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DEFI NI TI ONS

Anplitude Jitter: A measurenent of any fluctuation in the peak
anpli1tude value of a fixed tone signal at 1,004 Hz fromits
nom nal val ue.

C- Message Weighted: A weighting derived fromlistening tests, to
Indicate the relative annoyance or speech inpairnment by an
interfering signal of frequency (f) as heard through a “500-type”
t el ephone set.

Envel ope Del ay Distortion: A neasure of the linearity or
unitormty of the phase versus frequency characteristics of a
transm ssion facility.

D66 Loading: A specific |loading schene using a 66 mllihenry
I nductor spaced nomnally at 4,500 ft (1,371 m intervals.

H88 Loadi ng: A specific |oading schenme using an 88 mllihenry
I nductor spaced nomnally at 6,000 ft (1,829 m intervals.

| npul se Noi se: A neasurenent of the presence of unusually | arge
noi se excursions of short duration that are beyond the nornal
background noise levels on a facility.

Phase Jitter: A measure of any fluctuation in the zero crossings
of a fixed tone signal (usually 1,004 Hz) fromtheir nom nal
position in time within the voi ceband.

Signal -to-C Notched Noise: A logarithmc ratio expressed in dB
of a 1,004 Hz holding tone signal conpared to C nessage wei ghted
noi se | evel

Signal -to-Internodul ati on Distortion: A neasure of the
distortion produced by extraneous frequency cross products, known
as i nternodul ati on products, when a nulti-tone signal is applied
to a system

Tl Digital Carrier: A 24 channel 1.544 megabit per second (M/s)
pul se code nodul ati on system

T1C Digital Carrier: A 48 channel 3.152 Md/s pul se code
nmodul at1 on system
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1. SCOPE

1.1 Acceptance tests outlined in this bulletin are applicable to
pl ant constructed by contract or force account. This testing
standard provides for the foll ow ng:

1.1.1 Specific types of tests or neasurenents for the different
types of tel ecommunications plant and equi pnent;

1.1.2 The nmethod of neasurenent and types of neasuring
equi pnent ;

1.1.3 The expected results and tolerances permtted to neet the
accept abl e standards and obj ecti ves;

1.1.4 Suggested formats for recording the results of the
measurenents and tests; and

1.1.5 Sone probabl e causes of nonconformance and net hods for
corrective action, where possible.

1.2 Alternative nethods of neasurenents that provide suitable
alternative results shall be permtted with the concurrence of
the Rural Uilities Service (RUS)

1.3 For the purpose of this testing standard, a "neasurenent"”
shal |l be defined as an eval uation where quantitative data is
obtained (e.g., resistance in ohns, structural return loss in
deci bels (dB), etc.) and a "test" shall be defined as an

eval uati on where no quantitative data is obtained (e.g., a check
mar k indicating conformance is usually the result of the test).

1.4 The sequence of tests and neasurenents described in this
standard have been prepared as a guide. Variations fromthe
sequence may be necessary on an individual application basis.

1.5 There is sone overlap in the nmethods of testing shown; al so,
the extent of each phase of testing may vary on an individual
basis. The borrower shall determ ne the overall plan of testing,
t he need and extent of testing, and the responsibility for each
phase of testing.

1.6 Copies of the Anerican National Standards Institute (ANSI)
T1.506- 1990, “Anerican National Standard for Tel ecomruni cations -
Net wor k Per formance - Transm ssion Specifications for Sw tched
Exchange Access Network,” including supplenent ANSI T1.506a-1992,
and Anerican National Standards Institute/lnstitute of Electrical
and El ectronics Engineers (ANSI/I|EEE) 743-1984, “I|EEE Standard
Met hods and Equi pnrent for Measuring the Transm ssion
Characteristics of Anal og Voice Frequency Circuits,” referenced
in this standard can both be obtained for nomnal fees at the
address indicated bel ow
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ANSI, Custoner Service
11 West 42nd Street
New Yor k, New York 10036
Tel ephone No. (212) 642-4900

2. GROUND RESI STANCE MEASUREMENTS

2.1 The resistance of the central office (CO and the renote
switching termnal (RST) ground shall be neasured before and
after it has been bonded to the master ground bar (M3B) where it
is connected to the building electric service ground.

