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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

March 6, 1990

Docket No. 50-390

LICENSEE: Tennessee Valley Authority
FACILITY: Watts Bar Nuclear Plant, Unit 1
SUBJECT:  MEETING SUMMARY OF FEBRUARY 15-16, 1990 MEETING ON CABLE DAMAGE

RESOLUTION PLAN
S Beports

On February 15 and 16, 1990 a meeting was held between the NRC staff and
TVA's representatives at the Watts Bar site in Spring City, Tennessee. The
purpose of the meeting was to discuss TVA's plans to resclve the issue of
damaged electrical cable in conduits at Watts Bar, Unit 1. Enclosure 1 is the
list of individuals attending the meeting. Enclosure 2 contains the meeting
agenda and the handouts provided at the meeting.

The NRC staff opened the meeting by stating that a preliminary assessment of
the TVA's submittal of December 20, 1989 has been completed. Based on this .,
review, the staff has several questions/concerns regarding TVA's approach
towards resolution of the issue. The meeting agenda contains the list of

staff questions/concerns (this 1ist was provided to TVA earlier). These
questions/concerns provided the basis for the meeting discussions.

The majority of the discussion involved TVA's rationale for the development
of the conduit screening methodology which results in the classification

of conduit as high-risk, moderate-risk, or low-risk with regard to pullby
susceptability.

NRC staff commented that TVA's methodology delineated by the Watts Bar Cable
Damage Resolution Plan for the resolution of this problem raises many questions
and implementation of this methodology alone would not alleviate the staff's
concern of potential cable damage in low-risk category conduits. The proposed
plan does not provide any threshold values above which the damage starts.

The NRC staff further stated that an alternate approach consisting of a test
program for the low-risk category similar to that proposed for Browns Ferry
would address the NRC concerns. Specifically:

1. As proposed, categorize the conduits as high-risk, moderate-risk, or
low-risk.

2. Replace the cables in those conduits that are in the high or moderate
risk category.
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3. A1l Tow-risk category conduits will fall under the test program. "Worst
case" conduits should be identified, and 20 conduits of V1/VZ, and 20
conduits of V3/V4 category should be "high-potential” tested. The test
program should be similar to that proposed by TVA for Browns Ferry Unit 2.

4. Evaluate the root cause of any failure from the testing and develop
corrective actions.

TVA stated that they will re-evaluate their program and will inform NRC of TVA
management's decision. The NRC staff concluded the meeting by stating that

if the staff and TVA cannot come to a mutually acceptable test program, the
staff will review in detail TVA's responses to the NRC questions.

TVA Projects Division
O0ffice of Nuclear Reactor Regulation
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MEETING TOPIC:

ATTENDANCE ROSTER

ENCLOSURE 1

WATTS BAR NUCLEAR PLANT (WBN) - ELECTRICAL CABLE DAMAGE -

ASSESSMENT AND RESOLUTION PLAN

February 15, 1990
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AGENDA

Watts Bar Cable Damage Assessment

February 15, 1990

The staff and its consultants have performed the preliminary assessment of the
TVA submittal dated December 20, 1989. Based on this review, the following
is a preliminary list of staff questions and concerns.

1.

10.

11.

12.
13.

TVA should demonstrate that SWBP calculations directly relate to
potential pullby damage. Explain the process used for calculating the
SBWP for the conduits which were removed from the WBN.

Provide and explain all key overlays of the conduit isometrics that
confirm their theory of damage mechanisms.

How is TVA reconciling probable differences in pulling practices used in
the past to assumed practices in calculations? How is the use or non-use
of mid run pull points determined? '

what are the differences in the criteria which were used to determine

the worst case pullbys during the Sequoyah review to the ones used in the
Browns Ferry review (new)? Explain how the 28 conduits were selected for
removal from Watts Bar.

What is the justification for increasing SWBP values allowed in G-387
How does TVA reconcile the issues raised in the staff's TER regarding the
May 1986 SWBP test report?

Provide the details of pull tension calculations for the conduits removed
at Watts Bar to allow NRC's evaluation of assumptions and methodology used
by TVA.

Describe actual work practices used to place pull lines used for
pul]bys.

What are the sources of non-pullby damages discussed in the UCONN report?
How is this damage mechanism being addressed by TVA?

Describe why the concern for the jacket integrity of coax cable is not
applicable to other instrumentation cables? Provide copy of CAQR 890492.

Describe that dry hi-pot tests are an adequate damage assessment criteria
for MV cables and for LV cables.

