer pressure with RCS temperature, e.g., lAl, lA3 1AS, etc. Even-

numbered design transients generally represent variations of pressurizer
temperature that are mere typical of the available plant data. Considered
together, these transients provide a conservative representation for both
historical and future operations.

E
.

For purposes of simplification, each of the design heatup transients is specified
'

with the same heatup duration and sequence of major events. Particular
transients may differ in terms of the following parameters: (.') initial variation
of RCS temperature prior to starting of RC pumps for plant heatup, (2) >

pressurizer temperature versus time, and (3) the number and timing of random flow
events caused by unidentified operationn in the plant.

Variations of RCS temperature at the beginning of the heatup are basu on typical
operating data for the plant. The pressurizer temperatures and pressures versus
time that have been specified for each of the design heatup transients are based
on either the maximum allowable RCS pressure limit or the available plant data.
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Refer to figure 4-i. The number of random flow events included in the design

[ heatup transient varies with the average lengths of time spent in the various
"

phases of heatup, as derived from the available plant data for the particular
time category. -

Each heatup transient includes a phasa at the beginning of the plant heatup,
prior to starting the RC pumps, where the RCS temperature is maintained at
approximately 100f and the pressurizer temperature is somewhat greater than 400f.
The duration of this time period for the design heatups is set at about 40 hours.
To account for time spent in this operating condition in excess of 40 hours on
a per heatup basis, a separate transient is described, Transient 101. -

I The duration of the design heatut transient was selected to bound the majority
of historical data for the heatup times, in some cases, this bounding value for
the duration of heatup is significantly greater than the average of the plant
data for the set of heatup events corresponding to the particular time category.
However, the numbers of random flow upsets are based on the appropriate average
duration obtained from the plant data, not the bounding value of time specified
for the design heatup.

A process was used in generating plart parameters for the design heatup
transients similar to that used for the lowered-loop plants, described in the
main body of this report. Descriptions of the various specified design heatup
types are presented below.

~

Transients IAl, lA2 Time category T1 for Transient lAl, the RCS--

temperature at the beginning of the heatup is specified
as 70F, heating to 100F in 12 hours prior to starting RC

F pumps for plant heatup; the pressurizer temperature is
based on (1) the upper bound of plant data for RCS
temperatures from ambient to 280F and (2) a generally
bounding RC pressure curve corresponding to the maximum

temperature differential (M1D) curve for RCS

temperatures from 280f to hot, zero power ccnditions.
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I
for Transient lA2, the RCS temperature is specified to
start and be maintained at 100f prior to running RC
pumps. The pressurizer temperature is based on (1) the
upper bound of plant data for RCS temperatures from
ambient to ?80f and (2) the typical variation with RCI temperatut as obtained from plant data for RCS
temperatures from 280F to hot, zero power conditions.

Iransients lA3. lA4 Time category T2 for Transient lA3, the RCS--

temperature is specified to start anti be maintained at
100f prior to running RC pumps. The pressurizer
temperature is based on (1) the upper bound of plantI data for RCS temperatures from ambient to 280F and (2)
a generally bounding RC pressure curve corresponding toI the maxioum temperature differential (HTO) curve for RCS
temperatures from 280F to hot, zero power conditions.

For Transient lA4, the RCS temperature is specified to

g start and be maintained at 100T prior to running RC
pugpn The pressuri2er temperature is based on (1) the
upper tound of plant data for RCS temperatures f romI ambient to 280F and (2) the typical variation with RC
temperature as obtained from plant data for RCS

temperatures from 280F to hot, zero power conditions.

Transient, lA5, IA6 Time category T3 -- for Transients I AS and 1A6, same as
Transients lA3 and 1A4 except the pressurizer conditions

are based on plant data for the time spanning category
T3. For RCS temperatures above 280f, the pressurizer
conditions for Transient l A5 are based upon the maximumI +emperature differential (HTD) curve.

Transients lA7, lA8 Time category T4 -- plant data are available describing
the variation of pressurizer pressure conditions for all
heatup transients in this time category; consequently,
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the design transients are limited to one representative

{ type of transient, l A8. (There was no need to specify
a bounding curve for conditions of pressurizer

- temperature at ACS temperatures above 280f,

corresponding to the od.1-numbered, i.e. , lA7, transient
g
3 type.) The pressurizer temperature is based on (1) the

upper bound of plant data for RCS temperatures from
ambient to 280F and (2) the typical variation with RC '

temperature as obtained from plant data for RCS

temperafsres from 280f to hot, zero power conditions.
_

Transients lA9, lA10 future heatup events category -- for Transient l A9, thel RCS temperature at the beginning of the heatup is
specified as 70f, heating to 100f in 12 hours prior to

I running RC pumps for plant heatup. The pressurizer
temperature is based on the upper bound of the plant
data for RCS temperatures from ambient to approximately

185F and the recommended operating pressure-temperature

limits specified in Section 8 of BAW-2127 for RCS

temperatures above 185F (refer to hem 1, page 4-9).
The pressurizer temperature has been specified at a high
value (suf ficient to operate RC pumps) early in the
heatup; this reflects the conditions experienced

~

frequently in the plant where the RC pressure is raised
to supply the required NPSH for extended periods prior
to actually starting the pumps.

For Transient 1A10, the initial RCS temperature of 100F *

is maintained until running RC pumps for plant heatup.
'

The pressuriter temperature is based on the recornended
operating conditions for heatup. The pressurizer
temperature is specified to increase to the value

required to operate RC pumps just prior to actual

running of the pumps to begin RCS venting operations and
plant heatup.

4-17
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The recommended operating conditions for allowable pressurizer temperature

{ variation with RC temperature for future heatup operations, Transients lA9 and
1A10, are equivalent to the recommendations made for plant heatup of the lowered-
loop plants given in Section 8 of BAW-2127 except for the added restriction that
the maximum pressurizer temperature is limited to 415F when the RCS temperature

I is below 185F.

The total numbers of occurrences of heatup events for a given time category are
based on a tabulation of historical heatup events supplied by Toledo Edison, in
each of the time categories for the heatup transients, the numbers of transient
events are distributed with 15 percent of the events for the type based on the -

strongly conservative MTD curve (odd-numbered design events) and the remaining
- 85 percent for the type with the more typical variation of pressurizer

temperature (even-numbered design events). The total number of events for time
category Tl from the tabulation of heatup events supplied by Toledo Edison has
been increased to account for the two hot functional tests conducted during the

| initial operations for plant startup. Based on the durations of these hot
functional tesi sperationt, an equivalent of seven additional heatup events has
ceen included in the design numbers of events specified for this time category.

4.5.1.2 Maximum Pressurizer-to-RCS Temperature Differenci-

A maximum stratification temperature differential was specified for three design

I transient events to account for operating conditions during which the system -

pressure ard the pressurizer temperature may have reached the maximum allowed by

either (1) the RCS pressure corresponding to operation at the relief setting of
I the Decay Heat Removal System relief valves at RCS temperatures below 280F, or

(2) the strongly conservative MTD curve at temper 'tures above 280F, These

operating pressures were snecified for Transient l Al tnd the resulting maximum
thermal stratification in the surge line for this trarisient is 358F.

4.5.1.3 Brandary Conditions for Temperatures Versus Time

The variation of RCS temperature with time for the revised design heatup
transients it based on plant data. The available plant data for heatup events
was used to arrive at average time durations for the various phases of heatup
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. such as (1) o;.erations with the RCS temperature below 200f, (2) operations when

{ RCS temperatures are increasing, (3) intermediate temperature plateaus, and (4)
at hot, zero power conditions prior to power escalation. f or purposes of
simplification, the durations of each of the design heatup transients are (

g identical even though the average duration of the historical heatup events dif fer
3 for the individual time categories. The total duration and the durations of each

of the different phases of the design heatup were selected to bound the average
values obtained from plant data for the heatup events in each time category. The
total duration specified for each of the design heatup tran".ients is seven days,
or 168 hours. The transient is described for the operations ranging f rom cold
conditions to 8 percent power, consistent with the range of conditions specified ~

in the original design heatup transient for the plant.

The traces of pressurizer temperature versus time shown in figure 4-1 for the
I boundary condition on the surge line at the pressurizer are based on one of the

following: (1) the MlD curve for the RCS (for l Al, l A3, and 1 AS), (2) plant data
(remainder of historical heatup transients), or (3) reconmended limits for heatup
operations (future transients). The pressurizer temperature versus RC
temperature relationships for each of the various design transients for plant

4
heatup are uescribed in Sectiol 4.5.1.1.

4.5.1.4 Surae line flow Rates for Desion Heatup Transients

Changes af flow rate in the pressurizer surge line piping can lead to thermal
stratification transients. it is not possible to describe every plant event that
influences the serge line flow rate and af fects the thermal transients for the

I surge line piping and nozzles. However, by quantifying the major influences on
the flow rate and supplementing these with random flow events, design heatup
transients can be generated which are conservative representations of the actual
plant transients in terms of the number and magnitude of surge line flow events.

Each heatup transient type (Transient lAl through 1 A10) is specified with the
same basic set of quantifiable flow rate events; however, the number and timing
of the added random flow events may vary for some of the transients. The number
and timing of the added random flow events varies for the different time
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categories of transients based on historical dif ferences in the average times

{ required to complete the plant heatup.

- Typical plant heatup operations that may affect the net makeup flow to the RCS
are listed in Table 4-3. Those operations judged to be significant and

I quantifiable are the major events taken into ar. count in the descriptions of the
design transients. These events includc RCS temperature changes, RC pump starts,
certain surveillance tests, and RCS venting operations. The response of the
makeup flow rate controls to each of these events is accounted for in the

development of the transients.

1he random flow events incorporated into the design transients are based on
measured pressurizer level data for both the lowered-loop plants and the
Davis-Besse plant. The available plant data was statistically analyzed to
characterize the random flow events in terms of the magnitudes of flow rates and
pressuriter level changes. Descriptions of the random flow events are based on
the following:

1. Plant heatup data were evaluated to determine the mean and standard
deviation parameters for flow rates and pressurizer level changes during
plant operations over various ranges of RCS temperatures. The average

numoers of flow events were detennined for heatup operations for the
various ranges of RCS temperatures.

I .

2. Ib average numbers of flow events described for the design heatup
transients were determined so that the numbers of events par unit of

I operating time specified for the design events are consistent with the
plant data.

3. The numbers of random flow events included in the design events were set
so that the sum of the defined events and the random events are equivalent
to the average of the total number of events per heatup transient as )
obtained from the pl.nt data.
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4. The flow change data were treated as a normally distributed, random

f variable and divided into three representative ranges of magnitude of
" '

equal probability based on the normal distribution curve, flow rates
p bounding these three ranges of flows are used to describe the random flow
h events and the three bounding flow rate events are specified to occur in

a recurring sequence during the heatup transient.,

5. The random events were spaced uniformly over the appropriate times
corresponding to the specified operating RCS temperature ranges.

|
The automatic operation of the makeup valve controls at the Davis-Besse plant has
resulted in cyclic stroking of the control valve and small amplitude variations

I in pressurizer level . The cycling is most prominent when reactor coolant
pressure is low and the makeup control valve must control flow at low rates
across a large differential pressure. Under these conditions, the makeup valve
operations are characterized by opening of the valve and adding flow to the RCS

| at a high rate for a period of about 1 minute followed by closing of the valve
with a minimum flow for a period of about three minutes. During the time the
valve is open, a surge flow into the pressurizer exists and upon closing, an
outsurge takes place. These oscillations are not directly described as a
component of the surge line flow rate since the effect on the global

stratification in the surge line is small. However, the surge line flow rate
into and out of the pressurizer does affect thermal striping in the line. The
effects of the makeup cycling on thermal striping are taken into account in the

~

thermal stratification and striping calculations. The design transients are
conservatively specified to include this makeup cycling for all past historical
heatup events. Future heatup events are aise spectfied to include makeup cycling
and the associated thermal striping.

ror the design heatup transients, the pressurizer spray, when active, is
considered to be actuated in one of three modes, (1) manual actuation for
purposes of pressurizer boron equilibration, (2) automatic spray operation, and
(3) minimum continuous bypass spray. To describe the effects of large spray flow
rates, i.e., cases of boron equilibration in the pressurizer or automatic

actuation of spray, the spray flow rate component of the surge line flow rate is
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specified. When the main spray valve is closed the minimum continuous bypa,
spray flow rate is used. This flow rate may range from 1.5 to 5 gpm with all RC
pumps operating. Since there is a significant uncertainty in determining the
magnitude of the m i n i mu:.. continuous spray flow rate, the stratification~

correlation model instead uses the number of operating RC pumps to determine the

thermal response of the surge line; the bypass spray rate is not explicitly
specified.

The Davis-Besse pressurizer spray valve is adjusted to pass a maximum flow rate
of approximately 190 gpm for control of pressure transients which potentially
might occur during plant power operation. The valve is occasionally throttled
open during normal operations to adjust the pressurizer boron concentration. ForI the design heatup transients, pressurizer spray actuations are specified for the
manual operations to adjust the boron concentration at cold conditions and at hot
conditions. A number of automatic actuations are specified to account for
potential actuations of the spray during power escalation to 8 percent power at
the end of the heatup transient.

4.5.2 Cooldown Transients

M .2.1 Cooldown Translent Descriptions and Number of Occurrences

Similar to the design heatup transients, the cooldown events were described for
five different categories of operating times. Categories Tl through T4 are
specified for historical events, and category T5 for future events. Refer to -

Section 4.5.1 for a description of each of the time categories. The design

I cooldown transient describes the plant operations and the thermal response of the
surge line durin1 the power reduction from 8% power to hot, zero power and then
plant cooldown to refueling temperature, approximately 140F hot leg temperature.