2.2 The ground resistance of electronic equi pment such as span
line repeaters, carrier term nal equi pnent, concentrators, etc.
shal | be neasured.

2.3 Method of Measurenent: The connection of test equipnent for
the ground resistance neasurenent shall be as shown in Figure 1
Refer to RUS Bulletin 1751F-802, "Electrical Protection G ounding
Fundanental s," for a conprehensive di scussion of ground

resi stance measurenents.

2.4 Test Equipnent: The test equipnent for making this
measurenent 1S shown in Figure 1

2.5 Applicable Results:

2.5.1 For the CO and RST, the resistance after the bond has been
made to the M3 electric service ground shall not exceed 5 ohns.
Where the neasured ground resistance exceeds 5 ohns, the borrower
shal | determ ne what additional grounding, if any, shall be

provi ded.

2.5.2 For electronic equipnent, the ground resistance shall not
exceed 25 ohnms. \Were the neasured ground resistance exceeds 25
ohnms, the borrower shall determ ne what additional grounding, if
any, shall be provided.

2.5.3 Wen ground resistance neasurenents exceed the ground

resi stance requirenents of Paragraphs 2.5.1 and 2.5.2 of this
bulletin, refer to RUS Bulletin 1751F- 802, "Electrical Protection
G oundi ng Fundanental s," for suggested nethods of reducing the
ground resi stance.

2.6 Data Record: Results of the CO and RST ground resistance
measurenents shall be recorded. A suggested format simlar to
Format |, Qutside Plant Acceptance Tests - Subscriber Loops, in
Paragraph 7 of this bulletin or a format specified in the
appl i cabl e construction contract may be used. Results of the

el ectroni c equi pnent ground resistance neasurenents shall be
recorded. A suggested format simlar to Format 11, Qutside Plant
Acceptance Tests - Trunk Crcuits, in Paragraph 7 of this
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bulletin or a format specified in the applicable construction
contract may be used. Data show ng approxi mate noi sture content
of the soil at the tinme of nmeasurenent, the tenperature, the type
of soil and a description of the test equi pnent used shall also
be i ncl uded.

2.7 Probabl e Causes of Nonconformance: Refer to RUS Bulletin
1751F- 802, "Electrical Protection G ounding Fundanental s,"” and
Tel ecommuni cati ons Engi neeri ng and Construction Manual (TE&CM
Section 810, "Electrical Protection of Electronic Anal og and
Digital Central O fice Equipnent," for possible causes of
nonconf ormance and suggested net hods for corrective action.

3. COPPER CABLE TELECOVMUNI CATI ONS PLANT NMEASUREMENTS
3.1 Shield or Shield/ Arnor Continuity:

3.1.1 Tests and neasurenents shall be nmade to ensure that cable
shields or shield/arnors are electrically continuous. There are
two areas of concern. The first is shield or shield/arnor
bonding wthin a pedestal or splice and the second is shield or
shield/arnor continuity between pedestals or splices.

3.1.2 Measurenent techniques outlined here for verification of
shield or shield/arnor continuity are applicable to buried cable
plant. Measurenents of shield continuity between splices in
aerial cable plant should be made prior to conpletion of
splicing. Conclusive results cannot be obtained on aerial plant
after all bonds have been conpleted to the supporting strand,

mul ti grounded neutral, etc.

3.1.3 Method of Measurenent:

3.1.3.1 The shield or shield/arnor resistance neasurenents shal
be made between pedestals or splices using either a Wheatstone
bridge or a volt-ohmneter. For |oaded plant, neasurenents shal
be made on cable |l engths that do not exceed one | oad section.