PLG report Page 3-1 states that cables pulled with 2000 1b/ft or more could
be damaged by pull forces alone. However, Page 1 of Enclosure 1 of the
submittal says high risk cables will only be replaced if evidence of
pullbys is demonstrated. What about damage based on excess SWBP?

Describe any electrical testing done on cables prior to their removal.

Provide copies of the references listed on Page 11 of their December 20,
1989 submittal.




®

14. Explain all basic assumptions used in the PLG Backup study, e.g., damage
with pull rope will occur at much lTower SWBP compared to pull wire,
coefficient of friction will be higher than 0.75 in case of pull rope

compared to pull wire, etc.




WBN CABLE PULLBYS
NRC QUESTION #1

* QUESTION;
A) "TVA SHOULD DEMONSTRATE THAT SWBP CALCULATIONS DIRECTLY
RELATE TO POTENTIAL PULLBY DAMAGE.”

* ANSWER; ,
A) OVERLAYS OF THE CABLE DAMAGE ON THE CONDUIT ISOMETRICS

DEMONSTRATED A DIRECT CORRELATION BETWEEN SWBP

AND DAMAGE FOR ALL OF THE UNIT 2 PULLBY DAMAGE
LOCATIONS. SWBP ALSO IS A MEASURE OF THE CABLE-TO-CABLE
FORCES AND AN INDICATOR OF THE DIFFICULTY OF A PULL AND
THE LIKELIHOOD FOR A PULL ROPE TO SPIRAL WITH ITS
CABLES.

* QUESTION;
B) "EXPLAIN THE PROCESS USED FOR CALCULATING THE SWBP FOR
THE CONDUITS WHICH WERE REMOVED FROM THE WBN."

* ANSWER;

B) SWBP CALCULATIONS WERE PERFORMED ON THE CABLES REMOVED
FROM WBN FOR SCOPE ASSESSMENT USING THE METHODOLOGY
DEFINED IN G-38. THESE EQUATIONS FOLLOW INDUSTRY
STANDARD PRACTICES AND ARE ENCODED IN THE TVA QA
PROGRAM '‘CBLPUL’. CONDUITS WERE FIRST WALKED DOWN TO
DETERMINE LENGTHS AND ANGLES. THEN RECORDS WERE
REVIEWED TO DETERMINE PULL GROUPINGS. THIS DATA WAS
THEN INPUT TO THE PROGRAM.

[




WBN CABLE PULLBYS
NRC QUESTION #2

QUESTION:

"PROVIDE AND EXPLAIN ALL KEY OVERLAYS OF THE CONDUIT
ISOMETRICS THAT CONFIRM THEIR THEORY OF DAMAGE

MECHANISMS."

ANSWER:

KEY OVERLAYS OF THE CONDUIT ISOMETRICS ARE BEING
PROVIDED. )

SIDEWALL BEARING PRESSURE AND PULL TENSION CALCULATIONS
INDICATE VALUES IN EXCESS OF G-38 LIMITS IN THE SECTIONS
OF THE U-2 CONDUITS WHERE THE MOST SEVERE DAMAGE OCCURED.

THE MOST SEVERELY DAMAGED CABLES (CONDUCTOR EXPOSED) WERE
INSTALLED IN THE CONDUITS PRIOR TO THE PULLBY WITH
HIGHEST SIDEWALL BEARING PRESSURE.
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QUESTION;

WBN CABLE PULLBYS
NRC QUESTION #3

A) HOW IS TVA RECONCILING PROBABLE DIFFERENCES IN PULLING
PRACTICES USED IN THE PAST TO ASSUMED PRACTICES IN

CALCULATIONS?
ANSWER;

A) THE CALCULATIONS FOR THE REMOVED CABLES ARE BASED ON
WALKDOWN DATA AND PULL CARD DATA. IT IS ASSUMED THAT
PULLBYS WERE PRACTICED RATHER THAN PULLBACK AND REPULL.

QUESTION;

B) HOW IS THE USE OR NON-USE OF MID RUN PULL POINTS

DETERMINED?
ANSVWER;

B) IN THE RIGOROUS CALCULATIONS PERFORMED BY TVA ON THE
CABLES REMOVED, EACH PULL POINT IS ASSUMED TO HAVE BEEN
USED. NO DATA TO THE CONTRARY EXISTS. EVIDENCE FROM
THE CABLE REMOVAL INDICATES THAT ALL PULL POINTS WERE
USED. NONE OF THE OBSERVED PULLBY DAMAGE WAS LOCATED AT

A PULL POINT.

GIVEN THE SMALL RADIUS OF CONDULETS

DAMAGE WOULD HAVE OCCURRED IF THESE WERE BY-PASSED
GIVEN THE SEVERITY OF THE PULLBYS.




