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EXECUTIVE SUMMARY

suppiement is to report on the re-evaluation of information

contained in Supplement 1 due to the changed analysis bases of section 8., Davis-

Besse Nuclear Power Station Unit 1 (DB-1), the only operating BAWOG raised-loop
requires a plant-specific evaluation which is summarized in this report
plant evaluat
nvolved comprehensi instrumentation. The
procedures,
new design
for the surge line to conservatively account for

thermal stratification, and thermal striping The evaluation

ling,

thermal striping incorporated the best ilable data to characterize

henomenor
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were summarized in BAW-2127,
Bulletin 88-11 "Pressurizer
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Tor the new design conditions has shown that the Davis

ne can meet its 40-year design te given the complietion of

modifications Detailed fini

te element analyses have been
surizer surge nozzle, on the surge line to hot leg nozzle.
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1.1 Background

The surge line in BAW 177 fuel assembly (177-FA) plant

ws

ncluding Davis-Besse
Unit 1, contains approximately 50 feet of piping which connects the nressurizer
lower head and the reactor coolant hot leg piping. During plant oneration, the

reactor coolant system ») 1s pressurized with a steam bubble in the

hus, the pressurizer contains saturated fluid while tnhe remainder

of the RCS is subcooled with temperatures cooler than the pressurizer fluid by

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 small outfiow from the pressurizer due to
ontinuou ninimum pressurizer oray flow
ue Lo aifferences in density, the reactor coolant can stratify in the horizontal
piping sections whereby the fluid temperature varies from top to bottom with the
warmer fluid located above the denser (cooler) fluid known as
"""." 4#,—’-5',: 0-‘(-1\ N ~—\‘ "(:{» '1»1"_-’3 ":U"":"C ".:".47‘"‘.‘ ;Su"';(e'
During an insurge or outsurge under stratified conditions, therma) striping may
CCur at the f'uid iayer interface. Thermal striping is a rapid oscillation of
the thermal! bhoundary nterfyact au by interfacial waves and turbulence
effect The original surge ne fatigue analyses performed for the B&W 177-FA
ptants did not a.count for therma tratification wt N causes additional bending
moment ir 'y‘.x [ D ng nny ~ ot“ analyse asc .o . v "’O’r"':".‘i ,u,.]i“(“ hf"‘ b
affe $ the &3'» e i T the nNeY urface f t’lr' Dipe
raer 1 rirm pressurize Irge ne integrity, the Nuclear Regulatory
! ] r ¢ NE r e1 P\ I er 1 Fressurizey “vq, L y‘;: fh‘.yryﬂ,\
tratificat ecember 2( Y88 nis bullet require ertain actions of
er =Y ' = ,-‘;',," na DI ¥ ."1 water rea t ’»w; The a cable
| are parapnrased De v
d At the first ava DIE shutdown afte receipt of the bulletin, and
w! N excees seven daday mauct a v ua pectior f tha pre urizery




Within four months of receipt of the bulletin, licensees of plants in
operation over ten years are requested to demonstrate that the pressurizer
surge 1ine meets the applicable design codes and other FSAR and regulatory
commitments for the licensed life of the plant, considering thermal
stratification and thermal striping in the fatigue and stress evaiuations;
or provide the staff with a justification for continued operation while a
1

detailed analysis of the surge line is performed that implements items I«

] {f necessary, obtain plant-specific surge line thermal and displacement
data Data can be obtained through collective efforts if sufficient
i aritie in geometry and operation can be demonstrated
d Jpdate th fatigue and stress analyses to ensure compliance with the
app able Code and Regulatory requirements within two years of receipt of
the Bulletin or submit a justification for continued operation and a
de ription of the proposed actions for effecting long-tern
resoiut r
A por tion of the ,‘\* Owners Gr Wwup pr ';:;-(5' was 7,!‘('('""?,“ 4 the Nutc :Pd" "{t':‘g"\jl(.i:("."\‘
Commissi Staff on September 29, 1988 and April 7, 1989. An interim evaluatior
BAW-208% jated May | { vided the staff with a Justification for near term
operatior for ;»;Aw of the operaiing f‘&ﬂ , FA ;‘-‘ﬁ“?‘, l‘*".""r.fh‘ﬂ e ’l, :"""5" Np/
ncluded that sufficient information had been provided to justify near term
peration for B&W plants unt the fir report could be completed (kaference 4)
The final report for the lowere p plants was completed and submitted to the
NF n Decemb 39 Dl ement to t! report, describing the piant-specit
dilg ¥ . ar ] DY ¥ g pa { 1 1 4.‘;' 1 Y 1 nueag :"’-’,‘1""" \ {
10V th re . i Vi B ¢ nit piant Wa bmitted 1 the NKI r
eptember 1¢ {Keterence M r rept 1 Lh¢ ame methodoioqy app § f
Reference Juest from the NR regarding these methods and the applied
analy wWere ANSWEre DYy Refe er ¢




The NRC SER, based on the lowered loop plant final report (Reference 1),
contained an open item regarding the analytical technique used to demonstrate
acceptable integrity of the surge line elbows. A similar open item was included
in the NRC acceptance of the JCO for Davis-Besse Unit 1 (Reference 12). As a
result, the B&WOG performed a shakedown analysis of the surge line and a strain
based fatigue analysis of all surge line elbows. The preliminary results were
presented to the NRC at a meeting with the B&W Owners Group Thermal
Stratification Working Group on January 15, 1992. The second supplement to BAW-
2127 summarized the results from these analyses to demonstrate the integrity of
the surge line elbows in order to resolve the NRC open item. This was accepted
by the NRC for the lowered loop plants (Reference 10).

This supplement summarizes the plant-specific evaluation for the Davis-Besse Unit
1 raised-Toop plant, and documents compliance with action items 1b, lc, and 1d
of NRC Bulletin 88-11. The method accepted for the lowered loop plants in the
second supplement has also been used in this supplement. The intent of this
document is to address the issues involved in the JCO for Davis-Besse Unit 1]
(Reference 12).

Supplement 3 replaces Supplement 1. The primary change between these supplements
is die to deferral of certain modifications (Ref 12). Time period T4, discussed
in section 4, has been extended for two refueling outages to account for this
deferral. This increases the number of cycles during time period T4 and
decreases those during time period T5. Table 4-2 shows the new number of events
for design transients considered in this supplement. The transient list and
description (Table 4-1) has not been changed. The additional cycles assumed for
time period T4 are based on conservative estimates.

1.2 Conclusion

Given the completion of the design modifications described in Section 8, the
surge line for Davis-Besse Unit 1 is shown to fulfill the 40-year licensed plant
life. The structural analysis of the surge line and associated nozzles has
accounted for thermal conditions (thermal stratification, thermal striping, and
thermal cycling) existing during the life of the plant. The highest cumulative

1-4



usage factor for 40 year. 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
econd highest cumulative usage factor for the 40 years of operation occurs at
the end of the nozzle taper of the hot leg nozzle and has a value of 0.8l.
Within the surage line proper, the highest cumulative usage factor is 0.76 and
occurs in the straight pipe n Ih ower horizontal run at the beginning of the
second elbow B on Figure 5-1] The cumulative usage factor for the

snubber stanchion

>




2 OVERVIEW OF B&W OWNER’S GROUP PROGRAM

The BAW Owner’'s Group Materials Committee report, hereafter referred to as the
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

kS

tural analyses required to assess the integrity

basis thermal transients and struc

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 1 raised-loop plant The

key elements of the program are as shown in Figure 2-1 of the main report except

ta is taken at Davis-Besse Unit |

2.1 Development of New Design Basis Conditior

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 plant operation, the surge
1 né nditions must be cai 111y considered from cold shutdown through heatup,
power ¢ alatior normal power operation, and COOICOW!
Thermal cycling is associated with coolant mass and temperature changes in the
reactor olant system (RCS) Therma tratification can occur in the surge line
only during moderate tc w flow rates through the surge line and may exist in
a steady state as well as in a transient conditior Thermal striping requires
the existence of thermal tratification The main report considers the
requirements for a quantitative treatment of these phenomena 1 subsection 2.1.
Davis-Besse Unit 1 was instrumented to record the thermal transients in the surge

ier operation, and plant
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|

cooldown., Surge line displacement instrumentation was also added to the surge
line. The Davis-Besse Unit 1 data collection process, described in more detail
in Appendix A, provided circumferential temperature measurements at several axial
locations along the surge 1ine in addition to displacement measurements for each

major displacement axis

provided a better understanding of those plant evolutions 1ikely to cause surge

1

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

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

p swer operation

As described in Subsection 2.1 of the main report, an important part of the
operating procequre review dealt with the potential upper bound for the

pressurizer to hot leg temperature difference as described in the lowered-loop
analyzis. For Davis-Besse Unit 1, the maximum calculated surge line top-to

bottom temperature difference is ?58F for the design transients, as discussed in

Subsection 4.5.1.2. The maximum surge 1ine top-to-bottom temperature difference
measured at Davis-Besse Unit 1 was 253F

¥ ] -} 'y 1 { -] £ " , . "
The relationship of thermal striping amplitude and frequency to the pipe fluid

nditions for Davis-Besze Unit 1 are based on the Battelle data as discussed ir
Subsections 2 and 4.3 of the main report The thermal striping data
orrelation permits the determination of striping characteristics for any given
irge line flow rate and imposed top-to-bottom temperature difference The
product of the thermal-hydraulic program is a8 revised set of surge line design
basis transient descriptions that account for thermal cycling, thermal
tratification, and thermal striping Design transients considered in the
nrev 1s desiagn basis for the urge line were modified to account for all three
thermal phenomena f design basis transients involving surges were considered
¥ Tt he eva ) ¢ r
Result )f the thermal-hydraulics part of the program consists of the input for
the tre analy ¥ the Y1 "ne + ‘ t he A { ,"v’r,"'r. e dt G&’f,"i’r'ffg‘




and the one-inch diameter drain nczzle connection at the bottom of the lower

A

tion of the program is described in the

horizontal run. The stress analysis

next su

2.2 Stress 5
The stress analysis procedure is essentially the same as that used for the

Towered-loop plants The first phase of the stress analysis involved building

a structural mathematical ntaining the pressurizer, the surge line, the

hot se] and the steam generator This structural

’.g;q the reactor ve

mathematica)l model was verified by using the measured surge 1ine temperature data

from the Davis-Besse Unit 1 heatup of June 1990 to predict surge line

dispiacement Th ted surge line displacements agree well with the

measured surge ne displacement see Subsection 5.1.4 and Figures 5-2, 5-3, and

5 dv\

The structura ading analysis was performed using the new thermal-hydraulic

dgesian ba and On gey "’;" potentia ur ne wh [ restraint ntertrerence

with the gar et at the as-measured conditions for each of the eight whij

restraint he internal f¢

loading analy and were u:

nozzlies associated with it

;11’ 4 {;" 01 n t O y i nag TNeE

perioc

The 48] . ) [ no { ¢ t h¢ QRE £Fadit r of ACMI r
d raance w t! N pu etir :*,' | wr n tates 1 Uk ahaly nouig De

perrormed ! 3 rd e wit the atest ASME ecti 111 requirements
pncorporating hige ycie ftat IT: , e recor ation wa erformed with a

review T 1The¢ urge ne stress ret 't TO7 avy He ¢ nit

Usinag the methot qe ribed upp lement 2 Reference 9) for the ¢ and
1M fiec Oons € ewhere n the ‘)"7’: ne d tre nter 1Ly ‘sd>JE"‘
tquatior af i ar nerma L re Ratchet) were ftour t be within the

allowables (taken from ASME Section 11l Appendix 1) To account for the

B




fatigue ana
v

fined in the new design basis, the surge line

3

ysis includes thermal stratification, pressure ranges between the

thermal stratification conditions, thermal striping, fluid flow and temperature

anges leading to through-wall temperature gradients, and the additional
alized stress due to the non-linearity of the top-to-bottom temperature
ofile
the NB-3600 fatigue analysis, all applicable surge line locations were
alyi including the drain 1ine nozzle and the snubber stanchion which were
onsidered as branch connectior The total cumulative usage factor is less than
0 at all surge ne location
! { 1 t heé tr tura analy | Lhe rge Nne Jescribed
tailed stress analyses of the pressurizer and hot leg nozzies were per
jemonstrate compliance with the ASME Code ection |
te element models were made of both nozzles and the thermal and pressure
resse were ca j1ateg using the reviseqg de gn Das transient descriptions
nput riptr yads actir n the nozzles were taken from the structural
lysis of the irge 1ine and were combined with the pressure and thermal
re t stress and (G‘-th afNad!yst were pertformed r d prdance wiih 'f't‘
0 rement of tt 141 - f the ASM! de ect r NB
361 Ik anaiyse demonstrate hat the umulative usage factor for each
+h







