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1.06 Fault locating procedures are outlined as
follows:

1.04 The flowcharts were developed for use with
the test sets listed in Part 3, or their

equivalents, and should be available to repair
personnel.

1.05 The blocks in the flowcharts have four shapes
whose meanings are explained below. In

addition to the four blocks, an open arrow is used
on the flowcharts to indicate a note on a given
step in the fault-finding procedure.

covering underground. To use the flowcharts, go
to the first chart in the section for the type of
plant that is to be worked on. Follow the chart
until you locate the trouble, or you come to a
block that directs you to another section or directs
you to take other action.

End of Fault Finding
Procedure

Decision Point

Entry or Exit

Instruction or Information

Supplementary Information

o
o
D
<>
~
"tJ

• Eliminate unnecessary dispatches

• Provide for better coordination of tests
performed by wire repair with those performed
by cable repair.

In addition to the above, these fault locating
procedures can provide a basis for training the
repair forces.

1. GENERAL

SECTION 644- 104-090
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• Reduce the number of double dispatches

1.01 This section describes the procedures in
flowchart format used to locate conductor,

wire, and cable tr.oubles in outside plant. The
procedures outlined are intended to permit fault
locating in the least time-consuming manner and
should be considered as guidelines rather than hard
and fast rules. These procedures are established
to:

1.02 When this section is reissued, the reason
for reissue will be listed in this paragraph. Fig. 1-8-Wire Repair (Aerial and Buried)

1.03 The flowcharts cover two major areas; one
for the wire repair group, and one for the

cable repair group. Under cable repair, there is
distribution plant and feeder plant. Each is divided
into aerial, buried with pedestal access, buried out
of sight, and under the feeder; an additional section

Fig. 9-19-Cable Repair (Aerial and Buried)

Fig. 20-27-Cable Repair (Aerial and Buried
and Underground Feeder)

Fig. 28-38-Typical Faults
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2. PRECAUTIONS

2.03 Always call the below ground plant protection
'center in your area to obtain permission to'

dig up underground plant.

2.02 Observation of safety procedures shall not
be limited to the above mentioned sections.

Precautions in applicable test set sections shall also
be observed.

2.01 Although not listed in the flowcharts, safety
procedures shall be observed. At all times

observe the safety procedures and precautions
outlined in the following sections:

(Section 634-200-504) Used for
wire identification, construction
testing, and fault locating;
replaces the 76C test set.

(Section 634-315-502) Used to
trace buried service wire and
to pinpoint shield or conductor
grounds in service wire (requires
AT-8681 B ground probe).

(Section 634-200-225) A general
purpose test set that can be
used to measure resistance,
AC and DC voltages, line
current, open faults to 20 KFT,
circuit loss, noise, and provide
tone for identification purposes.

(Section' 634-315-501) Used to
pinpoint sheath damage in
buried PIC cables. Requires
an AT-8681 B ground probe
when test set is in the fault
locating mode.

(Section 105-242-100) A tone
generator used by station forces
in troubleshooting individual
conductors and pairs in cables,
inside wiring and service drops.

173A

170A

146A

145A

139A

Buried Plant Precautions

Outside Plant Precautions
Underground and Buried Work

Below Ground Protection

TITLE

Guarding Work Areas

Testing and Ventilating Manholes

Joint Use Below Ground Protection

620-140-501

SECTION

620-102-010

620-060-520

620-060-510

620-135-010

·629-100-010

3. TEST SETS

3.01 Test sets required by the outside plant
repair forces for fault locating are listed

below:

91A

10lB

1050

(Section 106-300-100) An audio
amplifier kit consisting of a
147C amplifier, 513A probe
and a headset.

(Sections 106-340-115 and
634-305-505) A hand held
exploring coil intended for use
with 147-type amplifier.

(Sections 106-340-115 and
634-305-505) Exploring coil
mounted on a pole used in fault
locating in aerial plant.

188A

1013B

1097A

(Section 081-705-102) A voltage
tester used to indicate the
presence of hazardous voltages
in the range from 50 to 20,000
volts, 60 Hz AC. Up to 2000
volts DC may be tested when
using the B temporary bond.

(Section 106-020-113) This handset
has dial capability f o i

communication in outside plant.

(Sections 634-020-505 and
644-104-100) Narrowband filter
designed for use with the 147C
amplifier. Permits toning where
noise or power influence is a
problem.
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'Trademark of Dynatel Corporation

AT-8629

AT-8681

KS-14103L6

Dynatel* 710
or equivalent

Deleon 4910F
or equivalent

Metrotech 440
or equivalent

Time Domain
(TDR)

Reflectometer

(Section 105-241-100) Test probe
used with 1013-type handset
to detect an identification signal
on a teiephone line without
damaging the insulation.

(Section 634-220-505) B ground
probe used with 170A and 173A
test sets for locating faults in
the sheath of buried service
wire and buried cable.

(Section 634-305-502) Used to
break down high resistance
faults in paper or pulp insulated
copper conductors so they can
be run down with an exploring
coil.

(Section 634-305-514) Used to
locate faults in buried,
underground or aerial PIC and
pulp cables.

(Sections 106-340-110 and
634-305-510) Used for locating.
opens in conductors.

(Sections 106-350-113 and
634-220-501) Used to locate,
trace, and determine'the depth
of underground conductors,
pipes, and cable in conduit.

A test set such as the TDR
cable fault locator sends pulses
of energy down a cable pair
under test. When these pulses
encounter the end of the cable
pair or any impedance
discontinuity (Fault), a portion
of the energy is reflected. The
elapsed time for the pulse
return is a measure of distance
to the fault and the shape of
the returned pulse identifies
the type of cable fault.

location maps. These maps will show location of
terminals where a cable pair makes multiple
appearances or other points of access along the
cable route. This will permit the repair forces to
make measurements closer to the actual fault
location.

3.03 In case wire repair forces have a trouble
that is beyond their ability to locate and/or

repair, they should arrange for temporary service
by making pair transfers before returning the
trouble ticket to the dispatch center for subsequent
repair. Pair transfers must be made in accordance
with local practices. As a rule of thumb, however,
the transfer is made after wire repair has made
three climbs and/or investigated three terminals
without locating the trouble. In the case of resistive
type faults, wire repair should assist the test desk
in making bridge measurements and should record
the results on the trouble ticket. This information
will help cable repair in their subsequent work.

3.04 In some instances, the cable repair following
these flowcharts will need to replace service

wire or drop wire. For this reason, it is important
that supplies of this wire and.accessories be available
on their repair vehicle.

3.05 In the case of buried out-of-sight plant, the
procedures were developedwith the assumption

that the following conditions exist:

(1) Service wires are waterproof.

(2) Cable is waterproof.

(3) Splices and enclosures are encapsulated.

(4) Two pairs are dedicated from a Feeder
Distribution Interface (FDI) to the customer

and are cut dead ahead.

(5) Any nonworking second pairs are grounded
at the protectors.

(6) No access points exist between the FDI and
the protector, or between the FDI and the

central office.

3.02 The test center (test desk) should have fault
locating test sets such as the Deleon 4913A,

Dynatel 720, or their equivalent. The test desk
should have up-to-date copies of cable records and
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4. WIRE REPAIR

ISS 1, SECTION 644-104-090

4.01 Fault locating procedures for wire repair are
shown in Fig. 1 through 8. These procedures

cover aerial plant, buried plant with pedestal
closures, and buried out-of-sight plant.

ARRANGE FOR
RETURN CALL

TO GAIN ACCESS
TO PROTECTOR

GO TO TERMINAL
SERVING OROP

WIRE CHECK
CARBONS, IF

PRESENT, & REPLACE
AS REQUIREO

NO

CHECK
CARBONS &

REPLACE AS
REQUIREO

REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1 - 1013B HANOSET
2 - 145A TEST SET
3 - 139B TEST SET
4 - AT8629 TEST PROBE

INSPECT OROP
WIRE FOR CUSTOMER
FAULTEO

CONOITION

YES

GO TO TERMINAL
SERVING OROP

WIRE CHECK
CARBONS &

REPLACE AS
REQUIREO

Fig. 1-Wire Repair-Aerial Plant

IN

NO

1,2
3,4
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REQUIRED TEST EQUIPMENT
(DR EQUIVALENT)
1 - 1013B HANOSET
2 - 145A TEST SET

NOTE:
BE ALERT TO THE POSSIBILITY
OF A SPLIT WITH ANOTHER PAIR.

NO

1,2

OPEN
FOUND

?

YES

NO

REPAIR l<l---'-<

YES PAIR CUT
DEAD TOWARD

FIELD
?

NO TROUBLE
CLEARED

?

YES

NO TROUBLE IS IN
MULTIPLE RESTORE

PAIR & GO TO
END OF CABLE PAIR

OPEN OPEN ESTIMATE
OR OPEN FAULT METER YES DISTANCE TO

RESISTIVE AVAILABLE FAULT WITH OPEN
FAULT FAULT METER 2?

Fig. 2-Wire Repair-Aerial Plant (Ready Access)
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REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1 - 1013B HANDSET
2 - 145A TEST SET

RESISTIVE

PLACE STRAP
REQUEST TEST
CENTER BRIDGE

MEASUREMENT

OPEN
OR OPEN

RESISTIVE
FAULT

? 1,2

GO TO FAR END
OF BRANCH LEG

PER TEST - DESK
DIRECTIONS &

PLACE STRAP FOR
BRIDGE REAOING

ON LEG

YES

NO

STRAP
TO FAULT

DISTANCE CORRESPOND
TO TERMINAL

LOCATION
?