WBN CABLE PULLBYS
NRC QUESTION #4

QUESTION;

A) WHAT ARE THE DIFFERENCES IN THE CRITERIA WHICH WERE USED
TO DETERMINE THE WORST CASE PULLBYS DURING THE SQN REVIEW
TO THE ONES USED IN THE BFN REVIEW (NEW)?

ANSWER;
A) NOT APPLICABLE TO WBN

QUESTION;
B) EXPLAIN HOW THE 28 CONDUITS WERE SELECTED FOR REMOVAL
FROM WATTS BAR.

ANSWER;

B) * 14 CONDUITS WERE CHOSEN FROM UNIT 1 WHICH WERE
EQUIVALENT TO THE UNIT 2 RUN IN WHICH THE DAMAGE WAS
IDENTIFIED | '

* 4 CONDUITS WERE SELECTED FROM THE WBN WORST CASE PULLBY
CALCULATION

* 10 CONDUITS WERE. CHOSEN BASED ON A REVIEW OF THE CCRS
FOR LENGTH AND FILL AND A CONFIRMATION OF PULLBY
ACTIVITY

« V2 >25 FEET AND >50% ALLOWABLE FILL

V3 >25 FEET AND >100% ALLOWABLE FILL
V4 MINIMUM 4 CABLES >25 FEET AND >507% ALLOWABLE FILL




WBN CABLE PULLBYS
NRC QUESTION #5

QUESTION:
. "WHAT IS THE JUSTIFICATION FOR INCREASING SWBP VALUES
ALLOWED IN G-387? HOW DOES TVA RECONCILE THE ISSUES

RAISED IN THE STAFFS TER REGARDING THE MAY 1986 SWBP
TEST REPORT?" '

ANSWER:
. THE ORIGINAL VALUES WERE BASED ON STANDARDS AND

INFORMATION SUPPLIED BY CABLE VENDORS.
. NEW VALUES ARE BASED ON TVA AND EPRI TEST RESULTS.
. THE TEST OBIJECTIVE WAS TO IDENTIFY PERMISSIBLE SWBPs.




WBN CABLE PULLBYS
¥ NRC QUESTION #6

QUESTION:
. “PROVIDE THE DETAILS OF PULL TENSION CALCULATIONS FOR

THE CONDUITS REMOVED AT WATTS BAR TO ALLOW NRC's
EVALUATION OF ASSUMPTIONS AND METHODOLOGY USED BY TVA.”

ANSWER:
. WALKDOWNS WERE PERFORMED TO DETERMINE CONDUIT
CONFIGURATION (I.LE. LENGTH AND DEGREES OF BENDS).

. INSTALLATION RECORDS WERE REVIEWED TO DETERMINE
CABLE GROUPINGS AND PULL DATES.

. A BASIC COEFFICIENT OF FRICTION OF 0.3 ON INITIAL PULLS
AND 0.75 ON PULLBYS WAS USED.

. PULL TENSIONS WERE CALCULATED USING THE FOLLOWING BASIC

EQUATION;
T =1L * W * K * EXP(K*A)
WHERE: |
L=CONDUIT SEGMENT LENGTH K=COEFFICIENT OF FRICTION
W=WEIGHT OF CABLES IN PULLBY A=ANGLE IN RADIANS

. SWBP WAS CALCULATED USING THE FOLLOWING BASIC EQUATION:

SWBP =T / R

WHERE:
T = CALCULATED PULL TENSION, -POUNDS
R = RADIUS OF BEND, FEET




WBN CABLE PULLBYS
NRC QUESTION #7

QUESTION: |
= "DESCRIBE ACTUAL WORK PRACTICES USED TO PLACE
PULL LINES USED FOR PULLBYS.”

ANSWER:
- OLD PRACTICE
. PULL ROPES OR PULL WIRES WERE SOMETIMES INSTALLED
WITH THE CABLES DURING THE CABLE PULL.

. THOSE PULL ROPES OR PULL WIRES WERE THEN USED TO
PERFORM A CABLE PULLBY.

" NEW PRACTICE

. EXISTING PULL ROPES OR WIRES ARE NOT USED SINCE
APRIL 10, 1989.

NO PULL ROPES OR WIRES ARE INSTALLED WITH NEW CABLE
PULLS.




WBN CABLE PULLBYS
NRC QUESTION #86

QUESTION;
A) WHAT ARE THE SOURCES OF NON-PULLBY DAMAGES DISCUSSED IN
THE UCONN REPORT?

ANSWER;
A) VARIOUS NICKS®MND SCRAPES TO JACKETS WERE NOTED WHICH ARE
CONSIDERED TO BE TYPICAL OF THE RIGORS OF INSTALLATION.