" 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 instrumented Davis-Besse Unit 1 surge 1ine and historical
operating data for olant heatup and cooldown events f~r Davis-Besse Unit 1
provide most of the bases for describing the design transients for Davis-Besse
Unit 1. A1l of the B&W piants operate in a similar fashion as described in the
main report; however, certain differences between the sets of design transients
for Davis-Besse Unit 1 and those for the lowered-loop plants havz resulted from
this evaluation. These differences are 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 differences discussed in Section 3.1. The analysis for Davis-Besse Unit
1 is addressed in this supplemental report.

The methodology described in the main report is generally applicable to the
Davis-Besse Unit ] analysis. This includes the correlation of stratification and
striping, Lthe synthesis of design transients, the structural modeling techniques,
the structural loading analysis, and the fatigue aralyses 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



Plant
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4 DEVELOPMENT OF NEW DESIGN BASIS FOR SURGE LINE

Instrumentation of

yis-Besse L 1 _Surge Line
specific thermal and displacement data for the Davis-Besse Unit 1 surge

were collected for the following reasons

The original Davis-Besse Unit 1 instrumentation does not supply suffic.ent
data for an understanding of the thermal conditions throughout the line.

Differences inherent in the design of Oconee it 1 and Davis-Besse Unit 1|
. | 4 " o , ’ 1 -

result in different thermal condition: for the two surge | 1ne

conf

The Irge lines have ‘ences n geometric layout, draining

arrangements, piping supports and restraints, and i1nsulation.

oach for data collection have been identical

is-Besse instrumentation programs The objectives of the

nstrumentation program have been to determine

The magnitude of the thermal stratification including the maximum top-to

bottom piping temperature differential

Variations in the therma tratiticaty with axial position along the

surae 1ine

The changes n  sSurgs line displacement 1t resulit ftrom thermal

(*Y'i' 4 "T“ y

he plant ope 2 4 r that e therma tratif atior Y D¢ and

'V‘MC temney 1 Y ! CDOT ¢ f T Nne¢ ¢ ¥ § né 1 er " r € ras ‘51:",,
emp a I v [ - 1Y g | i é | 1anges y !

To meet the nstrumentation package was installed
that has 1in 1 on the outside circumferer of the
urge line and 14 gisplacement instruments affixed to various parts of the line
The thermocoupls and daisplacement nstrument were cor cted to a data




b ]

acquisition 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 svstem. Details of the instrumentation
and the data acquisition system are included in Appendix A

The instrumentation package and data acqu tion system were installed in April

-

and May of 1990 during the Sixth Davis-Besse Unit 1 Refueling Outage (6RFO)
Data we-e recorded as the plant prepared for and went into its normal heatup in
early Jine. 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 potential thermal stratification Data were recorded throughout
the heatup, power escalation, and for several days near full power
4.2 Lorrelation of Surge | 1ne ',7:;“;;4«1‘:‘;":_"75\*
T ) . Q . . - . - 4 - e 1 .
ihe correlation uf the Davis-Besse Unit 1 surge ine temperatures versus piant
ndaitions paralieled that of the lowered OCp plants as descriped in Section
) N ¥ AL T " ¢ "~ 7 4 - S , y Nawu ¢ o
4.2 of the main report Measurements and methods P fic 1t the Davis Besse
analy S are described below
Plant "Lr‘;," rature Mea rement
ihe Davis-Besse Unit 1 surge line temperatures were measured at eight cross
ections distributed throughout the horizontal portiors of the line, as shown in
A 4 o 1
} ire A-: At X f these instrumented cross section 5, seven thermocouples
were distributed over the pipe circumference to provide uniform and ¢ omplete
vérage of the temperature profile acros the height of the pipe; top and
4 - § Dé + b n it ¢ Were i 3t t he on ¥ na tw 1 0y ¢ 10N
1Y ¢ ne temt i 1 wWers E £ a4t twenty econad terval through m f {
and ! 190 The r rement CHANT { % b $ | d n » Y
U y | £ ed £ Dd £ w ed 4 Q0100w DOwe
slatio and or 3t near full power ror ease of handling and analy
t he nterva 4 2 lm * ntinu iat fror 1 { ine the 11 b | lulvy were diy {qvl
nd ’?\r Fnl owing ’,“?. iata ot




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 !ine temperature, pressurizer level, core
power, primary flow rate, and reactor coolant pump power
June 10-18
e 10-18, ] data encompassed a heatup Initially was cold
surized with nitrogen Consideriry time zer as 0000 . on June
"‘-Hu' a pressurizer steam bubble waz est2ulished at about 20 hours Pumps were
operated briefly and independently for venting, between 83.7 and 3 hours
\ olant heatup was bequn at 122 hours using Z pumf third pump was
. idded at 146.5 h ! ind the f¢ th atl UZ hou
‘i’ x :4"3 :";“" a
The measuremen i JUNE &’ 3~
Iwo reactor coolant pumps 0f
actuated ntermittently hetweer
Dlanketed with nitrogen Dey 20
thy ",.y ] N 1Y 'r{;,’ TNe ;‘r. 17
awn pevyon ¥5h hours It reactor
briefly for ent1 } Detweer 110.4 ar 111.1 hous The heatup wa started at
23.3 hour ing Dumi a third Imp wa a ated at 140.5 hour . and the
{ th at 157 hour Spray was activated briefly at 165.3 and 175.2 hour
Minimun nt { { i f W wa nt rupted f 101 Ximately 1 nour tarting
" £Q P "
8
A reterencs t t 1me { ari hange piant ondit r ArE
referer ':v “‘ttr houy 3 the 4 4 :“‘{ t» j,)v | ¢ 4 \ r ney )
A




July 1-12, 1990 Data

The data taken during July 1-12, 1990 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 & 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 seruential 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 temparature
measurements.

The Davis-Besse Unit 1 surge Tine temperature measurements were processed in the
same fashion as the Oconee measurements, as described in Section 4.2.2 of the
main report. Interface 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 1 surge line correlations were developed in much the same
fashion as those of the Towered-loop plants, as described in Section 4.2.3 of the
main report. The major plant conditions affecting the surge line temperatures
were:

. Surge line flow rate (or pressurizer level versus time)
. System pressure (or saturation temperature)
“ Hot Teg 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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developed for the elevation of the thermal interface in the lower- and upper

elevation piping runs, as well as for the following temperatures

Top- and bottom-of-pipe, lower-elevation run
» ( f

i Top- and bottom-of-pipe, upper-elevation run
& Pressurizer nozzle (fluid)

Fach 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
eg-to-surge line nozzle was taken to be that of the top of pipe in the upper

ine the temporal extremes of

elevation run This temperature was used to

he top-to-bottom temperature

the hot leg-to-surge line nozzle temperature

difference in the upper-elevation piping was used to characterize the
stratification temperature difference at the nozzle
The pre zer nozzle correlation provided a direct estimate of the temperature
of the wozzle tTiuid rather than meta This correlation basically varied the
nozzle fluid temperature toward the temperature of the sorrce fluid in proportion
t ¢ t he volume f fluid displaced during a § The source fluid
temperature for an outsurge was the saturation temperature However he
temperature at the nozzle required treatment of the ft° volume of the lower
pressurizer which is located bslow the pressurizer heaters and may contain
ant below the saturation temperatury The urrent outsurge fluid
displacement was obtained by integrating the preceding surge line volumetric flow
rates The predicted rnozzle fluid temperature thus increased toward the current
¥
saturation temperature as the current outsurge displacement approached 200 ft~
insurge pr ctions were handled 1 two phases The first phase involved the
temperatures predicted for the lower-elevation piping; the scurce temperature for
the second phase was the hot-leg temperature. The associated fluid volumes were
5 ft* (approximately one-haif of the volume of the lower-elevation piping run),
and the total ne volume, 22.3 ft>. The outsurge and second-stage insurge
1 L C Ld Vv 3 £ £ . L i . VdL ! X : Y § J - ’ 4
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source temperatures were modified using rudimentary heat balances to estimate the
heat losses to ambient

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. After the original analysis,
Toledo Edison instrumented the pressurizer nozzle with thermocouples and took
data during the October 1991 heatup. This data has been evaluated and provides

confirmation that the correlation used is conservative and appropriate.

The correlations of pressurizer nozzle fluid temperature 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 1ine temperatures. The incremental changes of the nozzle fluid temperature
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

The resulting weighted rates of change tended to reflect those rates of change

which were large, persistent, and signi. icant for the stress analysis
The surge line outside-wall temperature measurements, and therefore the

correlations based on these measurements, reflected the thermal time constant of

the wall Temperature 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 a short duration event was the difference

between the pre-event temperature and the fluid temperature bas~d on the fluid

volume displaced during the event The selection criteria for short duration

11

events were as follows

Surge 1ine mass flow rate greater than 10,000 1bm/h (insurge or outsurge)




B y Duration { flow rates greater than one-half of the maximum flow rate)
X less than 12 minutes
- 3 Temperature changes greater than 50F
i
Th criteria were i»‘:'}f"';.{f‘-?_': such that .J4 events f)»‘ j_‘T(:](‘.:"".;J?‘::(; *’(‘”' stress Oy
fatigue were considered
4.3 __Thermal Striping
| %
Thermal striping in the Davis-Besse Unit 1 surge line was evaluated using the
ame correlations and technigues 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 1ine fluid velocity wa odified to account for
T the makeup system cycling experienced at Davis-Besse. This modified velocity has
been used whenever the makeup system s were placed in automatic. Then the
fluid velocity was required to be at least as large as the surge line velocitier
[ that had been observed (based on rates {zer level) during the
more extreme Cyc 1ic variations of pres: vel ol !T}' was used 1o
evaluate the Richar r umbe and he riping ampiitude; ar
ncreased veiocity obtained a ma er and a larger maximun
: triping amplitude
4.4 Review of Operational History
A review of the -'g"p":"""":: n \'("",' of the CEL!‘v‘“‘ [‘b"“..v’ unit 1 p ant was i\ﬂ"f‘u“""’é“j
in a manner similar to that performed for the lowered-loop piants Historicai
perating data were collected for plant heatup and cooldown events for Davis
Besse unit i ‘,," P ,‘_;,T 1 Were retrieved £/ 'J‘ of 4“ 'r’jf\;p‘ d"‘j ) o f 29
oldowr ending with the heatup from the 6th refueling outage in June 1990
The rece included hourly data for the pressurizer, RCS cold leg,
i and s ?_'(_‘r‘.{;w-.é‘ !'1(&'!‘:"15":’!1;}732‘} temperature and pressurizer level. The

data were sufficiently complete to characterize the Iimitin temperatures for RCS
. ¥

irizer heatup and cooldown for past operations with a high level of

onfidence This historical review provided substantial support for the
selectior of 1imiting temperatures for use in stress and ‘5"71311.’.. d(:d",yt,"




In combination with Davis-Besse data, data collected earlier for the analysis of
the lTowered-loop plant surge line were employed in describing the Davis-Besse
heatup and cooldown transient. Specifically, the lowered-loop plant data were
used in definition of the typical flow rates in the surge line as derived from
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 (l) inservice makeup pump testing, and (2) complete
interruption of pressurizer spray bypass flow. Certain design events were
deleted including HPI injection tests and miscellaneous pressurizer spray
actuations. The HPI 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).