Fig. 3-Wire Repair-Aerial Plant (Fixed Count)
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ARRANGE FOR
RETURN CALL

TO GAIN ACCESS
TO PROTECTOR

NO

REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1 - 1013B HANOSET
2 - 145A TEST SET
3 - 139B TEST SET
4 - ATB629 TEST PROBE
5 - 170 A TET SET
6 - AT 8681 B GROUND PROBE

1,2
3,4

IN

1,2

LOCATE
TROUBLE

WITH 170A
TEST SET

5,6

CHECK
CARBONS s

REPLACE AS
REQUIRED

GO TO PEDESTAL
SERVING DROP

WIRE CHECK
CARBONS &

REPLACE AS
REQUIRED

CABLE

YES

GO TO PEOESTAL
SERVING OROP

WIRE CHECK
CARBONS, IF

PRESENT, &REPLACE
AS REQUIREO

REAOY
ACCESS

1,2

INSPECT
EXPOSEO OROP CUSTOfllER
WIRE FOR
FAULTEO
CONOITION

Fig. 4-Wire Repair-Buried Plant With Pedestal Closures
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REQUIRED TEST EQUIVALENT
(OR EQUIVALENT)
1 - 1013B HANDSET
2 - 145A TEST SET

NO

1,2

YES
NO

BE ALERT TO THE POSSIBILITY OF
A SPLIT WITH ANOTHER PAIR.

RESISTIVE

TROUBLE IS IN
JIlUL TIPLE RESTORE

SERVICE WIRE & I---------~
GO TO END OF

CABLE LEG

Fig. S-Wire Repair-Buried Plant With Pedestal Closures (Ready Access)
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OPEN

REQUIRED TEST EQUIVALENT
(DR EQUIVALENT)
1 - 1013B HANDSET
2 - 145A TEST SET

PLACE STRAP
REQUEST TEST ­
CENTER BRIDGE

MEASUREMENT

GO TO FAR END
OF BRANCH LEG

PER TEST - CENTER
DIRECTIONS s

PLACE STRAP FOR
BRIDGE READING

ON LEG

YES

STRAP
TO FAULT

OISTANCE CORRESPONO
TO BRANCH SPLICE

LOCATION
?

NO

1,2

FAULT
LOCATED

?

STRAP
TO FAULT

DISTANCE CORRESPOND
TO TERMINAL

LOCATION
?

YES

Fig. 6-Wire Repair-Buried Plant With Pedestal Closures (Fixed Count)
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REQUIRED TEST EQUIPf'lENT
(DR EQUIVALENT)
1 - 1013B HANDSET
2 - 145A TEST SET
3 - 139B TEST SET
4 - ATB629 TEST PROBE
5 - 170A TEST SET
s - AT B&B 1 B GROUND PROBE

1.2
3.4

LOCATE
&

REPAIR

PROTECTORREP LAC TROUBLE IN
CARBON }+--------.:.....:'-'--<;:. IN DR OUT >'-'----<>\
BLOCKS ?

RESISTIVE

OUT

OPEN
OR

RESISTIVE
FAULT

?

OPEN

NOTE:
CALL BEFORE YOU DIG SEE
PARA. 2.

YES

TROUBLE
FOUND

?

5.&

NO

ATTEMPT TO
LOCATE
TROUBLE

WITH 170A
TEST SET

GOOD
PAIR FROM

YES NEARBY CUSTOMER
AVAILABLE TO SERVE

AS GOOD
TEST PAIR

?

NO

1.2

FAULT
IN SERVICE

WIRE
? 1,2

PLACE STRAP ON
GOOD & BAD PAIRS
s REQUEST TEST

CENTER BRIDGE
MEASUREMENT

L- ---J 5.6

YES

TROUBLE IS IN
FEEDER CABLE
REQUEST TEST

CENTER BRIDGE
MEASUREMENT;

RECORD RESUL T

SECOND
PAIR AT YES

PROTECTOR
WORKING

1.2?
NO

GO TO FOI
OPEN FAULTED

PAIR & REQUEST
TEST -CENTER

RETEST
1.2

NO
PAIR
NOW

CLEAR

Fig. 7-Wire Repair-Buried Out of Sight
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REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1 - 1D13B HANDSET
2 - 145A TEST SET
3 - 17DA TEST SET
4 - ATB6B1 B GRDUND PRDBE

ESTIMATE DISTANCE
TD DPEN WITH

DPEN FAULT METER
'---o--r------' 2

SERVICE
WIRE

DISCDNNECT
PAIR AT FDI s
USE 17DA TEST

SET DN FAULTED
PAIR TD LDCATE

FAULT

TRDUBLE
LIKELY TD

BE IN BURIED
CLDSURE

RESTDRE SERVICE
USING SECDND

PAIR

Fig. a-Wire Repair-Buried Out of Sight (Open Fault)
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5. CABLE REPAIR

5.01 Fault locating procedures for cable repair
are shown in Fig. 9 through 27. These

procedures cover:

• Aerial distribution

• Buried distribution with pedestal closures

ISS 1, SECTION 644-104-090

• Buried out-of-sight distribution

• Aerial feeder

• Buried feeder with pedestal closures

• Buried out-of-sight feeder

• Underground feeder.
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REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1 - 1013B HANDSET
2 - 145A TEST SET

FEEDER

FEEDER

1,2

DISTRIBUTION

YES

BRIDGE
MEASUREMENT

MADE
?

FAULT
IN FOI FEEDER

OR DISTRIBUTION
?

NO

DISTRIBUTION

STATION

AERIAL
DROP

• MAINTENANCE
MANAGEMENT CENTER

TROUBLE
IN CARBON,

AERIAL DROP
OR STATION

?

CARBON

1,2
L-~__""

TROUBLE
TOWARD

CUSTOMER
?

FIXED COUNT

GO CUSTOMER'S
TERMINAL LIFT

DROP WIRE &
TEST TOWARD

CUSTOMER

NO

Fig. 9-Cable Repair-Aerial Distribution
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SPLICE
No/ OR TERMINAL

NEAR BRIDGE

REA~

~YFR
YES

FAULT
FOUND

:READINGj

I ")
MEASURE

DISTANCE TO
FAULT s OPEN

SHEATH AT
INDICATED

~

~AULT
NO TOWARD

THE C.D.

t ~
IDENTIFY PAIR
s PLACE STRAP

HERE USING
PORTABLE BRIDGE

MAKE MEASUREMENT
FROM THE NEAREST

POINT TOWARD FIELD

PIC'

P~~P ~>-c:PI:::.C-,•.- ~
,

FAULT
A SHORT oR"- NO

CROSS

'/'8
YES

APPLY BREAKDOWN
TEST SET TO

FAULTED PAIR(S) AT
END OR TERMINAL

NEAREST FAULT

~ r-----"'---------;

NOTE,
WHEN APPLYING THE BREAKDOWN
TEST SET, ADHERE TO THE SAFETY
PROCEDURES DEFINED IN aSP-634-305-502

NO

TERMINAL

FAULT

lEi C.O.~TOOWRA~OIEcl·DD.
,

REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1-91ATESTSET
2-101ATESTSET
3-105A TEST SET
4-1097AFIlTER
5- OPEN FAULT LOCATOR

(145A TEST SET, IF AVAILABlEj
6-KS-14103l6BREAKDOWNSET (SEE NOTE)
7 ~ 1013B HANDSET
a - 145A TEST SET
9 - OYNATEL 710A FAULT LOCATOR

c.O.

NO

FAULT
TDWARDC.D.

OR AT TERMINAL,

Fig. 10-Cable Repair-Aerial Distribution (Ready
Access)
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REQUIRED TEST EQUIPMENT (DR EQUIVALENT)
1 - OPEN FAULT LOCATOR

(145A TEST SET. IF AVAILABLE)
2 - 1013B HANOSET

OPEN
OR OPEN

RESISTIVE >-------.1
FAULT

? 1,2

RESISTIVE

GO TO TERMINAL
FAUL T MAY EITHER
BE IN TERMINAL
OR IN SIOE LEG
FROM TERMINAL

PLACE STRAP
& REQUEST
TEST-OESK

BRIOGE
MEASUREMENT

SIOE LEGS FOR MULTIPLES MAY
INFLUENCE OPEN REAOINGS. IT
MAY BE NECESSARY TO OBTAIN
CABLE PLAT INFORMATION ANO/OR
ISOLATE SECTIONS IN OROER TO
INTERPRET TEST OATA

FAULT
LOCATEO

?

GO TO POINT
INOICATEO BY

OPEN FAULT
METER & OPEN

SHEATH TO GAIN
ACCESS TO

FAULTEO PAIR

YES

LESS
THAN

GO TO SPLICE
OR TERMINAL
NEAREST TO

FAULT REAOING

OISTANCE
TO FAULT

CORRESPONO TO
NEXT SPLICE OR

TERMINAL
?

GREATER
THAN

EQUAL TO
L---------.l

NO FAULT
l- < LOCATEO

?

TOWARO C.O.

WHERE
OOES BRIOGE
MEASUREMENT
PLACE FAULT

?

NO

2

AT A TERMINAL

PLACE STRAP OR
GO TO ENO OF
LEG ANO PLACE
STRAP
OBTAIN BRIOGE
MEASUREMENT

NO

NOTE:
BE ALERT TO THE POSSIBLITY OF
A SPLIT WITH ANOTHER PAIR

OPEN THE
PAIR s
REPEAT OPEN
MEASUREMENT

Fig. II-Cable Repair-Aerial Distribution (Fixed Count, Open Fault)
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NOTE:
IF CABLE CONTAINS SPECIAL CIRCUITS
SUCH AS MULTICHANNEL CARRIER,
THE USE OF THE 173A TEST SET ON
CONDUCTORS MAY CAUSE INTERFERENCE

REQUIRED TEST EQUIPMENT
(DR EQUIVALENT)
1 - 1013B HANDSET
2 - 145A TEST SET
3 - 173A TEST SET (SEE NOTE)
4 - ATB681B GROUND PROBE

FEEDER

DISTRIBUTION

NO

FOI

DISTRIBUTION

STATION

CARBON

* MAINTENANCE MANAGEMENT CENTER

USE 173A TEST
SET TO LOCATE 1-----+1

FAULT

TROUBLE IN
CARBON STATION OR

BURIED SERVICE
WIRE

?