I
The RCS temperatures ar.d pressurizer temperatures for the design cooldown
transients are shown in Figure 4-2. The descriptions of the design cooldown
transients are essentially identical except for the pressurizer temperature
versus time and the associated spray flow rates required for spraydown of the
pressurizer. For purposes of simplification, other parameters such as duration
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of cooldown, RCS temperature versus time, and sequence of events are essentially

F the same for the variou cooldown transients.
L

[ach time category has associated with it a set of two cooldown events, with
these cooldown events dif f ering only in the temperature versus time trace for the
pressurizer temperature. The set of plant transients for time category 11,

consists of design cooldown transients 1B1 and 1B2. The two types of transients
in each time category, i.e., odd-numbered and even-numbered transients, are

specified to describe (1) a strongly conservative envelope based on the generally
bounding MID curve and (2) a temperature trace that is typical of the plant data.
Overall, approximately 15 percent of the transients specified for a time category -

are assigned to the transient type with the bounding trace of pressurizer
I temperature (odd-numbered events) cnd the remaining B5 percent assigned to the

transient described with the typical trace for pressurizer temperature (even-
numbered events).

| The design cooldown transients for Davis-Besse Unit I are described below.

Transients 1B1, 182 Time category 11 -- for Transient 181, the pressurizer
temperature is based on (1) a generally bounding RC
pressure curve corresponding to the maximum temperature
diff erential (MID) curve for RCS temperatures from hot,
zero power conditions down to about 280f and (2) upper
bound of plant data for RCS temperatures from 280f and

.

I below with the Decay Heat Removal System operating.

For Transient 182, as discussed in Section 4.5.1.3, the
pressurizer temperature conservatively represents the

f available plant data for RCS temperatures above 280f and

bounds all of the plant data for conditions with the
Decay Heat Removal System in oper) tion below about 280f.

Transients 1B3, 184 Time category T2 -- for Transient 183, the pressurizer
temperature conservatively represents the plant data at
RCS temperatures above 280f and bounds all the available
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plant data at. temperatures below 280f with the Decay

I Heat Removal System operating.
L

for Transient 184, the pressurizer temperature is based
on a conservative representation of pressurizer

temperature from the plant data for RCS temperatures.

above 280f and an upper bound of all the plant data
below 280f.

Transients 105, IB6 Time category 13 -- for Transients 185 and IB6, the
'bases for the pressurizer temperature variations with

RCS temperature are defined to be identical to that forI Transients 183 and 184, respectively. The bounding
envelopes selected for Transients 103 and 184 also bound

the plant data for time category 13.

Transient 188 Time category 14 -- for Transient 1B8, the pressurizer
temperature bases are defined to be identical to that

*for Transient 104, which are bounding for the plant data
of time category T4. (No transient is described for 187
for the same reasons as discussed pr2viously in SectionI 4.5,1 for the design heatilp events for time category
T4.)

,

I Transients 189, 1810 Time category TS -- for Transient 109, the pressurizer
temperature is based on the recommended guidelines given
in Section 8 of the main report below about 280f with
the additional restriction that the pressurizer

temperature is less than 415F when the RCS temperature

g is below 185F. At RCS temperatures above 280f, the
P
.

spect ied pressurizer temperature bounds the available
plant data for the entire operating history of the
plant.
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For Transient 1B10, the pressurizer temperature is based
on the recommended guidelines given in Section 8 of the
main report with the additional restriction that the

pressurizer temperature is less than 415F when the RCS
temperature is below 185F.

I
4.5.2.2 Boundary temocratures as a Function of Tims

Based on the available plant data, the time specified in the design cooldown
transients for cooling the plant and filling and depressurizing the pressurizer
is 72 hours. The time durations for each portion of the design couldown
transient have been estimated using the available plant data for the following
phases of the cooldown operations:

Power decrease from 8 percent power to hot, zero power,
Cooldown operations (with average RCS temperature decreasing),
RCS temperature plateaus during cooldown,
RCS temperature below 200F with pressurizer hot, and

- Pressurizer fill and spraydown at end of plant cooldown.

Similar to the original design transient for cooldown of the plant, the RCS
temperatures versus time for the design cooldown transients are defined over the
range of operations from an initi6l power level of 8 percent to the point where
the hot leg temperature reaches the refueling temperature of 140F. The duration
of the typical design transient was lengthened to be more representative of the ~

actual plant operations. Temperature plateaus were added and cooldown rates

adjusted to give reasonable agreement between the design transients and the
available data. The pressurizer temperature versus time plots for the design
cooldown transients were developed based on the relationship of pressurizer

p temperature to RCS temperature based on the plant data.

Based on-the available plant data, the plant cooldown frequently is terminated
without completely depressurizing and cooling down the pressurizer. For purposes
of determining typical values for the total duration of cooldown operations from
the historical data, the cooldown was considered to end at a time corresponding
to about 24 hours after the RCS temperature decreases below 200F. The excess
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operating time not included in the plant cooldown with the pressurizer hot and
the RCS at a low temperature is included in a separate design event, TransientF

L
101. For those historical cooldown transients where the pretsurizer is cooled
to near ambient, the plant cooldown was considered to end wher the temperature-

difference between the pressurizer and the RCS hot leg decreases below about 50F.

4.5.2.3 Surce Line Flow Rates for Desian Copidown Transients

The flow events for the design cooldown transients were developed in a manner
similar to the methods used to describe the flow events for the design heatup
transients as discussed in Section 4.5.1.4.

_

Operations that aere judged to be significant and quantifiable are considered the
major events to be accounted for in the cooldown transients. The makeup flow

.

response to each flow event is accounted for in the development of theI transients. Surge line flow rates include the effects of operations to spray
down the pressurizer for either boron concentration adjustments or cooling and
depressurizing the system.

Random type of flow e ents were added to ensure that the total number of flow
wents for the design transients properly represent the historical operating,

experience. Available plaat data for both Davis-Besse Unit I and the lowered-

loop plants were statistically analyzed to describe the flow events included in
the design transients. The method used to characterize the rancom flow events .

for the design heatup transients, outlined in Section 4.5.1.4, was used to

describe the flow events for the design cooldown.

4.5.3 Other Desian Transients

Plant parameters for the original design transients previously described for
Davis-Besse Unit 1 for operations at hot conditions were generally retained,
however, the surge line conditions for these transients were revised to include
the effects of thermal stratification and thermal striping. Existing
descriptions of RCS parameters of temperatures, pressures, and spray flow rates
remain unchanged for most of these original design basis transients. The set of
these tiinsients originally described for operations at hot conditions was
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revised and expanded somewhat to reflect the results of the review of the plant
r operating history and procedures. Also, in some cases, changes were made in the
L numbers of events for the design transients to more appropriately reflect the

types and frequencies of certain operations in the plant.

Modifications and additions to the original set of design transients for
( operations at hot conditions are discussed below. Unlike the set of design

transients for the lowered-loop plants, the set of design transients for Davis-

{ Besse Unit I does not include the effects of testing HPI safety injection or HPI
suction check valve tests. These tests do not produce any significant thermal
transients on the surge line piping and nozzles because the tests are conducted -

at very low pressures (i.e., pressurizer temperature near ambient), with the
- reactor vessel head removed.

4 5.3.1 Onerations at Cold. Pressurized Conditions - Transient 101

The historical records for Davis-Besse indicate a substantial amount of operating
time has accrued under conditions with the RCS average temperature at cold
conditions, i.e., approximately 100F, and the pressurizer temperature at
approximately 400F. As discussed previously, this type of operation has occurred
under conditions where the plant was maintained with an elevated pressurizer
temperature either between successive cooldown and heatup events or between
initial pressurization and the time of actual RCS heating in the early phases of
plant heatup operations. To properly describe these operating conditions in _

terms of the thermal effects on the surge line piping and nozzles, actual plant
data for pressurizer level versus time was used to establish a representative
history for the flow rate variation with time. Typical data for these operations
over a period of 10 days were used to characterize the surge line conditions.

| The particular data used for describing the design transient were taken from
measurements for the month of November, 1988 (12" through the 22").

I 4.5.3 2 Steady State Temnerature Variations - Transient 132

| The design transient for describing steady state operations at power was
F redefined. In order to properly reflect the operations under these conditions

which involve surge line flow and temperature oscillatio's caused by normal
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control variations in average RC temperatures and makeup valve cycling, a
I representative set of plant measurements of pressurizer level versus time was
I

used to characterize the surge line variations of flow rate. The plant data were

|
recorded during the time that the pl nt variables were being monitored to

i determine the surge line temperature stratification parameters. A

representative period of eight hours of operation of the plant near full power
i

| was selected for this design transient description. The operation includes
effects of the cycling of the makeup valve. The number of design events
specified for stress and fatigue evaluation of the surge line piping and nozzles
for this design transient corresponds to the total possible number of eight-hour

; operating intervals at power over the 40-year service life of the plant based on
a plant capacity factor of 0.8.

L

I 4.5.3.3 Pressurizer-RCS Boron Eauilibration - Transient 20D2I Transient 20D was added to the set of design transients for the surge line to;

| describe the effects of spray and heater operations to equalize the pressurizer
and RCS boron concentrations. The operation involves use of spray flow through

| the pressurizer to cause the boron concentration to approach that in the RCS.

A modulated spray flow rate of about 50 gpm was used in the description of the

f spray transient. This heater and spray operation is normally performed

approximately twice a week for a period of about eight hours for each operation.

| The number of boron equilibration events specified allows for these operations
1

biweekly over the 40 year service life of the plant, with an additional numberI of design events included to allow for other miscellaneous, undefined, spray,

,

actuations occurring in the plant.

I 4.5.3.4 Total Interruption of Spray Flow - Transient 20E

A minimum spray line flow rate is normally maintained in the plant when the

! pressurizer to RCS temperature difference is greater than about 250F, to minimize
the effects of thermal transients on the pressurizer spray nozzle. 'Although

| infrequent, this flow rate is reduced to zero occasionally in the plant if the

spray isolation valve is closed. The surge line temperatures are affected by the

i change in the flow rate and the surge line temperatures are normally decreased
somewhat under conditions of zero bypass flow until the flow is restored, causing
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the surge line to be subjected to one thermal cycle for each interruption in the

E minimum flow. The number of events for design purposes is specified as 20, based
L

on past experience indicating a frequency of one interruption every two years in
the plant.

4.5.3.5 Inservice Makeup Pump Test - Transient 22E
-

The Quarterly Inservice Makeup Pump Test involves the starting and running of a
I - standby makeup pump for a short period of time. Upon starting the pump, the

additional makeup flow rate causes an insurge into the pressurizer. This

insurge, and the following action to restore the pressurizer level to the desired
setpoint produces a surge line thermal transient. The number of events of this

_

type specified for design purposes is 160.

4.6 Desion Transients Summarv

| fer the purposes of design analysis of the Davis-Besse Unit I surge line, the
design transients were redefined to incorporate the effects of thermal

stratification and striping. The design plant heatup and cooldown transients for
the surge line were completely redefined. Certain other design transients were

i added or revised to more accurately reflect the actual operations in the plant.
Table 4-2 lists the design transients and the number of events of each type of
transient for analysis purposes.

| Calculations of the stratification and striping thermal cycles were performed for -

each type of design transient. These numbers of thermal cycles for each event

I
and the number of design transients of each type as given in Table 4-2 determine
the total numbers of thermal cycles considered in the revised design analysis of
the surge line. Table 4-4 provides a brief summary of some of the important
results of the stratification and striping calculations including the maximum

.

stratification temperature reversal, the dirtribution of cumulative numbers of
stratification temperature reversals, and the maximum striping amplitude.

- Results shown are for the lower horizontal section of piping which generally
experiences the maximum thermal stratification magnitude in the piping.
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Two columns are shown for the maximum significant striping delta-T. The pst
,

~ values pertain to the existing surge line configuration. Toledo Edison has
^

committed to making modifications to the surge line supports configuration and
- thermal insulation. These changes are expected to result in stratification

temperature differences in the surge line comparable to the Oconee measurements.I On this basis, for future transients, the maximum significant striping delta-T
results calculated for the lowered-loop surge line design transients for

operations at high tempe; ature (i.e., power operations) have been assumed for the
Davis-Besse plant. Monitoring of the Davis-Besse Unit I surge line will be
necessary following the changes to confirm the existence of stratification

delta-T magnituces similar to those measured at Oconee. -

I
I
I
I
I
I -

I
,
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Table 4-1. Surge Line Design Basis Transiert List
c

! odification from OriginalTransient Transient Description M
ID iransients (ODS - Original

-

Design Basis)

I 1A1 Time category T1 - RC Defined to realistically
Temperature of 70F to 8% represent the most severe
full power (FP), a general- heatup from tie available plant
ly bounding pressure curve data for tien Tl

I specifies P/T relationship

1A2 Time T1 - Trc of 100F to Defined to realistically

I
8%FP, RC pressures specify represent heatups occurring
P/T relationship - bounding with RC pressures higher than
below 280F RCS and typical typical values over the range

_

of plant data above 280F of RC temperatures

IA3 Time category T2 - Trc of Defined to realistically
100F to 8%FP, RC pressures represent the most severe

I
specify P/T relationship - heatup from the available plant
bounding below 280F RCS and data for time Tl
conservatively representa-
tive of plant data above

I 280F

1A4 Time T2 - Trc of 100F to Defined to represent the

1_
8%FP, RC pressures specify typical heatup events for time
P/T relationship - bounding T2
below 280F RCS and typical
of plant data above 280F

p 1A5 Time category T3, otherwise
[ same as lA3

lA6 Time T3, otherwise same as '

1A4

1A7 (No transient defined)
lA8 Time T4, otherwise same as

lA4

1A9 Time category T5 - Trc of Defined to conservatively
70F to 8XFP, RC pressures represent future heatups

'

specify P/T relationship -

I bounds plant data below an
RCS temperature of about
185F and recommended limits
above 185F
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Table 4-1. Surge Line Design Basis Transient List (cont.)

i

Transient Transient Description Modification from Original
10 Transients (0DB - Original

Design Basis)

1A10 Time T5 - Trc of 100F to Defined to represent typical
8%FP, RC pressures specify future heatupsI P/T relationship - bounds
plant data below an RCS
temperature of about 185F
and recommended limits
above 185F

181 Time category T1 - 8%FP to Defined to represent a boundingI refueling temperature, P/T cooldown based on least
relationship based on a 1imiting Appendix G 1imits
generally bounding pressure (highest pressures) and plantI curve above 280F and upper data for time Tl

j bour d of plant dati below
j 280F

182 Time T1 - 8%FP to refueling Defined to conservatively bound
temperature, P/T most cooldown events for time
relationship based on a T1

|I conservative representation
' of plant data above 280F

and bounds all plant data
below 280F'I

1B3 Time category T2 - 8%FF to Defined to conservatively bound
refueling temperature, P/T cooldown events for time T2

.I relationship based on a
conservative representation;

| of plant data above 280F
'g and bounds all plant data
g below 280F

184 Time T2 - 8%FP to refueling Defined to represent typical

.I
temperature, P/T cooldown events for time T2
relationship based on

I typical plant data above
!a 280F and bound of all plant
I data be ow 280r

1B5 Time category T3, otherwise
same as 183

186 Time T3, otherwise same as
184
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Table 4-1. Surge Line Design Basis Transient List (cont.)