For nonl oaded pl ant, neasurenments shall be nmade on cabl e | engths
that do not exceed 5,000 feet (ft) (1,524 neters (m). Al
bonding wres shall be renoved fromthe bonding lugs at the far
end of the cable section to be neasured. The step-by-step
measur enent procedure shall be as shown in Figure 2.

3.1.3.2 Cable shield or shield/arnor continuity within pedestals
or splices shall be measured with a cable shield splice
continuity test set. The step-by-step neasurenent procedure
outlined in the manufacturer's operating instructions for the
specific test equi pnent being used shall be foll owed.
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3.1.4 Test Equipnent:

3.1.4.1 The test equi pnent for neasuring cable shield or
shi el d/ arnmor resistance between pedestals or splices is shown in
Figure 2.

3.1.4.2 A cable shield splice continuity tester shall be used to
measure shield or shield/arnor continuity within pedestals or
splices.

3.1.5 Applicable Results:

3.1.5.1 The shield or shield/arnor resistance per 1000 ft and
per kilonmeter (km) for cable dianeters and types of shielding
materials are given in Table 1 (English Units) and Table 2
(Metric Units), respectively as foll ows:
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Table 1 - Shield Resistance @68°F (20°C)
Cabl e Di aneters Versus Shield Types
(English Units)
Qut si de Di aneter Nomi nal Resi stance ohn 1000 ft
| nches (in.) A B C D E F
0.40 - 0.49 0.77 1.54 1.65 1.96 2. 30 5.51
0.50 - 0.59 0. 64 1.28 1. 37 1.63 1.91 4.58
0.60 - 0.69 0.51 1.03 1.10 1.31 1.53 3. 67
0.70 - 0.79 0.44 0. 88 0.94 - 1.31 3.14
0.80 - 0.89 0. 38 0.77 0.82 - 1.14 2.74
0.90 - 0.99 0. 35 0. 69 0.74 - 1.03 2. 47
1.00 - 1.09 0.31 0.62 0. 66 - 0.92 2.20
1.10 - 1.19 0.28 0. 56 0. 60 - 0.84 2.00
1.20 - 1.29 0. 26 0.51 0.55 - 0.77 1.84
1.30 - 1.39 0.24 0.48 0.51 - 0.71 1.70
1.40 - 1.49 0. 22 0. 44 0. 47 - 0. 65 1.57
1.50 - 1.59 0.21 0.41 0. 44 - 0.61 1.47
1.60 - 1.69 0.19 0. 38 0.41 - 0.57 1. 37
1.70 - 1.79 0.18 0. 37 0. 39 - 0.54 1.30
1.80 - 1.89 0.17 0. 35 0. 37 - 0.51 1.24
1.90 - 1.99 0.16 0. 33 0. 35 - 0.49 1.17
2.00 - 2.09 0. 15 0.31 0.33 - 0. 46 1.10
2.10 - 2.19 0. 15 0. 29 0.31 - 0.43 1.03
2.20 - 2.29 0.14 0. 28 0. 30 - 0.42 1.00
2.30 - 2.39 0.14 0. 27 0. 29 - 0. 40 0.97
2.40 - 2.49 0.13 0. 25 0. 27 - 0. 38 0. 90
2.50 - 2.59 0.12 0.24 0. 26 - 0. 36 0. 87
2.60 - 2.69 0.12 0.23 0. 25 - 0.35 0.83
2.70 - 2.79 0.11 0.22 0.24 - 0.33 0. 80
2.80 - 2.89 0.11 0.22 0.24 - 0.33 0. 80
2.90 - 2.99 0.11 0. 22 0. 23 - 0. 32 0.77
3.00 - 3.09 0.10 0.21 0.22 - 0.31 0.73
3.10 - 3.19 0.10 0. 20 0.21 - 0.29 0.70
3.20 - 3.29 0.10 0. 20 0.21 - 0.29 0.70
3.30 - 3.39 0. 09 0.19 0. 20 - 0.28 0. 67
3.40 - 3.49 0. 09 0.18 0.19 - 0. 26 0.63
3.50 - 3.59 0. 09 0.18 0.19 - 0. 26 0.63
3.60 - 3.69 0. 08 0.17 0.18 - 0. 25 0. 60
3.70 - 3.79 0. 08 0.17 0.18 - 0. 25 0. 60
3.80 - 3.89 0. 08 0. 16 0.17 - 0.24 0. 57