1,2

h5J'L-------J 3,4

<t/

GO TO
PROTECTOR

s TEST

GO TO
FIXED COUNT

FIG. 14

GO TO PEDESTAL
SERVING CUSTOMER
LIFT SERVICE WIRE

&TEST TOWARD
CUSTOMER

L-__~__---J 1,2

NO

FIXED COUNT

Fig. 12-Cable Repair-Buried Distribution With Pedestal Closures
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NO
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REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1 - OPEN FAULT LOCATOR

(145A TEST SET, IF
AVAILABLE)

2 - 1013B HANDSET
3 - 145A TEST SET

OPEN
PAIR &
RETEST

1,2,OR 3

PLACE STRAP
&REQUEST TEST­

CENTER BRIOGE
f'lEASUREf'lENT

L-._--r--_..J 2

GO TO PEDESTAL
FAULT f'lAY EITHER
BE IN A PEDESTAL
OR IN A SIOE LEG

FROf'l PEDESTAL

PLACE STRAP OR
GO TO END OF LEG
AND PLACE STRAP,

OBTAIN BRIOGE
f'lEASUREf'lENT

'--__,-_----1 2

SIDE LEGS FOR
f'lUL TIPLES f'lAY
INFLUENCE OPEN
READINGS. IT
f'lAY BE NECESSARY
TO OBTAIN CABLE
PLAT INFORf'lATION
AND/OR ISOLATE
SECTIONS IN ORDER
TO INTERPRET TEST
DATA

Fig. 13-Cable Repair-Buried Distribution With Pedestal Closures (Ready Access)
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REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1 - 1013B HANOSET
2 - 145A TEST SETWHERE

OOES BRIDGE
MEASUREMENT
PLACE FAULT

?

PLACE STRAP
& REQUEST

TEST-CENTER
BRIDGE

MEASUREMENT

FAULT MAY BE
EITHER IN

TERMINAL OR IN A SID
LEG FROM TERMINAL

RESISTIVE

TOWARO C.O.

1,2

OON'T
KNOW

NO

FAULT
IN FEEOER

PLANT
?

OPEN

YES

SIDE LEGS FOR MULTIPLES MAY
INFLUENCE OPEN REAOINGS. IT
MAY BE NECESSARY TO OBTAIN
CABLE PLAT INFORMATION ANOI
OR ISOLATE SECTIONS IN OROER
TO INTERPRET TEST OATA

GO TO ENO OF
LEG ANO PLACE
STRAP, OBTAIN

BRIDGE
MEASUREMENT

Fig. 14-Cable Repair-Buried Distribution With Pedestal Closures (Fixed Count)
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REQUIRED TEST EQUIPMENT
(DR EQUIVALENT)
1 - OPEN FAULT LOCATOR

(145A TEST SET.IF AVAILABLE
2 - 173A TEST SET (SEE NOTE 2)
3 - AT B681 B GROUND PROBE

MEASURE
DISTANCE TO
FAULT WITH
OPEN FAULT

METER

OPEN PAIR
& REPEAT

OPEN
MEASUREMENT

TROUBLE
IS IN

SECTION

ISOLATE
SHIELD s TEST

FOR LEAKAGE
TO EARTH

YES

GO TO SPLICE
OR TEMINAL
NEAREST TO
ESTIMATED
DISTANCE

NO

DIG AT FAULT
NEAREST OPEN

READING

YES

e NO

DIG AT POINT
INDICATED BY

OPEN FAULT
METER

YES LOCATE SHEILD
FAULTS WITH

173A TEST SET

&>
2 . 3

1
,---_--L-_--, TE

NO

NOTES:
1. CALL BEFORE YOU DIG. SEE PARA. 2
2. IF CABLE CONTAINS SPECIAL CIRCUITS SUCH

AS MULTICHANNEL CARRIER, THE USE OF THE
173A TEST SET ON CONDUCTORS MAY CAUSE
rrhERFERENCE

3. BE ALERT TO THE POSSIBLITY OF A SPLIT
WITH ANOTHER PAIR

Fig. IS-Cable Repair-Buried Distribution With Pedestal Closures (Open Fault)
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RESISTANCE
LESS THAN
100 OHMS

?

NOTES,
1. CALL BEFORE yOU OIG.

SEE PARA. 2
2. WHEN APPLYING THE

BREAKDOWN TEST SET.
AOHERE TO THE SAFETY
PROCEOURES OEFINEO IN
BSP S34-305-502

3. IF CABLE CONTAINS
SPECIAL CIRCUITS
SUCH AS MULTICHANNEL
CARRIER. THE USE OF
THE 173A TEST SET ON
CONDUCTORS MAY CAUSE
INTERFERENCE

9.11

SUSPECT THE FOLLOWING,
A. ANOTHER CABLE GROUNO

TO LATERAL OR POWER
NEUTRAL,

B. BURIEO METALLIC
SPLICE CASE OR
LEAO SPLICE

CHECK CABLE RECORDS

YES

NO

PIC

PIC
OR PULP

?

NO

APPLY
BREAKDOWN
TEST SET 1+-_-'-''''-<

TO FAULTED
PAIRIS)

:~CEc'EK:SOF~~ >~r------I

? r-=~=.......,.~Dffll

~--~~
PULP

REQUIRED TEST EQUIPMENT (OR EQUIVALENT)
1 - 91A TEST SET 7 - 1013B HANOSET
2 - 101A TEST SET 8 - 145A TEST SET
3 - 105A TEST SET 9 - 173A TEST SET ISEE NOTE 3)
4 - 1097A FILTER 10 - OYNATEL 710A TEST SET
5 - CABLE LOCATING TEST SET 11 - AT -B6Bl B GROUNO PROBE
6 - KS-14103 L6 BREAKOOWN SET

LIFT CABLE SHIELO AT
ENOS OF SECTION. GO
TO ENO OF SECTION

NEARER FAULT s
MEASURE SHIELO-TO­

EARTH RESISTANCE

GO TO PEOESTAL
NEAREST BRIOGE

REAOING s ISOLATE
FAULT TO SECTION

BETWEEN TWO PEOESTALS.
MAKE MEASUREMENT ON

FAUl TED PAIR WITH
PORTABLE BRIOGE s
STRAP AT OPPOSITE

ENOS OF SECTION

'HOLE LARGE ENOUGH TO USE
EXPLORING COIL ON CABLE

LOCAL CABLE. OIG
s OPEN SHEATH

AT LOCATION
INOICATEO BY

BRIOGE

Fig. 16-Cable Repair-Buried Distribution With Pedestal Closures (Resistive Fault)
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NO

DISTRIBUTION

IN FOI

ISS 1, SECTION 644-104-090

REQUIRED TEST EQUIPMENT
(DR EQUIVALENT)
1 - 1013B HANDSET
2 - 145A TEST SET

DON'T
KNOW

GO TO
FDI

FAULT
LOCATION FEEDER

RELATIVE TO »-------------~

FDI
? 1,2

Fig. 17-Cable Repair-Buried Out-of-Sight Distribution
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SECTION 644- I04-090

(\J

W
l­
e
z

USE 173A TEST
SET ON PAIR
FROM FOI TO

LOCATE TROUBLE

4,6

LESS THAN
5000 FEET
FROM FDI

REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1 - CABLE LOCATING TEST SET
2 - 1013B HANOSET
3 - 145A TEST SET
4 - 173A TEST SET
5 - DYNATEL 710A

FAULT LOCATOR
6 - AT B6Bl B GROUNO PROBE

4,6

LOCATE CABLE
& OPEN SHEATH

AT A POINT NEAR
FAUL T ESTIMATED
BY BRIDGE. USE
173A TEST SET

ON PAIR AT SHEATH
OPENING TO

PINPOINT FAULT

DIG & OPEN
SHEATH AT POINT

INDICATED BY
BRIDGE MEASUREMENT

LESS THAN
5000 FEET
FROM PROTECTOR

OPEN THE PAIR AT
FOI s USE 173A

TEST SET ON
PAIR FROM

PROTECTOR.
NOTE: IF PAIR

IS NOT CUT OEAO
AHEAD. FAULT MAY
BE IN BRIDGE TAP

4,6

(\J

W
l­
ez

YES

NOTE 2

LOCATE s OPEN
BURIEO CLOSURE.

FIND A GOOD PAIR
PLACE STRAP TO

FAUL TV CONDUCTOR

NO

REMOVE CROSS-CONNECT
WIRES AT FOI. GO TO

CUSTOMER'S PROTECTOR
& USE 173A ON A

FAULT EO CONOUCTOR

CAN
A GOOO PAIR

BE OBTAINEO FROM
NEARBY CUSTOMER PAIR

TO SERVE AS GOOO
BRIDGE PAIR

? .

NO

NO

'--__--, -l 4,6

SECONO YES
PAIR GOOO >----------~

?

NOTES:
1. CALL BEFORE YOU OIG. SEE PARA. 2
2. IF CABLE CONTAINS SPECIAL CIRCUITS SUCH AS

MULTICHANNEL CARRIER, THE USE OF THE 173A
TEST SET ON CONOUCTORS MAY CAUSE INTERFERENCE.

3. THESE PROCEDURES ASSUME OUT-OF-SIGHT PLANT IS
MADE UP OF WATERPROOF CABLE AND FILLED SERVICE
WIRE AND ANY RESISTIVE FAULT IS IN COMBINATION
WITH EARTH GROUND

FAULT
LOCATED

?