QUESTION;
B) HOW IS THIS MECHANISM BEING ADDRESSED BY TVA?

ANSWER,;
B) * ALL COAXIAL CABLES REQUIRED FOR 10CFR50.49 OR REG
GUIDE 1.97 SERVICE ARE BEING REPLACED WITH CABLES OF
DOUBLE JACKET CONSTRUCTION
* SUCH DAMAGE IS NON-SIGNIFICANT TO OTHER CABLE TYPES AND

THEREFORE NO ACTION IS PLANNED




WBN CABLE PULLBYS
NRC QUESTION #9

QUESTION;
"DESCRIBE WHY THE CONCERN FOR THE JACKET INTEGRITY OF COAX
CABLE IS NOT APPLICABLE TO OTHER INSTRUMENTATION CABLES?"

ANSWER;

THE CONCERN FOR COAX IS FOR MOISTURE GETTING UNDER THE
JACKET AND BEING 'WICKED UP' BY THE BRAID TO THE CONNECTORS.
BULK MOISTURE AT THE CONNECTORS MAY UNACCEPTABLY DEGRADE
SIGNALS. OTHER INSTRUMENTATION CABLES ARE TWISTED SHIELDED
PAIRS (NOT COAXIAL) AND DO NOT HAVE THE BRAIDED SHIELD.
WHERE THE END DEVICE IS MOIS TURE SENSITIVE CONDUIT SEALS
ARE PROVIDED.

S




WBN CABLE PULLBYS
NRC QUESTION #10

QUESTION;

"DESCRIBE THAT DRY HI-POT TESTS ARE AN ADEQUATE DAMAGE
ASSESSMENT FOR MV CABLES AND LV CABLES"

+ ANSWER;

DRY HI-POT TESTS ARE STANDARD FOR SHIELDED MV CABLES
(REFERENCE IEEE 400 AND ICEA TESTS)

« NO HI-POT TEST{I*IG IS PROPOSED FOR LV CABLES AT WBN




WBN CABLE PULLBYS
NRC QUESTION #11

QUESTION,;

PLG REPORT PAGE 3-1 STATES THAT CABLES PULLED WITH 2000 LB/
FT OR MORE COULD BE DAMAGED BY PULL FORCES ALONE. HOWEVER,
PAGE 1 OF ENCLOSURE 1 OF THE SUBMITTAL SAYS HIGH RISK CABLES
WILL ONLY BE REPLACED IF EVIDENCE OF PULLBYS IS
DEMONSTRATED. WHAT ABOUT DAMAGE BASED ON EXCESS SWBP?

ANSWER; .
SCREENING CALCULATIONS USED TO CATEGORIZE CONDUITS WERE

BASED ON THE ASSUMPTION THAT PULLBYS HAD OCCURRED IN EVERY
CONDUIT. ASSUMED PULLBYS WERE LARGE AND COEFFICIENT OF
FRICTIONS WERE 0.75, 0.85 OR 1.0 DEPENDENT ON CONDUIT FILL.

IF NO PULLBY ACTUALLY OCCURRED THE C.O.F. WOULD HAVE

BEEN SIGNIFICANTLY LOWER AND THE SWBP WOULD HAVE BEEN
CORRESPONDINGLY LOWER.




QUESTION:

WBN CABLE PULLBYS
NRC QUESTION #12

. "DESCRIBE ANY ELECTRICAL TESTING DONE ON CABLES
PRIOR TO THEIR REMOVAL."

ANSWER:

. IMMEDIATELY PRIOR TO THEIR REMOVAL, NO TESTING

WAS PERFORMED.




WBN CABLE PULLBYS
NRC QUESTION #13

QUESTION:
. "PROVIDE COPIES OF THE REFERENCES LISTED ON

PAGE 11 OF THEIR DECEMBER 20, 1989 SUBMITTAL."

ANSWER: :
. COPIES OF REFERENCES ARE BEING PROVIDED.
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WBN CABLE PULLBYS
NRC QUESTION #14

QUESTION;
EXPLAIN ALL BASIC ASSUMPTIONS USED IN THE PLG BACKUP
STUDY, e.g., DAMAGE WITH PULL ROPE WILL OCCUR AT MUCH
LOWER SWBP COMPARED TO PULL WIRE, COEFFICIENT OF
FRICTION WILL BE HIGHER THAN 0.75 IN THE CASE OF PULL
ROPE COMPARED TO PULL WIRE, etc.