3.90 - 3.99 0. 08 0. 16 0.17 - 0.24 0. 57
4.00 - 4.99 0. 07 0. 15 0.16 - 0.22 0.53
Wer e Colum A - 10 m | Copper shield.
Colum B - 5 m | Copper shield.
Colum C - 8 ml| Coated Alum numand 8 m | Coated
Alum num 6 m| Coated Steel shields.
Colum D - 7 ml Aloy 194 shield.
Colum E - 6 ml Alloy 194 and 6 m | Copper d ad
St ai nl ess Steel shields.
Colum F - 5 m| Copper Cad Stainless Steel and
5 ml| Copper Cad Aloy Steel shields.
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Table 2 - Shield Resistance @68°F (20°C)
Cabl e Di aneters Versus Shield Types
(Metric Units)
Qut si de Di aneter Nom nal Resi stance ohnl km
MIllinmeters (nm A B C D E F
10.2 - 12.5 2.53 5. 05 5.41 6. 43 7.55 18. 08
12.7 - 15.0 2.10 4. 20 4. 49 5.35 6. 27 15. 03
15.2 - 17.5 1.67 3.38 3.61 4. 30 5.02 12.04
17.8 - 20.1 1.44 2.89 3.08 - 4. 30 10. 30
20.3 - 22.6 1.25 2.53 2. 69 - 3.74 8. 99
22.9 - 25.1 1.15 2. 26 2.43 - 3. 38 8. 10
25.4 - 27.7 1.02 2.03 2.16 - 3.02 7.22
27.9 - 30.2 0.92 1.84 1.97 - 2.76 6. 56
30.5 - 32.8 0. 85 1. 67 1.80 - 2.53 6. 04
33.0 - 35.3 0.79 1.57 1. 67 - 2.33 5.58
35.6 - 37.8 0.72 1.44 1.54 - 2.13 5.15
38.1 - 40.4 0. 69 1.34 1.44 - 2.00 4.82
40.6 - 42.9 0.62 1.25 1.34 - 1.87 4. 49
43.2 - 45.5 0.59 1.21 1.28 - 1.77 4. 26
45.7 - 48.0 0. 56 1.15 1.21 - 1.67 4. 07
48.3 - 50.5 0.52 1.08 1.15 - 1.61 3. 84
50.8 - 53.1 0. 49 1.02 1.08 - 1.51 3.61
53.3 - 55.6 0. 49 0. 95 1.02 - 1.41 3.38
55.9 - 58.2 0. 46 0.92 0.98 - 1.38 3.28
58.4 - 60.7 0. 46 0. 89 0. 95 - 1.31 3.18
61.0 - 63.2 0.43 0.82 0. 89 - 1.25 2.95
63.5 - 65.8 0. 39 0.79 0. 85 - 1.18 2.85
66.0 - 68.3 0. 39 0.75 0.82 - 1.15 2.72
68.6 - 70.9 0. 36 0.72 0.79 - 1.08 2.62
71.1 - 73.4 0. 36 0.72 0.79 - 1.08 2.62
73.7 - 75.9 0. 36 0.72 0. 75 - 1. 05 2.53
76.2 - 78.5 0.33 0. 69 0.72 - 1.02 2. 39
78.7 - 81.0 0.33 0. 66 0. 69 - 0.95 2.30
81.3 - 83.6 0.33 0. 66 0. 69 - 0.95 2. 30
83.6 - 86.1 0. 29 0.62 0. 66 - 0.92 2. 20
86.4 - 88.6 0. 29 0.59 0.62 - 0. 85 2.07
88.9 - 91.2 0. 29 0.59 0.62 - 0. 85 2.07
91.4 - 93.7 0. 26 0. 56 0.59 - 0.82 1.97
94.0 - 96.3 0. 26 0. 56 0.59 - 0.82 1.97
96.5 - 98.8 0. 26 0.52 0.56 - 0.79 1.87
99.1 - 101.3 0. 26 0.52 0.56 - 0.79 1.87
101.6 - 103.9 0.23 0. 49 0.52 - 0.72 1.74
Wiere: Columm A - 10 m | Copper shield.
Colum B - 5 m | Copper shield.
Colum C - 8 m| Coated Al um numand 8 m | Coated
Alumi num 6 m | Coated Steel shields.
Colum D - 7 ml Aloy 194 shield.
Colum E - 6 ml Alloy 194 and 6 m | Copper d ad
Stai nl ess Steel shields.
Colum F - 5 m| Copper Cad Stainless Steel and
5 ml| Copper Cad Aloy Steel shields.
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3.1.5.2 Al values of shield and shield/arnor resistance
provided in Tables 1 and 2 in Paragraph 3.1.5.1 of this bulletin
are consi dered approximations. |If the neasured val ue corrected
to 68°F (20°C) is within £ 30 percent (% of the value shown in
Table 1 or 2, the shield and shield/arnor shall be assuned to be
cont i nuous.

