THE CLEVELAND ELECTRIC ILLUMINATING COMPANY
PO BOx 50040 ] CLEVELAND. OwLE 441101 - TELEPHONE 1216, 622 9800 - ILLUMINATING BLDG - 5 PUBLIC SQUARE

ner The Best Location ini the Natior
Dalwyn R Davidson

Fad FNGIN i o " 6

January 15, 198

Mr. James G, Keppler
Director, Reglonw III o /
Office of Inspection and Enforcement

U.S. Huclear Regulatory Commi{ igion ;
799 Rousevelt Road ,’//"
Glen Ellyn, Illinois 60137 ‘

RE: Perry Nuclear Power Plant
Docket Nos. 50-440; 50-441
Final Report on Torquing of
Electrical Cable Tray Splice
Plate Bolts ([RDC 37(81)]

Dear Mr. Keppler:

This letter serves as our Final Report in regards to the torquing of electrical
cahle tray splice bolts, The inftial notification on this subject was made
September 18, 1981, to Mr, F. Reimann of vour office with interim reports
filed on October 16, 1981, and November 30, 1981,

The deficiency reported pursuant to 10CFR5D.55(e) concerned the adequacy of
the method used by the electrical contractor to Install seismic “ategory 1
cable tray splice bolts, The electrical contractor's installation practices
utilized electric impact wrenches to seat and tighten these bolts without
regard to the maximum torquing values specified by the cable tray vendor. The
vendor recommended that the torquing should not exceed a value equal to or
gredqter than 502 of the ultimate failure strength for the 3/8 inch carriage
belts, The 50% value was determined to bhe 45 ft,-lbs. As previously reported,
of 160 bolts randomly selected, 126 were found to be torqued in excess of

45 ft.=1bs,

Pending disposition and resclution of this deficiency, the Contractor has
recalled all electric impact wrenches and has instituted a program which
addresses the use of hand-operated torque wrenches with a maximum torque not
to exceed 45 ft.-lhs, for these sub ect tray splice plate connections.




Mr, James G. Keppler -2 - January 15, 1982 |

The attached report, "Test Report on Installation Torques on Cable Tray Splice
Bolts", outlines the test program initiated hy the Architect/Engineer and CEI
Engineering staff to determine the fmpact of the overtorquing.

Results of this test program indicate that the torquing applied and the ;

existing installations are acceptable.
Sincerely,
/Q-WM

Dalwyh R. Davidson
Vice President
System Engineering and Construction

DRD:pab
Attachment
cc: NRC Site Office

Director

Office of Inspection and Enforcement
U.S. Nuclear Regulatory Commission
Washington, D.C., 205355

U.S. Nuclear Repulatory Commission
¢/ Document Management Branch
Washington, D,C, 20555
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INTRODUCTION

On Scprember 18, 1981, The Cleveland Electric Illuminating Company
reported 4 possibly 10CFK50.55(e) significant de iciency concerning the
potentially excessive tighrening of safety-related cable tray splice
bolts by the installing contractor (L. K. Comstock). The events leading
up to this report as well as tie ensuing evaluations and corrective

actions taken are summarized in this final report.

On September 11, 1981, Nonconformance Report #CQC 2344 (see Appendix 1)
was written agaiusi the installation of cable tray splice bolts exceeding
the manufacturer's recommended maximum torque of 45 ft-lbs. The bolts
were being installed with electric impact wrenches with no control of the
applied torgue. The nonconformance was based on torques checked on a
random sampling of 160 installed bolts by site QC personnel using cali-
brated manual torque wrenches. Of the 160 bolts rampled, 126 exhibited
torques in excess of 45 ft-lbs. with a maximum torque of 116 ft-lbs.