NO

Fig. IS-Cable Repair-Bu;ied Out-of-Sight Distribution (Resistive Fault)
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ISS I, SECTION 644-104-090

REQUIRED TEST EQUIPMENT

TS IN THIS
NT THAT
RATE
UREMENT

BE THE
WN
OF-SIGHT
OF CABLE
ANY
ATION

A. 2
RCUITS
, THE
CONDUCTORS

DR)

ENTER FROM (OR EQUIVALENT)

~
OPEN 1 - OPEN FAULT LOCATOR

FIG. 17 (145A TEST SET, IF AVAILABLE

~ 2 - 1013B HANOSET
3 - 173A TEST SET (SEE NOTE 2)

PLACE STRAP 4 - TIME OOMAIN REFLECTOMETER (T
TIP-TO-RING 5 - AT 8681 B GROUNO PROBE
ON PAIR AT

FOI

~
NOTES:

1. CALL BEFORE YOU OIG. SEE PAR

GO TO 2. IF CABLE CONTAINS SPECIAL CI

<%J
CUSTOMER'S SUCH AS MULTICHANNEL CARRIER

PROTECTOR USE OF THE 173A TEST SET ON
MAY CAUSE INTERFERENCE

• 3. BECAUSE OF LIMITED TEST POIN
TYPE OF PLANT, IT IS IMPORTA

MEASURE LOOP OPEN MEASUREMENTS BE AS ACCU
RESISTANCE & AS POSSIBLE THE OPTIMUM MEAS

LEAKAGE RESISTANCE TECHNIQUE WILL BE OETERMINEO
TO GROUNO OF CONOITION OF THE OPEN AS SHO

OPEN CONOUCTOR 4. THESE PROCEOURES ASSUME OUT-

~ 1,2
PLANT IS MAOE UP OF WATERPRO
ANO FILLED SERVICE WIRE AND

SELECT LOOP RESISTANCE RESISTIVE FAULT IS IN COMBIN
WITH AN EARTH GROUNO

LESS 10K OHMS MORE
THAN TO THAN

10K OHMS 1M OHM 1M OHM

~
SELECT

SELECT LEAKAGE RESISTANCE
SELECT

LEAKAGE RESISTANCE LEAKAGE RESISTANCE

LESS MORE LESS 10K OHMS MORE LESS MORE
THAN THAN THAN TO THAN THAN THAN

1M OHMS 1M OHMS 10K OHMS 1M OHM 1M OHM 1M OHMS 1M OHMS

• • i- i- • ~ ~

MEASURE MEASURE MEASURE MEASURE MEASURE MEASURE MEASURE

DISTANCE OISTANCE DISTANCE OISTANCE OISTANCE OISTANCE OISTANCE TO

TO FAULT TO FAULT TO FAULT TO FAULT TO FAULT TO FAULT FAULT WITH

NO WITH WITH WITH WITH TOR WITH TOR WITH TOR 145A TEST SET

T TOR TOR TOR OR OYNATEL OR OYNATEL OR OYNATEL OR EQUIVALENT
E

S
730 730 730 METER

1 4 14 1 4 1 4 • 4 I 4 1

2
& .A i> i> I

-~- ~
14

fIl~USE 173A TEST SET ON CONOUCTOR TO OIG AT APPROXIMATE FAULT POINT.
GROUND. IF FAULT IS MORE THAN 2000 REMEASURE OISTANCE TO FAULT

FEET AWAY, OIG AT APPROXIMATE FAULT &OIG AGAIN. REPEAT UNTIL FAULT
POINT &APPLY 173A TEST SET TO IS LOCATEO

CONOUCTOR AT THAT POINT

3,5 3,5

Fig. 19-Cable Repair-Buried Out-of-Sight Distribution (Open Fault)
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SECTION 644-104-090

NOTE:
WHEN APPLYING BREAKDOWN
TEST SET, OBSERVE SAFETY
PROCEDURES IN BSP
634-305-502

OPEN
FAULTED
PAIR &
RETEST

REQUIRED TEST EQUIPMENT
(DR EQUIVALENT)
1 - 91A TEST SET
2 - 101A TEST SET
3 - 105A TEST SET
4 - 1097A FILTER
5 - OPEN FAULT LOCATOR

(145A TEST SET, IF AVAILABLE)
6 - KS-14103L6

BREAKDOWN SET
7 - 1013B HANDSET
B - DYNA TEL 710A FAULT LOCATOR

IDENTIFY PAIR
&APPLY STRAP
OBTAIN BRIDGE

MEASUREMENT
L.._--.--_....I 7

GO TO SPLICE
OR TERMINAL
NEAREST TO

BRIDGE READING

MEASURE
DISTANCE TO

FAULT 6 OPEN
SHEATH AT

INDICATED POINT

IDENTIFY PAIR
& PLACE STRAP

HERE. USING
PORTABLE BRIDGE,
MAKE MEASUREMENT
FROM THE NEAREST

POINT TOWARD FIELD

RESISTIVE
PLACE STRAP

AT FDI &
REQUEST TEST­
CENTER BRIDGE

MEASUREMENT

APPLY BREAKDOWN
TEST SET TO

FAULTED PAIRIS) AT
ENO OR TERMINAL

NEAREST FAULT

Fig. 20-Cable Repair-Aerial Feeder
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ISS 1, SECTION 644-104-090

MEASURE
DISTANCE TO

FAULT WITH OPEN
FAULT METER

OPEN THE PAIR
& REPEAT

OPEN
MEASUREMENT

TROUBLE
IS IN

SECTION

GO TO POINT
INOICATEO BY

OPEN FAULT
METER & OPEN

SHEATH TO GAIN
ACCESS TO

FAUL TED PAIR

DISTANCE
TO FAULT

CORRESPOND TO
NEXT SPLICE DR

TERMINAL
?

EQUAL TO

GO TO SPLICE
OR TERMINAL
NEAREST TO

FAULT READING

GREATER
THAN

NO

NO FAULT
LOCATED

?

YES

REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1 - OPEN FAULT LOCATOR

(145 TEST SET. IF AVAILABLE)
2 - 1013B HANDSET

NOTE: BE ALERT TO THE POSSIBILITY OF A
SPLIT WITH ANOTHER PAIR

Fig. 21-Cable Repair-Aerial Feeder (Open Fault)
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SECTION 644-104-090

NOTES:
1. CALL BEFORE YOU DIG.

SEE PARA. 2
2. FOR THE USE OF THE

BREAKOOWN TEST SET
REFER TO asp 634­
305-502

3. IF CAaLE CONTAINS
SPECIAL CIRCUITS
SUCH AS J"lUlTICHANNEl
CARRIER, THE USE OF
THE 17SA TEST SET ON
CONOUCTORS MAY CAUSE
INTERFERENCE

9,11,

SUSPECT THE FOLLOWING:
A. ANOTHER CABLE GROUND

TO LATERAL OR POWER
NEUTRAL:

B. BURlEO METALLIC
SPLICE CASE OR
LEAD SPLICE

CHECK CABLE RECORDS

a
YES

YES

APPlY TEST SET
TO CABLE SHIELD.
LOCATE s J"lARK All

SHEATH FAULTS
WITHIN SECTION

NO

RESISTANCE
LESS THAN
100 DHJ"lS

?

REQUIRED TEST EQUIPMENT (OR EQUIVALENT!
1 - 91A TEST SET S - K8-14103 L6 BREAKOOWN SET
2 - lOlA TEST SET 7 - 10138 HANDSET
3 - 105A TEST SET 8 - 145A TEST SET
4 - 1097A FILTER 9 - 173A TEST SET (SEE NOTE 3)
5 - CABLE LOCATING TEST SET to - DYNATEl 710A TEST SET

11 - AT 8SB1 B GROUND PROBE

PIC

PIC
OR PULP,

sau~C~K~SOFWUNL )N_O-,.-__-<>I
,

APPLY
BREAKDOWN
TEST SET

TO FAULTED
PAIRISI

OPEN
OR

RESISTIVE
FAULT

? 7,8

RESISTIVE
PLACE STRAP
AT FOr s
OBTAIN ­
OESK BRIDGE
fi'lEASUREI'lENT

LIFT CABLE SHIELD AT
ENOS OF SECTION. GO

TO END OF SECTION
NEAREST FAULT s

MEASURE SHIElD- TO~
EARTH RESISTANCE

GO·TO PEDESTAL
NEAREST BRIDGE

READING & ISOLATE
FAULT TO SECTION

BETWEEN TWO PEDESTALS.
MAKE f"'IEASUREI"'IENT ON

FAUL TEO PAIR WITH
PORTABLE BRIDGE &
STRAP AT OPPOSITE

ENOS OF SECTION
'-- -r-r-__---' a. 10

*HOLE LARGE ENOUGH TO USE
EXPLORING COIL ON CABLE.

LOCATE CABLE,
DIG s OPEN SHEATH

AT LOCATION ~
INDICATED BY ~

BRIDGE 5

Fig. 22-Cable Repair-Buried Feeder With Pedestal Closures
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ISS 1, SECTION 644-104·090

MEASURE
DISTANCE TO
FAULT WITH
OPEN FAULT

METER

TROUBLE
IS IN

SECTION

NO
NO

FAULT
NEARER THAN

NEXT TERMINAL
OR SPLICE

?

YES

<%1
r='---...L-----,

GO TO SPLICE
OR TERMINAL
NEAREST TO
ESTIMATED
DISTANCEISOLATE

SHIELD s TEST
FOR LEAKAGE

TO EARTH

NO

FAULT
LOCATED

?

OPEN THE PAIR
s REPEAT

OPEN
MEASUREMENT

YES LEAKAGE
TO EARTH

?

NO

W
~

3,4

DIG AT POINT
INDICATED BY

OPEN FAULT
DIG AT FAULT METER
NEAREST OPEN

READING

REQUIRED TEST EQUIPMENT
(DR EQUIVALENT)
1 - OPEN FAULT LOCATOR

(145A TEST SET,IF AVAILABLE)
2 - 1013B HANDSET
3 - 173A TEST SET (SEE NOTE 2)
4 - AT BSB 1 B GROUND PROBE

NOTES:
1. CALL BEFORE YOU DIG. SEE PARA. 2.
2. IF CABLE CONTAINS SPECIAL CIRCUITS

SUCH AS MULTICHANNEL CARRIER,
THE USE OF THE 173A TEST SET ON
CONDUCTORS MAY CAUSE INTERFERENCE

3. BE ALERT TO THE POSSIBILITY OF A
SPLIT WITH ANOTHER PAIR

OPEN SHEATH
TO GAIN ACCESS

'------------1 TO FAULTED
PAIR

Fig. 23-Cable Repair-Buried Feeder With Pedestal Closures (Open Fault)
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SECTION 644-104-090

PLACE STRAP
AT FDI s

OBTAIN BRIOGE
MEASUREMENT

REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1 - 1013B HANOSET
2 - 145A TEST SET
3 - 173A TEST SET (SEE NOTE 2)
4 - OYNATEL 710A FAULT LOCATOR
5 - ATB6B 1 B GROUNO PROBE

1,2

HAVE HEAT
COILS PULLEO YES

USE 173A TEST SET
ON CONOUCTOR

TO LOCATE FAULT

3,5

STRAP­
TO-FAULT

OISTANCE LESS
THAN 5000

FEET
?