The operating procedures for Davis-Besse Unit 1 were used as the basis for
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
events included in the heatup and cooldown design transients for

Davis-Besse Unit 1.

The design heatup and cooldown transient descriptions were generated based on
plant data as well as plant limits for the relationship between pressurizer
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temperature and RLS temperature C generate des gn transient
conditions for the surge line for past two sets of temperature
differential curves were used to ( sure a conservative representation overall

One curve represents the maximum differential 1ikely to be seen in any operation

experienced in the past by Lavis-Besse Unit | This maximum temperature
difference ve is configured to be strongly conservative, and to cover
those few heatups not covered in the recorded hourly data. The second curve is
onfigured to produce a more realistic, but still conservative representation of
the data This curve bounds 80 ;;b’".,'r"u"', of all the {’?H?t jata
A certain fractior have occurred with
nditions defined t remaining events
were evaluated on the bas f on of pla data
DY V ied by 1he Secong Ccurve
mum temperature fference (MTD rve bounds all the plant data with the
except n of three short operating period a few | rs) whict i auring
the actual heatup The overall maximun f::n;"vy,}",'& 1ifferentials for the ?*i\a!u;
vered by the MTD curve were not exceeded, however, the differences during these
hort periods exceeded a | portion of the boundin irve Dy F or less
These short periods are negligible in t sis, and the MTD curve used as a
A forry the geve!opment 1 aesiqgr 1 1 44 ngity onservative
epresentat i past perat r
' generating de ri r f fut £ 15149 neatup and oldown events, the
recommended operatir its for the pressurizer and RCS temperatures given in
ecti 8 of BAW-2127 were used with t added restriction that the maximun
pressurizer temperature be 1imited to 415F when the RCS temperature is below
1851 The RC temperature of 185F was selected sufficiently low provide
adequate flexibility for pressurizer operation; a more restrictive temperature
f as high as 230¢f 11d be justified based on a review of plant data but would
not provice the ame degree o0f perating flexibility
A




As a result of the review of plant data and operating procedures, the following
major differences were identified between operations at Davis-Besse Unit 1 and
those for the lowered-loop plants:

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 415F
when the reactor coolant temperature is below 185F as reflected in the
analysis.

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

3. The duration of heatup operations at Davis-Besse Unit 1 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).

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

4.5 Development of Revised Design Basis Transients
The revised surge 1ine design basis transients are listed in Table 4-1. These

redrfined transients comprise the bases for the reevaluation of the structural
integrity of the surge line piping and nozzles. Table 4-2 presents the design
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v aad ore g Ivo
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P [ Tp— / i P + W
For one f the design heatu transients the bounding variation of the
pressurizer-to-RCS temperature differential wa baseag Ipor the maximum
Pz { Yr 1 =1 dad e A ¢
temperature itterencs :M | urve wr h ‘fj )fht [ ant jata and 1
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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

The pressurizer surge l1ine flow rates were generated based on known, quantifiable
plant operations, or other flow rates based on typical plant data for pressurizer

level change versus time (for which the exact cause of the flow could not be

identified).

stem control of the pressurizer level was used to

A S1mu | d.L ion (‘,f “&"‘ -’T\\'ik e i

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 vaive to be repositioned to restore pressurizer level teo the setpoint.

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

@ Change or upsets n the net makeup volumetric flow to the RCS;

it tffects 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 change

in pressurizer level setpoint by the gperator;

® Effects of spray rate, either automatic or manua) spray operations (e.g
f : t! ressurizer to depressurize the RCS or for adjustments of
concentration);
® or adjustments of levdown to maintain both the level and
I{ flow rats

Based on a review of plant procedures, a 1ist of the operations in th plant that

potentially affect the surge line flow rate was generated lo the extent
possibie, the 'ikely 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 the net volumetric makeup and including additiona)

random” events, the pressurizer surge rates and pressurizer level
response were caiculated A number of random events were added to the simulation
¢ or ré i}do t'v $ "'i’ nu hovy * pye) -:!-:' Aagrees N“T' the ‘,“‘,,“5”:_# 1,5 "'#‘7,

Ex




change events derived from the plant data for heatup and cooldown operations.
The random flow rate events were characterized by a statistical analysis of the
plant data for pressurizer level changes.

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.
The maximum striping amplitude was correlated to the Richardson number. For a
given design transient, the thermal response of the surge 1ine 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 difference. The number of cycles
for each increment of striping temperature differences was calculated by
multiplying the frequency by the length of the time interval. The number of
cycles in each increment of striping temperature difference was accumulated as
the calculation progresses to arrive at a total for the entire transient.

For each piping location 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 Heatup Transients
4.5.1.1  Heavup Transient Descriptions and 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 1ife (past or future), (2) whether the pressurizer temperature
represents a bounding upper 1imit 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 as
follows:

c;{:;;:l Description Restraint Gaps

Tl 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

3 modification of snubber stanchion As measured gaps 6/82

clearance to west wall, 12/84, and
through 11/88

Time period 12/88 to time of
modification of gap clearances
T4 made during the month of 4/90 and ::dm:;;gred gaps 12/88
through the 9™ fuel cycle,

anticipated to end 9/94

18 Future events, beginning after Restraints gapped to
Refueling Outage No. 9 allow free motion

A set of two types of heatup events are specified for each time category, one
odd-numbered and one even-numbered design event type. Generally, odd-numbered
design heatup transients represent the generally bounding variation of
pressurizer pressure with RCS temperature, e.g., 1Al, 1A3, 1AS5, etc. Even-
numbered design transients generally represent variations of pressurizer
temperature that are more typical of the avaiiable plant data. Considered
together, these t-ansients provide a conservative representation for both
historical and futu.e operations.

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: (1) 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 operations in the plant.
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Variations of RCS temperature at the beginning of the heatup are based on typical
operating data for the plant he pressurizer temperatures and pressures versus

time that have

specifie each of the design heatup transients are based

on either the maximum a wable RCS pressure 1imit or the availab!

» plant data
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bounding RC pressure curve corresponding to the maximum
temperature differential (MTD) curve for RCS

' temperatures from 280F to hot, zero power conditions,

For Transient 1A2, 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 28B0F and (2) the typical variation with RC
temperature as obtained from plant data for RCS

temperatures from 280F to hot, zero power conditions.

A%
~
)
3
-~
—
>
(¥S

1/4 Time category 712 for Transient ]A3, 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 280F and (2)
a generally bounding RC pressure curve corresponding to
the maximum temperature differential (MTD) curve for RCS

temperatures from 280F to hot, zero power conditions.

For Transient 1A4, 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 280F and (2) the typical variation with RC
temperature as obtained from plant data for RCS

temperatures from 280F to hot, zero power conditions

ansients 1AS5, 1A6 Time category T3 -- for Transients 1A5 and 1A6, . 2 as
45. Transients 1A3 and 1A4 except the pressurizer conditicns
are based on plant data for the time spanning category
13 For RCS temperatures above 2B0F, the pressurizer
conditions for Transient 1AS5 are based upon the maximum

y temperature differential (MTD) curve
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Transients 1A7, 1AB Time category T4 -- During preparation of supplement 1
plant data were available describing the variation of
pressurizer pressure conditions for all heatup
transients in this time category; consequently, the
design transients were limited to one representative
type of transient, 1A8. (There was no need to specify
a bounding irve for conditions of pressurizer
temperature at RCS  temperatures above  280F,
corresponding to the odd-numbered, i.e., 1A7, transient
type.) The number of cycles of transient 1A8 has been
increased for Supplement 3 to account for additional
operation with this measured restraint gap
configuration. Due to the small number of cycles
involved, the use of the representative transient 1A8 is
considered appropriate. 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 temperatures from 280F to hot, zero power
conditions.

Transients 1A9, 1AI10 Time category T5 -- for Transient 1A9, the RCS
temperature at the beginning of the heatup is specified
as 70F, heating to 100F in 12 hours prior to 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 item 1, page 4-9). The pressurizer
temperature has been specified at a high value
(sufficient 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
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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 pressurizer temperature is based on the recommended
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.

The recommended operating conditions for allowable pressurizer tempe-ature
variation with RC temperature for future heatup operations, Transients iA9 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 Timited to 415F when the RCS temperature
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. The
total number of heatups for time category T4 has been increased based on a
conservative estimate provided 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 evenis 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 temperzture (even-numbered design
events). The total number of events for time categery T1 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 test operations, an equivalent of
seven additional heatup events has been included in the design numbers of events
specified for this time category.



4.5.1.2 Maximum Pressurizer-to-RCS Temperature Difference

A maximum stratification temperature differential was specified for three design
transient events to account for operating conditions during which the system
pressure and the pressurizer temperature may have reached the maximum allowed by
either (1) the RCS pressure corresponding to operation at the relief setting of
the Decay Heat Removal System relief valves at RC5 temperatures below 280F, or
(2) the strongly conservative MTD curve at temperatures above 280F. These
operating pressures were specified for Transient 1Al and the resulting maximum
therma) stratification in the surge line for this transient is 358F.

4.5.1.3 Boundary Conditions for Temperatures Versus Time

The variation of RCS temperature with time for the revised design heatup
transients is 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
such as (1) operations 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. For purposes of
simplification, the durations of each of the design heatup transients are
identical even though the average duration of the historical heatup events differ
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 transients is seven days,
or 168 hours. The transient is described for the operations ranging from 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
boundary condition on the surge line at the pressurizer are based on one of the
following: (1) the MTD curve for the RCS (for 1Al, 1A3, and 1A5), (2) plant data
(remainder of historical heatup transients), or (3) recommended 1imits for heatup
operations (future transients). The pressurizer temperature Vversus RC
temperature relationships for each of the various design transients for plant
heatup are described in Section §4.5.1.1.
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4.5.1.4_  Surge Line Flow Rates for Design Heatup Transients

Changes of 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 surge line flow rate and affects the thermal transients for the
surge 1ine 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 1Al through 1A10) is specified with the
same basic set of quantifiuble 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
categories of transients based on historical differences 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
quantifiable are the major events taken into account in the descriptions or the
design transients. These events include 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.

