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Westinghause Pawer Systems Enersy Systems
ee.. ... Electric Carporation serecs Qnaien
30z 353 ,
PIIsourgn Peansyivania “92350 Jata
J. B. Hosmer TVA-88-68%9
Segquoyah Project Enginaer June 23, 1588
Tennessee Vallay Autharity
‘ Sdguoyhh Nuclear Power Plant, DSC-A Ref: TVA RD¥
- P.0. Box 2000 #428869
Soddy Daisy, TN 37373 ¥ GO €O
- 42592

'Tennesscn Vallaey Autharity
Sequoyah Nuclaear Plants
a ur c u

Dear Mr. Hosmer:

‘At TVA"s request Westinghcuse has evaluated two surveillance tnchn1qdes
for complying with the Sequoyah Plant Tech Spec lca Candenser surveiljance

requirement (4.6.5.1)., Thase techniquas are explained in tha attached
lettar report. They are:

1. The acceptance criterion for number of flow passagas that may be
blocked as a function of sample siza such that there is 95

percent confidence that the ice blockage in all flow passagas is
less than 13 percent.

2. The acceptance criterion for the number of flow passages that may
be blocked, based on a 33 percant sample size and ica blockage
categorized as 25 parcent blocked, 50 percent hlocked, 75 percent
blocked and 100 percent blocked.

As we have discussed with ydur staff, the second methodolegy {s preferred
as it facilitates gquantitatively evaluating the condition of the antire
flow channel passage area.

Very truly yours,
WESTINGHOUSE ELECTRIC CORPORATIO

7//&%1
. A, Lordi, Manager

: : TVA Sequoyah Project
cc: W. R. Mangfante-

- 0331le
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ATTACHMENT TO TvA-88-689
Smple 8isa Cxlculations for the Ios Condenser
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‘ neveillance of ice hlockage in the flow passages of each bay in tha ice
oendensar .

mzmmlpisumwmmmlodzactﬂmmaror
surveillance of ice hlockags in sach bay of the ice ccndanser. The
acosptance critarion ia that thare i3 no Tech Spec vielation if thars i3 leas
than or equal to 15 percemt ice Blockage in the bay. The mmber of flow
passages hlockad with {ice that may be chaarved during surveillance as a
functicn of sexple size was dotarmined such that thars is 93 percent

confidence that the total ioce blockage in 164 flow passages will not exceed
15 parcent.

Tha seccnd analysis is to datarmins the acoeptance critaricn for a 33 parcent
saple size with ice bloekage oumted as: 28 percent hlocked, 50 percent
blocked, 73 parvent hlocksd and 100 parcent blocked. The mmber of flow
passages chsaxved in each category of ice Rlockage was dstermined (far all
posaidle coinations). These ccmbinations are reportsd in tables for easy
raference. If tha survaillance of 54 flow passagea (based on 162 flow
WlfindBlmthmthamnbuoftaﬂminthnublw.tmmmis

95 percent confidence that the total ice blockags in 162 flow passages will
ot exoesd 13 percent.

mmmozmmmmmmmmm:owmum.
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I. Calculation of Sarpla 8izes For Ise Condenser Ylow Passage Gurveillance

The results of the statistical saralysis for the acosptance criteriom for
miﬂmamlmthmiockcttboﬂwwhmmczmiu
condansar Are reportad in Table 1.1. The rmumbar of failiuzes that can be
obsarved over & rangw of ampls aizes was deternined. Fallure is defined as
a 10w passage blockad with ice. The range of sarple sizes (fTtm 40 to 110
bays sampled) ia reportad in Table 1.1.

The following values are calculated for each sample size listad in the tanla:

1. paroent of passages. The sample aizZe as a percant of all flow

2.

3.

4.

pasgages.

¥ean (or Propertion). The mean mumbar of failures is calculated as
mmnbn:ottdlmdivuedbjthomphm (proportion of
sample). Only intagers were used in tha calsulstion., This is the
maan axber of fallures cbserved in the sample tiat vill exceed ths
acreptance critarvion that lees than or equal £o 15 percemt of all the
flow passages are blocked with ice with 95 percent confidance.

