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CONCLUZ IONS
The nonconforming conditions discussed in this report consisted of both
documentation and hardware deviations in the structural steel connections
of the Unit 5 Reactor Auxiliary Building.
A reinspection of all visible bolts was performed by the erection |
contractor and the results of this reinspection were used to prepare a
statistical analysis. This statistical analysis along with calculations
of the design stresses in the 50lts was used to Justify acceptance of the |
"AS-Built" condition of the bolts which were not accessibie for reinspection
The connections with belts which turned at the "job inspecticn torgque”
will be repaired by welding the connection clip angles to the connecting
memder. The miscellaneous hardware deviations wil] be reworked to

make the bolts and connections conform to drawing, specification and
code requirements.

These nonconforming conditions constitute both significant breakdowns in
Morrison-Knudsen's gquality assurance program and significant deficencies
in construction as defined by 10 CFR 50.55e.
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INTRODUCTION

On Jan 21, 1981, Morrison-XKnudsen Co., Inc, (M-K) the erection contractor
Of the structural steel for the Reactor Auxiliary 3uilding, issued & Stop
erk Order preventing 2ny further Solting, welding, and erection of struce-
rual steel by their employees. On the same date M-K issued Corrective
ction Request [(CAR)-33 which describes the conditions which must be met
rior to 1ifting the Stop Work Orderx (See Exhibit 1), The Stop Work Qrder
nd CAR-33 were initiated based on the discovery, by on-site NRC inspector,
f numerous documentation and hardware inconsistencies in the bcited con-
ections of structural steel members.

he NRC was n

ctifi ) rs G03-81-503, dated
eburary 19,1381 and G03-81- ]

. POTENTIAL PROSLEMS

(M=K) is contractually required to install the size, quantity and type
of high strength bolts as specified on the cdetail crawings prepared

by Fought and Co. of Portland,0re. Fought and Co. was both the detailer
and steel fabricator of the structural steel supplied toc M-K for erection.}
Failure to install the required number, size, and type of bolts, nuts,

and washers may reduce the load carrying capacity of the connection and
result in stresses in the building structure that exceed ccde allowables

at the design loads.

M-K is contractually required to install the bolts, nuts, and washers in
accorcance with American Institute of Steel Construction's {AISC)
"Manual of Steel Construction™ and Ebasco Specification 3240-3501 WA
"High Strength Bolted Field Connections for Structural Steel.” Both

of these documents permit bolt tensioning by either "calibrated wrench
tightening” or "turn-of-nut tightening” method. Proper bolt tensioning
is required to produce the required clamping force between faying sur-
faces to transmit shear across the connection. Failure to obtain the
clamping force may reduce the load carrying capacity of the connection,
and result in stresses in the building structure that exceed code
allowables at the design lcads.

B. APPROACH TO THE RESOLUTION OF THE PROBLEM

CAR-33 required that the following three actions be performed prior to
l1ifting the Stop Work Order.

1. A1l accessible structural steel bolted and welded connecticns in
both units are to be exaeminad oy zone to verify eeRformance to
drawings, specificaticns, ste. .

2. All QC structural steel permanent pliant documented records shall
be verified for acceptadility and conformanca to actual field
ccnditions.

3. To preclude recurrence, all construction, QC, enginecering and super
visory personnel involved with structural steel erection shall re-

ceive documented training and indoctrination in structural stee)
erection and inspection req%:rements. |




AFPRUACH TO THZ *ZSCLUTION OF THE PROBLEM lcon't)
Item 1 was spec-“ically defined to require a 100% visual inspection and a

20% actual terc.= verification of 317 visible bolts. (See Exhinit 2)
In . areas of thrz=[2) foot thick floor slabs and in the pipes chase
slabs, some or 271 bolts in a ccnnection were embedded in concrate and
could not be ins:zacted.

.As 2 result of =-e inspections and verifications performed per Items 1
and 2 of CAR-33, M-K generated NCR 5779 for Jnit No 3 and NCi's 5500,
5501, 5502, 5503, 5504, and 5505 far Unit Nc 5. NCR 5779 and the cdeviatio’

discovered in Unit No 3 wil) be addressad in a separate report.

NCR 5500 identified the twanty-five (25) o~iginal inspection reports which
covered all of the connections in the E] 351 pipe chase slab. during re-
verification, per Item 2, documentaticn errors and inconsistencies were
discovered. The connections could not be reinspected as they were embedded
in concrete. The documentation errers ard inconsistencies included
incorrect identification of vendor drawings, incorrect member identificatig
incorrect guantity of bolts in the connection, and identification
of nonexistent ccnnections.

NCR 5501 identifiasd 2ight (8) reinspection reports addressing connections
with bolts which turnel at the "“Job Inspection Torque®. In all, twenty-
eight (28) connections had bolts which turned at the "Job Inspection
Torque". (See Exhibit 3) Ten (10) of the ronnections had bolts which

were 100% reinspected and eightzen (18) of the connections had bolts which
were not accessibdble.