ANSWER; '
- PULLCHARTS USED IN THE PLG STUDY WERE DEVELOPED AS
FOLLOWS;

SEPARATE CHARTS WERE DEVELOPED FOR V1/V2, V3 AND V4
SEPARATE CHARTS WERE DEVELOPED FOR SIX FILL
CATEGORIES ‘

THE FOLLOWING ASSUMPTIONS WERE APPLIED;

PULLBYS OCCURED IN EVERY CONDUIT

PULLBYS WERE LARGE

MORE THAN 360 DEGREES EXISTED BETWEEN PULL POINTS

NO INTERMEDIATE PULL FPOINTS EXISTED

CONDUIT WAS THE MAXIMUM LENGTH IN ITS RANGE

FOR THE 10—40% FILL CATEGORIES 0.75 C.0.F. WAS USED
IN THE 50% FILL CATEGORY A 0.85 C.0.F. WAS USED
IN THE 60% FILL CATEGORY A 1.0 C.0.F. WAS USED
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,;{-g 8o WATTS BAR CALCULATION PACKAGE NUMEIR IPME47UD-3A
PAGE =
N Trem U &4¢ T
_TORWARD PUn. LL AT Pull W
| ANGLE PULLING SIDIWALL
SEG SEGMENT LENGTH  FROM BEND TENSION PRISSURE
NUM TYPE IN FT HORIZ  ANGLE IN LBS IN L3¢
3 HORIZONTAL 4.63 0.00 .00 3.03
2 H BEND . 0.C0 0.00 20.00 4,37 3.2z
3 HORIZONTAL 22,3« 5.0 C.00. 25.04
4 BEND. H-V DN 10.20 5.00 14.00 29.53 22.03
5 INCLINED DN 4,25 25.00 0.00 21.33
6 BEND, V DN-H 0.00 0.00 14.00 40.30 25.7¢C
7 HORIZONTAL 26.33 0.00 0.00 57.53
8 H BEND 0.00 0.00 15.00 75.73 £5.85
9 HORIZONTAL 2.79 0.00 0.00 77 .55
10 H BEND 0.00 0.C0 15.00 102.09 75.22
11 HORIZONTAL 6.35 0.00 0.00 106.24
12 H BEND | 0.00 0.00 30.00 124.10 135,63
| “™  HORIZONTAL 7.42 0.00 0.00 188.95
/7  BEND, H-V DN 0.00 0.00 $0.00 $83.97 . 725.03
> INCLINED DN 1.00 90.00 0.00 983.35
; 16 BEND, V DN-H 0.00 0.00 14.00 1270.77 93£.36
17 INCLINED DN 1.71  76.00 0.00 1270.01
18 BEND, H-V DN 0.00 0.00 14.00 1641.61 1209.61
19 INCLINED DN 1.29 $0.00 0.00 - 1640.81
| - o ™IS SUE-
; TOT T BE ES IN P .02 EIGREE
‘ \VL—O‘AL OF BEND ANGLES IN PULL: 226.00 DEGREZS SEGIENT OWY
; MAXIMUM. EXPECTED PULLING TENSION (Texp): 1641.61 LBS/FT
; MAXIMUM EXPECTED SIDEWALL PRESSURE (SWPexp): 1209.61 LBS/FT
; MAXIMUM EXPECTED TENSION FOR FIGURING SIDEWALL PRESSURE:  1641.61 L3S
QDP‘\ZQ)L\NRTEDND%E. ‘

'\'hr-_l.o‘"i

Lochmon




COMPUTED #&17 DATES 3-5

IR LEE 1A T 1 .
&r P 004 _ CALCULATION OF PULL TENSIONfirCKED B0 paTeShy
N— AND SIDE WALL PXESSURES
4*+Aclqn4e47‘ 5’
‘747( 8 WATTS BAR CALCULATION PACKAGE NUMBIR LFM54720-2A
) PAGE 3
REVERSE PULL —&— -
SEG | | TENSION PRESSURE ‘R’ T Box \wud
NUM IN LBS IN LBS -
19 0.80
18 | 1.23 0.91
17 2.54
16 3.12 2.30
15 3.75 ,
14 22.55 16.61 «— FPPROX IMeTe
13 ' 27 .40 .
1 47 .48 34.99 DRAMAGE LOCFTION
51.64 |
67.97 50.08
9 69 .80
8 ~ 91.88 : 67.70
N 105.10
} 140.86 103.79
) 144.50 . -
a4 186.96 137.76
3 205.63
2 296.66 218.59
1 299.69 :
MAXIMUM PULLING TENSION ON REVERSE PULL (Texp):  299.69.L3S/FT