98 percent Uppaer Bound. This is tha calculated 95 percent wper

bound on the mean muber ¢f failures {n all of the flow passages,
hasad on the mean fallurwa in tha saxple.

Number of Failures. These ars tha mwber of fallures used to
mwuuammmsspemthmd These calculatad
fullures represent ths mmbar of £a5.1urosmtmybed:ae:ved:|.n
oachmla 8ize much that the 95 percant upper bound en the
population mean (all failures in the bay) will exceed the criterion
that less than or aqual to 15% flow blockage axists in the bay. If
the cbsarved mmbar of failures in the sample is less than the mumber
of fallures listed, then the criterion that all the flow passages in
tha bay have less than 15 parcent flow blockage is acoaptad.

2.
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Tahle 1.2
Mumbar of Pailures per Sample 8ize
to Excend 95 Percent Upper Baamnd
A~ .
Barpla Parcent of Hean 95 Parvent Mmbar of
f8iza '~ Ylow Prasages (Propor+ionm) rper Bound Failures
449 24.4 0.1000 0.1703 4
4 27.4 0.0889 0.1504 4
50 30.8 0.1800 _ 0.1599 L
33 33.8 0.1091 .1670 [
€0 6.8 0.1000 0.1826 6
a5 . 39.6 Q.1077 0.2379 7
70 42.7 0.1143 0.1626 8
75 48.7 0.1067 0.1807 a
' 80 .8 0.2125 0.1548 9
90 54.9 0.1222 0.1620 il
100 - 81.0 ©.2200 0.1339 12
210 - 67.1 0.1273 0.1577 14
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As ;m oxmxple: a_mwotuwn.nozmMW. I
this smrple size is used, them failurw of ¢ flow passages (6/55) will ba a

fallure of the 0.1S critaricn (the bound of 0.1660 exceeds 0.1%5). Pive
failizes will not exceed 0.18. '

The variance an the mean proportion of a ammpla aize is a fimction of the

size of the sampla. The smallar the sample, the larger the variames, and tha
confidence intervals are laas atahla. The powar of the test is less and

w.mwumtmmmnimoftmmhamﬂuw
the proportion of failures in the total proemlaticn of flow passages will have
animin;pmbabilityofbeingtuuquadaim (Bata Ervr) as tha

size of the smple is dacreased. A sample size of less than 55 to 60 is not
reccomendad,

The sarple siza was calculated undar the Zollowing assumpticns.

1. A randam sample is obtained frum tha 164 ice passages.

2. The distribution of the blocked flow passages is randem, i.a.,
the blockad passages are not dapendent upon thedr pesitieon in
the ice condenser. If therw {3 any indication that the blockags
- of flow passages occurs more froquently as a finmction of
position, than the sampling schema must be changed from randem
to aithar prepoerticnal or stratified sampling.

3. The sarpling i3 witbout replacemant.
There are only two possibilities for the flow passagas: blockad (failurs =
‘1) or cpen (failure = 0). The mmber of blocksd passages will ba counted

mﬁmmmm Only cne failure per passage is possible. This is
a set of Bernoulli trimls, or the distritutien is Bincmial.

The sample moan nopox:ticn of fallures ig: p' =
P ® mmbar of trials
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'Tha sanple variance of p! with replacement 1i:
0 = (-0 e (1pt) /(0

:muummmmmmum (164 flow pasaages) and n is
mmbazintbsazpln (mxmbar of trials).