_

Transient Transient Description Modification from Original
ID Transients (0DB - OriginalI _DeSi9n Basis)_ _

IB7 (No transient specified)

186 Time T4, otherwise same as
IB4

I 189 Time category T5 - 8%FP to Defined to conservatively bound
refueling temperature, P/T most cooldown events for time _

relationship based on bound T5
of all plant data aboveI 280F and recommended
operating limits below 280F

1810 Time T5 - 8%FP to refueling Defined to represent typical
temperature, P/T cooldown events for time T5
relationship based on
recommended operatingI limits

101 Cold RCS, Pressurized Defined to represent operations

I Operations with the RCS at 100F and the
pressurizer at 415F

2A Power Change from 0% to 15% Surge line temperatures based
FP r ') ODB boundary conditions.

2B Power Change from 15% to 0% Surge line temperatures based
FP on ODB boundary conditions.I ,

3 Powar loading 8% to 100% FP Surge Line temperatures based
on ODB boundary conditions.

4 Power unloading 100 to 8 Surge Line temperatures based
percent on ODB boundary conditions.

5 Ten percent step load power Surge Line temperatures based
increase on ODB boundary conditions.

6 Ten percent step load power Surge Line temperatures based
decrease on ODB boundary conditions.

7 Step Load decrease 100 to Surge Line temperatures based
8% FP on ODB boundary conditions.

I
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Table 4-1. Surge Line Design Basis Transient List (cont.)

Transient Transient Description Modification from Original
ID Transients (0DB - Original

Desian Basis k _
8 Reactor Trip All trips now included under

I the category of type 8A, 8B, or
8C transients. Previously,
certain other trips were

] specified separately.
9 Rapid Depressurization Surge line temps based on ODB "

boundary conditions.

10 Change of RC Flow Rate Surge Line temps based on ODB
boundary conditions.

13 Steady State Temperature Surge Line temps based on
Variations typical plant data for RCS

temperature variations and
makeup valve cycling.I 14 Control Rod Drop Surge Line temps based on ODB
boundary conditions.

19 feed and Bleed Operations Surge Line temps based on ODB
boundary conditions.

I 20 Miscellaneous Transients A new transient was
incorporated to describe
pressurizer spray and heater
operations used to equilibrateI ,

pressurizer & RCS boron
concentrations. Transient 208,
previously described as a

I miscellaneous spray actuation
event, was deleted. An
additional transient was

I included to describe the
complete interruption of spray
fl ow.

I 22 Test Transients A transient was added for the
, Inservice Aakeup Pump Test.
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I
Table 4-2. Design Transient - Numbers of Events

._

I Description Event Number Total
Type Events

Heat from cold conditions te 3% full power IAl (TI) 3

1A2 (11) 17

_ lA3 (T2) 1
"

lA4 (T2) 5

1A5 (T3) 2

1A6 (T3) 12

8 1A7 (T4) --

lA8 (T4) 5

1A9 (TS) 32

1A10 (T5) 163 240

Cooldown from 8% full power 181 (11) 3

1B2 (TI) 17

183 (T2) 1

184 (T2) 5

185 (T3) 2

IB6 (T3) 12

187 (T4) --

~

188 (T4) 5

189 (T5) 32

1B10 (TS) 163 240

RCS Cold, Pressurized Operations ICI (Tl) 9

ICl (T2) 1_,.

1C1 (T3) 4

1Cl (T4) 1

101 (TS) 35 50

Power change 0% to 15% 2A 1440

Power change 15% to 0% 2B 1440

Power loading 8% to 100% 3 1800
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L
Table 4-2. Design Transients - Number of Events (cont.)

_

e

Description Event Number Total
Type Events

I Power unloading 100% to 8% 4 1800

Step load increrse of 10% S 8000

Step load decrease of 10% 6 8000

Step load reduction 100% to 8% 7 310

Reactor trip 8A 80

GB 232

BC 88 400

Rapid depressurization 9 40

Change of RC flow rate 10 20

Steady-state temperature variation 13 35000

Control rod drop 14 40

Makeup and Letdown feed and bleed operations 19 40000

Miscellaneous makeup flow change 20A 30000

20B --

20C 4.0E6

Misc. - Pressurizer heater / spray operation 2002 6000

Complete interruption of spray flow 20E 20

Quarterly inservice makeup pump test 22E '. -;0
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Table 4-3. Events Affecting Surge Line Flow
for Plant Heatup and Cooldown

Plant Heatuo

High pressure injection check valve testing (at reactor coolant pressure <50
psig)

Forming steam pocket in pressurizer at 50 psig

Pressurizer pressurization (affects letdown rate and reactor coolant system
volume and mass)

Purging of pressurizer nitrogen through vent lines
_

Adjusting pressurizer level setpoint

Controlling pressurizer level in auto (w/ valve and controller deadbands)

Drawing of pressurizer chemistry sample

Testing of POP,V (at 100 psig or 200 psig)

Adjusting pressurizer level with LD flow

Placing makeup and purification in service (start makeup pump at <l50 csig)

Pressurizing to 150 < reactor coolant pressure < 175 psigy

I Placing reactor coolant pump seal return in service (makeup and purification
system)

Adjusting of reactor coolant pump seal injection / return flows
_

Venting reactor coolant system

RCS heating without reactor coolant pump operating

Venting reactor coolant pumps for initial operation

Running each pump for 5 minutes (initial run after filling of reactor coolant
system)

Re-venting reactor coolant system (control rod drive mechanism and high point
vents), re-venting reactor coolant pump

Drawing steam generator vacuum by opening turbine bypass valves

Starting 2 reactor coolant pumps (in same loop) to commence heatup w/ pump power

Pressurizing steam lines by closing turbine bypass valves (affects HU rate)
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I
i Table 4-3. Events Affecting Surge Line flow

for Plant Heatup and Cooldown

(cont.)

Holding reactor coolant system temperature (e.g., at 250F for reactor coolantI system chemistry in spec)

Isolating low-pressure injection at 280F (affects heatup rate)

Opening spray line block valve (when reactor coolant system temperature reaches
200F)

Closing letdown orifice manual bypass

Adjusting makeup flow rate with increasing reactor coolant system pressure

Starting third reactor coolant pump

Performing steam generator fill, soak, drain operations (300 - 400F)

Pressurizing reactor coolant system after steam generator fill, soak, drain
. operations

Adjusting makeup bypass flow rate (at reactor coolant pressure >500 psig,1000
psig, and 1500 psig)

. Holding reactor coolant system temperature for reactor trip and reactor
protection system reset (at 1700 to 1725 psig)

Pressurizer spray controlling in auto at 2155 psig, heaters on for boron
equilibration

Starting 4th reactor coolant pump at 480F

Cycling of turbine bypass valves (in manual) every 20 minutes - temperature holds
at >500F

Turbine bypass valves controlling steam pressure at 870 psig in auto

Adjusting boron concentration in reactor coolant system (changing makeup /LD)

Physics testing at hot zero power

Surveillance testing

Plant Cooldown

Degassing pressurizer and reactor coolant system (vent pressurizer to waste gas
header)
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Table 4-3. Events Affecting Surge Line Flow

for Plant Heatup and Cooldown

(cont.)
,

_

Decreasing pressurizer level, 28% to 0% full power (operator adjusts setpoint)

Decreasing reactor power demaad in manual at <0.5%/ min and reducing average
temperature

Reducing turbine load demand (manually) w/ auto opening of turbine bypass valves
to hold pressure reducing turbine load to <20 MW and tripping turbine

Adjusting pressurizer level to 85 inches at 532F average temp
_

Controlling pressurizer level in auto (w/ valve and controller deadbands)
,

Sampling boron concentration in reactor coolant system

Adjusting boron in reactor coolant system (changing makeup /LD flow rates)

Tripping reactor coolant pump to go to 1/2 operating status

Raising steam generator levels for hot soak (at 532F and at 400F to 300F)

Adjusting turbine bypass valve positions for desired cooling rate (turbine bypass
valves in manual)

Spraying down pressurizer

Holding reactor coolant system temperature for placing reactor protection system
in shutdown bypass

Tripping reactor coolant pump to go to 0/2 operating pump status -

Performing core flood tank valve tests (at reactor coolant pressure 750 to 700
psig)

Performing power-operated relief valve cycle tests (at reactor coolant pressure
725 to 675 psig)

Decreasing pressurizer level setpoint to 60 inches (prior to tripping reactor
coolant pumps)

Opening letdown orifice manual bypass

Holding for steam generator chemistry, continuing fill, soak, and drain
operations

Holding reactor coolant system temperature at 280F (adjusting turbine bypass
valve positions)
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Table 4-3. Events Affecting Surge Line Flow
for Plant Heatup and Cooldown

"

(cont.)
F

Valving in the low-pressure injection system

Adjusting low-pressure injection cooler outlet temperature to cold leg
temperature

Raising steam generator level for natural circulation cooldown

Tripping last two reactor coolant pumps (average temperature increases)

Establishing 25"/hr increase in pressurizer level -

9
Raising and lowering pressurizer level when on decay heat removal

( Open decay heat removal Aux spray valve and set to ensure surge line net flow
from reactor coolant system to pressurizer

Spraying down to final pressurizer pressure

-

Filling steam generators to wet layup level (at less than 200F)

Securing reactor coolant pump seal injection / return flows

Shutting dewn n.akeup and purification system (at less than 75 psig)

|

I
~

l
_R
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I Table 4-4
Summary of Results for Thermal Transient Parameters
(for lower horizontal section of surge line piping) o

I
Max Cumulative Number of Max Signif.I delta T Significant Reversals at > AT Stripino delta T

Transient Reversal 50/100/150/200/250/300/350/400 En1 futy_rr

I HUlAl 298 96/ 68/ 26/ 15/ 8/ - - - 260 NA
HULA 2 295 94/ 63/ 25/ 15/ 8/ - - - 197 NA
HULA? 295 92/ 63/ 26/ 13/ 8/ - - - 203 NA
HULA 4 295 90/ 57/ 23/ 16/ 8/ - - - 197 NAI HULA 5 295 88/ 57/ 27/ 14/ 8/ - - - 201 NA
HULA 6 295 84/ 52/ 22/ 15/ 8/ - - - 198 NA -

I HULA 8 295 90/ 57/ 23/ 13/ 8/ - - - 197 NA
Hula 9 298 96/ 65/ 29/ 14/ 8/ - - - 260 260
HULA 10 262 96/ 61/ 27/ 13/ 3/ - - - 180 180

CDlB1 218 56/ 39/ 18/ 2/ - - - - 196 NA
CD182 218 52/ 36/ 17/ 2/ - - - - 195 NA
CDlB3 218 54/ 38/ 17/ 2/ - - - - 196 NA
CDlB4 218 48/ 34/ 15/ 2/ - - - - 196 NA
CDlB5 <---------- ------- (same as CDlB3) ------------------->
CDlB6 <------------------ (same as CDlB4) ------------------->
CDlB8 <------------------ (same as CDlB4) ------------------->
CD189 223 54/ 38/ 19/ 2/ - - - - 199 199
CDlB10 223 54/ 39/ 19/ 2/ - - - - 199 199

HUICI 310 28/ 20/ 19/ 12/ 9/ 1/ - - 154 154

I TRAN2A 142 2/ 2/ - - - - - - 337 --

TRAN2B 165 2/ 2/ 2/ - - - - - 142 -

TRAN3 115 2/ 2/ - - - - - - 154 98
TRAN4 137 2/ 2/ - - - - - - 149I -

TRANS 72 2/ - - - - - - - 119 -

TRAN6 - - - - - - - - - 127 -

TRAN7 138 2/ 2/ - - - - - - 139 -

.I
TRAN8A 135 4/ 2/ - - - - - - 108 -

TRAN8B 158 2/ 2/ 2/ - - - - - 113 -

TRAN8C 129 2/ 2/ - - - - - - 118 -

TRAN9 64 2/ - - - - - - - - -

TRANIO 72 2/ - - - - - - - l!9 -I TRAN13 - - - - - - - - - - -

TRAN14 81 2/ - - - - - - - 125 -

I
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8 Table 4-4
Summary of Results for Thermal Transient Parameters

(cont.)

Max Cumulative Number of Max Signif.
delta T Significant Reversals at > AT Strinina delta T

Transient Reversal 50/100/150/200/250/300/350/400 Past fnMIf
I

TRAN19 62 4/ - - - - - - - - -

TRAN20A 51 2/ - - - - - - - - -

TRAN20CI - - - - - - - - - --

TRAN2002 82 2/ - - - - - - - 99 -

TRAN20E 59 2/ - - - - - - - - -
-

| TRAN22E 141 2/ 2/ - - - - - - 101 101

I
I
I
B

I -

.
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Figure 4-1. Design Heatup Transient Temperatures
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Figure 4-2 Design Cooldown Trar.:iant Teg: rat"ces
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5. PIPING ANALYSIS

LL Structural Loadina Analysis

The structural loading analysis which generates the internal forces and moments
in the surge line for the thermal stratification conditions defined in the design
basis transients is essentially the same for Davis-Besse Unit I as that performed
for the lowered-loop plants, with the exception of the gapped whip restraints for
Davis-Besse Unit 1. The structural loading analysis of the surge line for Davis-
Besse Unit I was performed using the computer program ANSYS (Reference 5).