NCR 5502 identified three (3) reinspection reports addressing connsctions
embedded in concrete for which no previcus traceable documentation could
be found and which had bolts which could not be visually inspected. Cnly
three(3) connections fell into this category. Cn connection S4Z to 1398
six (6) bolts ocut of eight (8) were tested and found acceptable. On con-
nection 42C to 4248 eleven (11) bolts out of twenty (20) werzs tested

and found acceptable. On connection 93AB to 302F none of the four (4)
balts were visible and therefore were not tested. :

NCR 5503 identified six reinspection reports addressing connection: not
embedded in concrete for which no previous traceatle documentation could

be found and which had bolts which could not be visually inspected. In all
ten (10) connections fell into this catsgory.

Vis*ble Torque Total Bolts

, Tested In Connection
259E to 262E 4 4 10
246E to 415E 18 18 20
480 to 415A 14 16 24
18C to 414A 16 12 28
278G to 421A 16 13 18
303C to 2408 5 5 8
303C to 249C to 303C 5 5 8
303C to 249C to 303D 5 4 8
249A to 413A to 2430 18 16 27
G8A to 413A 16 1 28




NCR 5504 icentif zz =ine (9) particular connections wis miscellaneous
nopconformaning zz-zitions. These deviations include 1) excessive

bolt projection, Z. =issing hardened washers, 3) undersized washers,

4) presence of b_.--¢ ia bolt holes, 5) bolts exhibiting less than minimum
torque, 6) missir; hardened washers, 7) missing re-entrant corners,

8) lack of "flusn -ut™ projection, and 9) a documentation error in

which the originzi <nspectionreport identified 7/8" 9 bolts when ir

Fact 1" P bolts wzr2 installed.

NCR 5505 identifizc nineteen (19) particular connections for which napregic
documentation could be focund. These connections were 100% visually re-
inspected and more than 50% torque tested. Al] nineteen {19) connesctions
were found to be z2cceptable.

compietion of the program required by Car-33 the Stop Werk QOrder
i

ter ¢o
r Unit No 5 was 1ifted on March 12, 1981.

“h J=
o

EVALUATION QF THE NONCONFORMING CONDITIONS

On July 16, 1981 M-K issued a report titled " tatistical Study Of
Possible Structur2’i Steel Bolt Failures In Unit No. 5." (See exhitit
4) In this report M-K concluded that for bolts:

1. Total number of deficient structural steel bolts in Unit #5, with
a 99% confidence level vary between nine (§) and thirty-two
(32) each. (3273 bolts untested)

2. Total number of deficient structural steel bolts in Unit #5
with a 35% confidence level, varyr betwesn twelve (12) and
twenty-nine (29) each. (3273 bolts untested)

3. The highest probability of bolts having less than the minimum torque
in Unit #5, is twenty (20) out of 3223 bolts not tested.

and for connections

1. The untested connections (794) in Unit #5 vary from 98.01% te 99.30%,
of being within design strength, utilizing a 95% confidence level.

2. The untested connections (794) in Unit #5, vary from©7.8% to 99.51%,
of being within design strength utilizing a2 93% confidence level.

3. The probability of having less than 98% design strength in 794
untested connections in Unit #5, is 0.023%

4. The probability of having less than 8§ 7.5% design strength in 784
untested connections ia Unit #5, is less than 0.0002.

vhe probabilities for the connecticons were generated assuming that an
identified "loose bolt" has zero shear strength. In fact, most of the
"loose Dbolts" were properly torqued but turned uncer the "job inspection
torque" of the reinspection., Because of'th1s, the probabilities
calculated for connecticns are conservative,

sl
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|
: “raming typically consists of W12 x 40 vertical |

he BT 357 zipw -=nhas

hangers z: tsc :zz-2ve I the main floor beams and bolted at the pipe
chase s'zz "2ve’ <0 »Z x 24 beams. The other end of the W8 x 24
beams arz -21ds~s <o e->2dded plates. The pipe chase hangers and

beams ars --z2cec " atz-2lly by C12 x 20.7 channels which are bolted to
the W8 x I sea=mzz. (32e Exhibit 5) .
The typice’ hang:z= tc Seam, and beam tc channel connections in

the pipe c-2se s 2bs -2re analyzed as if one bolt in each connection
was carryicz ng Zad. The resulting stress in the remaining bolts was
cetermirzc Ig bg “2ss than the allowadle stress of the AISC Manual of
Steel Censsructi 7. (See Exhibit 6)

The resuits of =—-e rzinspection were used to calculate the prob-
abilities < hav" =g c=2 or more and two or more loose bolts in the 794
uninspectes conn=cticns, most of which are located in the £1 35]
pipe chase slab. (See Exhibit 7)

The results of t-= statistical analysis indicate that ‘
i & * |
1) The high=st probability of one or more loose bolts per |
connectiz" is 2pproximately 8.64% with twenty-cne (21) connections
out of 7% affected.
2) The highzst probability of two or more loose boits ner
connectizn 15 2pproximately 11.08% with thirtezen (13) connections
out of 722 affected.

that the structural integrity of the bol*ed connection |
is achievec wi code allowadle stresses with an assumed one bolt per
connection and possibility of experiencing two loose bol:is in any singie
connection 1s re”2tively small, it is the opinion of the engineer that

the pipe chase cznnections identified in the NCR will not adversely affect
the safety, operziility or maintainability of the plant

