Westinghouse Class 3

WCAP~ 13245

EVALUATION OF BYRON AND BRAIDWOOD
' UNITS 1 AND 2 AUXILIARY SPRAY
L'NES PER NRC BULLETIN 88-08

P. L. Strauch

’ YR
VERIFIED BY: N Lo
. D. H. Roarty
| Diagnostics & Monitoring Technology

| P
} Approved by: P D \l-~/ RN

' 5. 5. Ualusamy, Manaqger
i

|
|
l
|
1
|
!
February 1992
1
|
4
|
1
|
|
|
i
|
|

Diagnostizs & Monitoirng Technology

i

| WESTINGHOUSE ELECTRIC CORPORATION

| Nuclear and Advanced Techiology Division

. P. O, Box 27:8

' Pittsburgh, Pennsylvania 15230-2728 |

e
S e A Tl s










R T T I —— P

o e e e e e e - - — —

SECTION 2.0
BACKGROUND AND TMTRCUULY (ON

Following the dis~overy of pipe cracks in the auxiliury lires of several
nuclear nower plants, the JUnitad States Nuclear Reoulatory Commission issued
Bulletin B8-08 (Ref. 1). Action Item 1 of the Bulletir requestad utilities teo
idantify sysiems connec'ed to the Reactor (oolant System which are susceptible
to adverse 'empersture distributiors (nct considered in the design analysis of
the piping) thal could be induced by leaking valves. The auxiliary
pressurizer spruay line was identified as one tuch system at the Byron and
Braidwood Units (Ref. 2).

Action Item 2 of Bulletin 8&-08 reguested that the identified systems be
nondestructively examired to provide assurance that there are no existing
flaws. Recent inspection of the auxiliary spray lines at Syron Units 1 ang 2
resulted in no indications of flaws, (The Braidwood Units are scheduled fo-
inspection during the upcoming refueling cutage).

Action Item 3 of the Bulletin requested tha* a program be implemanted to
provide continuous assurance that acverse temparature distributions are not
occurring in unisolable piping sections. Accordingly, Commonwealth Edison
Company has instrumented the auxiliary spray line at Boron Units | and 2 with
surface-mounted temperature sensors,

Data from the Byron Unit 1 auxiliary spray Yine has been evaluated for
avidence of adverse temperature distributions. Temperatures at the two
monitored locations are steady, witn no cycling rbserved. The temperatures
are also within the expected range of temper:tures during mode 1, therefore
inleakage of cold fluig from the auxiiiary spray line into the hot main spray
Tine 1s not occurring,

Plant operating practices have also been evaluated to determine the potentia)
imprct on fatigue Tife of the auxiliary spray "ine and main spray line in the
vicinity of the auxiliary sproy/main spray connection if leakage as identified
in the Bulletin occurs.
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Based on the rasults of inservice insvection, temperature monitoring, plant |
opersting practices and fatigue analysis (astuming postulated iransient), this
avaluation provides justification for the elimination «f moenitaring the B,ron
and Braidwood suxiliiry spray lines per KRC Bulletin B8-08 Iter 3. Instead,
periodic inservice inipection !with freguency determined by analysis results)
wil! be performed.

o e e < B e e L s

ADIAs/ 110708 10 2-2

]

g 1
S R R N R R I T R ) N N L



- S T — . L E——.. e e e

SECTION 3.0
THERMAL TYRANSTENT DEVELUPMENT

Adve: 'se tempersture distributions could occur in the auxiliary spray 1ine and
connecting main spray line 1 the auxiliary spray isolation valve admits
leskage flow under certain thermal hydraulic conditions.

Severa) possible scerarios must be considerad for transient evaluation, The
first, and most 1ikely condition, consigers no leakage through valve 2JABBRE
(see figure 3<1), This condition has been evaiuated in the original design
analysis, and tharefore further consideration is not required. A second

r

condition assumes |

19 ®  This unlikely condition will
not result in significant abnormal thermal transients, due to the small
temperaturs difference between the two fluids, A third condition is possible
in whicn (

195% hie to the potentia) for excessive fatigue, this condition is
evaluated in this report,

To develop a thermal transient for the assumed :ondition of cold leakage, it
was recessary to evaluate the actual operating conditions of the spray line

and determine the potential for thermal stratification, cycling and mixing.

3.1 Pressurizer Spray Line Operation

Tha flow rate in the main spray piping must be determined in order to evaluate
the potantial for tharma) stratification and cycling in the potentially
affected piping. Typical flow conditions in the main spray piping are
summarized in this section, based on actua) operating experience at the Byron
and Braidwood Units.
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The Byron and Braiawood pressuriter spray systems are typically cperated with
a 10 to 20 percent demand or sprav ve'ves 455B and 4550 during 9C to 95
percent of the tots] time that the units are at ncrmal operating congitions,
There 15 a dirsct correlation between percent demand and percent of rated
travel and therafore typical flowrates may be calculated using Tigure 3-C.