I 5.1.1 Mathematical Model

I-
An " extended" mathematical model was built consisting of the pressurizer, surge
line, hot leg, reactor vessel, and steam generator. The mathematical model of
the Davis-Besse Unit I surge line is shown in Figure 5-1.I
Gap elements were used to model the whip restraints at the following locations:

joint 48 SL#1 (upper horizontal)
joint 44 SL#2 (upper horizontal)
joint 41 SL#3 (upper horizontal)
joint 37 SL#4 (upper horizontal)
joint 30 SL#5 (riser)
joint 22 SL#6 (lower horizontal)
joint 18 SL#7 (lower horizontal)
joint 15 SL#8 (lower horizontal)-

I The deadweight support, PSU-H1 at joint 36, a Grinnell Type F spring support was
modeled as a gap element and a spring element. If conditions cause the spring
support travel to be exceeded, the spring support will bottom out and become
rigid, thereby, supporting the pipe in a compressive mode from below. In

addition, the past experiences of snubber PSU-R1 interference at joint 36 were

| 5-1
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5

1
modeled as a gap element. Before 1984, there were two snubbers located where

j. PSU-R1 is currently positioned, one on each side of the surge line. in 1984, the
" snubber closest to the wall was found to be broken and both snubbers were
- replaced with one snubber, the current PSU-R1, located on the side of the surge

line farthest from the wall. The stanchion (3/8" x 4" x 4" structural tubing-
closest to the wall was also removed. The interference prior to removal was
considered in the analysis.

5.1.2 Non-Linear Temperature Profile

As for the lowered-loop plants, the temperature profile on the pipe cross-section
for the Davis-Besse Unit 1 plant is non-linear in the horizontal portion of the

~

surge line.. A study of the non-linear temperature profile was repeated for
Davis-Besse Unit 1 in the same manner as performed for the lowered-loop plants
in order to find an " equivalent linear temperature profile". Four non-linear
measured temperature profiles at the outside surface were selected for the lower

,

horizontal and another four for the upper horizontal. These selections exhibited
the most non-linear temperature profiles as described in Subsection 5.1.3 of the
main report. A non-linearity coefficient was calculated for each of these

profiles, using a piece-wise integration of the actual temperature profile on the
pipe cross-section. The non-linearity coefficient is used to obtain an

equivalent linear top-to-bottom temperature profile which produces the same
rotation as the non-linear temperature profile. Therefo e, the non-linearity
coefficient is actually the ratio of the rotation produced using the actual top-

.

I to-bottom temperature profile and a linear temperature profile with the actual
top and bottom temperatures.

Finite element conduction runs were used in an iterative process to match the
calculated outside temperature profiles to the outside measured profiles and

'

subsequently to obtain an average temperature profile. Thus, an equivalent
linear temperature profile with an average modulus of elasticity and an average
coef ficien t of thermal expansion was obtained for each non-linear measured
temperature profile with the modulus of elastit 'ty and the coefficient of thermal
expansion varying on the pipe cross-section. Using the non-linearity

coefficients from the piece-wise integration for each profile, the mathematical

5-2
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,

L

formula developed for the non-linearity coefficient for the lowered-loop plants
was modified to obtain a worst case profile for the lower horizontal and a worst
case profile for the upper horizontti of the Davis-Betse Un't I surge line.

Toledo Edison has committed to making modifications to the surge line insulation
M

in order to eliminate excessive heat losses in the surge line, These

modifications are expected to result in stratification temperature differences
in the surge line comparable to the Oconee measurements, Therefore, the more

conservative formula for the non-linearity coefficient which was developed for
' the lowered-loop plants was used for future transients.

_

5.1.3 Verification Run for Displacements

During the Davis-Besse Unit 1 June 1990 heatup, the temperatures and the
displacements of the surge line were recorded. The instrumentation locations are
shown in Figure A-2 in Appendix A. This data was used to verify the Davis-Besse
Unit 1 mathematical model using the methodology from the lowered-loop analysis.

_

Table 5,1 gives the temperature measurement locations with the measured top and
bottom temperatures, as well as the top and bottom temperatures adjusted by the
non-linearity coefficient to obtain the equivalent linear temperature profile.
The non-linearity coefficient for these profiles were calculated using the piece-
wise integration described in Section 5.1.2, The adjusted temperatures were
given as input into the surge line ANSYS mathematical model shown in Figure 5-1.
The displacements obtained from the ANSYS computer run were compared to the

.

measured displacements and are in good agreement as shown in Figures 5-2 through
5-4.

.

5.1.4 Structural Loading Analysis for the
Thermal Stratification Conditions

The thermal stratification conditions were defined in the design bas:s transients
-- documented in Section 4.5, The structural loading analysis for the Davis-Besse

Unit I surge line included the pressurizer, the hot leg, the steam generator, the
reactor vessel, the surge line, and the surge line supports and restraints. This
analysis was performed using the non-linear effects of the gap whip restraints,
the restricted hanger travel, and the snubber / stanchion interference with the

5-3
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| wall (torrected in 1984). The surge line and other reactor coolant system
-

components were represented linearly. Running the ANSYS model with the gaps for
all gap and temperature conditions would have been prohibitive; therefore, base

i -- cases were executed. These base cases were utilized to develop an iterative
- interpolation scheme to obtain the forces and moments in the surge line. Thisj method was verified by comparing ANSYS results to the results of the iterative

scheme for the same gaps and temperature conditions. Thus, using a nominal
number of ANSYS non-linear base cases, the resulting loads were determined for
all the temperature and gap conditions.

5.2 Generic Stress Indices for the Surae line Elbows -

Purely elastic and clasto-plastic finite element analyses were performed on the
four 90 degree elbows and the 45 degree elbow of the Davis-Besse Unit I surge
line. The method was the same as that used for the lowered-loop analysis. The

- resulting generic stress indices for the surge line elbows were found to be the
same as for the lowered-loop plants: C, - 1.58 and K, = 1.48, for a total peak
stress index K, * C, - 2.34 The stress index was shown to be conservative for
the 45 deg elbow. These stress indices were used in the Fatigue Analysis of the

| surge line.

The use of these lower stress indices is permitted by Subparagraph NB-3681(c) of
the ASME Code with justification by appropriately referenced specific data. NB-
3213.11 defines peak stress as that increment of stress which is additive to the

1
.

primary plus secondary stresses by reason of local discontinuities or local
thermal stress including the effect of stress concentrations. The basic
_ aracteristic of a peak stress is that it does not cause any noticeable
distortion and is objectionable only as a possible source of a fatigue crack.

The "elasto-plastic" finite element analysis of the ten inch Schedule 140 elbow,
subjected to the thermal stratification piping loads showed that the highest
stress intensity is highly lccclized as in the case of a stress concentration.
The analyses also showed that the elbow still behaves in a very linear fashion
after the highest stressed locations enter the elasto-plastic domain. These

! 5-4
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highest bending stress intensity values have a negligible impact on the

distortion of the elbow.

Based on these findings, it was concluded that a distinction could be made
between the secondary and the peak stress intensity associated with the specific
geometry and loading. The default indices of NB-3680 make no such distinction
for an elbow subjected to thermal stratification piping loads. Using the code
definitions for stress categorization and the results of the "elasto-plastic"
finite element analyses, that portion of the elbow stress associated with a
stress concentration and not associated with the deformation of the elbow, was
effectively reclassified from the secondary category to the peak category. -

The stress-strain curve used to derive the stress indices or to calculate the
highest secondary bending stress in the surge line elbow was consistent with the
ASME code. In the elastic range, the E value was taken directly from the Code
(27000 ksi for an average temperature of 300*F). In the plastic range, the E
value was conservatively low when compared with tests of similar materials at
much higher temperatures (600'F). The 3Sm discontinuity point, where the purely
elastic and plastic slopes meet, was per the ASME Code. The stress allowable for
the thermal stress range (EQN.12) is 35m. If the stress range exceeded 3Sm at
some locations on the pipe cross-section, this was taken into account. For this
reason, a bi-linear stress-strain curve was given as input for the elbow

material, with a stress limit of 3Sm for the change in material behavior. If

local stresses exceeded sSm, the stress redistribution on the pipe thickness lead
"

to a higher rate of increase in the equivalent stress for that portion of the

cross-section which was still in the purely elastic domain. This higher rate of
increase in the equivalent stress was therefore greater than the one which occurs

) in a purely elastic analysis.
l

5.3 Verification of NB-3600 Equations (Equations 12
and 13. and Thermal Stress Ratchetina)

The Primary Plus Secondary Stress Intensity Range, Equation 10 of NB-3653
(Reference 6), exceeded the 3*Sm limit 'or the most critical thermal

stratification cycles. The excessive stress intensity range occurred most
typically for the thermal stratification cycles associated with very high top-to-

! 5-5

. I



bottcm temperature differences in the surge line linked with high temperature
flushing events. For the load sets which did not satisfy Equation 10, it was

" necessary to verify Equations 12 and 13 of NB-3653.6 and the Thermal Stress

y Ratcheting Equation of NB-3653.7. These verifications were performed using the
! method t.pplied to the lowered-loop plants as described in Subsection 5.3 of the

main report.

Equation 12 requires the calculation of the secondary stress range due to thermal
expansion and a comparison of the secondary stress range to the 3*Sm allowable.
The secondary stress range of the Davis-Besse Unit 1 surge line was calculated -

from the thermally adjusted internal forces and moments associated with the most -

severe range of thermal stratification conditions. The thermally adjusted
I internal forces and moments were the internal forces and moments from the thermal

stratification structural loading analysis multiplied by the ratio E,,,,/E,,,,.

This was performed in accordance with NB-3672.5. The ra t i o E,,,,/ E,,,, , where E,,,,

was taken at the ambient temperature of 70*F, was always greater than 1.0.
Equation 12 secondary stress was verified at every surge line location, using the
simplified ASME-Code equations and the conservative generic elbow stress indices,

1.58 (derived as described in Section 5.2), except for elbows A, B, and E (see
Figure 5-1).

The three elbows which failed the simplified Equation 12 were addressed by mesns
of an elasto-plastic finite element analysis. For each of these elbows, the
thermally adjusted internal forces and moments from the most severe range of

'

thermal stratification conditions were applied on the finite element elbow model
documented in Section 5.2 and Figure 5.5 of the main report. Under these
conditions, the three elbows are subjected to internal forces and moments in all
three directions: torsion, in-plane bending and out-of-plane bending. An

elasto-plastic finite element analysis was performed for each one of these three
elbows, applying the " actual" thermally adjusted internal forces and moments from
the most severe range of thermal stratification conditions. For out-of-plane
bending, the C, stress index is 1.58; for in-plane beding, the C, stress index
is 1.3, and for torsion, the C, stress index is 1.0. Therefore, depending on
the orientation of the applied moments, the " actual" equivalent stress index can
be between 1.0 and 1.58. The method used to calculate the resulting maximum
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I
secondary stress was the same as that used for the generation of the generic

; stress index C, in Section 5.2.4 of the main report, for these elasto-plastic
finite element analyses, the 3*Sm allowable was taken at the average temperatureI in each elbow. The maximum resulting secondary stress was calculated to be
smaller than the 3*Sm allowable for each of the three elbows.

Equation 13 involves the calculation of the primary plus secondary membrane plus

| bending stress intensity, excluding thermal expansion, and comparing the total
resulting stress with the 3*Sm limit. Equation 13 stress is due to dead weight,
operating pressure and Operating Basis Earthquake (0BE). The surge line does not
contain any material or thickness discontinuity. Therefore, the third term of -

Equation 13 stress was equal to zero (no variation of modulus of elasticity andI no abrupt variation of average temperature in the axial direction of the piping).
Equation 13 stress was shown to be acceptable at every surge line location for
Davis-Besse Unit 1. The maximum Equation 13 stress was equal to 26.4 ksi, which
is 53% of the 3*Sm limit of 50.1 ksi. The maximum Equation 13 stress occurred
at the drain line of the lower horizontal section of the surge line. a

The verification of Thermal Stress Ratcheting consisted of comparing the highest
occurring Delta T range with an allowable value to be calculated in accordance

i

with NB-3653.7, where Delta T, range is the range of the linear through-wallI temperature gradients. The verification of Thermal Stress Ratcheting was
performed in the fatigue analysis of the surge line described in Section 5.5 and

~

was found to be acceptable (by at least 15%).

5.4 Development of Peak Stresses

The development of the peak stresses due to fluid flow, thermal striping, and the
non-linearity of the temperature profile was discussed in detail in Section 5.4
of the main report. The development of the peak stresses for the Davis-Besse
Unit I surge line was accomplished with the same method utilized for the lowered-
loop plants.
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5.4.1 Peak Stresses Due to Fluid Flow
_.

The peak stresses due to fluid flow were calculated as described in Section 5.4.1
of the main ieport. These stresses are due only to the through-wall temperature
gradients. If the peak stresses due to fluid flow were greater than the maximum
thermal striping peak stresses, they were added to the peak stresses due to
thermal stratification induced bending moments in the f atigue analysis of the

1 surge line as explained in Section 5.5 of the main report. The water temperature
I ramp rates and fluid flow rates were used internal to the code which calculated

t
- the through wall gradients in order to obtain an appropriate film coefficient per

_

B&W standard film coefficient correlations.
,

] 5.4.2 Peak Stresses Duelo Thermal Stripino

From the lowered-loop surge line analysis, a striping period of 4.0 seconds for
l as-welded locations and 0.5 seconds for locations remote from welds was found to

result in the maximum possible peak stress intensity range due to thermal
striping. These critical striping periods were used to determine the maximum
possible peak stress intensity ranges for the Davis-Besse Unit I surge line. The
temperature variations on the pipe thickness as a result of thermal striping were

1- calculated through ANSYS finite element analysis. Given the inside metal
temperature variations on the pipe thickness, the linear and non-linearg

j temperature gradients were calculated using the equations given in NB-3653.2,
leading to the maximum peak stress values due to thermal striping. Film

~

coefficients were built into the striping correlations. The " cut-sawtooth"
pattern used for the calculation of the stress intensity ranges was compared with
the wave-forms from the Battelle-Karlsruhe experiments. (See Section 2 of
Appendix C of the main report.) The comparison showed that the analyzed "cu+-

sawtooth" patterns are representative of the measured wave forms.

The modifications described in Section 5.1.2 are expected to result in

stratification temperature differences in the surge line comparable to the Oconee
measurements which were used in the lowered-loop analysis. Therefore, tht

maximum significant striping delta-T results calculated for the lowered-loop
surge line design transients for operations at high temperature (i.e., power
operations) were assumed for future transients for Davis-Besse Unit 1.

5-8
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Monitoring of the Davis-Besse 'Jnit I turgo line will be necessary following the
:hanges to confirm the existence of stratification delta-T magnitudes similar to
those measured at Oconee.