Based on the fa

s 5
bt |

(y
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dnnection

65C-44A
48-298C
86G-44A
4A-298E
978-41A
1A-2716
7C-41A
A-233A
70-41A
A-2993
4C-4243
§8-4258
8A-407A
7A-252A
24-423R
38-245¢
SF-248A
8A-2646
7A-245¢C
§C-252F
A-4238
88-40A
5G-40A
A-297G

Quantity,

20-7/8"
16-7/8"
16-7/8"
16-7/8"
16-7/8"
16-7/8"
16-7/8"
16-7/8"
16-7/8"
16-7/8"
16-7/8"
14-7/8"
24-1" 9
14-1" 2
22-1" @
14-1" @
g-1" @

16-1" P

and type of

8-7/8" B A325
8-7/8" @ A325
14-1 1/8" ® A490 388K
14-1 1/8" 9 A490 445K
8-7/8" D A325
8-7/8" B A325

Size |Design
bolts|{ Load

g A325 166K
2 A225 102K
2 A325 106K
@ A325 102K
g A325 106K
g A325 120K
P A325 106K
9 A32s 102K
9 A325 100K
9 A325 102K
@ A32S 137K
2 A325 120K
A430 348K
A430 ¢25K
A4S0 245K
A4S0 140K -

A490 27.3K
A430 143K
78.9

27 .3K

70K
70K

onnection will be 100% retorqued

Stress in Bc.ts (ksi)

Calculated

13.80
10.60
11.02
10.60
11.02
12.47
11.02
10.60°
16.39
10.60
14.24
14.25
18.46
20.46
14.18
12.73
4.34
11.38
16.40
5.68
27.88
31.38
14.55

14.5%

Allowable

18.
15.
19.
15.
18,
%
15,
15,
9.
15.
15.

-

18.
20.
20.
20.
20.
20.
20.
15
15.
S&e
az.
15.
15.

OOOOODOOOOOOOOQCOOOQOOOO

Stress in %

remaining over

bolts if aljowad

one bolt

is assumed

to carry

zerc load’
(Ksi)
14.53 -0-
11.31 -0-
11.75 -0-
11.31 -0-
11.75 -0-
13.30 -0-
11.75 -0-
1.3 -0-
11.09 -0-
11.3 -C-
15.19 1.3
15.35 2.3
19.26 -0-
22.04 10.
14.85 -0-
13 -0-
4.97 -0-
12.14 -0-
N/A* N/A*
N/A* N/A*
30.03 -0-
34.44 7.6
16.63 10.8
16.63 10,8



ER 5501 (con't)

or -
prnection tress in r4

Quantity, Size over |

'Design| Stress in Bolts (ksi

and type of bolts| Load (Calculated Allowable gg?::":?g allowa
one bolt
is assumed
to carry
Zero load
(Ksi)
50-40A 16-7/8" @ A325 106K 11.02 15.0 11.75 -0-
A-272E 16-7/8" B A325 120K 12.47 1.0 13.30 -0-
4C-4298 14-7/8" 2 A325 120K 14.25 15.0 15.35 2.3
1E-402A . 20-7/8" B A325 175K 14.55 15.0 N/A* N/A* |
38-402A. 26-1" @ A325 292K 14.30 15.0 N/A* N/A*
2A-243A - 20-1" @ A325 200K 12.73 15.0 N/A* N/A®
8A-2438 8-7/8" B A325 70K 14.55 15.0 N/A* N/A*
38-2752 8-7/8" B A325 79K 16.42 15.0 N/A* N/A*
5C-4234 26-1" @ A490 315K 15.43 20.0 16.04 -0-
3A-244A 26-1" 9 A430 370K 18.12 20.0 18.84 -0-
A-4258 22-1Y8" 8 A490 640K 29.27 32.0 30.66 -0-
58-41A 22-1Y8" 3 A43%0 640K 29.27 32.0 30.66 -0-
28-4308 24-1" P A325 275K 14.59 15.0 15.22 1.5
C8-252C 24-1" D A325 278K 14.75 15.0 15.39 2.6
0E-45A 16-7/8" B A325 106K 11.02 15.0 11.75 -0-
-294A 16-7/8" @ A325 140K 14.55 15.0 15.52 3.5
1E-4268 14-7/8" @ A325 120K 14.25 15.0 15.35 2.3

nnections 93K-280F, 93D-264G, 93D-264F, 93AD-266B, 93AC-41A are standard
ritical pipe chase hanger to floor member connections. See Exhibit 6
F design loads and bolt stresses.’

2 four connections marked with an asterisk on Exhibit 3 will be reworked
retorquing all bolts in the connections. The remaining 24 connections on
1i0it 3 will be repaired by welding the connection clip angles to the
inecting members in accordance with approved procedures.

ynnection will be 100% retorqued




nnection

C-4248
£-1398

e -

AS-302F.

periencin

nnection

59E-262¢
86E-415A
8D-4154
8C-414A
78G-321A
19A-413A
3A-2490..
JA-413A

bnnéctions 303C-2408, 303C-249C-203C and 303C-2498-303D

Quantity, Size besign;
and tyze of bolts | Load

(Kips)

20-1 1/8" § A325 295K
8-7/8" @ A325 54K
4-7/8" @ A32S 20K

sed on_the above calculated stresses and the relsz
two or more loose bolts in these parti
hibit 7),” it is the Engineer's opinion that

versely aifect the safety, operability or ma

'Design

Quantity, Size
and type of bolts| Loac
| (Kips)
10-7/8" @ A325 15.5K
20-7/8" B A325 165K
24-1 1/8" 8 A490 490K
28-1 1/8" @ A4390 490K
18-7/8" @ A325 155K
14-7/8" 8 A4S0 111K -
22-7/8" @ A430 266K
28-1'8" pAsso 481k

tructural steel connections

|.otress in 80lts (ksi)

Calcuiated | AT owable
14.83 15.0
11.22 15.0
8.31 15.0

Stress in 80lts (ksi)

tively small possibility o
cular connections (See
these connections will not
int2inability of the plant.