Also indicated by the nonconformance was one bolt that sheared off at

89 ft-1lbs. prior to the nut (urning and 14 bolts that were not fully

seated,

Until a resolution of the nonconformance could be made, it was determined
to bave the instailing contractor recall all electric impact wrenches

trom the field. A program of using calibrated manual torque wrenches was
then instituted for all new work to control the applied torque on the
bolts. The instailation torque was set at a minimum of 20 ft-lbs. and a
maximum of 50 ft.-1lbs. lLis satisfied the manufacturer's recommendatisn
in his letter of Sepiember 14, 1981, of 19 to 30 fi-lbs. with a maximum
recommended allowable of 54 ft-1bs. (see Appendix II). The manufacturer's
recommended maximum is based on 60% of the average ultimate failure

torque of 91 ft-lbs. as determined by tests conducted by the manufacturer.

It was then determined that tests should be conducted to determine if the
torques recorded by QC during random sampling were actual torques or

“ficticiously"” high breaking torques due to the type of nut used on the



bolts. The nuts are seii-locking type nuts with hardened teeth to embed
into the wonnected steel parts.  The Lests were conducted on December 2,
3, and 10, 1981.

This report provides the details and conclusions obtained from the tests
and the corrective actions taken to assure reliability of the tray
splize bolts.



TEST DESCRIPTION

Testing of the cable tray splice bolts was conducted on Decembe: 2, 3,
and 10, 1981, in the installing contractor's (L. K. Comstock) fabrication

shop. Present at the tests were:

James Sherman GAl - Engineering

Thoma: Stear CEI -~ Engineering
Kobert Troff 1KC - Engineering

Wayne Neuman LKC - Engineering
George Hagler LKC - Quality Control
Ron Gillette LKC = Quality Control
Timothy Thowpson CEl - Quality Assurance
Noel Goodrich CE ¢ Quality Assurance
Walter Page LKC Craft Person (£4167)

The bolts for the test are the siandard 3/8" x 3/4" ribbed neck carriage
bolts supplied by the manufacturer (B-Liue Systems Inc.). The bolts were
selected at random from field stock frow 5 different bags of bolts and
nuts. The nut is a 3/8" serrated flange nut. The nuts are of ASTM A 307
GK.B material and the bolts of SAE J429 GR.5 material. The testing of
the 3/8" x 3/4" tray splice bolts was divided into three parts. In the
Lirsb part of the test, 132 bolts were tnstalled in 4 manner similar Lo
that used in the field prior.to the ban on the use of electric impact
wrenches using actual tray sections and splice plates. The bolts were
tightened down using .even different electric impact wrenches. One of
the wrenches was new and the other six impact wrenches were taken at
candom from existing field stock. The impact wrenches used were al!
Ingersol Rand Mocel #80054. By the use of the anove sampling of wrenches,
we were able to check if there was any discrepancy between a new and used
impact wrench and between various used wrenches themselves. The impact
wreaches were permitted to run the bolt up to maximum torque attainable
by that impact wrench and then allowed to ratchet for an additional 10-15

seconds to assure maximum applied torque. The installation Lorques



{(called T check) were then checked using a 0 to 250 ft-1lb. calibrated
Lorque wrench. The torque was read at the point where the nut oun the
bolt just began to move. The results of the test are shown on attached
Table I.

The second part of the test involved setting 60 bolts to a known torque
(called T moving) of 30, 45, and 60 ft-lbs. (20 bolts each) and checking
the torques (called T static) one day and eight days later. (It should
be noted that the torque T moving was read while the nut was moving.)
This test was to check if there was any torjue "increase" (called T gain)
from allowing the bolts to set for a period of time and to see if there
was any difference between the readings for static vs. the moving con=
dition. The results of this part of the test are shown on attached
Table I1.

In the third part of the test, 50 bolts were torque tested to complete
failure using a calibrated manual torque wrench. This failure torque
(called T failure) can then be compared to the torques attained by the
electric impact wrenches (Tables I and II). The results of this part of

the test are shown on attached Table 111.