The design fluwrate for the main spray line is [

Therefore, during 90 to 95 percent of the normal operating paricd, the main
spray line flow rate is typically | jeeten

During the remaining 5 to 10 percent of the normal operating period, the main
spray flow rate will vary depending on plant conditions, wWhile this flow may
be sufficient to cause turbuient mixing of the polential inleakage from the
auxiliary spray line (thus eliminating the potential for thermal cycling), it
will be conservatively assumed that the flow conditicons are such that therma!
stratification and cycling «411 occur,

3.2 Strztification Therma! Hydraulics

Therma! stratification car occur in horizontal pipes when hot and cold fluids

are present under certain thermal hydraulic conditions, including temperature,
flowrate ang pipe size. A measure of the potential for two fluids to stratify
is given by the Richardson number, which is defined as follows:

RY = gBATONV?
where: g * acceleration of gravity
B = volumetric expansicn coefficient
AT = fluid temperature difference

0 = pipe inside diameter
Ve fluid velocity
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For 30 percent of the operating time, the flowrate of |

]a“'. Tharefore, fatigue iv not 2
. concern for at ‘east 50 percent ¢f ithe ncrmal operating perioed.
For the remaining 10 percent of the time, a | J8E® stratification

transient will be considered in the tatigus evaiuation,
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figure 3-1. Flow Schematic and Typical Isometric Layout of 3pray Piping
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4,2 Stress Analysis

A therma! stratification Joading will typicaily have two stress effects on
piping, & "lecal” o./a2,t and & “global” eftect. Local stresses can be
pbta‘ned |

)..C..

Global stresses result from |
j8.6,0

}C.C.l

The local stress for this evaluation is conservatively obtained using the
{ 19 %  Yhe heat transfer elements
used 10 the therma! analysis mode! were replaced with |

)"°'° and loaded with nodal temperature
input from the heat transfer analysis,

4.3 Fatigue Analysis

A fatigue analysis was performed using fatigue . rack growth methods, to ensure
the structural integrity of the auxiliary spray and main spray piping, should
the postuleted transient occur., This fatigue evaluation will be used only to
determine an acceptable period of operation between inservice inspection
intervals.

The ASME Secticn X1 method is based on stress analys‘s results and material

crack growth laws, The stress intensity factor (Ky) required for the
fatigue crack growth caiculations is obtained from the Kl expression given

ADles 0TER 6 42

e I A m—— e —— . e e e T e



in reference 3 for an aspect ratio (2a/t) of 1:86, The fatigue crack growin

Taw fer stadnless steel in 8 pressurized water en¢irorment was obtained fron
reference 4. The crack growth per cycle da/aN (inches/zycles) ‘s

l g e BT

The stress intensity range inpui to the fatigue crack growth analysis was
obtained from the maximum axial stress,

The results of the fatigue crack growth analysis indicate that approximately

| [ ].'c'. cycles of the tostulated transient wou'd be required to
f' prCDdQM.O an initial [ ]"c’. percent through '.]] erack to [ )..C-.

percent of the wall thickness. This ¢cycling has been pastulated to occur only
guring a maximum of ten percent of the time the plant is at normal cperating
conditicns, should auxiliary spray line isolation velve leakage occur, Sased
upon the conservative transient period of [ )*'®'® minutes, this

translates to 39 months of power cperation. The insarvice inspection interval
is therefore recommended to be two refuel ng cycles, or approximately

39 months of power operation,
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Figure 4-3.
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designed for such isspection, and some locations may require advanced
| volumetric inspection technigues. Volumetric inspection can be either
. ultrasonic testing or radiographic testing,

8 1,  Ultrasonic testing may invelve use of miniature or specialized
transducers with specific procedures for examining the volume of
interest.

| 2. Radiographic technigues shtould be considered when unusual component

e geometry or large areas require inspection., These technigues shou'd

| be qualified to ensure that proper covarage of the comnonent volume
of concern. Access for positicning the radicactive source is alse

| an important consideration,

| In some cases, it may be practical to use a combination of radiographic and
yltrasonic testing techniques,

If ar+  ~dications or suspect indications are detected during the above

| e/Am © ., it is recommended that supplemental radiographic examination of
. the ¢’ o performed.
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P Figure 5-1.
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Inservice Inspection Locations#
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Figure 5-2. Inservice Inspection Location - Branch Connection
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