For a 95 percent uppar bouna (alpha = .05) en p (the proportion blocksd in

t;:a total population of flow paassges) t

P' + ast

t i3 from the table of tha Student's T distritwution for a cme sided 1imit at

95 parcent. mrumm@mmmumumn:mu
sizas over 200.

aiatb.“anﬂn:dmmtoulmlatathamhmmmum
Square root of the sample variance

Sample sizes from 40 to 110 were assumed. One to twenty fallures wars -
asvumed for each sample size. Tha proporticn, p', sampla variance s and
upper bound wers calculated for each of the masumed failures. The acceptancae
critarionmut at 0.15. If tha upper bownd exceeds 0.15, the the
:c:nlaxlatgd.p' ‘13 the proporticn that cannot be exceedad., Bince p' is

- calculated as mmber of fallures/sample size n, mp' is the mmber of failures
in the mample size that will exceed the criterion of .15

imupperhmmdis'a function of the sample variance. The mmber in the
total population is knovm, therefore, the sample variance will converga to 0

at 164 and the upper bound will be 0, or the mean proportion of failures is
axact.
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25 Parcent, 30 Parcent, 73 DParcent and 100 Parvent Ice Blockage in the
Ylow Passages, Based cn a 33 Parosnt Sauple 8ize.

The results of tha calculations to provida the acoeptance critar{a for
surveillance

of ice ocondansear flow pa1sagas are presanted for the following
cemditions.

1. Cna thizdg of the flow passages will be randomly selectad for
survaillance.

2. mnwmsaquulctodtcrmiumviuummﬁriu
hlxuqnmdth-mtotmmkaq-mu:hmouﬂmw. The
mmkaqoofmiummlhustdumo:nwpunga

with: 0 blockage, 25 pervent blackage, 50 parcent blockage, 75 percent
blockage xnd 100 percent blocked.

3. anudeutbawtupcmtofiumocngointmwinthis
ml-,maihﬂmtammismtmtamiuhlcquoin'
thmmthlnuthanum.

The mean proportion, variancs and upper bound of all of the possible

ocpbinations of blockage ware calculated, The mean proportion of the sample
that vill exceed the alicwahle 15 percent acceptance limit was determined for
uchmhimﬁanunllutbnmmbertmtmldbocalwlated:oruch

ocmbination of failures. The results of thesa calculations are provided in
the following tables.

| 1. Table 2.1 {s all of ths cambinationa of 25%, S0% and 75% blocked

Passages with no passages having 100% blockags recordad.

2. Table 2.2 is all of the ccmbinations of 25%, 50% and 75% blocked

passages with cna pasgage havirg 100% blockage recordsd,

3. Table 2.3 i3 all of the cambinations of 25%, S0% and 75% hlocked

passages with two passages having 100% blockags recorded.

é

————an
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4. Table 2.4hmotmm:imsotzs’¢, 30X and 75% hlockad
mﬂththmpummmzoo%ww.

| 3. Table 2.3 i3 all of the ocmbinations of 25%, 50% and 75% Dlockad
.- passages with four or five passages having 100% blockags recordod.

Mathodoloqy

The mean proportion, p', of blockags ovar the sarpla is3:
0.0 times the proporticn with 6 hlockage (Po)+ 0.25 tines tha proporticn
with 25 paroent blockage (Pl) + 0.S0 times the proporticn with 50
Percent blockage (P2)+ .75 times the proporticn with 78 percent blockage
(P3) + the proportion with 100 percemt hlockage (P4), or,

P' = 25071 4 .S0%P2 4 .750P3 4 1.0eD(

Tha proportions, Po, P1, P2, P3 and P4 are calculated ss the maber of flow
pazsages (ni) in each of the percemtile bleckage cateqories divided by tha
smple size n, or Pi = ni/mn.

The varisnoe, o2, of this smmple mean is:

82 = (1-0/M))%(.252001 + ,52ep2 4 .752eP3 41.00P4) ~ p'2)

(1)

‘whars n i3 the mample 8izs and N is the populaticon size. The sampla size for
this caleulation i3 1/3 of the flow passages; with 162 flow passages in each
bay (N). Therefore the samplo mize n is S4. |

The 95th percent upper bound on the true mean preporticn of the pepulation
is:

p!' ¢+ 8t

whers t is from the student T tables (1.673, for n = 54 apd 95 %) and 8 is
the standard error (sguare root of the variance).
., 7
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Bov to Use IaLing

Aftar ths sample is chosen, tha passages inspected, and the mmber of

passages with 28%, S50%, 75k and 100% hlockage recordsd, this acmbination is
ccmpared with the mmbers in tie tables in the folloving mammer.