The 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
pressurizer level changes.

the following:
{8

Descriptions of the random flow events are based on

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
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eup control valve must control flow at low rates

ywressure. Under these conditions, the makeup valve

by opening of the valve and adding flow to the RCS
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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 also specified to include makeup cycling

and the associated thermal striping

For the design heatup transients, the pressurizer spray, when active, 1§

considered to be actuated in one of three modes, (1) manual actuation for

purposes of pressurizer voron equilibration, (2) automatic spray operation, and

(3) minimum continuous bypass spray. To describe the effects of large spray flow

rates, 1.e. cases of boron equilibration in the pressurizer or autouatic
actuation of spray, the spray flow rate componeit of the surge line flow rate is

specified When the main spray valve is closed the minimum continuous Dypass

\ 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 minimum continuous pray flow rate the stratification

rrelation model instead uses the number of operating RC pumps tc determine the
thermal response of the surge line; the bypass spray rate is not explicitly

a maximum flow rate

od B SRk
i to pa

f approximately 190 gpm for control of pressure transients which potentially

o .
might occur during plant power operation The valve is occasionally throttled
open during normal operations to adjust the pressurizer boron concentration For

the design heatup transients, pressurizer spray actuations are specified for the

vanual 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
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5.2 Cooldown Jransients

2.1 Cooldown Transient Descriptions and Number of Occurrences

Similar to the design he2atup transients, the cooldown events were described for

five different categories of operating times Categories Tl through T4 are

specified for historical events, and cate

y 15 for future events. Refer to

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

cooldown transient describes the plant operations and the thermal response of the

surge line during the power reduction from 8% power to hot, zero power and then

plant cooldown to refueling temperature, approximately 140F hot leg temperature.

rhe RCS sratures and pressurizer temperatures for the design cooldown
transients are shown in Figure 4-2 The descriptions of the design cooldowr

+

rans ients are essentially ident 1Ca excent 5;” t he pressurizer ?(‘m[ﬂ."dt‘ur{‘

ersus time and the associated spray flow rates required for spraydown of the

v
pressurizey For purposes of simplification, other parameters such as duratior
T cooldown temperature versus time, and sequence of events are essent ially
t! ame ftor the vario jown trar ent
act t 1me y «‘ﬁ'%}"'v ha ac ited with 4 ‘o‘, of two cofc ':f‘.%w? t"‘.'f"'.f ! \«!t"
the ooldown events differing only in the temperature versus time trace for the
pressurizer temperature The et nlant transients for time category TI
consists of design cooldown transients 1Bl and 1B2. The two types of transients
n each time category i.e.. odd-numbered and even-numbered transients, are
pecified to describe (1) a strongly conservative envelope based on 1y
bounding MTD 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 d gned 1 the LY ient tvpe with the r-if‘;”"l'-':" trace of pressurizer

ny

mpey ature :!w!' 73"1???1”!""\'1 event

assigned to the

om r 18 novee
ne rematning 85 percen

ransient described with the typical trace for pressurizer temperature (even

he design cooldown transients for Davis-Besse Unit 1 are described beiow
ransients 1B1, 1B: Time category Tl for Transient 1t the pressurizer
temperat ed [ a aenera y bounding X

e




-
pressure curve corresponding to the maximum temperature
differential (MTD) 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
below with the Decay Heat Removal System operating
For Transient 1B2, as discussed in Section 4.5.1.3, the
pressurizer temperature conservatively represents the
available plant data for RCS temperatures above 280F and
bounds all of the plant data for conditions with the
Decay Heat Removal System in operation below about 280F.

Iransients 1B3, 1B4 Time category T2 -- for Transient 1B3, the pressurizer
temperature conservatively represents the plant data at
RCS temperatures above 280F and bounds all the available
plant data at temperatures below 280F with the Decay
Heat Removal System operating
For Transient 1B4, 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

Iransients 1B5, 1B6 Time category T3 for Transients 1BS and 1B6, the
bases for the pressurizer temperature variations with
RCS temperature are defined to be identical to that for
Transient IB3 and 1B4, respectively. The bounding
envelopes selected for Transients 1B3 and 1B4 also bound
the plant data for time category T3

fransient 1B8 Time category T4 -- for Transient 1B8, the pressurizer

temperature bases are defined to be identical to that
for Transient 1B4, which are bounding for the plant data

of time category T4. (No transient is described for 1B7

|
b




for the same reasons as discussed previously in Section

4.5.1 for the design heatup events for time category

Transients 189, 1B10 Time category 15 for Transient 1BS, the pressurizer

» temperature is based on the recommended guidelines given
in Section 8 of the main report below about 280F with

the additional vrestriction that the pressurizer
temperature is less than 415F when the RCS temperature
is below 185F At RCS temperatures above 2B0F, the

specified pressurizer temperature bounds the available

* plant data for the entire operating history of the
plant

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 185}
4.5.2.¢ Boundary Temperatures as a Function of Time

Based on the available plant data, the time specified in the design cooldown

transients for cooling the plant and filling and depressurizing the pressurizer

72 hours The time durations for each portion of the design cooldown
] 9

transient have been estimated using the available plant data for the following

phases of the cooldown operatior

Power decrease from 8 percent power to hot, zeroc power,

Cooldown operations (with average RCS temperature decreasing)

RCS temperature plateaus during coo'down
RCS temperature below 200F with pressurizer hot, and

Pressurizer fill and spraydown at end of plant cooidown.

Similar to the original desicn transient for cooldown of the plant, the RCS
temperatures versus time for the design cooldown transients are defined over the
4-2¢k




range of operations from an initial 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
ant 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 fransients were developed based on the relationship of pressurizer

temperatwe to RCS temperature based on the plant data

Based or the available plant data, the plant cooldown frequently is terminated
without completely depressurizing and cooling down the pressurizer. For purposes

f determinir ]

ng typical values for the total duration of cocldown 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
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, Transient

For those historical cooldown transients where the pressurizer is cooled

to near ambient, the plant cooldown was considered to end when the temperature

» - g n et P - - . 4 mes = a nDr - 1 a =~ o . & e P " £n
difference betw:en the pressurizer and the RCS hot leg decreases below about 50F

4.2.2.3 _Surge [.ne Flow Rates for Design Cooldown Transients

The flow events for the design coc idown transients were developed in 3 manney
miiar to the methods used to describe the flow events for the design heatup

transients as Q1SCuUsse n Section 4.5.1.4

Uperations that were juaged to be s ignificant and guantit iable are considered the

maijor event t he accour *E‘N l:} ¥ the wr ""-3"» antc Y,‘;. f!dVE'Jf ?’1('W

response to each flow event is accounted for in the development of the

transients Surge line flow rates include the effec of operations to spray

down the pressurizer for either baror concentration adjustments or cooling and

gepressurizing the systen

Random type of flow events were added to ensure that the total number of flow
vents for the 1€ 1an transient pPropé¢ epresent the 1} 'N;\d‘ operating




ex

yth Davis-Besse Unit 1 and the lowered

perience Available plant data

oop plants were statistically analyzed to describe the flow events included in

The method used to characterize the random flow event:

i

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

ribe the flow events for the design cooldown transients

4.3. Other Des !
Plant sters for the original design transients previously described for
Davis-Besse Unit 1 for at hot conditions were generally retained,
however. the ions for transients were revised to include
the effects atifi and thermal siriping Existing
gescriptior of temperatures, pressures, and spray
remain unchanged f these original design basis transients. The set of
these transients originally described for operations at hot conditions was
rev ed ang expan ] mewhat 1 reflect t re: t of the review of the plant
operating history ar g procegures Also n some cases changes were made in the
numbers of events for the design transients to more appropriiteiy refliect the
Lypes ind freque € | Lanr peral r n the plant
Modificat s al adait ! t Lhe rigina set of fesign transients f
perations at hot nditions are discussed below Unlike the set of design
transients for the wered- loop pl the set of design transients for Davis
Hesse Ur { {03¢ ’ v de tt effocrt f testing Hi: atety yl!;‘.‘U'-,T Hfbj
tion check valve tests These tests do not produce any gnificant therma
transient n the surge line piping and nozzles because the tesis are conducted
VErY W Pre Ure e irizer temperature nt ambient), with the
e tor ve he¢ remove
5. 5.3.1 eratio 1d, Pressurized Conditior Transient 1C1
The t Lor al records for Dav Besse indicate a substantial amount of operating
time has accrued under conditions with the RCS average temperature at cold
ondaitior € approximately and the pressurizer temperature at
approximately 400i A cussed previously, in type of operat has occurred
naer nditions where the plant was maintained with an eievated 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 fo 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
ywer 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" .

4.5.3.2 Steady State Temperature Variations - Transient 13
The design transient for describing steady state operations at power was
redefined In order to properly reflect che operations under these conditions

which involve surge line flow and temperature oscillations caused by normal
control variations in average RC temperatures and makeup valve cycling, a
representative set of plant measurements of pressurizer level versus time was
used to characterize the surge line variations of flow rate. The plant data were
recorded during the time that the plant variables were being monitored to
determine the surge 1line temperature stratification parameters A

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

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

T

4.5.3.3 Pressurizer-RCS Boron Equilibration - Transient

s

002

Iransient 200 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.
e
L

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

e >3 S & + Th 4 ¢ n o o - " - P e : - . 9 ]
spray transient nis heater and Spray operation s normal Iy performed




approximately twice a week for a period of about eight hours for eaCh operatior

The number of boron equilibration events specified allows for these operations
biweekly over the 40 year service life of the plant, with an additional number
of design events included to allow for other miscellaneous, undefined, spray
actuations occurring in the plant

4.5.3.4 Total Interruption of Spray f Transient 20f
A minimum spray line flow rate is normeclly maintained in the plant when the
pressurizer to RCS ure difference is greater than about 250F, to minimize
the effects of thermal! transients on the pressurizer spray nozzle. Although
infrequent, this flow rate is duced to zero occas ly in the plant if the
spray isolation valve is closed. The surge line temperatures are affected by the
change in the fiow rate and the surge line temperatures are normally decreased
somewhat under conditions of zero bypass flow untii the flow is restored, causing
the surge line to be subjected to one thermal cycle for each interruption in the
niniTmumn ': W | L I l(“!}r' f ver { Tor ‘.‘i“( Q1 {W V;‘ b S ':"' 1Ti1en acs ‘)' td"-v;)iﬂj
past experience ir ating a frequency of e interruption every two year r
the plant
4 & . :', ervice H_f;'kw" 3 .‘i' ¢ Y 171 1ént ;“
I he lartey ¥ Insey VI1C¢ Mulr 1D Yumt “‘e S 1 1 NVI V€ Lhe tarting Hw’} running « a
stangby maxeup pumj for a nort pev d of time Upon starting the pumy t he
additiona makeup flow rate € 4 INSuUrg¢ nt the pressurizer I
nsurge and the f IoWIing action T estore the pre ir12¢ ievel I the d¢ red
etpoint produces a surge ne thermal transient he numbse f events of thi
LYDE Ve 1T1ed 7OV )t n purg - i
4 6 De ransient immary
f g ’!'? ;'J' ) £ of ¢ 1 Q! and f the ! < !“o S [ t ‘,“)"»_J‘E- t1ne ?'»
design transient were redefined t incorporate the effect of therma
tratif vt 10T nd ty iping The lesiar ’) ant heatur and ¢ idown transients foy
the surge line were ompletely edefined Certain other design tran 1S wWere
added or revised to more a rately reflect the actu: peratior n the plant
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fable 4-2 Jists 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
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 distribution 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.

Iwo columns are shown for the maximum significant striping delta-T The past
values pertain to the existing surge line configuration lhe future values

reflect Toledo Edison’s commitment to perform modifications to the surge line

4

supports configuration and

thermal insulation




able 4-] Surge Line Design Basis Transient List
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Table 4-1.

Surge Line Design Basis Transient List (cont.)

e
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e S,
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1A10 Time T5 - Trc Defined to represent typical
{ 8%FP, RC pressures specify future heatups
| P/T relationship - bounds
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i ~ e i
181 ! Time category 1] - 8%FP to | Defined to represent a bounding
| refueling temperature, P/T | cooldown based on least
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Table 4-1. Surge Line Design Basis Transient List (cont.)