Calculated  Ailowable

I

|

z
2.58 15.0
13.72 15.0
20.54 20.0
17.61 20.0
14.32 15.0
13.189 20.0
20.10 20.0
17.28 20.0

are

Stress in .

remaining over
belts if allow
che bols
is assumed
to carry
zZero load
(Ksi)
15.6 4.
12.83 -0
11.08 -0

tress in 4

remaining over

bolts if allowi

cne bolt

is assumed

to carry

zero load
(Ksi)
2.86 -0-
14.44 -0-
21.43
18.26 -0-
15.16 1.1
14.20 -0-
21.07 .3
17.92 -0+

not permanent




Based on the above calculated stresses and the relatively smal! possibility
of experiencing twoor more loose bolts in these particular connections

(See Exhibit 7), 3t is the Engineer's cpinion that these connections will not
adversely affect the safety, cperability,or maintainability of the plant.

NCR 5504

The first eight nonconforming conditions identified on this NCR will be
reworked in such a manner as to make the belts and connections conform to
the drawing, specification, and code requirements. The ninth item is a
documentzt:on deficiency and the reinspection has verified that the corre
bolt size has been installed in the connection.

-
<

CR 5505

he nineteen connections were 100% visually reinspected and more than 50%
orqued tested. All nineteen connections were found to be acceptable.
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XHIBIT 1

CORRECTIVE ACTION REQUEST 33
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CCR/RECTIVE ACTICN ARSSUSST

- Satsoo 2E2UEST No,_ 33 -
Ne.___324N_2&7% UNIT NG 2% c REMY SuE CATE).23.81
SZructural Stse] ] "
A2eA__ > racE cr
S:iNICN 2SCIIPNICON . .

10 C7FR 50, Criteria X, states in part,
aivecting quality shall be established

<~

"A prograﬁ

vor inspection of actiyities
and =xecuted...to verify confermznce with *he

the documanted instructions, procedures and drawings for accemplishing the activity.

Centrary to. the above requiremants, the NRC ha2s notad numarous instinces whare
Structural Stzel has bzen zrecied improperly and subsequently accspiad by Q.C.
inspection. ZRefarsnce NRC Docket F80-06-04 znd NRC weskly Inspaction Report for the
week of Jznuary 23, 1281. S
result of the zbove, a Stop Work Order (ref. I0C-81-73) has beszn issued Tor all
cturz] Steel] welding, bolting znd zrac+ion. (continued Page 2)
T . P4
Y 28SUSTID F2oM Froject Manager NITIATIZ 37 ",(/é (’JJ/"QN—-*(-—/ y=2/-8/
. . QAL INCINESR Dars
- 2IVIEWED 3T
- - Btag 2RCIECT CUALTY ENGINERR DA
S2 AND CSIZECTIVE ACTISN T+ . - -igs - - r )
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. AEVISWED )Y s
RCIEST CLAUTY ENGINES2 :A.‘Z
M. Davis J. Sewers (Soise) .
R. A. Davis '
. Kiil
P- .
) EXHIBIT 1




, PRSI iV fo .o -3 (ccnt.) Page 2
©+  Structural =22 Unit 3 & s
' © The followins z:z:Zitions must be met pricr ¢o resumption of work:

1. Al aczessitle Structural Stee) physical bolted and welded
zone to verify

connectiins in both units are
- confermance to drawings, speci

to be examined
Tications, ete.

by

2. A1l QC Stuctural Stsze) permanent plant documented racords shail
be verifisc for dcceztability and conformance to actual field
conditizns.
3. To preciude Fecurrsnce, 211 constructien, QC, enginesring and
superviscry perscnell involved with Structural Stesl Zrectien
shall receive documente trzining and indoctrination in
tructural Stee) Erection and Inspection Requirzments.
AS evidance of ccmpliance 4o the zbove conditions &re sucmittsd 2nd found
acceptadle to the Project Quality Marzger, the Stop Werk Ordar may be
lifted by zones. . , .
"-'.:."‘T. . ) e R e &5 ened
~:. . % ' '
- - 3o’y %
’ S : h- X",":’ "' =-
- -.—-~- ‘- ae ’
: ! ¢
I
[ I
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EXHIBIT 2

JOB INZ>ZCTION TORQUE VALUES FOR REINSPECTION



TO: RiChard

Location: Sat -SOp Pe

svesecr: verifi
Fer CA

Engineering having -
is now e551; 1ing ths

Ouring the verification of structur aI
teams shall perform
the ft-1b values n:t:d on attea

¥ there zre any quastions plea

-
h-a utbnb

MCL/kh

- . cc: D. Reed
R. Wisdom
M. Lensz
“-K File

u\l\uU:_N !_‘u

INTER.OFFICE CQQ!ESPQNO!NC!
——re-

;U(‘l

ying job torgque as no
§ fﬂ um torque recuired by AISC.
o?ts per CAR #33
visual and 20% act
ched sheet.

se contact .h s offi

EXHIBIT 2

ANY, INC.