TABULATION OF TEST RESULTS

The following tabulations represent the applicable results of the various
testsrelating to the installation torque, the failure torque and asso-
ciated parameters used as the basis for data evaluation in Section D.
The tabulated results are in foot-pounds which is consistent with the

manufacturer's data supplied for the bolts.



TABLE 1

OLT ! T cueck | BOLT | T CHECK )| BOLT | T CHECK|| BOLT | T CHECK|| BOLT | T CHECK
1 50 26 65 51 50 76 65 101 70
2 60 27 70 52 60 77 65 102 75
3 50 28 70 53 55 78 65 103 60
4 45 29 65 54 45 79 75 104 65
5 60 30 60 55 50 80 65 105 70
" 55 31 55 56 55 81 70 106 75
7 45 32 55 57 55 82 65 107 70
8 55 33 55 LL 58 55 83 65 108 70
9 60 34 60 59 50 B4 65 109 70

10 50 35 60 60 45 85 65 | 110 60

11 Turned 36 65 61 50 86 65 F 111 60

Wrong
Way

12 50 37 65 62 60 87 60 112 /v

13 55 38 65 63 55 88 65 113 60

14 60 39 60 64 55 89 70 114 70
15 50 40 60 65 55 90 85 115 60

16 50 41 55 66 45 91 75 116 60

17 50 42 50 67 55 92 75 117 50

18 55 43 50 68 50 93 70 118 50

19 55 'AA 60 69 55 94 75 119 50

20 50 45 55 70 55 95 70 120 45

21 50 46 60 71 50 96 55 121 65

22 60 47 60 72 60 97 70 122 70 |

- & Turned 45 60 23 65 98 60 123 60

Wrong
Way
24 55 49 55 74 70 99 65 124 70
25 50 50 55 75 55 100 70 125 60
126 70
127 50
128 £5
129 55
130 70
131 50
a b S . i ) 132 65

o vt v ———




Ave.

1 - 25

26 - 50
51 - 75
76 - 100G
101 - 108
109 - 120
121 - 132
T Check =

TABLE 1

(Cont inued)

WRENCH
WRENCH NO. CONDITION
LKC-10-592 NEW
LKC-10-593 USED
LKC-11-227 USED
LKC-E-581 USED
LKC-11-229 USED
LKC-10-309 USED
LKC-11-223 USED

60.9 ft-lbs.

Manual Torque Wiench Used to Check Torques:

Range:

0-250 fr-lbs.
Date Due for Reinspection:

(£3%)

12/6/81

7,
LKC QC MM__ e L6 F—

GAI Ensmoe@SAlm_Ld;g_l_o

AV..

T CHECK

53

59.
54.
67.
69.
58.
63.

##LKC-6-248

LW N



BOLT

ANV ON -~

29

L30_

T MOVING| T STATIC | T STATIC
J (1 Day) |(8 Days) |
30 31 28
30 26 23
30 30 28
30 26 24
30 29 24
30 27 26
30 28 28
30 25 24
30 32 30
30 26 25
30 29 28
30 29 28
30 27 27
30 28 217
30 27 27
30 27 25
30 29 27
30 26 23
10 25 23
30 20 | 19
45 45 47
45 N 43
45 46 48
45 40 40
453 41 38
45 45 40
45 19 16
45 44 43
45 IAA TRA
&S so¥ | so*

TABLE 11

*Utl the Scale Reading - Not Including in Ave.