3.1.5.3 To correct the neasured shield resistance to the
reference tenperature of 68°F (20°C) use the foll ow ng fornul ae:

Rss = R / [1 + A(t - 68)] for English Units
Ro =R / [1+ At - 20)] for Metric Units
Wher e:
Rss = Shield resistance corrected to 68°F in ohns.
Ry = Shield resistance corrected to 20°C in ohns.

R = Shield resistance at neasurenent tenperature
i n ohns.

A

Tenperature coefficient of the shield tape.

t Measurenment tenperature in °F or (°CQ)

3.1.5.4 The tenperature coefficients (A) for the shield tapes to
be used in the fornulae referenced in Paragraph 3.1.5.3 of this
bulletin are as foll ows:

a. 5 and 10 m | copper = 0.0021 for English units and
0.0039 for Metric units;

b. 8 ml| coated aluminumand 8 m | coated al um num6 ml
coated steel = 0.0022 for English units and 0.0040 for
Metric units;

c. 5 ml copper clad stainless steel and 5 m | copper clad
all oy steel = 0.0024 for English units and 0.0044 for
Metric units;

d. 6 m| copper clad stainless steel = 0.0019 for English
units and 0.0035 for Metric units; and

e. 6 and 7 ml| alloy 194 = 0.0013 for English units and
0.0024 for Metric units.

3.1.5.5 Wien utilizing shield continuity testers to neasure

shield and shield/arnor continuity within pedestals or splices,
refer to the manufacturer's published information covering the
specific test equipnent to be used and for anticipated results.
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3.1.6 Data Record: Measurenent data fromshield continuity
tests shall be recorded together with anticipated Table 1 or 2
val ues (see Paragraph 3.1.5.1 of this bulletin) in an appropriate
format to permt conparison. The recorded data shall include
specific location, cable size, cable type, type of shield or
shield/arnmor, if known, etc.

3.1.7 Probable Causes for Nonconformance: Anong probabl e causes
for nonconformance are broken or danmaged shields or

shi el d/arnors, bad bondi ng harnesses, poorly connected bondi ng

cl anps, | oose bonding |ugs, etc.

3.2 Conductor Continuity: After placenent of all cable and wire
pl ant has been conpleted and j oi ned together in continuous

| engths, tests shall be made to ascertain that all pairs are free
from grounds, shorts, crosses, and opens, except for those pairs
i ndi cated as being defective by the cable manufacturer. The
tests for grounds, shorts, crosses, and opens are not separate
tests, but are inherent in other acceptance tests discussed in
this section. The test for grounds, shorts, and crosses is

i nherent when conductor insulation resistance nmeasurenents are
conducted per Paragraph 3.3 of this bulletin, while tests for
opens are inherent when tests are conducted for |oop resistance,
insertion | oss, noise, or return | oss neasurenents, per

Par agraphs 3.4, 3.5, or 3.6 of this bulletin. The borrower shal
make certain that all defective pairs are corrected, except those
noted as defective by the cable manufacturer in accordance with

t he marki ng provisions of the applicable cable and wre
specifications. All defective pairs that are not corrected shal
be reported in witing with details of the corrective neasures

at t enpt ed.