Transient Transient Description
1D
8 Reactor Trip

Modification from Original
Transients (ODB - Original
Design Basi

A1l trips now included under
the category of type 8A, 8B, or
8C tranyients. Previousiy,
certair other trips were
specified separately.

Rapid Depressurization

Surge Line temps based on ODB
boundiry conditions.

10

Change of RC Flow Rate

Surge Line temps based on ODB
boundary conditions.

13

e

Steady State Temperature
Variations

Surge Line temps based on
typical plant data for RCS
temperature variations and
makeup vaive cycling.

14

Control Rod Drop

Surge Line temps based on 0DB
boundary conditions.

19

Feed and Bleed Operations

Surge Line temps based on 0ODB
boundary conditions.

20

Miscellaneous Transients

A new transient was
incorporated to describe
pressurizer spray and heater
operations used to equilibrate
pressurizer & RCS boron
concentrations. Transient 20B,
previously described as a
miscellaneous spray actuation
event, was deleted. An
additional transient was
included to describe the
g?mplete interruption of spray
OW.

Test Transients

A transient was added for the
Insgfgjggrﬂakgp- Pump Test,“
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Events Affecting Surge Line Flow
for Plant Heatup and Cooldown
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o
o
F3
w

(cont.)

Holding reactor coolant system temperature (e.g., at 250F for reactor coolant

acto
system chemistry in spec)

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

Opening spray line block valve (when reactor coolant system te
AANAL \
Z00F )
‘o | ~ ] r e Y
Ll ng letdown orifice manual bypa
- \ . , N Y 1 W \ ~ o 1 N C 0y rr *r 'S -
Adjusting makeup flow rate with increasing reactor coolant system pressure
' . - 4 ¥ imnr
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Performing steam generator fill, soak, drain operation: 300 400F)
Pressurizing reactor coolant system after steam qgenerator fil spak, drain
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) % ST
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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 demand in manual at <0.5%/min and reducing 3average
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
coclant 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 4-4
Summary of Results for Thermal Transient Parameters
(for lTower horizontal section of surge line piping)
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Table 4-4
Summary of Results for Thermal Transient Parameters

{cont.)
Max Cumulative Number of Max Signif.
delta T Significant Reversals at > AT

Stripingdeltal
Transient Reversal  _50/100/150/200/250/300/350/400 Past Future

TRAN19 62 4 - - - - - - = . .
TRAN20A 51 2/ « - = = s = . .
TRAN20C - - e = e e e . . . '
TRAN20D2 82 2/ - = = o+ e = 99 .
TRAN20OE 59 2/ - -~ = = = = = . .
TRAN2ZE 14] o/ & - ~ = s <« = 101 101
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Figure 4-1. Design Heatup Transient Temperatures
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Figure 4-2, Design Cooldown Transient Temperatyress
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5. PIPING ANALYSIS

5.1  Structural Loading 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 | 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 1ine for Davis-
Besse Unit 1 was performed using the computer program ANSYS (Reference §).

5.1.1 Mathematical Model

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 1 surge line is shown in Figure 5-1.

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)

The deadweight support, PSU-HI originally located in the upper horizontal pipe
at joint 36, has been redesigned and will be relocated to the lower horizontal
pipe at joint 21 during the 9" refueling outage. This 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
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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
modeled as a gap element. Before 1984, there were two snubbers located where
PSU-R1 is currently positioned, one on each side of the surge 1ine. 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 bottomed out spring support and
snubber interference were considered in the analysis.

$.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 "eguivalent linear temperature profile". Four non-linear
measured temperature profiles atl the outside surface were selected for the Tower
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 Tinear top-to-bottom temperature profile which produces the same
rotation as the non-linear temperature profile. Therefore, the non-linearity
coefficient is actually the ratio of the rotation produced using the actual top-

to-bettom 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
coefficient of thermal expansion was obtained for each non-linear measured
temperature profile with the modulus of elasticity and the coefficient of thermal
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ing on the pe cross-section Using the non-linearity

expansion vary

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

ant for the Towered-loop plants

(42

formula developed for the non-linearity coeffici
was modified to obtain a worst case profile for the Tower horizontal and a worst

se profile for the upper horizontal of the Davis-Besse Unit 1 surge line

on has committed to making modifications to the surge line insulation

n ' 4
in order to elim nate excessive heat losses in the surge 1ine. These
modifications are =xpected to result in stratification temperature differences
~qe line comparable to the Oconee measurements. Therefore, the more

concervative formula for the nor linearity ;iin¥'ff’r,iF_*Y'f which was developed f(‘Y'

' 1 . { o h sanelanti
t owered-loop plants was used for future transient
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analysis was performed using the non-linear effects of the gap whip restraints,
the restricted hanger travel, and the snubber/stanchion interference with the
wall (corrected in 1984). The surge Tine 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
cases were executed. These base cases were utilized to develop an iterative
interpolation scheme to obtain the forces and moments in the surge iine. This
method was verified by comparing ANSYS results to the results of the iterative

scheme for the same gap

and temperature conditions Thus, using a nominal

number of ANSYS non-linear base cases,

—

he resulting loads were determined for

-

all the temperature and gap conditions

0.8 Verification of NB-3600 Equations (€ 12

and 13, and Thermal Stress Ratcheting)
The Primary Plus Secondary Stress Intensity Range, Equation 10 of NB-3653
(Reference 6), exceeded the 3*Sm 1limit for 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-

bottom temperature differences in the surge line linked with high temperature
filushing 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

Ratcheting Equation of NB-3653.7. These verifications were performed using the

methed applied to the lowered-loop plants as described in Subsection 5.3 of the
main report and Subsection 2.5 of supplement 2 (Reference 9)

tquation 12 requires the calculation of the secondary stress range due to thermal
expa n and ympar n of the secondary stre the 3*Sm allowable
he secondary stress range of the Davis-Besse Unit line was calculated
from the thermaily adjusted internal forces and moments associated with the most
evere range of thermal stratification condition: The thermally adjusted

ernal forces and moments were the internal forces and moments from the thermal

tratification structura oading analysis multiplied by the ratio E_ JE, ...
. LIS Vi
. - =) : :
b was performe n accordance with NB-3672.5 he ratio E_, 4/E,..» Where £ ¢
colLe ¢ ’ colg
was taken at the ambient temperature of 70°F, was always aqreater than 1.0
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fquation 12 secondary stress was verified at every surge line location 1in

supplement 2 (Reference 9) by assuring shakedown

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

r
dual 4

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 (OBE). The surge 1ine does not

contain any material or thickness discontinuity Therefore, the third term of

Fquation 13 stress was equal to zero (no variation of modulus of elasticity and

-
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 | The maximum Equation 13 stress ratio to allowable was 55%
The maximum Equation 13 stress occurred at the beginning of the riser elbow in
the lower horizontal section of the surge |ine
he verification of Thermal Stress Ratcheting consisted of comparing the highest
occurring Delta T, range with an allowable value to be calculated in accordance
with NB-3653.7, where Delta T, range is the range of the linear through-wall
temperature gradients The verification of Thermal Stress Ratchet 1ing was
performed in the fatigue analysis of Lhe surge line described ir Section 5.4 and
was found to be acceptable (by at least 15%)
5 Development of Peak Stresse
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_Peak Stresses Due to Fluid Flow

The peak stresses due to fluid flow were calculated as described in Sesztion 5.4.1
of the main report These stressas are due only to the through-wall temperature
[f the peak stresses due to fluid flow were greater than the maximum
added to

n the fatigue analysis of the

graaients.

thermal striping peak stresses, they were the peak stresses due to

thermal stratification induced bending moments i

surge line as explained in Section 5.5 of the main report. The water temperature

ramp rates and fluid flow rates were used internal to the code which calculated

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

R&W standard film coefficient correlations.

A

of 4, for

found to

lowered a striping period 0 seconds

1 As 3 Iy . 9
iocatior jocations

he

welded and 0.5 seconds for remote from welds was

in t maximum possible peak stress intensity range due to thermal

striping These critical striping pericds were used to determine the maximum

ssible peak stress intensity ranges for the Davis-Besse Unit 1

erature variations on

( finite

culated through A

variations on the pipe

gradients were cal

the maximum peak stress

into the

ation

o

}r‘.'.

compari

‘ the

cribed in

reflects inearity the

referred delta peak

stress

for this the same as

was

element

culated u

values

striping
stress

l1sruhe

the mo

1

surge line. The

the pipe thickness as a result of thermal striping were

Gi metal

linear

the inside

analysis. ven
linear
NB-3653.2,

Film

thp
WIE

and non

sing the equations in

due to

given

thermal striping

correlations The "cut-sawtooth"

intensity ranges was compared with

experiments (See Section

on showed that the analyzed

measured wave forms

the Temperature Profile

the temperature profile were

main report This peak stress

temperature profile, usually

finite element model used

lowered-loop analysis.




The mode]l consisted of 27 rows of elements in the axial direction with each row
containina 24 elements going from the bottom to the top of the pipe, covering an
angle of 180 degree Boundary conditions were applied so that only half of the

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

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

maximum difference between the actual temperature profile and the equivalent

. " e ; il 212 ST
inear top-to-bottom temperature profile, delta
5.4 _ Fatigue Analysis of the sSurge LIng
e sacnneci 12 10N ¥ € nerfarme fo the Navics pri_p tr\l* ] surae j"‘i'
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i [ e 9 it
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futigue usage, the absolute values of the peak stress ranges from the following
contributions were conservatively added:

1. moment loading range due to thermal stratification,

- 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,

3. maximum of the peak stress due to thermal striping or the peak stress due

to fluid flow.

The calculation of the main fatigue usage of the elbows included the shakedown
and post-shakedown fatigue as described in section 3 of supplement 2 (Reference
9). The addition of the contributions listed above is very conservative, because
the assumption was made that the different 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 non-
linearity 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. No 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 fatigue
analysis and the fatigue usage was added to the main fatigue.

Thermal striping is a highly cyclic phenomenon which also induces an additional
fatigue usage. This additional fatigue usage was calculated and was simply added
to the main fatigue usage. Again, these two contributions to the total 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
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thermal stratification ranges, assumin2 that one OBE cycle will occur exactly at

the time of that most critical thermal stratification range. This procedure was

done for the future only, as it is known that an OBE has not occurred in the past

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

6 40-year pliant 1ife
In addition. a total number of 650 OBE cycles must be assumed for the 40-year

nlant 1ife As 30 of these cycles were considered in the main fatigue usage, an
e . . e . ’ > 3

additional fatigue for independently occurring OBE cycles was added to the
um of the main fatigue and the fatigue u due to the thermal striping
% e

£ Fatigque Analy Result tor the rge neé

The total fatigue usage factors for a 40-year plant ife (including past and
future fatigue) are listed in Table 5 Z A1l total fatigue usage factors were
‘ than the allowable of 1.C The highest cumulative fatigue usage factor was
0.76 and occurs in the straight pipe in the lower horizontal run at the beginning
f the second elbow from the pressurizer (elbow B on Figure 5-1). The highest
isage factor for an elibDOow wa¢ 64 and occurs in the first elbow (A} from the
pre er The fatigue usage factor t the stanchion was 0.26




Measured and Equivalent Linear Temperature Profiles

TERPERATURE
MEASUREMENT
LOCAT i ON
(SEE FIGURE A-2)

MEASURED
TEMPERATURE (F)

Ttop
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(SEE FIGURE 5-1)

EQUIVALENT LINEAR
TEMPERATURE (F)
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Table 5-2. Total Fatigue Usage Factors for the
Davis-Besse Unit 1 Surge Line

‘ §
: { Surge Line Maximum
Locations Usage Factor
Most
Critical ' 0.76
i  Straight sl A
\ ! Most ;
Critical 0.64
Elbow . " . |
. |
Drain w i
i Nozzle 0.17
|  Branch |
RS
£ﬂ§tanchioﬂljnw _0.26 |




Figure 5-1 Surge Line Mathematical Mode!
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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
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FIGURE 54 ; .
Comparison of Surge Line Displacements
For 6/13/9G at 03:29:59.9 hrs.
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n addition to the structural analysis of the surge 1ine described in 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

the design basis transients of Section 4.5. In addition, each nozzle is

the surce line itself. These 1oads have been

subjected to piping loads from urge

<

in Section 5 and the resulting stresses

taken from the piping analysis described

' .

have been combi th those from pressure and thermal! loadings
rery ‘u‘_“l('_‘\f !"\«;L i
following sections
wurai analys?

y
ine Strug

tigue usage for the sure

uUnit

The method used fcr the analysis of the Davis-Besse Unit 1 nozzle was
the same as that ostlined in Section 6.1 (main report) for the lowered
evaluation However, because of differences in transient
resulting external loads, and the experience gained from the

ons to the analytical method were made

ose modifications and summarizes the results




>

™

The geometry of the Davis-Besse Unit 1 nozzle is identical to that of the
lowered-loop plants shown ‘n 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 1 nozzle

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 data 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 by

0 evaluation, the thermal stresses frr the chosen base

case were used directly For the Davis-Besse Unit ] evaluation, the base
case thermal stresses were adjusted by the ratio of the transient AT-%to
t a ast ."