Ava. T Gain
Balts 1 -~ 20: ~4.3 Ft-Lbs.
Bolts 21 - 40: =0.2 Ft-Lbs.
Boits 41 - 60. +6.5 Fu=-Lbs.
Manual Torque Wrench: #LKC-6-248
#LKC=6 245

- 8 -~

T GAIN|| BOLT [T MOVING | T STATIC | T STATIC | T GAIN|
(%) V| (1 Day) [(8 Days)| (&)
-2 45 &7 50 +5
-7 45 50+ 50+ -

-2 45 49 47 +2
-6 45 48 49 +4
-6 454 46 48 +24
-4 45 bo 50 +5
-2 45 47 46 +1
-6 45 47 45 0
0 45 47 45 0
-5 45 49 48 +3
-2 60 70 70 +10
g 60 65 65 +5
3 60 65 70 +1u l
-3 60 65 60 0
-3 60 60 65 +5
=5 60 70 70 +10
*3 60 70 70 +10
-7 60 65 €65 +5
-7 60 70 70 +10
«1] 60 60 05 +5
+2 60 70 70 +10
-2 60 70 70 +10
+3 60 65 65 +5
-5 60 65 65 +5
-74 60 65 65 +5
-3 60 65 65 +5
-9 60 70 70 +10
-2 60 65 65 +5
o | 60 70 65 +5
- 60 65 | 60 40
Reinspection 1/6/82 (0-250 Ft-Lbs.)
Reinspection 12/15/82 (0-250 Ft~Lbs.)
— 7/ W/ -§2
LKC QC "‘:344Cﬁ}§ Finag s /&6
A
GAl Enginee ’



TABLE 111

porr T FAILURE BOLT T FAILURE
1 95 16 100
2 105 27 105
3 105 28 110
4 105 29 120
5 105 30 100
6 100 31 95
7 105 32 100
8 100 33 Stripped

Threads

@ 100

9 105 34 100
10 100 35 110
11 90 36 110
12 100 37 105
13 105 38 110
14 100 39 100
15 115 40 100
16 97 4l 105
17 100 42 105
18 105 43 105
19 97 44 110
20 110 45 95
21 115 46 100
22 95 47 105
23 100 48 160
24 105 49 105
25 Stripped 50 100

Threads
o @ 95

T. Failure (Ave.) = 103.2 Ft-Lbs.

Manual Terque Wrench Used to Check Torque: LKC-6-284
Range: 0-250 Ft-Lbs. (£3%)
Date Due for Reinspection: 12/6/81

} 2/r .
LKC QC ”’./i \‘4[/-(’//( A e

CAl angme:%ZSAMJML




DATA EVALUATION

The primary concern which led to the report of a possible significant
deficiency was that the bolts being checked had torque values in excess
of the average ultimate failure torque of 91 rt-lbs. The 91 ft-lbs.
average ultimate torque was determined by tests counducted by the manu-
facturer (B-Line Systems Inc.). In Part III of the test the bolts weve
tested to verify the ultimate failure torque and it was determined to be

an average of 103 ft-1bs.

Part Il of the test indicates several Important points. The first point
is that if the actual installing torque (T moving) is below 45 ft-lbs.,
some torque loss tends to occur after installation. For this case the
bolt tension caused by the applied torque is probably not high enough to
cause an effective "biting" action of the flange nut teeth (seec discussion
below for torques greater than 45 ft-1bs. ). Thus, the bolt relaxes and
counteracts any torque increase which tends to occur due to the difference
betlween moving and breoking torques (i.e., moving vs. static coefficient

of friction). The net result is a loss of torque.

The second point is that above 45 ft-1lbs. there tends to be an increasec
in torque needed to get the nut moving again. After a short time (one
day), the breaking torque needed to start the nut moving again increased
an average of 6.5 ft=lbs. ( * 11%). This increase can be explained by
the fact that the teeth on the flange nuts are composed of hardeaed steel
which emped into the splice plate when torque is applied. It can then be
postulated that creep will occur between the nut teeth and the splice
plate material as a function of time and bolt tension stress. The net

result us an increase in breaking torque ac compared to the installed

moving torque (T moving).