(TENSION OF 1641.61 L3S FOR FORWARD PULL)
MAXIMUM SIDEWALL PRESSURE ON REVERSE PULL (SWPexp) : 218.59 L2S8/77

(SIDEWALL PRESSURE OF 1209.61 LBS FOR FORWARD PULL)
MAXIMUM TZNSION FOR SIDEWALL PRESSURE ON REVERSE PULL: 256 .56 LZ=E
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WBN CABLE PULLBYS
KEY OVERLAYS

OVERLAYS WITH ALL DAMAGE TYPES
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OVERLAYS WITH DAMAGE WHICH PENETRATE JACKET, SHIELD,

AND INSUILATION ONLY

WBN CABLE PULLBYS
KEY OVERLAYS
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WA bF e ety v

Y 7 -~ PROGRAM CBLPUL. SOFTWARE ID 282352
hment-G s VERSION 2 COMPUTED 422 _DATEZ- %2
‘ Fage Hlo cHECKED B DATEM
N CALCUZATION OF PULL TINEICHS
Y | AND SIDE WALL PRISSURIS

WATTS BAR CALCULATICON PACKAGZ NUMBZIR zZPM64720-%
' PAGE 1

INPUT SUMMARY

MARK MARK NUMEER - OUTZR WEIGHT CIRT M.
CABLE(S) UNID NUMBER DESCRIPTION (NO) DIAM PZR/TT . ARI
"2PM59LD wvC #16 AWG 4/C 4 0.447 0,123 =
2PM1314D WVA #16 AWG 2/C P C.356 Cc.2853 =z
2PM1454D WVA '~ #16 AWG 2/C 2 0.36¢ G.085 z3
2PM1536D WVA #16 AWG 2/C 2 0.396 C.085 2z
2PM1573D WVA #16 AWG 2/C 2 0.3%9¢6 0.085 2z
2PM1656D WVA #16 AWG 2/C 2 0.3¢%6 0.085 23
iPM1694D WVA #¥16 AWG 2/C 2 0.396 0.0853 22
PULL POINTS: FROM A TO 2=T4-292-t4%Y-D

7 =®UIT UNID: 2PM6473D NOMINAL DIAMETER: 3 INCEES
“'“;ﬂMM ALLOWABLZ BEND RADIUS: .95 TEIT

EXPECTED PULLING TENSION AND EXPECTED SIDEWALL PRESSURE CALCULATIONS
WILL BE PERFORMED FOR EXISTING CABLE — 'PULL-BY'

CABLE FUNCTION: MEDIUM-LIVEL / LOW-LEVEL SIGNAL CABLZ

PULLING MSTHOD: CONNZCTION TO CONDUCTOR :

-<. . 4

NUMBER OF CABLIS IN PULL: 7

WEIGHT CORRECTION FACTOR: 1.4

TOTAL CABLE WEZIGHET: .623 LBS/FT
INPUT COEFFICIENT OF FRICTION: .75
COEFFICIENT OF PULLING FRICTION: 1.05



H*“'ﬂ/ T ADIL 2oy

! o T CUMPU IR M LM ke
‘ Hal CALCULATION OF PULL TENSIONS _
‘ i }"“c'“' G- o AND S:iDE WALL PREZSSUREZS CHECKED E27_ AT 7@
’ feqe. “«7 WATTS BAR CALCULATION PACKAGET NUMBEZ IPMI473D=S
) ~ PAGZ 2

B : B S T U8
\ FORWARD PULL £— Fior U

ANGLE PULLING SIDEWALL
SEG SEGMENT LENGTH FROM - BEND TENSION PRESSURE
NUM TYPE IN FT HORIZ ANGLE IN LBS IN L3S
1 HORIZONTAL 1.50 0.00 0.00 0.58
2 SEND. H-V UP 0.00 0.00 $0.00 4.36 3.2z
3 INCLINZD UP 14.75 90. 00 0.00 13.55 ‘
4 2EIND. V UP-H 0.00 0.00 45.00 21,89 23,50
5 INCLINED UP 2.13 45.00 0.00 33.82
€ BEND. H-V UP 0.00 0.00 45.C0 76.67 55,45
7 INCLINED UP 14.75 90.00 0.00 85.85
8 BEND, V UP-H 0.00 = 0.00 90.00 449 .80 | 231,43
S HORIZONTAL 3.21 0.00 0.00 451 .90
‘o H BEND 0.00 0.00 35.00 858.24 $32.33
1 HORIZONTAL 1.96 0.00 0.00 859.52
12 H BEND 0.00 0.00 15.00. 11231.46 £33.7¢
13 HORIZONTAL 4.31 [.00 - 0.00 1134.23
——d \