For the lowered-loop evaluation, the moments ed were based on the moment
set occurring at the time closest to that of the transient pv For the

Davis-Besse Unit 1 evaluation, the external 1oads at the exact time of the

transient pv are defined and This allows for a more accurate time

phasing of loads than was used (available) in the Towered-loop evaluation

e 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

VPavnal ad i
Lorretatior

In the calculation of the fatigue usage factor for the lowered-loop

plants, two separate usage factors were determined and then added

togethe: One value was the transient-to-transient usage factor which was

jetermined from the absolute maximum and minimum stresses from each
)




transient. The second value was the transient internal usage factor which
was determined for each transient based on all other transient stresses.

b |

For the calculation of the Davis-Besse Unit 1 usage factors, all pvs are
conservatively used in the transient-to-transient approach to determine

cne complete usage factor

~4

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

The analysis conservatively used the stress indices from NB-3600 (piping,

1

radiz] gradient stress is peak) for the as-welded condition and applied

)0 (components, radial gradient

them to the stresses as classified in NB-32(
B s secondary)

\ For the Davis-Besse Unit 1 evaluation, the safe end and safe end-to-eibow

weld were evaluated separately; this is in accordance with ASME Section

111. NB-1131., which states that the connecting weld shall be considered
nart of the piping The safe end was evaluated using the requirements of
NB-3200 (radia t secondary) without the stress indices of the
as-welded condition The safe end-to-elbow weld was evaluated using the
reaquirements of NB-3600 (radial gradient is peak) with the stress indices
of the as-welded conditior
he 1iten listed above provide a summary of the differences between the
evaluations of the Davis-Besse Unit 1 pressurizer surge nozzle and the lowered
oop surge nozzle of Section 6.1 (main repor and retain a conservative basis
for the stress and fatigue evaluations It should be noted that other
assumptions as 1isted in Section 6.1.4 (main report) remain valid for the Davis
v
Besse an2lysis 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
pressurizer surge nozzle




SUMMARY OF RESULTS

LOCATION FATIGUE USAGE FACTOR
| ACTUAL | ALLOWABL

| SAFE END-TO-ELBOW WELD 0.51

(STAINLESS STEEL) max
SAFE END 0.30 1.0
{STAINLESS STEEL) max

| NOZZLE-TO-HEAD CORNER
CARBON STEEL

In summary, the pressurizer surge nozzle, safe end, and safe end-to-elbow weild
meet the requirements for Clas: 1 components of the ASME code, Section [II, 1986
Edition with no Addenda for the iocading conditions identified in the Transient
Specification for the surge line.

6.2 Hot Leg Surge Nozzle

This section compietely replaces Section 6.2 in the main report. The purpose of
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-lecop 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
criteria for the evaluation were the requirements for Class 1 components of the
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.

6.2.1 Geometry
An axisymmetrical representation of a small segmert of the surge line, hot leg
surge nozzle, and hot leg is sho«~ 1 Figure 6-8 with an effective radius for the
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documentation of the surge line analysis. The stresses due to these moments and

'S |

forces are calculated using the ANSYS finite element code

6.4.3 Discussion of Analysis

In a typical fluid temperature spike, the trp 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
stress, 1t 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
iteration (time step) of the transient The ANSYS postprocessor "POST 26" uses

the nodal temperatures to calculate Deita-T’s between various locations in the

structure fables 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 siress 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
getermined at the critical sections using ANSYS and POST1]

Jue to the large number of temperature swings (peaks and valieys) associated with

the thermal stratification transients, it was not practical to evaluate each peak

and valiey 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

nstantaneous ramp rate for the top fluid temperature excursion in the stratified

(g2

nozzie, the top fluid starting temperature, the top fluid temperature change
(Deita-T) between a peak and valley in the nozzle and whether or not the RC pumps
are on or off. The temperature distribution and resulting thermal stresses for

each of the base cases were determined using the prucedure described above.

Parameters describing the actual transients identified in the design basis were




ysed to determine a representative base case for each peak and valley which will
nua approximate the actual transient The linearized and maximum thermal
stresses from the chosen "base case” were used directly for combining with

tant external force, and non-axisymmetric load

G

stresses due 1o pressure,

re 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 multiplying the stresses from the base case by the ratio of the
al pressure for the peak or valley from the design bases to the pressure used

in the pressure pDase case.

lThe stresses due to a axial load of 10° 1bs were determined using ANSYS The
axia yad tresses for each peax a valley were determined Dy ”'u"'; ying 1r
res s from the bast ase by tt rati £ the resultant force for the peak o!
lley trom the rge ne evaluat n 1 the force used in the base case
A 1§ ribed above the therma analysi {“ff,.'"t*‘ it i
assumes that the top fluid completely fills the n two
{imensional axisymmetrical temperature fields in the nozzle for the various
thermal transient The n to determine the additional stresses due
to rcumferential temperature gradients produced by the fluid stratification ir
the nozzie Ihi tresst ue 1 thi fluid ~tratification were conservatively
assumed 1 ccur at the time of maximum therme stresse iue to the radial and
longi1tud 1 temperature gradient
The stresses due to thermal stratification were determined for six base cases Dy
USE f the ANSYS harmonic element STIF | element two
{imensional modeling of an axisymmetric structure with non-ax oading
In the case being considered, the non-axisymmetr loading i rature
field in the nozzle which vari¢ n the circumferential direction as well as In
the radial d axial! directions The ses due to a circumferential
temperature gradient are independent of the radial and axial gradients. These
tresses are primarily a function of the temperature difference between the top
nd bottom f i1 and the transition zone between the two fluid temperatures




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
valiey, respectively. The transition between these two temperature fields was

1inear over the same 1" height of nozzle that contains the fluid

assumed to be
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 cCase
circunferential temperature gradient could be determined by subtracting the
steady state stress due to the radial und arial 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
were used in the axisymmetric load)
The thermal stratification stresses due to the circumferential temperature

gradient for each peak and valley were determined by multip’ying the stresses

from the appropriate circumferential temperature gradient base case by the ratio

o of the actual stratificaticn Delta-T for the peak or valley from the design basis
to the Delta-T used in the stratification base case (200°F).

¢ \ Y. " P - 3
sses for two base case nozzle bending moments of 10° in-1bs (MY and MZ) were

0 determined by using the ANSYS harmonic element. STIF 25. The bending moment
stresses 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

cuyrge 1ine evaluation to the moment used in the base case.

Shear stresses for a base case nozzle torsion load (MX) were calculated by hand
. T s . 19
for a unit load of 10° in-1bs The shear stresses for each peak and valley were

determined by multiplying the stresses from the base case by the ratio of the

torque for the peak or valley from the surge 1ine evaluation to the torque used
in the "“(‘.:," case




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.
The results are given in Section 6.2.9.

6.2.4 List of Assumptions/Inputs Used in Analysis

i.

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 2D finite element model.

a. The 3D structure can be approximated as a nozzle attached to a
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 temperature
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
a thermal peak and valley, respectively. The transition between
these two temperature fields is assumed to occur over the same 1"
height of no.zle that contains the fluid interface zone between the
hot and cold fluid. This is a conservative assumption since heat
conduction 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 stresses.

The outside of surge line nozzle and hot leg are assumed to be fully
insulated (no heat loss).

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.

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 and 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 *he nozzle

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

1.e., there 1s no mixing at the entrance to the hot leg).

] The outside nozzle surface temperature and maximum rate of change

for each PV, as predicted in the design basis, is also assumed to be

4

d temperature and ramp rate. This

representative of the nozzle flu

1S an appropriate assumption for the mujoritv of the PVs, however,

it is slightly unconservative for some short duration transients

.
v

‘ (1.e the outside metal temperature would not see the total fluid
4 1§ :;1&‘1591,!‘ ’d"i’"
: he transient strecses ar nservatively assumed to apply to al
iNGg1es arounc the nozzie ar Pot Just t the regions n contact wite
the top (hot £l d
9 ne temperature excursions predicted for the surge line upper
norizontal run are a med to be applicable for the hot leg nozzle.
The OBE seismic events are assumed to occur at steady state conditions and
not at the point of maximum or minimum transient stress tven if an event
were to occur during a time of maximum transient stress, the effect on
tatigue usage for only one occurrence of OBE would be minimal.
- C v " ! 4 . ” -
B.2.0 } alysis of Axisymmetric Load

An axisymmetric heat transfer analysis using the finite element code ANSYS was

performed to obtain the tempe:
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surge line nozzle and

hot eq ithe therma transients evaluated are those specified in the design




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.

The finite element model of a small segment of the surge line, surge nozzle, and
hot leg is shown in Figure 6-9. These components are represented by
isoparametric quadrilateral thermal elements, STIF 55. The required inputs for
this element are four nodal points and material properties: thermal conductivity,
density, and specific heat.

6.2.5.1 Selection 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 difterent peaks or
valleys per heatup or cooldown transient. The fluctuations include temperature
changes (Delta-T) with magnitudes ranging from approximately 40 to 400 degrees
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 ar "base cases" and were selected to insure all peaks and valleys are
enveloped.

6.2.5.2 Thermal Boundary Conditions

The thermal boundary conditions consist of convective heat transfer at the inside
surfaces 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 difference in temperature between the metal surface
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 surface-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
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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.

| REGION | FILM COEFFICIENT (BTU/MR-FTZ-F)
| FREE FORCED |

NOZZLE 140 400

The outside surfaces 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 pipe.

1 f 1

The results of the thermal analysis are in the form of noda) temperatures. These
nodal temperatures were read into the thermal stress analysis and provided the
mode] with the axial and radial thermal gradients that produce the thermal
stress. The times at which the maximum gradients occur were used for 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 fifteen pairs of
nodes were used to examine the thermal response (Delta-T) of the structure. The
locations of these 15 node pairs are shown in Figure 6-11. Figure 6-12 shows the
temperature contours at an extreme Delta-T time point of a typical fluid
temperature spike.
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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° 1bs).