[CC-81-163

February 13, 7281

Jack Days ‘ >
Contract 2879

Elma, Washingteon

ted per I0C-81-154,

e inspection

torgue verification using




' MINIMUM .

TENSION REQUIRED . g,
DIAMETER PER TABLE 3 AISC TORQUE

IN.-L8 FT.-LB

7/8" 39,00C# 6,825 5¢9
e 51,000¢ 10,200 eso
11/8" ea P $6,000f 12,600 1,050

MINIMUM
- - - TENSION REQUIRED
DIAMETER g ~ PER TABLE 3 AISC TORQUE
IN.-LB  FT.-LB
7/8" 49,0004 8,575 13
1 © 64,0004 12,800 1,067
11/8 80,000¢ 18,000 1,500
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EXHIBIT . 3

<<NNECTIONS WITH

BOLTS WHICH

TURNZZ AT ThE "JOB INSPECTION TORQUE™

NCR 5501
REPORT NO.

558-
152

153

162

165

166

75

CONNZZTION BOLTS TESTED

265C-243A-298C -
296G-234-238E
2978-21A-2716
297C-21A-299A
297D-41A-" )93
264C-£243
2668-2258

93K-280F
930-2¢€46
$30-284F

248A-407A-252A
252A-423B-245E
268F-248A-264G
267A-245C-262F

47A-428B-40A
295G-40A-2976
2950-40A-272¢E
294C-4298 .

251E-402A
243B-402A-243A
278A-243B-275¢C

93AD-2668
93AC-41A

245C-423A-244A

2
2
=
]
2
1
1

- N -

LOGSE  BOLTS NO. BOLTS
VISIBLE
3 8
2 4
1 g
3 s
2 2
10 13
4 8
I 2 2
2 2 :
2 2 4
4 g 20
2 6 19
1 ] 1§
3 8 8
7 7
] g
3 4
7 8
1 20 20
7 26 26
4 8 8
1 2
2 4
1 17 17
2 6 16

44A-4258-41A

NO. BOLTS
IN CONNECTION

20
16
16
16
16
16
14

24

22

16

14

16
14

20 *




"EXHIBIT 3 (cont'e

NCR 5501
, LOOSE LTS NO. BOLTS NO. BOLTS
EPORT NO. CONNEZ TI0N BOLTS TESTED VISIBLE IN_CONNECITONS
5SB-
158 2528B-433-252C 2 " 20 24
290E-4Z2-294A 1 4 4 156
271E-42Z 5B 2 3 8 14
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CONCLUSIONS

A.

BOLTS

Total number of cz=<icient structural steel bolts in Unit #5, with a
99% confidence iev21 varing between nine (9) and thirty-two (32) among
3,273 bolts not tssted.

Total number of 2=°
confidence level,
3,273 bolts not

ient structural steel bolts in Unit #3, with a ¢52

ic
aring between twelve (12) and twenty-nine (2%) among
sted.

The highest prcbazility of bolt failures in Unit #5, is twenty (20)
failures out of 3,273 bolts not tested.

CONNECTIONS

m

The untested ccnnections in Unit #5 lie between 28.01% %o £9.30%, of
design strength, utilizing a 95% conficdence leve).

The untested connections (724) in urit #5 1ie between 57.8% to 99.51% of
design strength utilizing a 953 confidence level.

The proéabi?i:y of having lec: than 98% design strength in 794 untested
connections in Unit #5, is 0.023.

The probability of having less than 97.5% design strength in 794 untested
conrsztions in Unit #5, is less than 0.0002.




STATEMENT OF PROBLEM

Nonconformance Rszcrets 5500, 5502, and 5303 dezl with the fact that
documentation de®<cizncies existed for a portion of Units #5 tha:

prececded the accz:otznce of structural steel S0its. The bolits in

guestion were eizt-2sr loaced with concrets, otherwise inaccessible, such
that conventicnal »a3it testing methods hecame impossible., This report

has Deen generatsz 2 suppert the Morrison-Knudsen Company,Inc., recommend-
ed dispesition 0f "2zzept As Is” based upon the lack of such

documentation should not seriously impact the true structural intent of

the connections.

Data to present a sta+tiscal analysis was based upon Non-Conformance
Reports 530" and 5308,

E %8

Page & of 21 A e T M T



STATISTICAL METHCD SYNQOPSIS

All data was ba2sed u:x3n that furnished by H. W. Holcombe, Contract 263,
Quality Assurance AuZitor to Jack Davis, Contract 263 Engin =er1ng
Manager cn In:erc“::e Memgrandum, [0C- 8‘-‘60. dated M2y 18, 1981. This
I0C has been includes in this report as an attachment.

A porticn of structural stz2el bolts in Unit #5 were retestad. The statistics
involved in finding the probability and confidence level invc.:ing

individu.” 1¢s, wa2s the binomial distribution curve. This .J:e of
distribution is ap,r*,r1a te since all the testing was done on-a "pass -
reject* basis. Thus 2ll probabilities and confidence levels on belts

were astimated in the binomial distribution basis.