GO TO THAT YES
TEST POINT

ISOLATE PAIR AT FAR
ENO. USE 173A TEST

SET ON CONOUCTOR
AT TEST POINT

TO LOCATE TROUBLE

1,3,5

~.-------,
OIG AT POINT
NEAR BRIOGE

REAOING. OPEN
SHEATH s REPEAT
BRIDGE REAOING

ISOLATE PAIR
AT FAR END s

USE 173A TEST SET
ON CONDUCTOR

TO LOCATE TROUBLE

1,3,5

NOTES:
1. CALL BEFORE YOU OIG SEE

PARA. 2
2. IF CABLE CONTAINS SPECIAL

CIRCUITS SUCH AS MULTI­
CHANNEL CARRIER, THE USE
OF THE 173A TEST SET ON
CONOUCTORS MAY CAUSE
INTERFERENCE

3. THESE PROCEOURES ASSUME
OUT -OF-SIGHT PLANT IS
MAOE UP OF WATERPROOF
CABLE ANO FILLEO SERVICE
WIRE AND ANY RESISTIVE
FAULT IS IN COMBINATION
WITH AN EARTH GROUNO

YES

OIG s OPEN
SHEATH AT

POINT INOICATEO
BY BRIOGE

MEASUREMENT

FAULT
LOCATEO

?

NO

Fig. 24-Cable Repair-Buried Out-of-Sight Feeder
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ISS 1, SECTION 644-104-090

. 2
CUITS

THE

R)

ENCE
S IN
ORTANT
ACCURATE
REMENT
BY THE
N
F-SIGHT
OF CABLE
NY

ATION

ENTER FROM REQUIRED TEST EQUIPMENT

~
OPEN (DR EQUIVALENT)

FIG. 24 1 - OPEN FAULT LOCATOR

• (145A TEST SET, IF AVAILABLE)
2 - 1013B HANOSET

PLACE STRAP 3 - 173A TEST SET (SEE NOTE 2)
TIP-TO-RING 4 - TIME DOMAIN REFLECTOMETER (TO
ON PAIR AT 5 - AT8681 B GROUND PROBE

FOI NOTES:

• 1. CAll 8EFORE YOU DIG. SEE PARA
2. IF CABLE CONTAINS SPECIAL CIR

GO TO C.O. OR SUCH AS MULTICHANNEl CARRIER,

~
NEAREST POINT OF USE OF THE 173A TEST SET ON

ACCESe TO C.O. CONOUCTORS MAY CAUSE INTERFER
3. BECAUSE OF LIMITEO TEST POINT• THIS TYPE OF PLANT, IT IS IMP

MEASURE LOOP
THAT OPEN MEASUREMENTS BE AS
AS POSSIBLE THE OPTIMUM MEASU

RESISTANCE s TECHNIQUE WILL BE OETERMINEO
LEAKAGE RESISTANCE CONOITION OF THE OPEN AS SHOW

TO GROUNO OF 4. THESE PROCEDURES ASSUME OUT-O
OPEN CONOUCTOR PLANT IS MAOE UP OF WATER PRO

t 2,3 ANO FILLEO SERVICE WIRE AND A
RESISTIVE FAULT IS IN COMBIN

SELECT LOOP RESISTANCE WITH AN EARTH GROUNO

LESS 10K OHMS MORE
THAN TO THAN

10K OHMS 1M OHM 1M OHM

•SElECT
SELECT LEAKAGE RESISTANCE

SELECT
LEAKAGE RESISTANCE LEAKAGE RESISTANCE

LESS NORE LESS 10K OHMS MORE LESS MORE
THAN THAN THAN TO THAN THAN THAN

1M OHMS 1M OHMS 10K OHMS 1M OHM 1M OHM 1M OHMS 1M OHMS

t t t • • • t
MEASURE MEASURE MEASURE MEASURE MEASURE MEASURE MEASURE

OISTANCE OISTANCE OISTANCE OISTANCE OISTANCE OISTANCE DISTANCE TO

TO FAULT TO FAULT TO FAULT TO FAULT TO FAULT TO FAULT FAULT WITH
WITH WITH TOR WITH TOR WITH TOR 145A TEST SET

WITH WITH
TOR OR OYNATEL OR OYNATEL OR OYNATEl OR EQUIVALENTTOR TOR

730 730 730 METER

~ 1

4 14 I 4 I 4 .lr 4 I 4 1 1

t t T I-. • fP'I;USE 173A TEST SET ON CONDUCTOR TO
OIG AT APPROXIMATE FAULT POINT.GROUNO. IF FAULT IS MORE THAN 2000

REMEASURE DISTANCE TO FAULT
FEET AWAY, OIG AT APPROXIMATE FAULT &DIG AGAIN. REPEAT UNTIL FAULT

POINT s APPL Y 173A TEST SET TO IS LOCATEO
CONOUCTOR AT THAT POINT

4,5

Fig. 2S-Cable Repair-Buried Out-of-Sight Feeder (Open Fault)
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SECTION 644-104-090

5,7

GREATER
THAN

PLACE STRAP
HERE ON FIELD

SIDE. USE
PORTABLE BRIDGE

AT FDI

NOTE:
WHEN APPLYING THE
BREAKDOWN TEST SET,
ADHERE TO THE SAFETY
PROCEDURES DEFINED
IN BSP-634-305-502.

(OR EQUIVALENT)
5- 1013B HANDSET
6 - 145A TEST SET
7 - DYNATEL 710A

FAULT LOCATOR

NO

DISTANCE
READING

CORRESPOND TO
NEXT MANHOLE

LOCATION
?

PLACE STRAP.
OBTAIN
BRIDGE

MEASUREMENT 5
L------r---'

REQUIRED TEST EQUIPMENT
1 - 91A TEST SET
2 - 101A TEST SET
3 - 1097A FILTER
4 - KS-14103 L6 BREAKDOWN SET

NOFAULT
LOCATED

?

YES

4

5

RESISTIVE

YESGROUND
FAULT

? 6
NO

TONE
ENTERING
MANHOLE

?

PULP

PLACE STRAP.
OBTAIN
BRIDGE

MEASUREMENT

APPLY BREAKDOWN
TEST SET TO

FAULTED PAIR(S)
AT END NEAREST

FAULT

~;=-_-1-_--,

Fig. 26-Cable Repair-Underground Feeder
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ISS 1, SECTION 644-104-090

REQUIRED TEST EQUIPMENT
(OR EQUIVALENT)
1 - OPEN FAULT LOCATOR

(145A TEST SET, IF AVAILABLE)
2 - 1013B HANDSET
3 - 145A TEST SET

MEASURE
DISTANCE TO

FAULT WITH OPEN
FAULT METER

1 OR 3

TROUBLE
IS IN

SECTION

LESS
THAN

DISTANCE
READING

CORRESPOND TO
NEXT MANHOLE

LOCATION
?

GREATER
THAN

EQUAL TO

GO TO
MANHOLE
NEAREST

FAULT
READING

YES
REPAIR /"'i"""-----,

Fig. 27-Cable Repair-Underground Feeder (Open FClult)
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SECTION 644-104-090

5.02 The detection of conductor faults in cable
plant is usually associated with customer

trouble reports, ALIT, noisy carrier circuits and
the like. These faults are usually caused by water
entering the cable, lightning surges, physical damage
to the sheath or other similar mishaps. The various
techniques for locating conductor faults consist of

RESISTIVE

a series of flowcharts that are designed to provide
a systematic approach to fault location. Figures
28 and 29 are flowcharts relating to PIC cable
repair in the underground plant. In addition,
Fig. 30 and 31 cover the procedure to be followed
when the cable trouble is known or suspected to
be water related.

REQUIRED TEST EQUIP"ENT
(OR EQUIVALENT)

1. 1D13B HANOSET
2. 145A TEST SET
3. OYNATEL 71DA FAULT LOCATOR

PLACE STRAP
HERE ON FIELD

SIDE USE
PORTABLE BRIDGE

AT FDI

NOTE:
AFTER REPAIR OF RESISTIVE FAULT IS CO"PLETEO, AND IT IS SUSPECTED THAT THE TROUBLE WAS WATER
RELATED. TESTS USING THE 17SA SICK PIC DR TOR SHOULD BE "ADE IN BOTH DIRECTION FRO" THE OPEN
SPLICE TO ENSURE THAT NO WATER IS PRESENT IN ADJACENT CABLE SECTIONS - SEE FIGURES 3D AND 31

Fig. 28-Resistive Fault-Underground PIC
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TRDUBLE
IS IN
SECTIDN

LESS
THAN

MEASURE
DISTANCE TD
FAULT WITH DPEN
FAULT METER

EQUAL TD

GO TO MANHOLE
NEAREST FAULT
READING

ISS 1, SECTION 644-104-090

REQUIRED TEST
EQUIPMENT (OR
EQUIVALENT)

1- OPEN FAULT LOCATOR
(145A TEST SET
IF AVAILABLE)

2 - 1013A HANDSET

TO GO FIGS 30 & 31

NOTE:
AFTER REPAIR OF OPEN FAULT IS COMPLETED. ANO IT IS SUSPECTED THAT THE TROUBLE
WAS WATER RELATED, TESTS USING THE 17SA SICK PIC OR TDR SHOULD BE MADE IN BOTH
DIRECTION FROM THE OPEN SPLICE TO ENSURE THAT NO WATER IS PRESENT IN ADJACENT
CABLE SECTIONS - SEE FIGURES 30 AND 31.