From Part | of the test, it can be concluded that the average maximum
torque attainable from any Ingersol Rand Model #8005A electric impact
wrench on site is 61 ft-lbs. Using 60% of the average ultimate torque as

an average maximum allowable torque, the average maximum allowable

- 10 -



torque beccmes 62 ft-lbs. which is approximately the same as the average
max imum Lorque attainable using Lthe electric ampact wrenchos.  Choecking
the maximum torque of 85 ft-lbs. obtained using the electric impact
wrenches and allowing for an 11% increase in the torque due to the biting
action of the nut, the maximum torque applied to any bolt in the test
using the electric impact wrench is 76 ft-lbs. Although the 76 ft-lbs.
is above the allowable of 62 ft-lbs., it is considered to be an adequate
safety factor considering it is the absolute peak value obtained from the

Ltests.

- 11



CONCLUS LONS

As mentioned before, the primary concern of this testing program was Lo
determine 1f the torques applied to the cable tray splice bolts

(SAE J429 GR.5) by the Ingersol Rand Model #8005A electric impact wrench
were in excess of the average ultimate failure torque of 91 ft-lbs,
supplied by the tray manufacturer. From the testing program, it is
determined that the torques applied to the SAE J429 Grade 5 bolus using

the electric impact wrenches are acceptable.

The original nonconformance also addresgsed two other items. The first
being the 1 bolt out of 160 that sheared off prior to the nut turning.

This 1s a very low percentage of failure and will be considered acceptable.

The final item is th=t 14 out of 160 bolts were not fully seated and have
very low torque values. This item will be addressed in the disposition

of Nonconformance Report #CQC 2344. The installing contractor (L. K.
Comstock) will be instructed to hack check 10600 installed plates (8000 bolts)
to assure proper seating of the bolis. Further corrective action on this
item, if any, will be contingent upon the results of these additional! checks.
The contractor's current procedure for the work requires a visual check for
proper seatiag of all bolts and thus, future installation problems of tnis

nature should not occur.

JS:es/AW/B768P
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Ferry Nuclear Power Plant - Unit 1 and 2
Nuclear Quality Assurarce Department
Inter -Depar tment MEMQ

10: %&'L G oovRiCH C@s /cye 7//0/&
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[ ] Problem [J 1dentisy Det. B,(Other) INSFECrion/
Y : it 3 L becumen B TiON
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Perry Nuclear Power Plant - Unit 1 and 2
Construction Quality Section
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MANUFACTURERS OF CABLE TRAY AND STRUT SYS EmMS

December 20, 1978

208108

Perry Nuclear Power Plant 8 1973
10 Center Road ) , DEC bc
Perry, Ohio 44081

ERNSTCOMSTOCK |

Attention: Mr. Joe Klena
Dear Mr. Klena:

Per your request we have conducted tests on the 3/8-16 x 3/4 rib neck carriage
bolts suppited to ycu ror cable tray splice joints on Perry Nuclear Plant.

A lot sample of fifty pleces wus taken from a shipuent. Twenty-fi.z saxples

were tested by ipplying torque until faflure of bolt occcurred and twenty-five
6auples were tensile tested in accordance with ASTM A 370, Paragraph S11.1.4.

The torque tests' specimens were inserted irto a plate espproximately the
thickness of a side rail and splice plate. Torque was applied to the serrated

o flanged lock nut until failure, with an average failure of 91 ft.-1lbs. (See

t results.) 8inPy 502 of faflure would result in an allowable maximuz
tRrque 45 fr.-1ba.
The tensile tests resulted in an averazze of 90 ft,-1ba. using an average

" ultizate load of 11,532 1bs. and & friction coefficlent of K=0.25. lgaln

b 3 using 507 the waximus allowable torque would be 45 ft.-1be.
If the lowest values obtained by testing were used to determine allowvable
torque, the torque tests would be 42.5 ft.-'bs, and the tensile tests wonld
be 41.5 fr.-1bs,

The forwule used to determine torque from tensile tests is 78 fdllows:

oy
12

T-
T = Torque, lb.-ft.
where K = coefficlent orf friction

D = bolt diazeter = 0.375 inches

W = boit tension, lbs.