The structural desi91 s‘rength of the connections in Question was
statistically estimated using the normal distribution. The assumption

was made that ,ercon:age of ‘e51gn strength can be estimataed on a simple
ratic of bad versus good bolts in any cne connecticn. This assumption was
necessary to generate data in order to statistically es. imate design
strength. Thus all :rcbaoili:ies and confidence isvels on connectic
integrity were sstimated using the normal distribution.
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CHANCES OF FA!LURES FOR UNTESTED BOLTS

w—oe Py - o= & . ’ aoromeue . e -

NUM°ER oF FAu_uacs PROSAS!LI:Y

o= 'z 621075 %
7 S i = g g O "‘ S e {
ol 46x10" % i it

: g - 483 % '

_______ AR+ A s, [ B
e e e Y V. G
. el ~0%

TABLE |. THE PROBABILITY OF FAILURE |

PROBABILITY (%)
N
S
o
g

B i s 20 25 30
NUMBER OF FAILURES =

FIG.4 BINCZIAL DISTRISUTION OF FAILURES OF BOLTS.

c 4.7
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Sample calculatior~>

= (*page.§ of 21)

Note:

Formula:

b(x;=.p) = (3) p* g%, x=0,1,2...n
whera b(x;=,p) : binomial distribution

X : no. of failures (or successes)
n: tota? ne. of trials

Pt success or failure prodabilisy
Q=1

= i=p ¢ failure or success probability

0.00€13682.

3273 S0lts tested fa2iled.

o

*
&

p:

(%50°) (0.00613682 20 99386

0.0887278225 = 8.8

Find the erobability that exacs:!

In this study the failure probability was assumed as

-

y 20 of the next




A) Given cz=z-zions:

Bolts tessez - 9540 Pieces i
Bolts failzsZ to Pass the test - 61 pieces
Bolts nct t2sted - n = 3,273 pieces 61
B) Assumptizn: Probability of failure, p is = 0.00613682.
8s40
C) Numericai s<udy:
Confidenze interval can be approximated as”

——————

L TVAREER: _pa
P= 24 n LP Lp+ 2 n

Where B is the prodadility of failures in a untested sample of size n, p is the
probadility of failure in the sample tested and qQ=1-p, 2z is the value of the
standard normal curve lezving an area of d/2 to the right where d = 1 - £ confidence
interval. (see ref.)

In our case, the untested sample number n = 3,273 2nc probability of failure is
P = 0.00613882. Using the value of Z = 1.96 from reference for §5; confidence
interval. The 95% ccnfizance interval of failures (B) can be calcuiated as:

"

0.00613682 - 186 v &£ 7 o.co613682 +

1.56

IJ (0.00613682){0. 99336318 )
3273

OR  0.0035401383 /% < 0.0088347107

OR 12 <:No. of failures <: 28 for 95% confidance level

The same formula can be follewed to calculate the ¢3¢
as: ¢<<TNo. of failures.< 32

¢f confidence interval

Reference: Ronald E. walpole and Raymond H. Myers, Probability and statistics
for Engineers and Sciestists, MacMillan Cempany, N.Y. , 1972, pp.203

Fige § of 21 - Confidence Level..B0lt Failure




RAW DATA LISTING

LOOSE NO. OF TESTED 80LTS PERCENT OF
CONNECTION 30LTS IN CONNECTION DESIGN STRENGTH

265C-44A-298C 2 3 33
296@-24A-298E 2 2 0
2978-41A-2713 1 1 0
2S7C-41A-299A 1 4 75
297D-41A-2998 2 2 0
264C-4248 1 10 s0
2663-4253 1 4 75
83K-280F 4 4 0
930-2546 4 4 0
230-284F 2 ¢ 50

| 248A-407A-252A 4 3 . i3
252A-4238-245E 2 6 67
258F-248A-2545 1 1 0
267A-245C-262F K} : 2.3
47A-4288-40A 4 7 43
295G-40A-2876 1 1 0
2550-40A-272¢ 2 3 23
294C-4298 1 7 87
2515-402A 1 20 es
2438-402A243A 7 26 73
278A-2438-275C 4 8 50
S3AD-2658 1 2 50
93AC-41A. 2 4 50 .
245C-423A-244A 1 17 g4
44A-42538-41A 2 6 67
2528-4308-252C 2 11 g2
290E-45A-284A 1 4 75
271E-4253 2 3 33
28-1020 21l of the rest of the connections 100.0

- Prodebility Study..Connection Intagrity

-
e

A}

<



Tetal number of e T 1814
Total number of cznnecsions inspected....covvvnunininnnn, 1020
Tetal number of cznrections with deficiency..cvennnnnnnnnnn., 28
Total number of connections uninso o R -7 |
Percentage of con-2cticn sirength (compared o cesign strength).98.66%
SOIPEER R o o o 5 0 4 e 6 s sesenbeivanses 9.33%5
Probability of 752 uninsiected connections in Unit #35, have
dverage strergth less than 982 of design strength is....... 0.023%
Probability of 782 uninspected connections in Unit #5, have
average strergth less than €7.3% of design strength is 0.0CC2%
NOTE: Since 217 bolts which failed to pass the .5 were hand tightene
to connections , the bolts still can resist some shear stress.
The percentage snown in this list should be treated 2s a maximum
value (or worst condition).