6.2.6.1 Description of Finite Element Model

The finite element mode! used for the thermal analysis was also used for the
stress analysis. The only difference between the two models is the element type
designation. The STIF 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 adjacent
hot leg pipe material. The end of the surge 1ine segment was assumed to be free.
The location of this free boundary condition is sufficiently remote frem 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.

ion ient Ti

As stated in Section 6.2.5.3, the selection of transient times for use in the
stress analysis 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.
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6.2.6.4 Finite Element Stress Results

The results from the ANSYS 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 ANSYS postprocessor POST 11.
POST 11 performs stress linearization by converting the non-linear through-wall
stress distributions into the stress components required for an ASME code
evaluation: membrane stress, bending stress, and peak stress. The pertinent
information about the linearization methods and detailed input is given in
Section 6.31 of the ANSYS users manual. Twelve stress classification lines (SCL)
were selected to evaluate stresses in the various regions of the model. The 1ine
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 1limit for the range of
primary-plus-secondary stress intensities (3Sm limit).

In addition to the linearized stresses each "base case" also contains maximum
stresses. The maximum stresses represent the stresses at the surface of the
component and are given in tne ANSYS 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.

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.

6.2.7.1 Description of Finite Element Model

The finite element stress model used for the axisymmetric loads was also used for
the stress model for the non-axisymmetric loads. The only difference between the
two models is the element type designation. The STIF 42 element was replaced
with a harmonic element, STIF 25. The required inputs for this element are four
nodal points and constant material properties: coefficient of thermal expansion,
modulus of elasticity, and Poisson’s ratio.
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6.2.7.2 Structyral 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 Load Step Data

A harmonic element mode) requires the load to be input as a series of harmonic
functions (Fourier series). The ANSYS preprocessor PREP6 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.
These stress modes were then combined using the ANSYS postprocessor POST29. The
unit (10® in-1b) nozzle bending moment was applied as described in Section 2.28,
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

The stresses output from POST29 were linearized at critical sections of the
model. The results were then combined with linearized stresses from other loads
ana compared to the ASME code allewables 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 3Sm. 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 strasses 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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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 with
the maximum stress range, and the resulting Ke factor for the maximum stress
range when the linearized stress range exceeds the 35Sm 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 1inearized stress and fatigue 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 surage nozzle evaluation is given in the
following table. Although the 3Sm limit is exceeded for both the carbon steel
and inconel, the requirements of the ASME code were satisfied by perfurming a
"Simplified Elastic-Plastic Analysis" as defined in Subsectinn, NB-3228.5 of the
code.

SUMMARY OF RESULTS, HOT LEG SURGE NOZZLE

T R I D I I R S I NI

FATIGUE USAGE FACTORS
ACTUAL ALLOWABLE

LOCATION

NOZZLE-TO-SURGE LINE WFLD
(STAINLESS STEEL)

NOZZLE-TO-SURGE LINE WELD 0.32
(INCONEL )

END OF NOZZLE TAPER 0.81
(CARBON STEEL)

riNOZZLE-TO-HOT LEG CORNER 0.77
CARBON STEEL

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 III, 1986 Edition
with no Addenda for the revised design basis transients discussed in Section 4.5.
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Table 6-5. Stresses and Fatigue for a Typical PV at the End of the Nozzle Taper

SECTION NC. 7 AT THETA = 83. DEGREES FO2 THE OUTSIDE SURFACE
TMAX TMIN 2"SM SY £ ALPHA 50
{F} {(F) (psI} (PSI1) (psi} (IN/IN/F)  (PSI]) {psi)
417 116. 65208 30511. 0.2763C+08 0.6791E-05 76745, 117314,
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LOAD
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PRESSURE
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MINUS RAGIAL GRADIEWT,

TOTAL
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TRANSTENT '
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6n*
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Lun, Y5O DN NAMS
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GOV
GBYM

GAPQ
DT = -85.5 F
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GAPL

o = -29.1 F

0.

sevoo

UNEARIZED-—- - -
¥z

SY Sz
-89. -28.
225. 316.
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SY Sz
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THE FOLLOWING STRESS RANGES INCLUDE 1.25 TIMES

COMPONENT STRESS RANGE
PRINCIPAL STRESS RANGE
STRESS DIFFERENCES

PL + PB + Q - THERMAL BENDING =

-76745.
41261

0.

0

76582
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43579
PSI

........ -LINEARIZED
SX
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KE SA
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1.354 86218.

5.
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U
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5X

0.
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cocoe
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Figure 6-8. Geometry of Hot Leg Surge Nozzle
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Figure 6-9. Finite Element Model of Hot Leg Surge Nozzle
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//-..\ »-._\‘
&

-~ SN

S’ S N

e .

7
{ ¢
¢
11

&% €

DELTA~T

T st e

Location of Delta-T

Values

:
”
mw
~N
™~

LOCATIONS
are radial Delta~T

are axial Delta~T



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 Bulletin 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.

1t was determined that the lowered-loop plant configuration and plant operations
are suffi-iently similar for a generic development of the design basis
transient. 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 reguired its own
instrumentation and a separate, plant-specific, set of design basis transients
because of inherent differences in its design. These differences are discussed
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 line design basis transients accounting for plant evolutions
affecting the surge line for the 40 year design life of Davis-Besse Unit 1 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 resuiting internal
forces and moments were applied for the fatigue stress analysis of the surge line
and the associated nozzles.
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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 A1l resulting stress intensities were

chown to be within their allowable limits. As a vesult of the fatigue analyses,

he cumulative usage factor is less than 1.0 at all locations of the surge line

—

- s ws Y7 ¢
and 11s nozzies

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 Line Component i Usage Factor
| ; | (40 year Life)
— Semc— p— - - - S— - - adhesane

1
: (P K 7 B
i |
| Straiaht Pioe Section 0.76 ‘
S alght ripe oection SNSRI 74 SIS -
I - ‘ 0.17 !
- - g - T ,.‘.;4}
1 0.26 }
- o, Bl . ——
! 4 & A ;
I, - + eesamanastme— - - o

| 0 |
L R S ==
n view of the nservatism a imuiated 1n the synthesis of the design transients
a n the analy of resultant tresses., tnese ftat igue usage values [v-"(w“x‘flé"
a rance that the 40 year licensed 1ife of Davis-Besse Unit 1 will be metl with
A eptabie mar n t accommodate norma variatior n opey ation




BASES FOR THE DAVIS-BESSE 1 ANALYSIS

———_
o
o
b -

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

The thermal stratification fatigue stress analysis was based on the following:

st operations, limitations to motion from supports, restraints, and

’

snubbers were identified

taken into account The following were included in

xterna L ings
4
" Restraint clearances with the restraint structures an? the secondary

concrete wall were taken into account throughout the history of operation

These restraint clearances were evaluat

d and extended unchanged from the
1 %

last measurements until the 9th Refueling Outage (SRFO) After 9RFO, the

analysis assumes that no interference with other structures will occur

w An interference between snubber PSU-R] tanchion and the D-ring wall
resulting n failure of the snubber occurred in 1984 The interference
mensions were taken into account in limiting surge line displacement for

all heatups and cooldowns until redesign of the snubber and elimination of

potential interference in 1984.

# 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.

L] Limitations on surge :ine

by reaching the hard stop

|

aken into account for a;‘ traasients




to the 9RFO After 9RFO, modifications to the spring support will

eliminate this limit to displacement This will be performed by moving
the hanger position from the current location, upper horizontal near the
riser, to a location near the riser elbow in the lower horizontal piping
run where there is more working area. The new location will use a spring
hanger which will accommodate the worst case thermal displacement of the

ne at this point

w 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:

'he surge line insulation and restraint impact collars result in increased
neat ioss, particularly noticeable in the lower horizontal run of the
urge line as the plant temperature increases

2 'he makeup pumps during the heatup following the 6RFO 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 of
flow in the surge line during most of the heatup

'he results of these observations were taken into account in the analvsis in the

folTowing manner

& The thermal responses due to makeup valve cycling measured following the
6RFO 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




@ Similarly, the measured temperatures representing the heat losses through
the thermal insulation in addition to potential cooling efrects from the
PORV inlet drain were taken inlo account extending through the 9RFO.

" Also, for transients following the 9RFO, the stratification temperature
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 Jlowered-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.

. The top-to-bottom temperature profiles on the Davis-Besse surge 1ine have
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 1ine 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 9RFO.

Toledo Edison has committed to making the plant modifications necessary to ensure
the validity of the bases stated above for future transients in terms of
structural and support interferences and insulation.

Toledo Edison will monitor the surge 1ine temperature following the restraint and
insulation modification to confirm that surge line thermal response adequately
supports the conclusion that :itriping fatigue does not challenge the full 40-year
licensed 1ifetime of Davis-Besse Unit 1.

Cperating Limits

The generation of the revised Design Busis 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).
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The heatup and cooldown Design Basis transients defined for future operation will
remain conservative it the RCS pressure is 1imited in accordance with Figure 8-1
fhe curve shown in Figure 8-1 is a composite of various subcooling 1imit curves
that vary over the range of RCS temperatures. The operating procedures at Davis
desse have been revised to maintain pressure and temperature during heatup and
cooldown operation to the right of the selected maximum allowed subcooling
fimits (The curve shown is similar to that developed for the lowered loop
plants except that a somewhat more restrictive 1imit of 280 psig has been placed
on the pressurizer pressure when the RCS temperature is below 185F. This Timit
consistent with the normal plant operations since the pressure is normally
limited in this range of temperatures to avoid 1ifting the Decay Heat Removal

relief valves, which provide protection against overpressure at low RCS

temperatures. )

meel the pressure limit specific for heatup in the temperature range 70F to

OF, preheating the RCS has been recommended fThis may be accomplished by

throttling back on the decay heat system cooling water (1.e., component cooling

water) and/or bypassing reactor coolant flow around the decay heat remova! heat
exchanger Th> availability of decay heat and the requirements of the heatup
chedule will dictate the capability of maintaining the recommended P/1 profil
prior to achieving the conditions necessary for starting an RC pump The fatigue

evaluation was performed on the basis that 85% of the heatups for the remainder

)f the plant life can meet the recommended limit shown oy 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

it lower RCS temperatures (path ABEN in Figure 8-1 ) when core decay heat is not

adequate for raising R( temperature rhe fatigue evaluation was performed on the

i ¢ 18% ~ ¢

basis that 15% of the heatups for the ‘emainder of the plant 1ife will follow

this heatup path In summary, future heatups were divided into path CDEN (85%)
and ‘,‘:‘i'r AF"?"‘ Ixc)%




Figure 8-1. Surge Line Operational Limit

DB-1 10 EFPY

C tor the Surge Line

Press Temp SCM |

>

E

;
22 |

500 | 980 |

ay

86.0 ' 300

1-4

1000 « 300

RC Pressure, psig

I
il

1150 | 300

| 1850 230

1850 | 250

| 2150 | 2%0

b4

“TITOMMIo|IO®

{

MIRIRISLIL L

3100 | 200

K 1000 3485 200

3800 | 200

4220 | 200 |

2200 ' 4505 200 ' |




9. REFERENCES

BAW-2127, Final Submittal for Nuclear Regulatory Commission Bulletin 88-11
"pressurizer Surge Line Thermal Stratification.” December 1990.

NRC Bulletin 88-11, "Pressurizer Surge Line Thermal Stratification,"”
December 20, 1988.

BAW-2085, "Submittal in Response to NRC Bulletin 88-11, Pressurizer Surge
Line Thermal Stratification," May 1989.

NRC Letter dated May 18, 1980, J. T. Larkins to M. A. Haghi, "Evaluation
of Babcock and Wilcox Owners Group Bounding Analysis Regarding NRC
Bulletin 88-11."