5.4.3 Peak Stresses Dgt.iq_tALRqn-linearity of the Tempmture Profile

The peak stresses due to the non-linearity of the temperature prof tie were
calculated as described in Section 5.4.3 of the main report. This peak stressI reflects the non-linearity of the top-to-bottom temperature profile, usually
referred to as the delta T. peak stress. The ABAQUS finite element model used q

for this analysis was the same as the model used in the lowered-loop analysis.
__

The model consisted of 27 rows of elements in the axial direction with each row
containing 24 elements going from the bottom to the top of the pipe, covering an
angle of 180 degrees. Foundary conditions were applied so that only half of the j

I pipe required analysis. The peak stress intensity was calculated using the top- j

to-bottom delta-1, the elevation of the fluid interface centerline and the

maximum difference between the actual temperature profile and the equivalent
linear top-to-bottom temperature profile, delta T..

e

5.5 fatigye Analysis of the Surge Line

A Coda reconciliation was performed for the Davis-Besse Un- 1 L ,3e line

ana' * sis and the results are identical to those listed in Secth i ',.5 of the main
,

report. The Code of record for the Davis-besse Unit 1 plant H B-31.7 USA
'

Standards (1968).
-

The f atigue usage factors for the Davis-Besse Unit I surge line were calculated
ut 'ng the methods described in Section 5.5 of the main report. The thermal
stratification peaks and valleys were combined into pairs for each joint of the
surge line model . In calculating the main fatigue, the assumption was made that
all of the cycles in the transients that produce thermal stratification can occur
at any time. Using that methodology, the different stress states were ranged *

using the following pattern:

a the highest possible state of stress (Peak) with the lowest possible state
of stress (Valley),

0 5-9
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L
e the second highest state of stress (Peak) with the second lowest state of

stress (Valley), etc...

This procedure was used for the total number of occurrences of each peak and
[ valley,

m

The main f atigue usage is the usage f actor due to all the thermal stratification
? conditions which are 'haracterized by a top-to-bottom temperature difference
m

(thermal stratification PV's). These top-to-bottom temperature differences

I induce ber ' .ng moments in the surge line, for the calculation of the main
fatigue usage, the absolute values of the peak stress ranges from the following -

contributions were conservatively added:
,

F" 1. moment loading range due to thermal stratification,

2. moment loading range due to OBE (for 30 future cycles),

3. internal pressure range in the surge line,

4. non-linearity of the top-to-bottom temperature profile,

5. maximum af the peak stress due to thermal striping or the peak stress due
to fluid flow.

The addition of the contributions listed above is very conservative, because the
assumption was made that the dif ferent peak stress ranges occur at the same
location on the pipe cross-section.

The peak stress due to fluid flow and the additional peak stress due to the nm-
lineari5y of the top-to-bottom temperature profile were both directly considered
in the calculation of the main fatigue usage. These two peak stress
contributions are not highly cyclic in nature and generally occur with moment

,

[ peaks or valleys. flo additional fatigue usage was considered for the delta T.
stress, However, there are fluid flow conditions, involving a complete or
partial flushing of the surge line, which are not in concert with moment peaks
or valleys. These fluid flow conditions were considered in a separate fatigua
analysis and the fatigue usage was added to the main fatigue.

5-10

1

. . . _ _ _ - _ _ _ - _ _ _ _ . _ _ _0



-

J

1hermal striping is a highly cyclic phenomenon which also induces an additional

| fatioue usage. This additional f atigue usage was calculated and was simply added
to the main fatigue usage. Again, these two contributions to the tctal fatigue
usage probably do not occur at the same location in the pipe cross-section.

The moment loading due to OBE was considered in the calculation of the main-

fatigue usage. The OBE moments at each surge line location were conservatively

added to the thermal stratification moments for the 30 most critical future
thermal stratification ranges, assuming that one OBE cycle will occur exactly at

| the time of that most critical thermal stratification range. This procedurrt was
done for the future only, as it is known that an OBE has not occurred in the past -

I at Davis-Besse Unit 1, and 30 occurrences of an OBE have to be assumed for the

40-year plant life.

In addii on, a total number of 650 OBE cycles must be assumed for the 40-year
plant life. As 30 of these cycles were considered in the main f atigue usage, an
additional fatigue for 620 independently occurring OBE cycles was added to the
sum of the main f atigue usage and the f atigue usage due to the thermal striping

| cycles.

5.6 f atiaye Analysis Resul'.Lfor the Surae Linq

The total fatigue usage factors for a 40-year plant life (including past and
future fatigue) are listed in Table 5-2. All total fatigue usage f actors were i

less than the allowable of 1.0. The highest cumulative f atigue usage f actor was
0.62 and occurred in the lower horizontal run just past the first elbow (A) from

1 the pressurizer. '5e highest usage factor for an elbow was 0.56 and occurs in
the first elbow (A) from the pressurizer. The fatigue usage factor for the
stanchion was 0.J8.

I
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Table 5-1. Measured and Equivalent Linear lemperature Profiles

I
== ,, = ,, '==r-

(stisists.o
'

(sttIc'$IA2) Ttop Tbottom Ttop Tbottom

HOT LEG 131 131 HOT LEG 131 131

L OC A',101,'' 146 126 50-53 136 136

LOCAL'0h 3 149 129 45-50 149 126.

LOCATION b 149 129 42-45 150 128
'

LOCATION 6 149 130 36-42 150 131

32-36 139 139

1LOCATION 9 195 126 30-32 172 172

24-30 194 194

21-24 185 115

LOCATION 10 197 124 18-21 187 114

LOCATION 12 199 127 13-18 187 116

LOCATION 14 201 126 11-13 189 117

9-11 189 117

' 4-9 201 201

| PRESSURIZER 380 380 PRESSURIZER 380 380

1
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lable 5-2. Total fatigue Usage factors for the
'lavis-Besse Unit 1 Surge lineg

L

'' Surge line Maximum
locations Usage fact >r

Most
Critical 0.62
Straight

Most
Critical 0.56

Elbow

I
-Drain

Nozzle 0.08
Dranch

Stanchion 0.08

I

I

I

I

I
~

l

i

I

I

I
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FIGURE 5-2

Comparison of Surge Line Displacements
For 6/13/90 at 03:29:59.9 hrs.
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FIGURE 5-3

Comparison of Surge Line Displacements
For 6/13/90 at 03:29:59.9 hrs.
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FIGURE 5-4

Comparison of Surge Line Displacements
For 6/13/90 at 03:29:59.9 hrs.
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6. N0ZZLE ANALYSES

in addition to the structural analysis of the surge line described 4 Section 5,
detailed stress analyses of the pressurizer and hot leg nozzles have been
performed to demonstrate compliance with the requirements of the ASME Code,
Section 111. The thermal and pressure parameters for each nozzle are described
in the de!.ign basis transients of Section 4.5. In addition, each nozzle is ~

subjected to piping loads from the surge line itself. These loads have been
taken from the piping analysis described in Section 5 and the resulting stresses
have been combined with those from pressure and thermal loadings.

Detailed descriptions of the analyses of the pressurizer surge nozzle and of the
surge line to hot leg nozzle are contained in the following sections. The

analysis of the surge drain nozzle is part of the surge line structural analysis
described in Section 5 (lable 5-2 gives the total fatigue usage for the surge
drain nozzle of Davis-Besse Unit 1).

I ,

6.1 Pressurizer Surne Nofrle

6.1.1 Methodoloav ModifAtt_tnns from Lowered-loop Analysis

The purpose of this supplemental report is to describe the evaluation of the
raised-loop pressurizer surge nozzle of Toledo Edison's Davis-Besse Unit 1
(DB-1). The method used for the analysis of the Davis-Besse Unit I nozzle was
basically the same as that outlined in Section 6,1 (main report) for the lowered-I loop surge nozzle evaluation. However, because of differences in transient

thermal data, resulting external loads, and the experience gained from the
low'ered loop evaluation, some modifications to the analytical method were made,
This supplemental report describes those modifications and summarizes the results
of the Davis-Besse Unit I nozzle evaluation,

6-1
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I
1. The geometry of the Davis-Bessa Unit I nozzle is identical to that of the

lowered-loop plants shown in figure 6-1 (main report). Therefore, the
finite element model used for the lowered loop nozzle evaluation (shown in
figures 6-1, 6-2, 6-4, 6-5, 6-6, and 6-7, main report) is applicable to

the Davis-Besse Unit I nozzle.I
2. New transient thermal and pressure conditions were defined for the Davis-

Besse nozzle; the Davis-Besse data are discussed in Section 4.5. In

addition to containing a larger number of peaks and valleys, the Davis-
Besse date include ramp rates much greater than those specified for the
lowered-loop plants. Because of these higher ramp rates, additional base
case runs were made to insure that all transient ramps would be bounded byI a base case.

3. In the lowered-loop evaluation, the thermal stresses for the chosen base
case were used directly, for tne Davis-Besse Unit 1 evaluation, the base
case thermal stresses were rjjusted by the ratio of the transient AT-to-
base case AT.

I
4. For the lowered-loop evaluation, the moments used were based on the moment

set occurring at the time closest to that of the transient pv. For theI Davis-Besse Unit 1 evaluation, the external loads at the exact time of the
transient pv are defined and used. This allows for a more accurate time
phasing of loads than was used (available) in the lowered-loop evaluation.

5. The ramp rates used to define the pv base case in the lowered-loop
evaluation were based on the maximum rate at any time throughout the
transient pv. The ramp rate used for the Davis-Besse Unit 1 evaluation
was based on the change-weighting technique discussed in Section 4.2 under

" Correlation."

6. In the calculation of the fatigte usage factor for the lowered-loop
plants, two separate usage factors were determined and then added

| together. One value was the transient-to-transient usage factor which was

determined from the absolute maximum and minimum stresses from each
,
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| transient. The second value was the transient internal usage factor which
was determined for each transient based on all other transient stresses.

For the calculation of the Davis-Besse Unit I usage f actors, all pvs are

g conservatively used in the transient-to-transient approach to determine
|3 one complete usage factor.

7. The evaluations of the safe end and safe end-to-elbow weld for the
lowered-loop evaluation were conservatively combined into one evaluation.

. The analysis conservatively used the stress indices from NB-3600 (piping,
radial gradient stress is peak) for the as-welded condition and applied

; them to the stresses as classified in NB-3200 (components, radial gradient
is secondary).

For the Davis-Besse Unit 1 evaluation, the safe end and safe end-to-elbow
weld were evaluated separately; this is in accordance with ASME Section
111, NB-ll31, which states that the connecting weld shall be considered
part of the piping. The safe end was evaluated using the requirements of
NB-3200 (radial gradient is secondary) without the stress indices of the

- as-welded condition. The safe end-to-elbow weld was evaluated using the
requirements of NB-3600 (radial gradient is peak) with the stress indices:

i of the as-welded condition.

The items listed above provide a summary of the differences between the
evaluations of the Davis-Besse Unit 1 pressurizer surge nozzle and the lowered-

| loop surge nozzle of Section 6.1 (main report) and retain a conservative basis
for the stress and fatigue evaluations. It should be noted that other
assumptions as listed in Section 6.1.4 (main report) remain valid for the Davis-
Besse analysis. These original assumptions, when combined with the differences
noted above, result in a conservative estimate of the fatigue usage.

6.1.2 Summary of Results and Conclusions

The following table provides a summary of the results for the Davis-Besse Unit 1

i,

pressurizer surge nozzle.
,

!

l

| 6-3 !

!I

I
;



. _

SUMMARY Of RESULTS

LOCATION FATIGUE USAGE FACTORI ACTUAL ALLOWABLE

SAFE END-10-ELBOW WELD 0.51 1.0
(STAINLESS STEEL) max

SAFE END 0.29 1.0
(STAINLESS STEEL) max

N0ZZLE-TO-HEAD CORNER 0.93 1.0
- (CARBON STEEL) max )

-

In summary, the pressurizer surge nozzle, safe end, and safe end-to-elbow weld
ineet the requirements for Class I components of the ASME code, Section 111, 1986
Edition with no Addenda for the loading conditions identified in the Transient
Specification for the surge line.

6.2 Hot Lea Surge Nozzle

This section completely replaces Section 6.2 in the main report. The purpose ofI this section is to describe the evaluation of the hot leg surge nozzle for Davis-
Besse Unit 1. Due to the differences (geometry and loadings) between the
lowered-loop and raised-loop hot leg surge nozzle, an independent analysis for
the raised-loop nozzle was performed. The stress analysis of the nozzle and

! nozzle-to-surge line weld has been performed using the finite element method as
implemented by the "ANSYS" computer code, Reference 5. The loads used for
evaluation were the thermal and pressure loads identified in the design basis

' transients for the surge line stratification (see Section 4.5). The acceptance

g criteria for the evaluation were the requirements for Class 1 components of the

|m ASME B&PV code, Section 111, 1986 edition with no Addenda, Reference 6. The

nozzle and nozzle-to-surge line weld were evaluated using the detailed
requirements of Subsection NB-3200 as permitted by NB-3600.

;

622.1 Geometry

An axisymmetrical representation of a small segment of the surge line, hot leg
surge nozzle, and hot leg is shown in figure 6-8 with an effective radius for the

-
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sphere (hot leg) equal to 3.2 times the hot leg pipe radius. The 3.2 : 1
equivalent spherical vessel is a modeling technique recommended by Reference 7.
Using the 3.2 factor instead of the more common 2.0, assures that the maximum
pressure stress at the critical location in the nozzle is adequately predicted
by the axisymmetric model. This modeling technique is conservative forI predicting the membrane stress, but is accurate for predictirg the maximum stress
in the critical locations for use in a fatigue analysis. This piping junction
consists of a carbon steel nozzle welded to the carbon steel hot leg. Both the
nozzle and hot leg are clad with stainless steel to prevent reactor coolant fluid
from contacting the carbon steel base metal.

6.P.2 Description of loadinas

The loadings on the hot leg surge nozzle consist of thermal gradients, internal
pressure, and external piping loads.