The uninspected ' ! -2 T0 99.30% of design
strength utilizing

-

The uninspectad cconnections lie between §7/8% to 99. design strength,

utilizing a $9% confidence interval.

REF: Probability and Statistics for Engineer's and
162 thru 189.

lof 2] - bilit) tions Integrisy




Inspection results of Unit #5 bolts.

STATISTICAL ANALYSIS:

1. Mean percentage of design strength.

n AT
Z L -
7 =i e TAnn
Y = . where n = 1020, x1 « 3. xz = 0.0 etc
oo ng =100, X30 = 100
- 8.66%

%1020 = 100

2. Deviation

g-| X -\= X)A

3. Probability of 734 connections with average strength less than gge
of design strength (normal dist.)
/o Q /

Z= 3 . ¥ = 98 - 98.66 =.1.99

Ox 0.331
Pr( x¢98%) = Pr (2 -1229) = 0.023

Where =coordinate of normal curve , G = szmpling deviation, X = sampling mean,
Pr = probability.

4. Progabiii:y of 794 connactions with average strength, less than 357.35%2 of
Design strength.

h
Le )
"

L]
()
n

pr (X & ¢ .5%) = Pr’ 2¢-3.5) & o.000
Page 12 of 21 - Progabilisy Study..




<ont.

5. 83% zonfidence intarval.

e 5 o
x-é’.hﬁ <ﬂ<x+?ﬁﬁ oR

s8.65 - 1-36X93 _  csagse 1.96x9.33

4794 764

OR 98.01% < ¢ 99.30%

6. ©89% confidence interval

Where

¢8.66 - 2-575 x 9.33 . . 2.575 x 9.33
il < u<€ %8.58 e er
A 754 A 794

97.8%< L&  89.51%

X = szmplin- mean

Zﬁf value of “he standard normal distribution leaving an area of
&2 to the rignt, (Ref: Page 43% of Rwference)

o = deviation

n = sample size

B 4.3

Page 13 of 21 - Confidence Level..Connection Intagrity



wseamen: S2%50p Power Flant

susceer:  Statistical Analysis of

‘AS

— ——

: MoRRI=oN-KNUDSEN CeMEANY, INC.

INTER.OFFICT CORRESPONT ENST I10C-31-330

T May 18, 1681
J. Davis recn ¥, W. Holccmbe

LocaATION: C-nt act 2878
£in., Washingston

Results of CAR #33

per your request, 2TT2ched is the Stz .15..c-. Regort for Sitructural Steel
Sc?:ing Reinspecsticn 2s per C*r*ec:tv* &ction Request Ne. 33 for Unit Ne. §.
This resor: consists of the Tollewing attachments:
A=zachment A - Cverall statistical results of Unit 3, including the
sasaline nunbers used as rsfsrences throughout repors.

Atzachment 3 - Statistical resulis of the numser of Toosa bDelts wnich
were not correctable during reinscection. Includes NCR
£301 and 2 pertion of NCR $304.

Attzcimant C - Statistical resulis of documenizticn deficiencies notad
and not correctadle during reiassection, excluding 351
pipe chasa. Includes NCR 3302 and NCR 3303.

Atzachmens 0 - Statistical resuits of NCR 3300 which deals with
doc:mentaticn daficiency in the 351 pipe chase.

When reviswing this repers, there 2re several pcints thas should be noted: y

1. NCR 5300 deals with the slevaticen 3%1 pipe chasa which is 2 unigue
condition in which documentation for this area is suspect and all

snnections are embedded in concrete. [t was realized that if this .
pcint was not t2ken into c:ns.dera:zcn, misleading conclusicns coutd
be drawn, 1.e. {f the number of locse bolts is taken only as a total
of Unit S, it assumes that the 2,751 Sclts in the pipe chase is
satisfactory. For this rezson, percentages in this report are given
in tnree manners: percentige of tota] Unit £ connections and bolts,

percentage of total Unit 5 excluding 351 pipe chase
and percentage of total reinspected.

2. NCR 5204 deals with saver2] miscellanecus hardware problems. A separate
srzakécen of this NCR was not provided ia that exch ceaditicn sheuid
be ¢onsidered On 2 case "?s s and the overal]l gercentage oF Unit 5 is
negligible. NCR 3304 was consicered in the cverall hardwars prodliam
referenced on Attachment A “and the porzicn dealing with locse Solis en
Attachment 8.

3. It is reccomended that this report be used ia conjunciion with the
refarenced Noencanfarmance Reperis and not as lhe sola basis for 2czecz/
reiess criteria. There fs informaticn in 2a¢h indivicual repors wnich
may a3t » evident in this report, f.e. 1 S¢lit cut of 20 may te lcese,
suz only . 5018 was zble to be tested. This regort will cnly indicate
1 cut of 29 Soits were locse,.
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ATTACHMENT B

tatistical Analysis of Results of
Corrective Action Request No. 33

Conditicn: Connection with bolts ~h1ch did not mest “Jocb Inspection Torcue”.
Includes connzcticns listad on NCR 5301 and 3304,

Total No. of Connecticns with lcose bol1ts...ov......28

1.54% cf total in Unig 2,

2.45% of total exciuding 35T pipe chase.
2.74% of connecticons reinspected.
T0t2] No. Of 10052 DOTES . vereneicnccncccocacnnneedsdbl
0.5% of total in Unit §.
0.6% of total excludi g 351 pipe chase.
‘ 0.66% af bolts reinsp cted.
See Page 2 of Attachment 8 for specific Connections.