"ANSYS" Computer Code, Versions 4.l1c and 4.3. Engineering Analysis
System, User’s Manual Volumes I and II, Swanson Analysis Systems, Inc.

"ASME Boiler and Pressure Vescel Code," Section I1I, 1986 Fdition with no
Addenda.

J. B. Truitt and P. P. Raju, "Three-Dimensional Versus Axisymmetric
Finite-Element Analysis of a Cylindrical Vessel Inlet Nozzle Subject to
Internal Pressure -- A Comparative Study," ASME Pressure Vessel and Piping
Division, Paper No. 78-PVP-6.

BAW-2127, Supplement 1, Plant-Specific Analysis in Response to Nuclear
Regulatory Commission Bulletin 88-11 "Pressurizer Surge Line Thermal

Stratification" Davis-Besse Nuclear Power Station Unit 1, September 1991,
B&W Owners Group letter number 0G-970.

9-1



10.

il

12.

BAW-2127, Supplement 2, Pressurizer Surge Line Thermal Stratification for
the B&W 177-FA Nuclear Plants, Summary Report. "Fatigue Stress Analysis of
the Surge Line Elbows”, May 1992.

NRC Letter dated September 16, 1993, Joseph W. Shea to David N.
Miskiewicz, Subject: Safety Evaluation for Babcock & Wilcox Owners Group
Report BAW-2127, Supplement 2, “Pressurizer Surge Line Thermal
Stratification for the B&W 177-FA Nuclear Plants".

Responses to Muclear Requiatory Commission Questions on B&W Owners Group
Report BAW-2127, FEinal Submittal for Nuclear Requlatory Commission

Bulletin 88-11 "Pressurizer Surge Line Thermal Stratification”, October
1991, B&W Owners Group letter number 0G-961,

NRC Letter dated November 6, 1991, Jon B. Hopkins, to Donald C. Shelton,

Docket No. 50-346, Subject: "Pressurizer Surge Line Thermal
Stratification, NRC Bulletin 88-11 (TAC NO. 72128)".

9-2



10. DOCUMENY SIGNATURES

R 3 gf,jZZ ?gd L /a/as /93
K' F. Bratcher, Engineer Il

Material & Structural Analysis

¢ Gt 12/22/73
D. E. Costa, Principal Engineer
Material & Structural Analysis

A4 W o 12/22/93

G. L. Weatherly, Prlhcipal Engineer
Material & Structural Analysis

This document prepared by:

This document reviewed for technical content and accuracy by:

Wl S Mooy I Tan T#

W. D. Maxham, Supervisor
Material & Structural Analysis

”7

y) - Pre/g2
J§ R. Gloudemans, Advisory Engineer
Performance Analysis

Wl rfinfas
G. L. Diehl, Lead Engineer
Plant Engineering

Verification of independent review:

-~ pes | P
VA o
i C&Zﬁ&u [ 7. 9¢
K. E. Moore, Manager
Material & Structural Analysis Manager

This documen: approved for release: ) :
mﬂ /"7"7¢
F

. Domaleski, Program Manager
Engineering & Field Services

10-1



B PO e

APPENDI

X 1.

A. Surge Line Data Acquisition at Davis-Besse Unit 1

CONTENTS

Thermocouple Fabrication and Qualification . . . . . . . . . . ..

Displacement Transducer Description

----------------

Data Acquisition System Description and Cperation . . . . . . . . .

General Description of Data . . . .

................

)bl)).
SsWwwrn



Davis-Besse Unit 1 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 Qualification

The thermocouple assemblies and associated extension wire assemblies required for
instrumenting Davis-Besse Unit 1 were fabricated by BAW Nuclear Service Company.
Thermocouple assemblies were fabricated from ANSI Type K, 20 gage solid Chromel-
Alumel commercial grade assembly wire having parallel conductors individuaily
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 plugs with integral cable clamp were attached
to the ends of the thermocoupie wires opposite the hot junction. Thermocouple
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.

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
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 1F 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.
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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 criteria
at all test conditions for qualifying surge line thermocouples.

2. Displacement Transducer Description

The displacement transducers manufactured by Celesco Transducer Products, Inc.,
(Mode! 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 spring 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.

iti ipti

The schematic in Figure A-1 depicts the general interface of components which
msake up the data acquisition system. The system included a Fluke Helios
mainframe controlled by a host Compag computer utilizing LabTech Notebook
software which was configured to receive the desired data. The computer and
Helios mainframe, which were located in the Davis-Besse Unit 1 contrel room,
interfaced with a remote Helios extender chassis housed in an instrumentation
cabinet located in the reactor containment building near the pressurizer surge
Tine. 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 and
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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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 1ine were noted. The operator and unit logs have
been obtained to assist in associating plant operations to surge line transients.

4. General Description of Data

The temperature and displacement of the surge 1ine were monitored, as well as the
reactor coolant system (RCS) conditions. A 1ist 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. A1l locations
contain a thermocouple at the top (T1) and bottom (T7) of the surge 1ine. 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 ty axial location and the measurement direction as follows: 01ZY
denvtes the potentiometer which indicates the Y direction movement at location 1.

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 ASCI] format and transferred to the BWNS HP9000 Series 800 computer
where the data was processed into functional information (plots, calculations,
etc.).

A-4



Table A.1. Signal Identificat*ion

DESCRIPTION
Loc:tion 2 Position 1

E

0271
0272
0273
0274
0275
0276
0277
0371
0372
03713
0374
0375
0376

03717
0671
0672
0673
0674
0675
0676
0677
0971
0972
0973
0974
0975
0976
0977
1271
1272
1273
1274
1275
1276
1277
1471
1472
1473
1474
1475
1476
1477
05T1
0577
1071
1077
MI1T4
M2T4

WwrponMNNN
POt IR WM

etc.

-_,TTTTTITTTMTITTTTTTTITT ™M

Location 9 Position

L

MM WWYWYOOY
P bt =3 O U B LD DD

2 = = = 3 = =

etc.

Location 5 Position 1

n 5 " 7

r 10 b i

. 10 " /
Mirror Insulation Temperature Location 1, Thermocouple Pos.4
Mirror Insulation Temperature Location 2, Thermocouple Pos.4

MMM T T T T M T T T T T T T T T YT T T T T T T T T T ™
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Table A.1.

IONTER/UNITS DESCRIPTION
DI1T1 F Decay Heat Drop Line Location 1,
niT2 F Decay Heat Drop Line Location 1,
D173 F Decay Heat Drop Line Location 1,
D271 F Decay Heat Drop Line Location 2,
D371 F Decay Heat Drop Line Location 3,
D312 F Decay Heat Drop Line Location 3,
D313 F Decay Heat Drop Line Location 3,
ND4T1 F Decay Heat Drop Line Location 4,
01ZY Inches Location 1 Direction Y
0iZZ Inches " 1 " z
04ZY Inches ’ 4 Y Y
04ZZ Inches etc.

07ZX Inches

07ZY Inches

07ZZ Inches

08ZX Inches

08ZY Inches

0877 Inches

11ZX Inches

11ZY Inches

13ZX Inches

13ZY Inches

15ZY Inches

RS46 Percent Auctioneered Average Power
QsS85 Tripped Turbine Trip Signal Master
T358 F DH CLR 1 Out Temp

T361 F DH CLR 2 Out Temp

F461g GPM HP INJ 1-1 Flow

F464g GPM HP INJ 1-2 Flow

F467g GPM HP INJ 2-1 Flow

F470g GPM HP INJ 2-2 Flow

F592 GPM LP INJ 2 Flow

F593 GPM LP INJ 1 Flow

LS52 Inches Pressurizer Compensated Level
1776 F RC PRZIR Temp, RC15-1

7876 Position RC PRZR Spray Line VLV, RC2
PS57 Psig RC Loop 1 HLG WR Press

P721 Psig RC Loop 1 HLG NR Press, RPS CHI
T753 F RC Loop 1 HLG WR Temp, CHI
TS63 F Tcold Wide Range, Loop 1

J788 Mw RCP 1-1 MTR PWR

Jaos Mw RCP 1-2 MTR PWR

Jazs MW RCP 2-1 MTR PWR

Jg4s MW RCP 2-2 MTR PWR

Fr22 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

A-6

Signal Identification (cont.)

Thermocouple
Thermocouple
Thermocouple
Thermocouple
Thermocouple
Thermocouple
Thermocouple
Thermocouple

Pos.
Pos.
Pos.
Pos.
Pos.
Pos .
Pos.
Pos.
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Table A.1. Signal Identification (cont.)

IDNTFR/UNITS DESCRIPTION

F740 GPM RC MU Flow, High Range

L881 Percent SG 1 Operate Level, 9Bl

L 883 Inches SG 1 SU Range, 983

1891 Percent SG 2 Operate Level, 9Al

1893 Inches SG 2 SU Range, 9A3

1671 F MN FW Temp to ICS,TT1-1

P93l Psig SG 1 Out STM Press, PT12Bl

1583 F SG 1 Out STM Temp

P936 Psig SG 2 Out STM Press, PTI2Al

TS84 F SG 2 Out STM Temp

HXTI F Fluke Helios Extension Chassis inside 1/0 cabinet
External Heat Exchanger Inlet Temperature

HXTO F Fluke Helios Extension Chassis inside [/0 cabinet
External Heat Exchanger Qutlet Temperature

HITI F Fluke Helios Extension Chassis inside 1/0 cabinet
Internal Heat Exchanger Inlet Temperature

HITO F Fluke Helios Extension Chassis inside I/0 cabinet
External Heat Exchanger Outlet Temperature

P01 F Ambient Temperature near Displacement Location 1

TP13 F Ambient Temperature near Displacement Location 13

TRO1 F Ref Temperature in PZR room - 595’ elv

TRO2 F Ref Temperature in hallway outside D-ring - 595 elv

TRO3 F Ref Temperature above PIR - 640’ elv

TRO4 F Ref Temperature at bottom elevation - 575’ elv

PSE] Volts DC 20 Volt Power Supply

PSE2 Volts DC  Backup 20 Volt Power Supply

CITl F Internal 1/0 Cabinet Temperature

CIKH] %RH Internal 1/0 Cabinet Relative Humidity

REZY Inches Reference String Potentiometer

CXT1 F External 1/0 Cabinet Temperature

CXH1 RH External 1/0 Cabinet Relative Humidity

€913 Percent Core Power

F210 MPPH Core RC Flow

F460 GPM HP INJ 1-1 Flow

F488 GPM HP INJ 2-1 Flow

F489 GPM HP INJ 2-2 Flow

F490 GPM HP INJ 1-2 Flow

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

(810 RPS CH 1 TRIP
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Ildentification

Loop 1 CL emp (0/700)
Loop 2 CLG Temp (0/700)
Loop 1 HLG WR Temp, CH 1]
PRZR PWR RLF Out Temp, RC12-1
PRZR Spray Line Temp
PRZR Surge Line Temp
PRZR Temp, RC15-2

Loop 2 HLG WR Temp, CH
1 Out STM Temp

2 Out STM Temp

Master Turb Trip

ur
PRZR PWR RLF
R

VLV

(cont

RC PRZR PWR RLF Shutoff VLV

RC PRZR Spray Line VLV, RC
Pressurizer Level

RC MU FLOW, Low

RC MU FLOW, Higt

RC Loop 1 HLG WR SFAS CH3
Auctioneered NI inear Power

RCP 1-1 Dschrg CLG WR Temp, RC4B2
RC PRZR Spray Line VLV, RC2

RC MU CTRL VLV

Pressurizer Leve
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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
Thermocouple Positions

10.75"

Note: Distance between adjacent thermocouples (T1-T2, T2-T3,
etc.) is 1.79".