{ . ‘TAL OF BEND ANGLES IN PULL: 320. 00 DEGREES ;-s—-——--
N _

MAXIMUM EXPECTED PULLING TENSION (Texp): 1134.28 LBS/FT
'MAXIMUM EXPECTED SIDEWALL PRESSURE (SWPexp): 833.70 LBS/FT

MAXIMUM EXPECTED TENSION FOR FIGURING SIDEWALL PRESSURE: = 1131.46

-« » L

APRPROUMHTE,
DAMAGE  LOLPTION
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7 ™ - ~—— CALCULATION OF PULL TENSIOX '
Atachment & _ . TUARD £iDT WALL PRESSURES Checkeo B5_ paTeGL

[

‘PC‘C(C 48 | WATTS BAR CRLCULATION EATEAGI NUMEIZ IFM-4TiI-:
) } PAGT 2
Pror R \ddd O
REVERSE FULL%— JB S5 -
SEG TENSION - PRESSURE
“NUM IN LBS IN LBS
13 2.82
12 3.71 2.73
11 4.99
10 9.48 6.99
9 . 11.58
8 61.02 44.96
7 51.83
6 117.25 86.40
5 117.30
.4 268.03 197.50
3 258.84 AePRox) MATE
2 1343 .65+ 990.21 4—DBnRGE . LOCRTC
1 1344.83

ey '
"#MMUM PULLING TENSION ON REVERSE PULL (Texp): 1344.83 L3S/7T
.¥ (TENSION OF '1134.28 LBS FOR FORWARD PULL)

MAXIMUM SIDEWALL PRESSURE ON REVERSE PULL (SWPexp): 990.21 L3s/FT

(SIDEWALL PRESSURE OF 833.70 L2S FOR FORWARD PULL)
MAXIMUM TENSION FOR SIDEWALL PRESSURZ ON REVERSI PULL: 1343.835 L=S

< : . -*
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C\R LEE b %900y

\

|

| LR =TANC L 4 PROGRAM CBLPUL. SOFTWARS 1D 262352

\ o< Sy S VZRSION 2 COMPUTED 47X DATEF-§-97
. i

: : | cHECkeD BSD pate/23/%

l ) LALCJ_A {GN OF PULL TINSIONS

‘ - ] AND SIDE WALL PRISSURES

| WAT™S TAR CALCULATICN PACKAGE NUMEIR 2PM5474D-¢ 4

! ! i PAGE 1

! ------------------------------

-
'f INPUT SUMMARY

MARK . MARK NUMBER OUTZX WEISET CI3C MO

CABLE(S) UNID NUMBER ~ DESCRIPTION (NC) TIAM  PIR/TT L3Iz
2PM591D WNC | #161AWG 4/7 < 2iaT 5.oloE -s:
2PM1314D [ | - WA | #15|AWG 2/C : o aEs C.IED ose
SPMias54D |1 'Wva | #1B|AWG 2/< z 0,354 9.3€5 o=
2PM1536D WVA | $16 | AWG 2/C z C.39¢ C.CES z:
M1573D WVA | #16°aWG 2/C 2 0.396 5.053 5:
ﬂlGSGD ”1 _WVA | %16 AWG 2/C 2 0.396 0.0€5 25¢
1694D - WVA " $16 AWG 2/C 2 0.396 0.083 25

r

I

3 It : ) R ) .
P*“B POINTS: FROM __£& —POZ=T 8= ZY T -
_ AT UNID: 2PM6474D  NOMINAL DIAMEIER: 3 INCHES
MM ALLOWABLE BEND RADIUS: .95 FEET '

!

EXP?CTED]PULLING TENSION ND EXPECTED SIDEWALL PRESSURE CALCULATIONS
WILL BE PERFORMED FOR EXISTING CABLE -- ‘'PULL-BY’

CABLT FUNCTION: MEDIUM-LEVEL / LOW-LEVEL SIGNAL CAELZ

PULLING METHOD« CONNECTION TO CONDUCTOR .