E#4-l6

Page 16 of 21




NCR 5301
REPCRT NQ.

§S8-
182

o
wm
“

=
wn
w

162

168
175
NCR 5504

8s8-
138

St2zistical
Co—=ctive

CONNEZTION

283C-42~-228C
298G-42A-C2C58E
2978-41~-2716G
297C-41~-299A
2970-414-25¢8
284C-4223

2688-4223

285G6-4CA-297G

2950-40A-272E

© 254C-4258
| 251E-402A

2432-4024-242A
278A-2438-275C

93A0-2843

33AC-41A4

-423A-244A
4253-41A

ATTAC-MENT 8

Analysis of Rasulls of
Action Request No. 33

Page 2

LOQSE
SOLTS

30LTS
TESTED

NN

™N - ~N - N Ul A e o L "N - ~N > Ll a0 Bl Sl AR AN )

Lis

NO. BOLTS 8J. 20
VISIZLE IN CONNECTICNS
B 20
4 15
/3 15
I3 18
4 15
13 15
8 14
4 4
4 4
4 4
29 24
18 22
16 16
8 8
7 14
8 8
4 15
8 ls
20 20
26 28§ -
H z
4 4
4 4
17 28
16 22
20 4
¢ 15
g 14

<



ATTACHMENT ¢

Statistical Analysis of Results of
Corrective Action equest No. 33

Conditicn: Connectizas with fastaners not 100% acces
there iz no ,.-v.cus trzczable documentass
Includes reperts coversd by NCR 3302 and
coverad ty N 2 £300).

59 r reinspection and
?Gu :cr :Hese cinnections.
$303 (exc

ludes repor:s .

n deficiéncies....co00.. .13

)
M
-
&
O

cf Co nne--.,ns with documentati

S
-

0.7% ¢f =222l Unit S.
1.12 of total exciuding 351 pipe
chasz.
1.32 o7 tot2] reinspected.
Total No. of bolts unaccessible and no inspec tion documentaticn.....55

&% of tota i
0.82 cf total exc
chase.

0.7%2 cf total reinspected.

1
0
o
whe

See Page 2 of Attachmant C for speci¥ic Conn

cns.




ATTACHEMENT €

Statistical Analysis of Resulss of
Corrective Action Rejuest Ne. 33

Page 2 T
NCR 53502
30LTS NO. BOLTS NO. 30LTS
CPORT %0. CONNECTION TESTED _VISI3LE IN COMNECTIONS
gsz-
¢§ 42C-4243 i1 14 20
127 94E-1353 5 : 8
148 0" *~.302F 0 0 I
NCR 3503
553-
77 258€-252¢ 3 4- 10
246E-415A 18 /19 - 20
84 430-4153 14 15 ¢
48C-414A 12 16 28
28 2786 421A 13 16 18
g5 30.:C-2408 B 5 z
303C-249C-203C 5 B 8
303C-2498-3030 4 5 8
10C 249A-413A-2450 15 19 22
114 | 42A-413A 11 16 28

E 4-11

~ Page 19 of 21




ATTACHMENT D -

tatistical Analysis of Results of
Corrective Action Request Ne. 33

Condition: The inmspecticn reports for the 351 pipe chase refsrence connscticr-
that €0 not correspeond to configuraticn

S 2s shown on contract
drawirgs. These connecticns are now smbedded in concrete and no
reinspection was performed. This condition is addressed cn NCR 5300.

-

Connecticons javolved....coveeeececeeea 872

O
‘0
M
——
=
O
O
h

-~
.

37% of total Unit §.

See NCR 3500 for specific Connecticns.

Page 20 of




Statistical An2iysis =7
Resylts of CAR #23
Pags ¢

If there are any suestions or if clarification is needed as to the bdasis
of this informaticn, please coutact the M-K QualiJy Assurance Department.

/A

. roiccmoe
Q A Mznager

HWH/th

Attachments

-

gt X A Javis
0. E. Reed
J. Sowers (Zcise)
0. Shagira
CAR 33 File
G. Hi1l
8. Wisdem
File 10-21
File 17-14
o/C
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EXHIBIT 6
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DETERMINATICN OF BOLT STRESSES IN PIPE CHASE CONNEC
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EXHIBIT 7

STATISTICAL STUDY OF POTENTIAL FOR LOOSE BOLTS IN A CONNECTION
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FIGLIRE [. PROBABILITY OF { OR MORE LOOSE BOLTS
PER CONNECTION IN THE 794 UNINSPECTED
CONNECTIONS
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FIGURE 2 PROBABILITY OF 2 OR MORE LOOSE BOLTS
PER CONNECTION IN THE 794 UNINSPECTED
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FIGURE 3 PROBABILITY OF { OR MORE LOOSE BOLTS
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