Fig. 29-0pen Fault-Underground PIC
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SE<:;T10N 644-104-090

LOCATE &REPAIR
TRBL AS REQ' 0
(FROM FIGS 28
&29)

TRBL
WATER

RELATEO
?

YES

REQUEST 1A
SENSOR TEST

"WET"
?

USE • TOR
• SIC PIC
• HUMIDITY

TEST SECTION

NO

YES

YES

FOLLOW
NORMAL
PRACTICE

GO TO MH
INOICATEO s
ORY SPLICE

Page 36

Fig. 30-Craft Procedure



ISS 1, SECTION 644-104-090

FIELD CRAFT TEST SENSORS LARGE NUMBER OF FAULTS

(FROM FIG. 30) (LTD ALIT, CTR'S, LCAMOS, ETC
MLT)

NO
FOLLOW

"WET"? NORMAL
<100Kn PRACTICE

YES

LOCATE "WET"
SENSOR USING
RESISTANCE
BRIDGE

INFORM
FIELD CRAFT
OF WET
LOCATION

Fig. 31 - Test Center Procedure
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SECTION 644- 104-090

6. TYPE OF FAULTS

6.01 Typical faults to be found along with a
description of the fault, symptoms and

probable causes are shown in Fig. 32 through 38.

6.02 Splicing errors can include opens and crosses.
However, the most common would include

splits, transpositions, splice backs, and reversals.
Since splicing errors should be corrected during
acceptance testing, these kinds of faults have not
been included in this section.

SCHEMATIC

TIP 0

RING o-O---------+---------<l

DESCRIPTION - THE TWO WIRES OF A PAIR ARE IN CONTACT
WITH EACH OTHER DR IN CONTACT WITH EACH
OTHER THROUGH A RESISTIVE PATH

SYMPTOMS - • RESISTANCE FROM TIP TO RING IN RANGE OF 0 TO 2 MEGOHM
• MAY BE A REOUCTION IN SIGNAL LEVEL
• MAY HAVE PERMANENT DIAL TONE
• CUSTOMER'S LINE MAY BE NOISY

PROBABLE
CAUSES -. BREAKOOWN TEST APPLICATION

• CABLE OAMAGE
• MOISTURE
• METALLIC CONTACT OF WIRES
• LIGHTNING OAMAGE
• ABRASION OF SERVICE WIRE
• TERMINAL OETERIOATION
• CORROSION
• INSECT OR ROOENT ACTIVITY

Fig. 32-Short
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PAIR

SHIELD

ISS 1, SECTION 644-104-090

SCHEMATIC

a a
PAIR

a i
a

R

SHIELD Z Z Z Z Z Z Z / Z Z Z Z Z Z Z Z Z

DESCRIPTION - EITHER TIP DR RING DR TIP AND RING ARE
IN CONTACT WITH SHIELD OF THE CABLE DR
OTHER GROUNDED OBJECT

SYMPTOMS - • RESISTANCE FROM TIP DR RING TO SHIELD
OF CABLE DR OTHER GROUNDED OBJECT

• MAY HAVE REDUCTION IN SIGNAL LEVEL
• MAY HAVE PERMANENT DIAL TONE
• CUSTOMERS LINE MAY BE NOISY

PROBABLE
CAUSE -. BAD CARBON IN PROTECTOR

• MOISTURE
• CABLE OR WIRE DAMAGE
• LIGHTNING DAMAGE
• TERMINAL OETERIORATION
• INSECT OR RODENT ACTIVITY
• CORROSION
• WATER IN CABLE
• POOR INSULATION

CAUTION - A CROSS TO TIP OF ANOTHER PAIR MAY
APPEAR AS A GROUND

Fig. 33-Ground
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SECTION 644- 104-090

SCHEMATIC

0 0

PAIR A

: 1R :
PAIR B

0 0

DESCRIPTION - ONE WIRE OF ONE PAIR IN CONTACT WITH ONE
WIRE OF ANOTHER PAIR OR IN CONTACT WITH
EACH OTHER THROUGH A RESISTIVE PATH.

SYMPTOMS - • MAY HAVE CROSS
• MAY HAVE FOREIGN BATTERY
• CAPACITANCE UNBALANCE BETWEEN

CONDUCTORS AND GROUND
• MAY HAVE REDUCTION IN SIGNAL LEVEL
• MAY HAVE PERMANENT DIAL TONE
• CUSTOMER'S LINE MAY BE NOISY
• MAY APPEAR AS A GROUND IF CROSSED

TO TIP OF ANOTHER PAIR

PROBABLE
CAUSE -. MOISTURE

• CABLE DAMAGE
• LIGHTNING
• TERMINAL DETERIORATION
• INSECT OR RODENT ACTIVITY
• CORROSION
• WATER IN CABLE

/. POOR INSULATION

Fig. 34-Cross
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ISS 1, SECTION 644- 104-090

SCHEMATIC

oR 00----------------------<l
PAIR "A"

• ';O-~B-"-------:::...,.L------------<l

OESCRIPTION - TIP OF ONE PAIR IS CONNECT EO TO TIP OF
ANOTHER OR RING OF ONE PAIR IS CONNECTEO
TO RING OF ANOTHER

SYMPTOMS - • NO CONTINUITY BEYONO SPLIT
• IF SPLIT IS MIDWAY ON PAIR THE TIP TO

RING LENGTH MEASUREMENT WILL BE SHORT
• IF SPLIT BEYONO POINT OF SERVICE CONNECTION,

PAIR WILL BE NOISY
• IF SPLIT IS NEAR THE ENO THE PAIR WILL LOOK

LIKE A BALANCEO OPEN FAULT

PROBABLE
CAUSE - SPLICING ERROR (WILL ALWAYS BE LOCATEO AT

POINT OF PAIR CONNECTION WORK).

Fig. 35-Splits
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SCHEMATIC

o
PAIR A

o

o
PAIR B

0----------

DESCRIPTION - EITHER TIP. RING DR BOTH TIP AND
RING ARE OPEN

SYMPTOMS - • NO DIAL TONE
• NO C.O. BATTERY
• MAY HAVE UNBALANCE

BETWEEN CONOUCTORS
• MAY BE NOISE ON PAIR

PROBABLE
CAUSE -. CORROSION

• BAD SPLICE CONNECTION
• LIGHTNING OAMAGE
• CABLE OR WIRE OAMAGE
• RODENT OAMAGE
• ABRASION
• TERMINAL OETERIORATION

Fig. 36-0pens

o

o

o

o



Wiii iii! liiii!i!!1

DESCRIPTION - LACK OF SHIELD CONTINUITY
SYMPTOMS - • NOISE ON LINES

• NO SHIELD CONTINUITY
• MAY BE NUMBER OF PAIRS

IN TROUBLE AT SAME LOCATION

PROBABLE
CAUSE -. CORROSION DUE TO MOISTURE

• POOR CONNECTION AT BOND CLIP
• BOND OMITTED
• LIGHTNING
• POWER LINE CONTACT

Fig. 37-0pen Shield

i!!!!!!!!:;:!!!!!!!;

DESCRIPTION - INTEGRITY OF SHEATH VIOLATED
SYMPTOMS -. WATER IN CABLE

• NUMBER OF PAIRS IN TROUBLE
AT SAME LOCATION

• DC RESISTANCE BETWEEN SHIELD
AND EARTH

PROBABLE
CAUSE - • SHEATH DAMAGED DURING INSTALLATION

• CABLE OR SERVICE WIRE DAMAGED AFTER
INSTALLATION

• LIGHTNING
• RODENT DAMAGE

Fig. 38-Sheath Break

ISS 1, SECTION 644- j 04-090
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BELL SYSTEM PRACTICES
Wisconsin Telephone Company

1. GENERAL

FAULT LOCATING

OUTSIDE PLANT

3. TEST SETS

ADDENDUM 644-104-090 WT
Issue B. January 1983

1.01 This addendum supplements Section 644-104­
090. Place this addendum ahead of page 1 of

this section.

1.02 This addendum is issued to assist cable repair
technicians in locating and correcting

transmission and inductive interference problems. It
consists of three major parts:

(a) SECTION 4. BASIC THEORY

This section contains ganeral information about
the nature of transmission and inductive
interference.

(b) SECTION 5. PROCEDURAL FLOWCHARTS ­
CABLE REPAIR

This section details step-by-step methods for find­
ing and solving transmission and interference prob­
lems for cable repair technicians.

(c) SECTION 6. DIAGNOSTIC SAMPLE PROBLEMS

This section offers a case study approach to
solving some specific noise problems.

Two appendices contain additional material:

• Appendix A presents sample calculations of db
values.

Appendix B shows the circuit satup used for
making noise measurements.

1.03 The flowcharts (Figures 5-12) have been
'developed for usa with the test sets listed in

Part 3. These test sets or their equivalent and the
flowcharts should be available to the cable repair tech­
nician:

2. PRECAUTIONS

2.01 Although not listed in the flowcharts. safety
procedures and precautions shall be observed at
all times.

3.01 Test sets required by the cable repair force for
fault locating transmission and inductive

interference faults are listed below:

• 1013B (or equivalent)

(Section 106-020-113) This handset has dial
capability for communication in outside plant.

• Wilcom T136BSB (or equivalent)

(Section 1OQ-102-904WT) This circuit test set is
capable of measuring transmission and noise on
subscriber loops. This test set requires the 1013B
handset as its communication link

• Wilcom T139 (or equivalent)

(Wilcom T139 Instruction Manual) This circuit
termination set is a balanced switchable
termination and is used in conjunction with the
T136BSB circuit test set. The Wilcom T279 is an
equivalent circuit termination set with an
additional feature which is not used in this
practice.

(• )Wilcom T304 (or equivalent)

(Wilcom T304 Instruction Manual) This cable
shield splice continuity tester is capable of
detecting defects in the bonding and grounding of
cable shields. The Wilcom T304 is used most
effectively on buried cable plant in addition to
aerial and underground cable plant.