NUMBER OF CABLZS IN PULL: 7

WEIGHT CORRECTION FACTOR: 1.4

TOTAL CABLE WEIGHT: .623 LBS/FT
INPUT COEFFICIENT OF FRICTION: .75
COEFFICIENT OF PULLING FrRICTION: 1.03

|
|
‘ .
|
‘
|
|

X
4




" @R L ELOBNSHOY
SR e COMPUTED WZF  paTed-2-s

Nidectwe=n® 7 - CALCULATION OF PULL TENSIO
Pag < 8—5 . AND SIDE WALL PRESSURES E?‘(ECKED_&O_DATE&ZQ&
. WATTS SAX CALCULATION FACKAGE NUMEIZ 2PMZ474D-¢F4
PAGT 2

FORWARD PULL

ANGLE C PULLING SIDZW

CNA—m
SEG SEGMENT LENGTH  FROM BEND TENSION PRESSURE
NUM TYPE IN FT HORIZ  ANGLE - L3S
1 INCLINED UP 4.17 90.00 0.00
2 BEND. V UP-H 0.00 0.00 5.00
3 INCLINED UP 0.75 85.00 0.00
4 BEND, H-V UP 0.00 0.00 5.00
5 INCLINED UP 15.00 90.00 0.00
6 BEND. V UP-H 0.00 0.00 90.00
7 HORIZONTAL 22.17 0.00 0.00
8 H BEND 0.00 0.00 25.00
‘9 HORIZONTAL 6.29 0.00 0.00
0 BEND, H-V DN 0.00 0.00 25.00
11 INCLINED DN 1.58 25.00 0.00
17 BEND, V DN-H 0.00 0.00 25.00
\  HORIZONTAL 3.67 0.00 0.00
.. ¢  H BEND 0.00 0.00 30.00
3 HORIZONTAL 3.04 0.00 0.00
L6 BEND., H-V DN 0.00 0.00 90.00
17 INCLINED DN 2.67 90.00 0.00

N TS SUBSEGMENT CHLY

TOTAL OF BEND ANGLES IN PULL: 295 00 DEGREES tr—-

VMAXIMUM EXP:CLLD PULLING TENSION (Texp): 3175.81 LBS/FT
MAXIMUM EXPECTED SIDEWALL PRESSURE (SWPexp): 2340.07 L3S/FT
MAXIMUM EXPECTED TENSION FOR FIGURING SIDEWALL PRESSURE:

PP IMATE
VEOPGE  (LOCHETON




QR LEE LB/ 2HECY
QIR - COMPUTED _“~__ DATESZS-

Nrrahsewt 7 T CALCULATION OF PULL TENSION
‘ oo Sb " __ TAND SIDE WALL PRESSURES &ECKEDggﬁ—DAT’ﬂéi
- WATTS BAR CALCULATION PACKAGE NUMEER ZPMé474D-0 /4
) « . PAGE 3 -
REVERSE PULL
SEG TENSION PRESSURE
NUM IN LBS IN LBS -
17 1.66
16 11.70 8.62
5 13.69
14 23.73 17.48
1 26.13
12 41.04 . 30.24
11 42.39
@ 67 .44  49.69
71.55 RPPROXAMBTR
8 113.13 83.36 <— o
- 127.63 DACRLE LOCRTION
A 664 .89 | 489.92
3 655.55
A 718.39 529.34
3 717 .97 -
2 786.92 579 .84
1 784.32
MAXIMUM PULLING TENSION ON REVERSE PULL (Texp): 786.92 LBS/FT
(TENSION OF 3175.81 LBS FOR FORWARD PULL)
N . 3
MAXIMUM SIDEWALL PRESSURE ON REVERSE PULL (SWPexp): 579.84 L3S/FT

(SIDEWALL PRESSURE OF 2340.07 LBS FOR FORWARD PULL)
MAXIMUM TENSION FOR SIDEWALL PRESSURE ON REVERSE PULL: 786.92 LBS




DEVELOPMENT OF KEY OVERLAYS

A walkdown was performed to determine the exact
configuration of the conduits and prepare conduit

gketches.

Hand-over-hand ingpection was performed to identify fypes
of damage points with a reference point of the conduit
bugshing on conduit 2PM6474D in junction box 2-JB-292-
1636 -D.

Assioned a unigue number to identifv each cable.

Prepared a list of symbols to represent categories of
damagse.

Using dimensiong from sketches and dimensions from hand-
over-hand inspection, overlaid cable damage on sketches.
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DAMAGE TYPES

CONDUCTOR EXPOSED
INSULATION DAMAGED BUT CONDUCTOR NOT EXPOSED

SHIELD OR ASSEMBLY WRAP DAMAGED BUT INSULATION NOT
DAMAGED '

JACKET COMPLETELY PENETRATED BUT NO DAMAGE TO
ASSEMBLY WRAP, SHIELD, OR INSULATION

JACKET CUT, SCRAPE, SCUFF, OR NICK THAT DOES NOT
COMPLETELY PENETRATE (GOUGE)

INDENTATION
BEND OR KINK

‘SOFT SPOT

BULGE

DAMAGE TO OUTER JACKET (CUT, PUNCTURE, ETC.)
CONDITION OF SHIELD, DRAIN, AND CONDUCTORS UNKNOWN
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