The thermal gradients are caused by the various fluid temperature swings (peaksI and valleys) associated with the in- and out- surges of fluid between the

pressurizer (hot) and the hot leg pipe (cold). The surge line fluid thermal
stratification can extend into the hot leg nozzle producing circumferential
temperature gradients and thermal striping which are in addition to the

axisymmetric (radial and longitudinal) temperature gradients produced by the
transient. Also, the temperature differential between the surge line fluid and
the hot leg fluid contributes to these temperature gradients. The temperature

swings for the surge nozzle and hot leg fluids are defined in the design basis
for the surge line. The thermal gradients and stresses due to these temperatureI swings are determined using the ANSYS finite element code.

The RCS pressure is applied to the internal surfaces of the nozzle and hot leg
pipe. The pressures are defined in the design basis and the resulting stresses
are determined using the ANSYS finite element code.

There are significant external loads developed due to the heating and cooling of
the surge line as well as the stratification in the surge line, The external
loads, forces and moments, for each peak and valley are given in the

6-5
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documentation of the surge line analysis. The stresses aue to these moments and
forces are calculated using the ANSYS finite element code.,

L,

6.2.3 Discussion of Analysis

In a typical fluid temperature spike, the top fluid in the nozzle will have a
larger temperature change than the bottom fluid. Thus, for the determination of-

the radial and longitudinal temperature gradients and the associated thermal
I stress, it is conservative to use an axisymmetric analysis with the top fluid as

the fluid boundary. An axisymmetric thermal and thermal stress analysis has been
performed using the ANSYS finite element computer code. The transient thermal
analysis consists of imposing time dependent boundary conditions (bulk fluid

-

temperatures and heat transfer coefficients) on the finite element model. Nodal
temperatures from the thermal analysis were stored on magnetic tape for each

I
iteration (time step) of the transient. The ANSYS postprote aor " POST 26" uses
the nodal temperatures to calculate Delta-T's between various locations in the

structure. Tables of the Delta-T's versus time for each transient were used to
determine when the maximum and minimum stresses are likely to occur. The nodal
temperatures for each critical time step were input to the ANSYS stress routine
for the determination of stresses. The ANSYS postprocessor, " POST 11", was used

to linearize the stresses at critical sections of the structure. Stresses due
to pressure and resultant external force (along the nozzle axis) were also ,

determined at the critical sections using ANSYS and POSill.

| _

F Due to the large number of temperature swings (peaks and valleys) associated with
the thermal stratification transients, it was not practical to evaluate each peak
and valley as an individual case. Instead, a few " base cases'' were created to

envelop the large number of identified peaks and valleys. The base cases were

| chosen using the following parameters; the hot leg fluid temperature, the maximum
instantaneous ramp rate for the top fluid temperature excursion in the stratified

g nozzle, the top fluid starting temperature, the top fluid temperature change
r (Delta-T) between a peak and valby in the nozzle and whether or not the RC pumps
l

are on or off. The temperature distribution and resulting thermal stresses for
each of the base cases were determined using the procedure- described above.
Parameters describing the actual transients identified in the design basis were

6-6
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I
used to determine a representative base case for each peak and valley which will
now approximate the actual transient. The linearized and maximum th.Lrmal
stresses from the chosen " base case * were used directly fer combining withI stresses due to pressure, resultant external force, and non-axisymmetric load
stresses.

Pressure stresses for a base case with an internal pressure of 1000 psi were
determined using ANSYS. The pressure stresses for each peak and valley were
determined by multirlying the stresses from the base case by the ratio of the

'

ac*ual pressure for the peak or valley from the design bases to the pressure used
in the pressure base case.

I The stresses due to a axial load of 10' lbs were determined using ANSYS. The

axial load stresses for each peak and valley were determined by multiplying the
stresses from the base case by the ratio of the resultant force for the peak or
valley from the surge line evaluation to the force used in the base case.

I
As described above, the thermal analysis performed is axisymmetric in that it is
assumes that the top fluid completely fills the nozzle and creates the two-
din ,1sional axisymmetrical temperature fields in the nozzle for the various
thermal transients. The next task was to determine the additional stresses dueI to circumferential temperature gradients produced by the fluid stratification in
the nozzle. The stresses due to this fluid stratification were conservatively
assumed to occur at the time of maximum thermal stresses due to the radial and
longitudinal temperature gradients.

I
The stresses due to thermal stratification were determined for six base cases by
use of the ANSYS harmonic element STIF 25. This element is used for two-
dimensional modeling of an axisymmetric structure with non-axisymmetric loading.
In the case being considered, the non-axisymmetric loading is the temperatureI field in the nozzle which varies in the circumferential direction as well as in
the radial and axial directions. The stresses due to a circumferential
temperature gradient are independent of the radial and axial gradients. These

stresses are primarily a function of the temperature difference between the top
. and bottom fluid and the transition zone between the two fluid temperatures.

6-7
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The circumferential temperature gradient was approximated by assuming the top and
bottom of the nozzle is at a steady state condition for a thermal peak and

,

valley, respectively, The transition between these two temperature fields was:

'

assumed to be linear over the same 1" height of nozzle that contains the fluid
interface zone between the hot and cold fluid. from the design basis, the

,

! centerline elevation of this interface zone in the hot leg nozzle, relative to
the centerline of the nozzle, varies from +2" to -3" in steps of -1" during the"

; various PV temperature excursions. Thus, six thermal stratification load base

| cases were required.

The six stratification base cases used a 200*F temperature differential between
the hot and cold fluid. Therefore, the stress due to the base case

|
: circumferential temperature gradient could be determined by subtracting the

, steady state stress due to the radial and axial temperature gradients from the

! combined stress due to radial, axial, and circumferential temperature gradients
(from harmonic element results which included the same steady-state temperatures

| as were used in the axisymmetric load).

] The thermal stratification stresses due to the circumferential temperature

i gradient for each peak and valley were determined by multiolying the stresses
from the appropriate circumferential temperature gradient base case by the ratiog

!m ?f the actual stratification Delta-T for the peak or valley from the design basis

to the Delta-T used in the stratification base case (200*f).

; Stresses for two base case nozzle bending moments of 10' in-lbs (MY and MZ) were

| also determined by using the ANSYS harmonic element, STif 25. The bending moment

strrsses for each peak and valley were determined by multiplying the stresses
from the base case by the ratio of the moment for the peak or valley from the
surge line evaluation to the moment used in the base case.

;E
:5 Shear stresses for a base case nozzle torsion load (MX) were calculated by hand

for a unit load of 10' in-lbs. The shear stresses for each peak and valley were
i determined by multiplying the stresses from the base case by the ratio of the
' torque for the peak or valley from the surge line evaluation to the torque used

f in the base case.
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The thermal, stratification, pressure, and external load stresses were multiplied
by the appropriate stress indices (Table NB-3681(a)-1) or stress concentration
factors and then combined for determination of maximum stress and fatigue usage.I The results are given in Section 6.2.9.

6.2.4 tist of As n mJtions/Inouts Vsed in_AHAlylit

1. The surge line nozzle to hot leg junction is a 3D structure and the
thermal stratification in the nozzle produces non-axisymmetric loads. Two
significant assumptions are necessary in order to analyze this nozzle

| using a 20 finite element model,

a. The 3D structure can be approximated as a nozzle attached to a

I sphere whose radius is 3.2 times the radius of the hot leg. This
assures that the pressure stress in the model will be equivalent to
the maximum pressure stress in the actual structure at the critical
location. The thermal stress from the model due to temperatureI gradients is approximately equal to those in the actual structure
since thermal stress is not a strong function of the radius of the
sphere.

b. The circumferential temperature gradient is approximated by assuming
the top and bottom of the nozzle is at a steady state condition for

I a thermal peak and valley, respectively. The transition between
these two temperature fields is assumed to occur over the same l"
height of nottle that contains the fluid interf ace zone between the
hot and cold fluid. This is a conservative assumption since heat
conduct.on in the circumferential direction of the nozzle will
increase the height of the transition zone in the metal which would
tend to reduce the thermal atresses.

I'
2. The outside of surge line nozzle and hot leg are assumed to be fully

insulated (no heat loss).

3. The surge line nozzle and hot leg are assumed to be at a steady state
condition at the beginning of each up ramp (peak) or down ramp (valley).
This is a conservative assumption since it maximizes the radial and axial
gradients in the structure for each peak or valley.

4. The fluid temperature ramp rate (*F/Hr) used in the analysis in determining

|
the applicable base case is the maximum ramp rate at any time throughout

! the temperature change (PV) as defined in the design basis.
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5. The transition between the nozzle ar.d hot leg fluid temperatures is
assumed to be a step change occurring at the intersection of the nozzle

" and hot leg pipe. This is a conservative assumption as a more gradual
transition will actually occur which would reduce the thermal stresses in
this region of the nozzle,

m

6. Fluid stratification is assumed to occur over the entire nozzle length

| (i.e., there is no mixing M the entrance to the hot leg).

7. The outside nozzle surfato temperature and maximum rate of change
f or each PV, as predicted in the design basis, is also assumed to be -

representative of the nozzle fluid temperature and ramp rate. ThisI is an appropriate assumption for the majority of the PVs, however,
it is slightly unconservative for some short duration transients
(i.e., the outside mttal temperature would not see the total fluid

| temperature change).

I
8. The transient stresses are conservatively assumed to a, ly to all

angles around the nozzle and not just to the regions in contact with
the top (hot) fluid.

I 9. The temperature excursions predicted for the surge line upper
horizontal run are assumed to be applicable for the hot leg nozzle.

10. The OBE seismic events are assumed to occur at steady state conditions and

| not at the point of maximum or minimum transient stress. Even if an event
were to occur during a time of maximum transient stress, the effect on
f atigue usage for only one occurrence of OBE would be minimal.

6.2.5 Thermal Analysi__s of Axisymmetric loads

An axisymmetric heat transfer analysis using the finite element code ANSYS was
performed to obtain the temperature distributions in the surge line nozzle and
hot leg. The thermal transients evaluated are those specified in the design

6-10

l
I

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



!

|I
basis and discussed in Section 6.2.5.1. The resulting nodal temperatures from
the thermal analysis will be used as input to the stress analysis.

I The finite elemsnt model of a small segment of the surge line, surge nozzle, and
hot leg is shown in figure 6-9. These components are represented byI isoparametric quadrilateral thermal elements, Silf 55. The required input s .'or
this element are four nodal points and material properties: thermal conductivity,
density.-and specific heat.

6.2.5.1 Silection of Transients

The operating transients for the surge line (and nozzles) are identified in the
design basis for the surge line and discussed in Section 4.5. A review of the
transients revealed a significant number of temperature fluctuations during each
transient. The temperature fluctuations involved 50 to 60 different peaks or
valleys per heatup or cooldown transient. The fluctuations include temperature
changes (Delta-T) with magnitudes ranging from approximately 40 to 400 degreesI f. As previously stated, an evaluation of each peak and valley was not

.
practical, therefore only a few cases were considered. These cases are referred
to as " base cases" and were selected to insure all peaks and valleys are
enveloped.

I
6.2.5.2 Thermal Boundary Cpnditions

| The thermal boundary conditions consist of convective heat transfer at the inside
surf aces of the model . Depending on the flow velocity in the nozzle and hot leg,
either free or forced convection may be the predominant mode of heat transfer
between the fluid and metal surfaces, for natural convection, the heat transfer
is caused, primarily, by the dif ference in temperature between the metal surfaceI and the reactor coolant fluid. The film coefficient versus Delta-T is input in

,

tabular form to the ANSYS thermal runs. ANSYS uses the actual surf ace-to-fluid
Delta-T at each time step (iteration) to determine the appropriate film
coefficient. For forced convection, the film coefficient is constant for a given

| fluid velocity, temperature, and geometry. The film coefficient used in the
analysis is the. maximum of the coefficients for free or forced convection. Free
convection film coefficients for the nozzle are not used in any of the base cases

|I
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since the calculated force convection coefficient is larger. A sample of the
film coefficients for the two regions of the model is given below. |

I . _ _ _

1

|
_ _____ _ ___ _ _ _ _ _ _

! REGION F ilM COEf flCIENT (810/HR-f1'-f)

f
_ _ _

FREE FORCEO

N0ZZLt 140 400 |

'HOT LEG 115 3000

The outside surf aces of the model are assumed to be fully insulated. In

addition, for symmetry, the ends of the model are assumed to be adiabatic

surfaces.

The transition between the nozzle and hot leg fluid temperatures is
conservatively assumed to be a step change at the intersection of the nozzle and
hot leg oipe.

LJ . 5. 3 Rupit s of Thermal AndyMi
I The results of the thermal analysis are in the form of nodal temperatures. These

nodal temperatures were read into the thermal stress analysis and provided the-

model with the axial and radial thermal gradients that produce the thermal-

stress. The times at which the maximum gradients occur were used f or the thermal
stress analysis since they were likely to produce the maximum stresses. To

determine when the maximum gradients occur the ANSYS postprocessor, POST 26, was
-

used. POST 26 provides a time history of the gradients at defined locations for
~ the duration of the transient , for the surge nozzle evaluation fif teen pairs of
~

nodes were used to examine the thermal response (Delta-1) of the structure. The
- locations of these 15 node pairs are shown in figure 6-11. Figure 6-12 shows the

an extreme Delta-1 time point of a typical fluidtemperature contours ,atI temperature spike.

L
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6,2.6 Stress Analysis of Axisymmetric loads

An axisymmetric stress analysis using the finite element code ANSYS has been
performed to obtain the stress distribution in the model for the base case

axisymmetric loadings. The loadings for the analysis are the nodal temperatures
from the thermal analysis (Section 6.2.5), a unit pressure load (1000 psi), and

a unit axial force (10' lbs).

I 6.2.6.1 Description J f finite Element Model

The finite element model used for the thermal analysis was also used for theI
,

stress analysis. The only difference between the two models is the element type _

designation. The ST!F 55 thermal element was replaced with a isoparametric
quadrilateral stress elements, STif 42. The required inputs for this element are
four nodal points and material properties: coefficient of thermal expansion,
modulus of elasticity, and Poisson's ratio.

6.2.6.2 Structural Boundary Conditions

The structural boundary conditions applied were required to simulate those
portions of the structure that were not modeled. The end of the model
representing the hot leg was restrained from motion in the meridional direction
(UY displacement - 0.0). This restraint simulates the restraint of the adjacentI hot leg pipe material. The end of the surge line segment was assumed to be free.
The location of this free boundary condition is sufficiently remote from the
nozzle-to-surge line weld such that any stress induced by the assumed boundary

~

| condition will have attenuated to a negligible value at this critical section.