4. BASIC THEORY

4.01 This section of the guide contains general
information about the causes and solutions of

inductive interference problems. It covers noise
parameters and the units used to measure them, the
design of basic power systems, the theory behind
shielding and grounding, and the functions of loop aids
and ring isolators (equipment used to solve noise
problems).

Page 1
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4.02 All physical trouble, e.g. short, ground, cross,
leakage, capacitive unbalance, must be cleared

using standard procedures prior to attempting to lo­
cate transmission or inductive interference problems.

A. Noise Parameters

4.03 Circuit noise:

Circuit noise or noise metallic, is the noise mea­
sured between the tip and ring conductor of a circuit.
This is the noise the customer hears.

4.04 Power influence:

Power influence is the noise between ground
and the tip and ring conductors tied together, as mea­
sured by the Wilcom T136 or its equivalent. The
customer does not hear the power influence; however,
its magnitude will determine the magnitude of circuit
noise that the customer does hear. Power influence
may be decreased by improving the cable shield.

4.05 Balance:

Balance denotes how much the impedance
characteristics of one conductor in a pair resemble
those of the other conductor. The electrical com­
ponents of longitudinal impedance of a cable pair are
capacitance, resistance, and inductance. Inductance is
negligible as far as power current harmonics are con­
cerned; therefore, balance denotes how much the
capacitance and resistance characteristics of one
conductor of a pair resemble those of the other
conductor. The more alike these conductors are, the
higher the balance and, consequently, the less
susceptible they are to induction. Balance may be
defined as follows:

Balance = Power Influence - Circuit Noise

B. Units of Noise Meesurement

4.06 Decibel (dB): The balance of a cable pair IS

measured by a meter calibrated in decibels (dB).
The decibel unit expresses the ratio of two quantities.
In noise work, the quantities are usually voltages, cur­
rents, or power levels. Voltages or currents can be
compared in terms of dB by the following equations.

(a) For voltages:

dB = 20 log 10I:::!....1:..j
. V 1

(b) For currents:

Page 2

dB = 20 log 101: ~ I
These equations relate the voltage, V 2, or the
current, I 2, to some other voltage, V 1, or
current, I 1 , respectively. The value in dB can be
positive or negative. If V 2 is less than V 1 , the
dB value will be negative. The same applis to
current and power ratios. Power levels, however,
are compared in terms of dB by the following
equation.

(c) For power levels:

dB = 10 log 101~ ;\

For examples using these equations, see
Appendix 1.

4.07 It is not necessary for the cable repair
technician to fully understand dB in

mathematical terms to effectively work with noise
levels - what is satisfactory, what is slightly noise, and
what constitutes a severe noise problem.

4.08 dBm: Power levels are generally of greatest
interest in telephone work. For this reason, a

standard reference power level (dBm) has been
established. This reference level is one milliwatt (or
10 -3 watts) of 100Q-Hz power dissipated in a 600­
ohm resistor. Substituting this into our dB equation,
with dBm replacing dB to designate our reference of
P 1 = 10 -3 watts. we have:

dBm = 10 log 101~~31
where P 2 is in watts.

4.09 dBrn: Noise powers are almost always less
than one milliwatt. This means that the dBrn

values would normally be negative. Since it is desirable
to express all noise powers as positive quantities, a
new unit of measurement, dBrn, has been defined as
follows:

o dBm = 90 dBrn

The "r n" stands for "reference noise" power. This
reference noise power is a quantity of noise which has
a negligible effect on the transmission of speech.

4.10 dBrnc: the physical characteristics of the
telephone receiver and the human ear cause

some frequencies of noise to appear louder and more
disturbing than others, even though the noise signals
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of the different frequencies have the same power lev­
el.

4.11 A weighting curve which expresses this
difference in disturbing effective relative to the

disturbing effect of a l00Q-Hz signal of the same
power level has been developed to show the response
of the telephone receiver and the average human ear
to various frequencies in the audible range.

4.12 Measuring noise in dBrn with C-message
weighting (dBrnc) takes into account the

relative interfering effects of the various frequencies
which make up a noise signal and, therefore, is a more
accurate measurement of the noise the telephone user
actually hears.

--'AA
Substation 8 --'8 Load

C --Ie

Neutral
_.

OAIRH IR

~
1

TEarth Return ) J 0.6 I R--- - - - ---- --.;...--'

Figure 2: Current Return Paths

C. Basic Power System

4.13 Figure 1 illustrates a three-phase, V-fed, multi­
grounded neutral power distribution system.

This is the configuration of most power distribution
systems in the United States.

4.16 Alternating current flowing through a wire sets
up a magnetic field which alternates with the

frequency of the current. For three-phase power lines,
each of the phase currents produces a magnetic field
and the returning currents produce opposing magnetic
fields.

Figure 1: A Power Distribution System

4.18 There is always some unbalance in three-phase
distribution systems. In a properly planned and

constructed power system, the residual current is
usually 60 Hz. However, if, for example, a transformer
is overexcited, the residual current will also contain
exceptionally large harmonic components (whole
number multiples of 60 Hz). the largest Ii'armonics are
generally the odd triples (180 Hz, 540 Hz, etc.I, Very
little intelligible sound is carried at very low
frequencies; since there is so much 60 Hz near a
power line, the phone set has been designed to reject
the low frequencies. Thus, it is the harmonics that lie
within the voice band that produce audible noise.

D. Shielding and Grounding

4.1 7 The residual current, which is the sum of the
phase currents and the neutral current, has a

magnetic field which is not cancelled. the resultant
magnetic field will induce a voltage in any conductor in
its vicinity. Thus, a telephone conductor near a power
system will experience an induced longitudinal voltage
whose magnitude depends upon the distance to the
power lines, the len;!h of cable exposed, and the
current and balance of the power system.

A
Substation B Load

C

Neutral

1 1 1 .=

4.14 Assume that this distribution system furnished
power to only three customers, each with an

identical electrical load connected to phase A, B, and
C, respectively. If each customer places the same load
on the line at the same time, the power system load
will be balanced, and currents of equal magnitude will
flow through phases A, B, and C.

Phase
Conductors

4.1 6 For unequal loads, however, these currents will
be somewhat different in magnitude. The

geometric sum of these currents must return to the
substation (I R) via the neutral wire and the earth. As a
general rule, 40 percent of the current returns through
the neutral wire and 60 percent returns through the
earth, as shown in Figure 2.

4.19 If another conductor is placed near the power
line parallel to the telephone conductor and is

grounded at both ends, it will help shield the telephone
conductor from interference. Shielding and grounding
make up the first line of defense against external
influences to the telephone system.

Page 3
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4.20 Figure 3 shows a telephone conductor with a
shield conductor, both under the influence of a

power line. The shield conductor may be any
conductor with a ground return path (grounded at both
ends). In the telephone system, the metallic sheath of
the cable serves as a shield when properly bonded and
grounded.

I p
-------10 Power Line

+,r--- V pS----; Shield
.L • 1 Conductor

IS

,---- VpT---
+ II " Telephone

, VST---.I+ Conductor

Figrue 3: Telephone and shield conductors Under
Influence of Power Line

4.21 The residual power line current (I P) generates
logitudinal voltages on the shield conductor and

the telephone conductor. These are designated V PS
and V PT, respectively. These voltages are of such
polarity that they both would cause a current flow in
their respective conductors opposite to the current in
the power line if the current were free to flow. The
current, IS, is free to flow in the shield because of its
ground return path. Since we are studying the effect of
the shield on longitudinal voltages in the telephone
conductor. The current, I S, will also induce a voltage,
V ST , on the telephone conductor. Since I P and IS
flow in opposite directions, the voltages they will
induce on the telephone conductor will be opposite in
polarity and will, therefore, partially cancel each other.
Because of this cancellation, the net longitudinal volt­
age induced on the telephone conductor will be much
less with the shield than without it.

4.22 The cancellation of induced voltages on the
telephone conductor is due to the voltage,

V ST, which is induced by the current flow in the
shield conductor. In most cases, increasing the current
flow in the shield conductor will increase the cancel­
lation effect and reduce the net induced voltage on the
telephone conductor. to keep this shield current as

Pege 4

great as possible, the shield must be continuous at all
points and properly grounded through low resistance
bonds. If good shielding techniques are applied, all
areas of the inductive noise problem will be improved.

E. Loop Aids

4.23 Importance of Loop Current Measurement:

There is more to transmission improvement
than fiXing noise problems. For the customer, the
ability to hear and be heard is just as important. But
before either noise or hearing problems become a
concern, the customer must first be connected with
the called party. This is established by the loop
current .

4.24 In general, the relays in the CO require a
minimum of 20 MA to operate reliably. A

customer line with very low loop current often has an
interesting trouble history characterized by comments
such as "no dial tone (NOT)," "can't break dial tone
(CBDT)," "get wrong numbers (GWN)," or "bell rings
after answer (BRAA)," A low loop current condition is
usually the result of a circuit exceeding the typical
design limit of 1300 ohms or the long route designs,
e.g., Resistance Zone (RZ) 18 (1800 ohms) and RZ28
(2800 ohms). All circuits designed to exceed 1300
ohms require range extension equipment to aid the
C.O. battery.

4.26 Importance of Circuit Loss Measurement:

Circuit loss measurements indicat!'how well
the customer can hear or be heard. For proper service,
a line should not exceed 8.5 dB of loss to the milliwatt
termination. A customer with a higher loss may have a
trouble history characterized by comments such as
"can't hear (CH) - can't be heard (CBH)" or "can't hear
on Direct Distance Dialing (CH on DOD),"

4.26 If a repairperson tests this line by calling the
testboard, it will sound like a good circuit.

However, when the customer calls across town or
long distance, the additional loss on the far-end loop
might make it sound like a poor circuit. Since what is
heard by calling the test board can be deceiving, the
loss measurement must be used to evaluate the line.
Loops with losses greater than 8.5 dB can be
corrected by repair, redesign, or the addition of voice
frequency amplifiers, whichever is determined to be
appropriate.