Fnge 2

letter to Mr, Klena
Ernat - Cowstock
dated Dececber 20, 1978 ' e

The friction coefficient of 0.25 vas deterzined by testing 3/8-16 x 3/4 rib
neck carriage bolts und 3/2-16 serrated flange lock nuts. Bolts and nuts
were electro-deposited zinc coated steel, ' '

If ve can be any further service, please let us konow, . -

Sincerely,
B-LINE SYSTEMS, INC,

K Po

K. P. Radzer
Product Engineering Manager

KFR /e

cc: Tom Gold, fr.
Tow Gold, Jr/Terry Jenne
Steve Richards

Enclosure



Perry Nuclear Power Plant — Unit 1 and 2
Construction Quality Section

Surveillance/Inspection Report (S1IR) - : SHEET 1 OF _____

LK ComsTooK 33 RIT = - 89

Contractor Spec. No. SIR Number
CABLE TRAY SYSTEM R -
System/Component Name MPL Number
_GENERAL PLAWT | alolar
Location Date

A i S5.08.14 NI/A
Inspec. Type Area of coverage SIP Number-Rev.
(A. B. C.) (Code No.)

DESCRIPTION of SURVE ILLANCE/INSPECTION:
ARzl ONCE REVEALS SP-II3 CONTRACTIOR

FANLEDS To MasT JoRauE REQuiaMIZNTs oC 485 FT-LZS
;MHWWMW
GEEe AN AcH MENT) DORING INSTALLATION OLTIRANM.RE
“SulTs ol RoubDaml,, SELECTED TEST 0L 20

SecE PLais Badxs)ARE ATTACHED.

cCactt 2344

Corrective action documentation - - ARs - CARs)
Measuring/Inspection Tools 1.D0.: "oRQuE LLURENCHY Lo RS oo
- | STE AL . SUe P

Remar ks:

DAR WRTEN & Sea

“Poalll Mo .. 0 "“6’“7f;7n 7-/4-&/

Inspector Reg :eued e Rusp. Date

Approved - Lead OQE Date
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September 14, 1981

Gilbert & Associates
Size Organization

Per:y Nuclear Power Plant
10 Center Road

North Perry, Ohiv 44081

Attention: Mr. Curt Angstadt

Feference: Perry Nuclear Power Plant
Splice Plate Nut Torques

Dear Mr. Angstadt:

Our letter of February 12, 1979 to Mr. J. Klena of Ernst-Comstock listed the
recommended torque to a variety of fasteners which iacluded the 3/8 inch bolts
used with cable tray. As we discussed over the telephone, the recommended value
of 19 fr.-1bs. is not precise. [his figure results from our experience which
shows that in typical installations an average of 19 ft.-lbs. of torque on the

nut is required to seat the bolt firmly and should be used as an installation
guide.

If necessary, th: bolt torque can be increased to ensure firm seating of the
bolt. Values ranging from 19 to 30 ft.-1bs. are common and acceptable. Torques
in excess of 30 ft.-1lbs. may be employed if good industrial practices are fol-
lowed. As shown in our letter to Mr. Klena dated December 20, 1978, the maxi-
mum re.omuended torque for the 3/8 inch carriage bolt is 45 ft.-1bs. The
value results from testing and is equal to 50% of the ultimate failure load.
Fastener reference manuals and texts show that in most practical applications
an allowable torque equal to 60%Z of ultimate failure way be used. This would
increase the maximur recommended allowable load to 54 ft.-1bs. of torque.
However, careful consideration should be given to the use of torque loads
approaching or exceeding the maximum recommended value.

Sincerely,

B-LINE SYSTEMS, INC.

> - 1’;‘ 4 .
& C. Flactin

Bailey E. Martin
Structural Engineer

BEM/uma

cc: Tom Gold, Sr./Tom Gold, Jr.
Ken Racdzer