6 2.6...). EQ; ' ion oLlansient Times.

As at.** u ction 6.2.5.3, the selection cf transient times for use in the

stress m W ,s was dependent upon the thermal gradients through the structure.
The thermal gradients cause differential growth between adjacent material which
results in thermal stresses. The times at which the maximum radial and axial
gradients (Delta-T) occur were evaluated for stress.

6-13
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6.2.6.4 finite Element Stress Resul u

lhe results from the %'.YS stress runs are not in a format which can be directly
compared to ASME code allowables, in order to get stresses compatible with the

,

ASME code requirements it was necessary to use the AfiSYS postprocessor POST 11.

POST 11 performs stress linearization by converting the non-linear through-wall
stres; distributions into the stress componants required for an ASME code
evaluation: membrane stress, bending stress, and peak stress. The pertinentI information about the linearization methods and detailed input is given in
Section 6.31 of the Af15YS users manual. Twelve stress classification lines (SCL)
were selected to evaluate stresses in the various regions of the model, The line
locations are shown in figure 6-13. The sum of the linearized stresses for a

| given load set was used to compare to the ASME code limit for the range of
primary-plus-secondary stress intensities (35m limit).

I in addition to the linearized stresses each " base case" also contains maximum
stresses. The maximum stresses represent the stresses at the surface of theI component and are given in the A!15YS element stress printout as the element
surface stress. The sum of the maximum stresses for a given load set was used
in the evaluation for fatigue usage.

6.2.7 Stress Analysis of fion-Axisymmetric loadi

A non-axisymmetric stress analysis using the finite element code ANSYS was
performed to obtain the stress distribution in the model for the base case non- '

axisymmetric loadings. The loadings for the analysis were the circumferential
nodal temperature gradients for six stratification cases and two nozzle bending
moments as described in Section 6.2.3.

I 6.2.7.1 Descriotion of finite Element Model
1

The finite element stress model used for the axisymmetric loads was also used for

the stress model fcr the non-axisymmetric loads. The only d 'ference between the
two models is the element type designation. The STlf 42 element was replaced
with a harmonir element, STif 25. The required inputs ier this element are four
nodal points and constant material properties: coefficient of thermal expansion,
modulus of elasticity, and Poisson's ratio.

6-14
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6.2.7.2 Structural Boundary Conditions

The structural boundary conditions are the same as was used for the axisymmetric
loads in Section 6.2.6.2.

6.2.7.3 ANSYS_lp_itd Sten Data

~

A hardionic element model requires the load to be input as a series of harmonic

I functions (fourier series). The ANSYS preprocessor PREP 6 was used to generate

the fourier series for the stratification temperature fields described in Section
6.2.3. Stresses were obtained for all the modes up through mode number 20.

I These stress modes were then combined using the ANSYS postprocessor POST 29. The

unit (10' in-lb) nozzle bending moment was applied as described in Section 2.25
Case C of the ANSYS user's manual. This bending moment was represented by
applying peak axial (nozzle) force values at the end of the nozzle. The load

varies as a first harmonic wave (MODE 1) with a cosine symmetry condition (ISYM

= 1).

6.2.7.4 Finite Element Stress Results

I The stresses output from POST 29 were linearized at critical sections of the

model. The results were then combined with linearized stresses from other loads
and compared to the ASME code allowables as described in Section 6.2.8.

| 6.2.8 ASME Code Calculations

The linearized thermal, stratification, pressure, and external load stresses for
each peak and valley were combined to obtain the total linearized stress. The

linearized stresses for all peaks and valleys were tabulated and the difference
between the maximum and minimum linearized stresses was used for comparison to
the ASME code limit of 35m. When the 3Sm limit was exceeded, NB-3228.5
" Simplified Elastic-Plastic Analysis" was used to justify the stress conditions.
The maximum thermal, stratification, pressure, and external load stresses for
each peak and valley were multiplied by the appropriate stress indices or stress
concentration factor and combined to obtain the total maximum stress. The

maximum stresses for all peaks and valleys were tabulated for evaluation of
fatigue. A sample of the linearized and maximum stresses at the end of nozzle
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I
taper with the associated fatigue usage for a typical PV is given in Table 6-5.
The fatigue evaluation took into account the number of cycles for each peak and
valley, the maximum stress ranges, the linearized stress range associated withI the maximuk stress range, and the resulting Ke factor for the maximum stress
range when the linearized stress range exceeds the 35m allowable. fatigue usage
due to thermal striping on the stainless steel regions of the nozzle was
conservatively assumed to be equal to that calculated for the surge line. The |

| maximum linearized stress and f atigue usage factor for both the stainless steel
and carbon steel portions of the surge nozzle are given in Section 6.2.9. All
requirements of the ASME code are met.

6.2.9 Summary of Results and Conclusion

A summary of results for the hot leg surge nozzle evaluation is given in the
following table. ; hough the 35m limit is exceeded for both the carbon steel
and stainless steel, the requirements of the ASME code were satisfied by

performing a " Simplified Elastic-Plastic Analysis" as defined in Subsection, NB-
3228.5 of the code.

| SUMMARY Of RESULTS, HOT LEG SURGE N0ZZLE

LOCATION FATIGUE USAGE FACTORS

ACTUAL ALLOWABLE

N0ZZLE-T0-SURGE LINE WELD 0.52 1.0| (STAINLESS STEEL)

N0ZZLE-TO-SURGE LINE WELD 0.20 1.0
(INCONEL)

END Of N0ZZLE TAPER 0.72 1.0
(CARBON STEEL)

N0ZZLE-10-H0T LEG CORNER 0.76 1.0
(CARBON STEEL)

I
in conclusion, the hot leg surge nozzle and nozzle-to-surge line weld meet the
requirements for Class 1 components of the ASME Code, Section 111, 1986 Edition
with no Addenda for the revised design basis transients discussed in Section 4.5.
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I
figure 6-8. Geonetry of Hot leg Surge Nozzle
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I
' figure :-9. Finite Elenent Model of Hot Leg Surge Nozzle
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Figure 6-11. Location of Delta-T Values
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Figure 6-12. Hot Leg Surge Nozzle Temperature Contours
(F) for a Typical PV
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Figure 6-13, Location of Stress Classification Lines
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7. SUMMARY OF RESULTS

The B&W Owners Group developed a program to comprehensively address the
requirements of NRC Gulletin 88-11, " Pressurizer Surge Line Thermal

Stratification." The Owners collected the necessary information required to
evaluate the surge line. In addition to operational records and plant design
information, plant thermal stratification data and thermal striping test data -

were obtained.

It was determined that the lowered-loop plant configuration and plant operations -

I are sufficiently similar for a generic development of the design basis

transients. The subsequent analysis and results for the lowered-loop plants was
documented in BAW-2127 of December 1990.

However, Davis-Besse Unit 1 (DB-1), a raised-loop plant required its own
instrumentation and a separate, plant-specific, set cf design basis transients
because of inherent differences in its design. These differences are discusse'dI in Section 3 of both the main report (BAW-2127) and this supplement. The Davis-
Besse Unit 1 analysis has been addressed in this supplement to the main report.

_

Revised surge 'ine design basis transients accounting for plant evolutions
affecting the surge line for the 40 year design life of Davis-Besse Unit I were
developed. The plant heatup and cooldown transients were the most significant
contributor to the fatigue usage factor for surge line components.

A structural loading analysis of the surge line was performed to take into
account the global effects due to thermal stratification. The resulting internal j
forces and moments were applied for the fatigue stress analysis of the surge line

,

and the associated nozzles.

I
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{ The fatigue stress analysis considered the stress ranges for the global effects
"

due to thermal stratification, the localized effects due to thermal
: stratification, the pressure ranges, the Operating Basis Earthquake, the thermal
'

striping and the fluid flow conditions. All resulting stress intensities were
; shown to be within their allowable limits. As a result of the fatigue analyscs,
f the cuniulative usage factor is less than 1.0 at all locations of the surge line

and its nozzles.

In summary, the following is a tabulation of the highest usage factor for the
most important surge line components of Davis-Besse Unit 1.

Surge tine Component Usage Factor
(40 year Life)

Surge Line Elbow 0.56

Straigt,t Pipe Section 0.62
- Drain H zzle Branch Connection 0.08

Stanchion 0.08

Pressurizer Nozzle 0.93

Hot f.eg Nozzle 0.76

- I
In view of the conservatism accumulated in the synthesis of the design transients

I and in the analysis of resultant stresses, these fatigue usage values provide
assurance that the 40 year licensed life of Davis-Besse Unit I will be met with
acceptable margin to accommodate normd variations in coerations.

I
I
I
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I

8. BASES FOR THE DAVIS-BESSE 1 ANALYSIS

The generation of the revised Design Basis transients and the thermal
'

stratification fatigue stress analysis of the surge line for Davis-Besse Unit 1
were based on conditions stated in this section.

I The thermal stratification fatigue stress analysis was based on the following: -

I For past operations, limitations to motion from supports, restraints, and
snubbers were identified and taken into account. The follcwing were included in
the analyses:

fyternal loadinos

a Restraint clearances with the restraint structures and the secondary
concrete wall were taken into account throughout the history of operation.I These restraint clearances were evaluated and extended unchanged from the
last measurements until the 7th Refueling Outage (7RFO). After 7RF0, the
analysis assumes that no interferenta with other structures will occur.

s An interference between snubber PSU-R1 stanchion and the D-ring wall -

resulting in failure of the snubber occurred in 1984. The interference

_

dimensions were taken-into account in limiting surge line displacement for
all heatups and cooldowns until redesign of the snubber and elimination of
this potential interference in 1984,It

s Apart from the interference resulting in failure of snubber PSU-R1 in
1984, both past and future transients are based upon the amplitudes of
surge line displacements within the free travel range of each snubber.

I
a Limitations on surge line downward displacement by reaching the hard stop

limit of spring support PSU-ill were taken into account for all transients

8-1
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to the 8RF0. After 8RF0, modifications to the spring support will
eliminate this limit to displacement.

a Branch moments at the surge line drain nozzle connection within their

respective maximum allowable (for deadweight, Operating Basis Earthquake,
and thermal stratification) were assumed for past and future transients.

Thermal Response

Surge line thermal response on Davis-Besse Unit 1 differs from the lowered-loop
plants and the measurements in Oconee 1 in two respects:

1. The surge line insulation and restraint impact collars result in increased
heat loss, particularly noticeable in the lower horizontal run of the

surge line as the plant temperature increases.

I
2. The makeup pumps during the heatup following the 6RF0 were placed under

automatic control immediately prior to initiating reactor coolant pump
operations. The resultant makeup flow was cyclic, varying around the
pressurizer water level setpoint and resulting in periodic reversals ofg

u flow in the surge line during most of the heatup.

The results of these observations were taken into account in the analysis in the
following manner:

a For past transients and extending through the 8RF0, the thermal responses
due to makeup valve cycling measured following the 6RF0 were

conservatively taken into account although it is known that in some past
heatups the valve was maintained in manual and the significant cycling
during the heatup did not occur.

a Similarly, the measured temperatures representing the heat losses throughI the thermal insulation in addition to potential cooling effects from the
PORV inlet drain were taken into account extending through the 7RFO.

) s following the 8RF0, the fatigue stress analysis was based upon the

assumptions that cycling of the makeup control valve will be reduced and

f 8-2
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|I
that valve cycling will not contribute significantly to thermal striping

!

in the line for any of the design transients at power. The striping
remains the same for heatups and cooldowns,I
Also, for transients following the 7RF0, the stratification temperatures

differences in the piping during steady reactor operation will be reduced
to values approximating those measured in Oconee 1 and used in the
analyses for the lowered-loop plants. The improvement will be

accomplished through upgrading in the thermal insulation at the time of
modifications of the whip restraints to ensure freedom from interference.

a The top-to-bottom temperature profiles on the Davis-Besse surge line haveI been more nearly linear than those observed during the instrumented
heatups at Oconee 1. With the improvements in insulation, the conditions
in the Davis-Besse surge line will more nearly resemble those at Oconee 1.
Hence, the non-linear profile developed for Oconee 1 was conservatively
applied to the Davis-Besse analytical model for the operations following
the 7RFO.

Toledo Edison has committed to making the plant modifications necessary to ensure
,

the validity of the bases stated above for future transients in terms ofI structural and support interferences, makeup flow cycling, and insulation.

Toledo Edison will monitor the surge line temperature following the restraint and
~

insulation modification to confirm that surge line thermal response adequately
supports the conclusion that striping fatigue does not challenge the full 40-year

l licensed lifetime of Davis-Besse Unit 1.

Doeratina limits

The generation of the revised Design Basis Transients (for future events) was
based on operating guidelines that limit the pressurizer to RCS temperature
difference during plant heatups and cooldowns (imposed with RCS

pressure / temperature limits).

8-3
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The heatup and cooldown Design Basis transients defined for future operation will
: remain conservative if the RCS pressure is limited in accordance with figure 8-1.

The curve shown in Figure 8-1 is a composite of various subcooling limit curvesI that vary over the range of RCS temperatures. The operating procedures at Davis-
Besse will maintain pressure and temperature during heatup and cooldown operation

to the right of the selected maximum allowed subcooling limits. (The curve shown
is similar to that developed for the lowered-loop plants except that a somewhat
more restr:ctive limit of 280 psig has been placed on the pressurizer pressure
when the RCS temperature is below 185F. This limit is consistent with the normal

pl ant operations since the pressure is normally limited in this range of
temperatures to avoid lifting the Decay Heat Removal relief valves, which provide -

protection against overpressure at low RCS temperatures.)I
To meet the pressure limit specific for heatup in the temperature range 70F to
150F, preheating the RCS has been recommended. This may be accomplished by
throttling back on the decay heat system cooling water (i.e., component cooling
water) and/or bypassing reactor coolant flow around the decay heat removal heat

! exchanger. The availability of decay heat and the requirements of the heatup
l

schedule will dictate the capability of maintaining the recommended P/T profile
prior to achieving the conditions necessary for startir.g an RC pump. The fatigue
evaluation was performed on the basis that 85% of the heatups for the remainderI of the plant life can meet the recommended limit shown by path CDEN in Figure
8-1. For those heatups involving pressurization at an RC temperature of 70F to
120F, a less restrictive limit is included in order to permit RC pump operation

'

at lower RCS temperatures (path ABEN in Figure 8-1) when core decay heat is not
adequate for raising RC temperature. The fatigue evaluation was performed on the
basis that 15% of the heatups for the remainder of the plant life will follow
this heatup path. in summary, future heatups were divided into path CDEN (85%)
and path ABEN (15%).
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Figure 8-1, Surge Une Operational Limit
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I APPENDIX 1.