4.27 Why Cables are Loaded:

A capacitor is two conductive plates separated
by an insulator. A cable pair may be thought of as two
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very narrow, very long plates separated by an
insulating material; as a result, telephone cable pairs
are highly capacitive. Since this causes inefficient use
of voice power, the cable pair must be modified to
transmit voice power very far. This is done by adding
inductance periodically to offset the capacitance. This
process is called loading; it improves the efficiency of
a cable pair by improving the power factor and the
frequency response.

4.28 Because some inefficiency can be tolerated for
short distances, customers close to the CO are

served by nonloaded cable pairs. loaded pairs serve
customers with loops beyond 15,000 feet (or
18,000 feet depending on the plant design rules
used).

• for nonloaded cable, there is more than 6,000
feet of bridged tap.

F. Ringer Isolators

4.33 If the tip and ring could be perfectly balanced,
no noise would be heard on the telephone line.

The design of CO equipment, cable, and station
equipment minimizes the differences in tip and ring,
but perfect balance is never found. Perhaps the
biggest single source of unbalance in multiparty lines is
more ringers to ground on one side of the line than on
the other. This is especially difficult to control because
every disconnection or addition to the line changes the
balance. The answer is to have no ringers to ground.
This can be accomplished with ringer isolators.

4.29 The H88 loading scheme requires that load coils
be placed 6,000 feet apart along the pair. The

first load point out of the CO will be 3,000 feet out so
that customer lines will be spaced correctly through
the CO section. load spacing is critical. particularly in
the first four sections from the CO, because loop aids
(such as repeaters and range extenders with gain) are
designed to work on properly loaded cable pairs.
Missing or improperly spaced load coils will degrade
the transmission quality of the cable pair.

4.34 A ringer isolator is a switch between the ringer
and ground which is normally open. It monitors

the tip and ring looking for the negative superimposed
battery current which accompanies the ringing signal.
Whenever ringing is present, the ringer is connected to
ground. At all other times, the ringer is not grounded;
therefore, it cannot unbalance the line during a phone
call. Using ringer isolators on all parties of a multiparty
line can improve the balance by as much as 15dB.

G. Guidelines
4.30 Two other situations will prevent loaded pairs

from working porperly: a customer line or
bridged tap located between two load points. All
customers on a loaded pair must be located in the end
section, the portion of the cable beyond the last load
coil. Bridged tap may be used in an end section, too,
as long as the total cable length past the last load coil
does not exceed 12,000 feet or less than 3,000 feet.

4.35 The Guidelines for Transmission and Noise in
the Wisconsin Telephone Company are the

values shown in Table A.

4.36 Each transmission and noise measurement has
a value range which can be categorized as

Satisfactory, Marginal or Unsatisfactory. The
measurement value ranges are shown in Table A.

4.31 Several problems may arise if these
requirements are not met:

(a) Satisfactory - Provides acceptable service and
should not result in a trouble report.

(c) Unsatisfactory - Provides unacceptable service.
If a circuit is considered to be out of service.

Corrective action must be taken to restore service.

(b) Marginal - May provide a poor level of service
that boarders the unacceptable area. The circuit

possibly is not out of service, but will almost
certainly cause a trouble report due to customer
dissatisfaction. Corrective action should be taken to
improve the level to satisfactory.

the customer may have trouble hearing, or

poor frequency response may prevent Touch­
Tone telephone digits from registering correctly,

•

•

•

ther~ may be transmission distoration.

4.32 To detect bridged tap or a customer line in a
loaded cable, measure and compare the loop

current and circuit loss. If the loop current seems cor­
rect for the distance from the CO but the loss is high,
this suggests one of the following:

• the customer line is being fed between loads,

• there is bridged tap in the loaded sections, or

Page 5



Issue B. Addendum 644-104-090 WT

TAeLEA
GUIDELIHES FOM NOISE ... 'TlGATIOH 6. DIAGNOSTIC SAMPLE PROBLEMS

C''CuitNoi..
~ (Ho; mel

Pow .. 'nflu....,.
INoi .. '0 Ground' [PI·CNI C~"'n'

S"fl....... Aoti<>n

'c~r.k... 6.01 This section offers a case study approach to
solving some specific noise problems.

M",gonal >20d6,o"
<30dS,ne

>80 dBme
<90 dBmc

>90 dBme
<95dS.nc

>50 d6me >20 rna
<60 dBme <23 rna

6.02 Case 1

Problem - There is a sudden rash of trouble
reports in a confined area.

Not. 1 Aet... 10 .wervi .... tor fa"",w and PO.lOble "";SOI mlt,gatoon
No'e 2 If ""' ... ca,mo' be <:""-0<;,.<1 loc~1y n•• o comll'oon report8d '0 ICEP I;n,,_ 10< •••• Stanco and m",Il"""". ~d

>peed Iell'" 10 "'on"9'" Notw<rt PIOMing and Engo.-,nll - ICE? with completod "II and N2 IOfm• .uacl>ed
Expllin C<Jf1"OOC"voactlon 10k""

HI"" coo<1i""" roportlld to IDEP Engo_ for .......nee .ml m,"ga'"",_ So<1d wM<I lettOf '0 Mon_ Notw<n
PI""n,nll .nd Enll'_,ng ICEP with <"",pl,,,.d 111·137 .nd 012 !Ofm, oIl_
s •• ,"'" ClXl"OI" m....."",,,,,' with. T 136 t......, hBving a·DC ,....."""" of 430 <:>/1m.

• This measurement to be made with a T136 test
set having a DC resistance of 430 ohms.

t A possibility exists that a marginal or
unsatisfactory balance will occur when noise
and power influence are in the satisfactory
range. When this happens. the balance should
be considered satisfactory if noise is less than
20 and power influence is less than 70. If noise
is more than 20, balance is not considered
satisfactory and corrective action should be
taken.

5. PROCEDURAL FLOWCHARTS - CABLE REPAIR

5.01 Fault locating and correction procedures for
transmission problems are shown in Fig. 5 and

Fig. 6.

5.02 Fault locating and correction procedures for
inductive interference problems are shown in

Fig. 7 through 12.

Page 6

Solution - A number of things could cause this
situation. This discussion addresses the prob­
lem of blown capacitor bank fuses.

Figure 13 illustrates a typical arrangement of a
capacitor bank. Note that the capacitors are
rectangular in contrast to transformers which
are cylindrical. The fuses in this figure are in the
closed position; the capacitor bank is in service.

Figure 13



Figure 14 illustrates the arrangements when all
fuses are open; this capacitor bank is out of
service. This. also. is a normal arrangement.
This situation occurs when the capacitor bank is
needed only for a peak power load season (such
as summer air conditioning); for the rest of the
year, the bank may not be needed.

Figure 14
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Figure' 15 illustrates the problem which can cause a
large increase in the noise heard on a telephone line.
When only one or two fuses are closed. the power line
is extremely unbalanced.

Figure 15

The capacitor bank fuses are visible from the ground
and may be noted while you are driving along a road
paralleling the power line. Watch for any such irregu­
larities while traveling to the customer who reported
the circuit noise problems.

Report the location of any unbalanced capacitor banks
to the leEP engineer. Once these unbalances are cor­
rected. investigate any remaining noise problems.

Page 7
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6.03 Case 2 6.04 Case 3

Problem - There is a chronic noise problem. Problem - "Touch-Tone telephone digits fail to
work," "cannot hear," or "distortion."

Solution Since many chronic trouble
conditions are intermittent, ordinary testing
methods frequently fail to identify the problem.
This is particularly true in the case of poor
connections where applying test battery tempo­
rarily "seals" the poor connection and results in
multiple TOK's.

Description - When measured at the station,
the loop current seems acceptable for the
distance from the CO, but the circuit loss is
quite high.

Solution - One of three things may be causing
this situation:

The Varley test is designed to locate these
intermittent poor connections; however, if the
test battery is applied to the line just prior to
the Varley test or if the repairperson calls the
testboard on the line in question, the trouble
probably will not show up on the Varley.

Use the lowest possible battery voltage for the
Varley test (20V or, preferably, less). Always
call the testboard on a line other than the line in
trouble to request a Varley. Ask the test board
to avoid putting any test battery on the line
other than the 20V Varley. If the Varley results
do not show a problem, ask the tester to open
the line to you and tell the tester you will call
back to restore it later.

• the customer line is being fed between load
coils,

• there is bridged tap in the loaded sections
of the cable, or

• for aonloaded cable, there is more than
6,000 feet of bridged tap.

If the customer line is fed between load coils or
is fed by nonloaded cable, request a change to
another cable pair. If not, find the bridged tap in
the loaded section and remove it.

6.05 Case 4

Problem - There is unbalance in the loop.

6.06 Case 5

Problem - There is a balance problem in B-buri­
ed service wire.

Solution - Use the following chart to determine
the cause of the problem, then correct it.

Moisture in terminals
Dirty carbons
Tree limbs touching open wire
Wirc~ insulation damaged by lightnin$l

WHAT TO LOOK FOR

Solution - Measure the balance of both pairs in
the B-buried wire and use the pair with the best
balance. If the balance of neither pair is accept­
able, the wire must be replaced.

TYPE OF UNBALANCE

Leak to ground
(high resistance ground)

If the trouble is toward the station, it' can be
isolated by lifting IW's, sets, etc. If it is toward
the CO, continue sectionalizing the cable to iso­
late the trouble.

With the line open to you, begin sectionalizing
the cable with the noise measurement set and
the T139 or 120H coil to determine whether
the trouble is in the station wiring or in the
cable facilities. With the T139 or equivalent in
the circuit, record the circuit noise toward the
station and toward the CO. Monitor the noise
reading until the trouble appears on the line
(usually within ten minutes). A substantial
increase in circuit noise will indicate trouble (it
usually pegs the meter). Once the trouble ap­
pears, it will remain until battery is applied to
the line.

Series resistance Coble below manufacturing standards
Resistance in splices
Coble damaged during construction

Capacitance unbalance Cable- below manufacturing standards
Split pairs
Bridged tap with one side open
Side cres ses to dead conductors
Unbalanced ringers on party line

Page 8
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