1. Oose the table basad ¢n tha mxehar of passages with 100% blockaga
(0, 2, 2, 3, 4 & 53). If five or more passages are recorved with 100
peroant blockage, than the critarion of less than 1S parcent total

hlockase i3 exreeadad (tha total population of 162 passages srs then
assumed £o have more than 1S percent blockage).

Find tha mmbar in this tahls that correspoads to the mmber of
passagus with 7S peroent blockage. The possidle ocmbinations are
listed in ordar for 75 percvent bhlockags {colurn 3). IZ tha mmber of
passages with 75 percent blocked i{s greatar than the mmbers listed
in tha specific table, the critaricn i3 exceedad.

If the mmber of passages blocked i3 matched with tha 75% hlockage

recorded, than mateh the mmber with 50% blockage (column 2) and 25%
blockage (colum 1).

‘Pach ombination listed {n the tables will yleld ths 15% upper bowund on tha

mean proporticn of all of the flow passages. The mmber of passaged blocked
in each category mist be less than the mumbers listad in the table.

Yor exanple, if 1 passage i3 recorded with 100% blockage, 2 passages with 75
' percent blockage, none with S0 percent blockage and 2 with 25 percent
_bloduqo, Table 2 for cne passags blocksd would be used. The colimm under 73
parcant blocked is thean found, The table is entared in the row with 2's in
column 3. The first row has 0 blocked in the colum for 50% blockage. In
this case the critericn would bs exceedsd if 13 passages were counted with
_25% blocked. But only 2 passages ware counted with 2% percent blockage,
therefore, the acceptance criterion has not been exceedsd and the

survaelllance indicates that the mean proportion {s lesas than 15 percent

ne.ce »aq¢ 4
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TABLE 2.3 = TuUO FASSAGES &LCCHED 1004

FERCENT ELOCHED MEARN _ 9=TH MEAN
2SS4 S0 7T 1009 (P VAR TANCE ECUND NUMEER
1% o o > 0.1Ga  5.314E-04 0.1 S, 75
13 1 2 - J.10s8 0 E.70BE-134 Q.15 2.7%
1t > o) 2 J. 106 3. 999E~-04 0.15% 5.7%

> > o 2 U. 108 4. 290E=-CJ4 s DA B T.7%

7 4 0 2 0.106  b.SBLE-04 ¢.15 5.7%

a s o 2 0.102  &.848E-04 9.1% 5. %0

2 6 0 2 0.102  7.139E-04 0.1% 5, =0

p) 7 D] 2 0.102 7. 45QE-04 Q.15 .50

12 3 1 2 0.106  6.290E-04 0.1% 5.7%
10 1 1 - 0. 1l04 4.531€-24 0.13 9.75

) 7 ~ 1 2 0.102 4.848€-04 0.1% . 50
5 3 1 2 0.102  7.139€-04 ¢.o1S %, 50

3 4 ! 2 0.102 7.420E-04 0.1% .30

1 s 1 2 0.102  7.721E-04 0.15 .50

8 0 2 2 0.102  7.13I9E-04 0.1% 5.50

& 1 2 2 0.102  7.430E-04 0.1% 5. %0

4 2 2 2 0.102  7.721E-C4 0.1% 5., S0

2 .3 2 2 0.102  8.013E-04 0.1% 5, 50

0 4 2 2 0.102  8.304E-04 0.15 5.50

= ) 3 2 0.102  8.013E~04 G.15 5, 50

2 1 3 2 0.097 8.274E~-04 0.15 5, 25

0 2 3 2 0.097  8.SLSE-04 0.1 5. 25

1 0 4 2 0.097  B8.8S&4E-04 0.13 5.25

o 1 4 2 0.102 9.177E-04 0.19 5. 50

0 o 5 2 0.106  9.784E-04 0.16 5.7
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