A. Surge Line Data Acquisition at Davis-Besse Unit 1
I
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Davis-Besse Unit I was instrumented extending the B&WOG program data as discussed

in Section 3.1. This appendix supplements Section 3.1 with additional detail on{
the data acquisition.

!

! 1. Thermocouple Fabrication and Oualification

The thermocouple assemblies and associated e): tension wire assemblies required for

instrumenting Davis-Besse Unit I were fabricated by B&W Nuclear Service Company.

Thermocouple assemblies were fabricated from ANSI Type K, 20 gage solid Chromel-

Alumel commercial grade assembly wire having parallel conductors individually

| insulated with ceramic fiber braid, an overall jacket of ceramic fiber braid and
stainless steel protective overbraid. The thermocouple junction was mechanically

-

formed and then spot welded to a band which was later strapped around the surge
line. Standard 2-pole connector p ugs with integral cable clamp were attached

,

to the ends of the thermocouple wires opposite the hot junction. Thermocouple
I extension cable assemblies were fabricated from ANSI Type K, 20-gage solid

Chromel- Alumel commercial grade extension wire having twisted connectors
individually insulated with Tefzel, Mylar-backed aluminum foil shielding with
drain wire, and an overall extruded Tefzel insulation jacket.

I
Qualifying the commercial grade thermocouples fabricated for the safety-related
pressurizer surge line temperature measurement application was accomplished by
the standard practice of " type" testing. In this approach, duplicate

thermocouple assemblies prepared from the same materials and following the same
I

_

procedures that applied to fabricating the thermocouples installed at Davis-Besse
were placed in a furnace (Jofra Temperature Calibrator) with certified Platinum

Resistance Thermometers (RTDs) and heated. Comparison between the temperature
registered by these qualification test thermocouples and the reference
temperature monitored by the RTDs provided a means of qualifying the surge line

! thermocouples . The furnace was set to ramp to a new level at a rate of 10 F or
20 F per minute to temperatures levels between 75F and 700F. At each test level,

the temperature was allowed to stabilize within IF for 3 minutes. The test setup
was then allowed to equilibrate for at least 5 minutes before the reference and
test specimen temperatures were recorded.

A-2
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Comparison of thermocouple data and the RTD reference indications demonstrated
that thermocouple readings were consistently within 1.5F of the reference
temperature. This agreement was well within the established acceptance criteriaI at all test conditions for qualifying surge line thermocouples.

2. Displacement Transducer Descriotion

The displacement transducers manufactured by Celesco Transducer Products, Inc.,I (Model PT101) provide an electrical signal proportional to the linear extension
of a stainless steel cable. Displacement was measured by attaching the cable to
the surge line and the body of the transducer to a fixed surface. Retraction is
effected by means of a constant tension soring motor which maintains uniform
tension on the cable. The manufacturer specified the accuracy to be within 0.25%
for the expected range of surge line displacements.

3. Data Acouisition System Description and Operation

The schematic in Figure A-1 depicts the general interface of components which
- make up the data acquisition system. The system included a Fluke Helios

mainframe controlled by a host Compaq computer utilizing LabTech NotebookI software which was configured to receive the desired data. The computer and

Helios mainframe, which were located in the Davis-Besse Unit I control room,

interfaced with a remote Helios extender chassis housed in an instrumentation
cabinet located in the reactor containment building near the pressurizer surge
line. This instrument cabinet also contained the power supply, signal

conditioning and other interfacing equipment required for the surge line

thermocouples and displacement transducers.

With the system installation complete, the integrity of each instrument andI acquisition component was checked. Proper electrical loop resistances for the
thermocouples, lead wires, and extension cables were verified. A polarity test
and a complete checkout were then performed for all instrument channels. Data

collection was started before the pressurizer heaters were turned on and

continued until the plant had reached power and remained there for several days.
There were only short time periods in which data collection was interrupted in
order to download the data from the host computer.
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I
BWNS and Toledo Edison personnel monitored the data acquisition system to ensure

proper operation. In addition, plant operations were monitored closely and the
events which affected the surge line were noted. The operator and unit logs have

I- been obtained to assist in associating plant operations to surge line transients.

4. Generri Description of Data

The temperature and displacement of the surge line were monitored, as well as the
reactor ' coolant system (RCS) conditions. A list of recorded parameters is

( contained in Table A-1. To record surge line temperature, thermocouples were
placed at eight different axial locations (shown in Figure A-2). There are two

(_ or seven thermocouples at each location as given in Figure A-2. All locations
contain a thermocouple at the top (TI) and bottom (T7) of the surge line. Where

| seven thermocouples are used, they are spaced with equal elevation differences
between thermocouples as shown in Figure A-3. The thermocouples are identified
by axial location and relative position as follows: "10T7" means the thermocouple
at location 10 and thermocouple position 7 as given in Figures A-2 and A-3. The

displacement of the surge line was monitored with position transducers (string
potentiometers) at locations noted in Figure A-2. Position transducers are

| identified by axial location and the measurement direction as follows: OlZY
denotes the potentiometer which indicates the Y direction movement at location 1.

j Plant data have been recorded for two heatups, one cooldown and during periods
of power operation. The data were stored at sampling interval times of 20

'

seconds. The large quantity of data (more than 200 Megabytes of disk space) was
stored in ASCII format and transferred to the BWG HP9000 Series 800 computer
where the data was processed into functional information (plots, calculations,

( etc.).

I

I
-

1

I
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Table A.I. Signal Identification

F IDNTFR/ UNITS DESCRIPTION
'

02T1 F Location 2 Position 1
02T2 F 2 2

" "

~'

02T3 F 2 3
" "

02T4 F 2 4
" "

- 02T5 F 2 5
" "

02T6 F 2 6
" "

02T7 F 2 7
" "

I 03Tl F 3 1
" "

03T2 F 3 2
" "

03T3 F etc.
03T4 F

I- 03T5 F
03T6 F -

1 03T7 F
06T1 i

06T2 F
06T3 FI 06T4 F
06T5 F
06T6 F

I 06T7 F-
09T1 F Location 9 Position 1
09T2 F 9 2

" "

I 09T3 F 9 3
" "

09T4 F 9 t" "

09T5 F 9 5
" "

09T6 F 9 6
" "

I 09T7 F 9 7
" "

12T1 F 12 1
" "

12T2 F 12 2
" "

I 12T3 F etc.
12T4 F
12T5 F

i 12T6 F
12T7 F
14T1 F

14T2 F

| 14T3 F
14T4 F
14T5 F
14T6 F
14T7 F
05T1 F Location 5 Position 1
05T7 F 5 7

" "

10T1 F 10 l" "

10T7 F 10 7
" "

MIT4 F Mirror Insulation Temperature Location 1, Thermocouple Pos.4
M2T4 F Mirror Insulation Temperature Location 2, Thermocouple Pos.4
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g Table A.I. Signal Identification (cont.).

IDNTFR/ UNITS DESCRIPTION

DlT) F Decay Heat Drop Line location 1, Thermocouple Pos. 1

DlT2 F Decay Heat Drop Line Location 1, Thermocouple Pos. 2

DlT3 F Decay Heat Drop Line Location 1, Thermocouple Pos. 3I D2T1 F Decay Heat Drop Line Location 2, Thermocouple Pos. 1

03Tl F Decay Heat Drop Line Location 3, Thermocouple Pos. 1

D3T2 F Decay Heat Drop Line Location 3, Thermocouple Pos. 2

I D3T3 F Decay Heat Drop Line location 3, Thermocouple Pos. 3
04T1 F Decay Heat Drop Line Location 4, Thermocouple Pos. 1

012Y Inches location 1 Direction Y
OlZZ Inches 1 Z

" "

I 04ZY Inches 4 Y
" "

042Z Inches etc. '-

07ZX Inches

I 07ZY Inches
07ZZ Inches
08ZX Inches
08ZY InchesI 08ZZ Inches
112X Inches
llZY InchesI 13ZX Inches
13ZY Inches
15ZY Inches

I RS46 Percent Auctioneered Average Power
QS85 Tripped Turbine Trip Signal Master
T358 F DH CLR 1 Out Temp
T361 F DH CLR 2 Out TempI F461g GPM HP INJ 1-1 Flow
F4649 GPM HP INJ 1-2 Flow
F4679 GPM HP INJ 2-1 Flow

I F470g GPM HP INJ 2-2 Flow ~

F592 GPM LP INJ 2 Flow
F593 GPM LP INJ l Flow
LS52 Inches Pressurizer Compensated Level

.. I - T776 F RC PRZR Temp, RC15-1
ZS76 Position RC PRZR Spray Line VLV, RC2
PS57 Psig RC Loop 1 HLG WR PressI P721 Psig RC Loop 1 HLG NR Press, RPS CH1
T753 F RC Loop 1 HLG WR Temp, CHI
TS63 F Tcold Wide Range, Loop 1

I J788 MW RCP l-1 MTR PWR
J808 MW RCP l-2 MTR PWR
J828 MW RCP 2-1 MTR PWR
J848 MW RCP 2-2 MTR PWR

I- F722 MPPH RC Loop 1 HLG Flow, RPS CHI
F728 MPPH RC Loop 2 HLG Flow, RPS CH2
F719 Inches RC Letdown Flow
F738 GPM RC MU Flow, Low Range
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Table A.I. Signal Identification (cont.)

IDNTFR/ UNITS DESCRIPTION

F740 GPM _RC t' Flow, High Range
L881 Percent SG ' tperate Level, 981
L883 Inches SG 1 SV Range, 9B3I L891 Percent SG 2 Operate Level, 9Al
L893 Inches SG 2 SU Range, 9A3
T671 F MN FW Temp to ICS,TTI-l
P931 Psig SG 1 Out STM Press, PT12B1

- TS83 F SG 1 Out STM Temp
P936 Psig SG 2 Out STM Press, PT12Al
TS84 F SG 2 Out STM Temp
HXTl F Fluke Helios Extension Chassis inside 1/0 cabinet

'

External Heat Exchanger inlet Temperature
HXTO F Fluke Helios Extension Chassis inside I/O cabinetI External Heat Exchanger Outlet Temperature
HITI F Fluke Helios Extension Chassis inside 1/0 cabinet

Internal Heat Exchanger Inlet Temperature

I fluke Helios Extension Chassis inside 1/0 cabinetHITO F

External Heat Exchanger Outlet Temperature
TP01 F Ambient Temperature near Displacement Location 1
TP13 F Ambient Temperature near Displacement Location 13I TROI F Ref Temperature in PZR room - 595' elv
TR02 F Ref Temperature in hallway outside 0-ring - 595' elv
TR03 F Ref Temperature above PZR - 640' elv

I TR04 F Ref Temperature at bottom elevation - 575' elv
PSE1 Volts DC 20 Volt Power Supply
PSE2 Volts DC Backup 20 Volt Power Supply
CITI F Internal I/O Cabinet TemperatureI CIH1 %RH Internal 1/0 Cabinet Relative Humi ty

REZY Inches Reference String Potentiometer
CXTl F External 1/0 Cabinet Temperature,

CXH1 RH External I/O Cabinet Relative Humidity
C913 Percent Core Power
F210 MPPH Core RC Flow

|E F460 GPM HP INJ 1-1 Flow
:E F488 GPM HP INJ 2-1 Flow

F489 GPM HP INJ 2-2 Flow
F490 GPM HP INJ 1-2 Flow,I F712 MPPH RC Loop 1 HLG Flow
F713 MPPH RC Loop 2 HLG Flow

! F717 GPM RC Letdown Flow
| F782 GPM RCP Seal In Flow
. F783 GPM RCP Seal Ret flow

L769 Inches RC PRZR AVG LVL
P732 Psig RC LOOP 2 HLG WR Press, SFAS CH 2
Q613 MFPT 1 (Main Feed Pump #1 Trip)
0634 MFPT 2 (Main feed Pump #2 Trip)

- Q764 RC PRZR HTR SOURCE
Q810 RPS CH I TRIP
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Table A.l. Signal Identification (cont.)

IDNTFR/ UNITS DISCRIPTION

0818 RPS CH 2 TRIP
Q826 RPS CH 3 TRIP
0834 RPS CH 4 TRIPI T713 F RC AVG TEMP (120/920)
T724 F RC Loop 1 CLG Temp (0/700)
T733 F RC Loop 2 CLG Temp (0/700)

I T753 F RC Loop 1 HLG WR Temp, CH 1
T773 F RC PRZR PWR RLF Out Temp, RCl2-1
T774 F RC PRZR Spray Line Temp
T775 F RC PRZR Surge Line Temp

B T777 F RC PP.ZR Temp, RC15-2
T783 F RC Loop 2 HLG WR Temp, CH 2
T885 F SG 1 Out STM Temp
T901 F SG 2 Out STM Temp
XO38 T-G Haster Turb Trip
2768 Position RC PRZR PWR RLF VLV

I 2769 Position RC PRZR PWR RLF Shutoff VLV
Z771 Position RC PRZR Spray Line VLV, RC-10
L768 Inches Pressurizer Level
F738 GPM RC MV FLOW, Low RangeI F740 GPM RC MU FLOW, High Range
P725 Psig RC Loop 1 HLG WR Press, SFAS CH3
R79') Mwt Auctioneered N1 Linear Power

I T7F.1 F RCP l-1 Oschrg CLG WR Temp, RC4B2
Z//2 Position RC PRZR Spray Line VLV, RC2
2750 % Open RC MU CTRL VLV
L768 Inches Pressurizer Level

I
I

,I
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Figure A-1. Davis-Besse Data Acquisition Hardware Configuration
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FIGURE A-2. Instrumentation Locations at Davis-Besse Unit 1
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| Figure A-3 1

Thermocouple Positions
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I Note: Distance between adjacent thermocouples (T1-T2, T2-T3,

| etc.) is 1.79".
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