3.3 DC Insulation Resistance (IR} Measurenent:

3.3.1 IR neasurenents shall be nade on conpl eted | engths of
i nsul ated cable and wire plant.

3.3.2 Method of Measurenent:

3.3.2.1 The IR neasurenent shall be nade between each conduct or
and all other conductors, sheath, shield and/or shield/arnor,
and/ or support wire electrically connected together and to the
mai n distributing frame (MDF) ground. The neasurenent shall be
made fromthe central office with the entire length of the cable
under test and, where used with all protectors and | oad coils
connected. For CGOs containing solid state arresters, the solid
state arresters shall be renoved before making the IR
measurenents. Field nounted voice frequency repeaters, where
used, may be |l eft connected for the IR test but all carrier
frequency equi pnment, including carrier repeaters and term nals,
shal | be disconnected. Pairs used to feed power renote fromthe
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CO shall have the power disconnected and the tip and ring
conductors shall be opened before making IR tests. Al
conductors shall be opened at the far end of the cable being
measur ed.

3.3.2.2 IR tests are normally made fromthe MOF with all CO

equi pnent di sconnected at the MDF, but this test nmay be nade on
new cables at field |ocations before they are spliced to existing
cables. The nmethod of neasurenent shall be as shown in Figure 3.

3.3.2.3 If the IR of the conductor cannot be neasured because of
breakdown of lightning arresters by the test voltage, the
arrester units shall be renmoved and the conductor |R retested.

If the IR then neets the mninmumrequirenments, the conductor wll
be consi dered satisfactory. Imediately following the IR tests,
all arrester units which have been renoved shall be reinstall ed.

3.3.3 Test Equipnent:

3.3.3.1 IR neasurenents shall be nade with either an insul ation
resi stance test set or a direct current (dc) bridge type
megohmret er

3.3.3.2 The IR test set shall have an output voltage not to
exceed 500 volts dc and shall be of the hand cranked or battery
operated type.

3.3.3.3 The dc bridge type nmegohmmeter, which nay be alternating
current (ac) powered, shall have scales and nmultiplier which nake
it possible to accurately read IR from1 nmegohmto 1 gigohm The
vol tage applied to the conductors under test shall not exceed
"250 volts dc" when using an instrunent having adjustable test
voltage levels. This will help to prevent breakdown of Iightning
arresters.

3.3.4 Applicable Results:

3.3.4.1 For all newinsulated cable or wire facilities, the
expected IR levels are normally greater than 1,000 to 2,000
megohmmle (1,609 to 3,218 negohmkm. A value of 500 nmegohm
mle (805 negohmkm at 68°F (20°C) shall be the m ni mum
acceptable value of IR IR varies inversely with the | ength and
t he tenperature.

3.3.4.2 The megohmmle (megohmkn) value for a conductor may be
conputed by nmultiplying the actual scale reading in nmegohnms on
the test set by the length in mles (km of the conductor under
test.

3.3.4.3 The objective insulation resistance may be determ ned by
di viding 500 by the length in mles (805 by the length in km of
the cable or wire conductor being tested. The resulting val ue
shall be the m ni mum acceptable neter scale reading in megohns.
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3.3.4.4 Due to the differences between various insul ating
materials and filling conpounds used in manufacturing cable or
wire, it is inpractical to provide sinple factors to predict the
magni tude of variation in insulation resistance due to
tenperature. The variation can, however, be substantial for w de
excursions in tenperature fromthe anbient tenperature of 68°F
(20°C).

3.3.4.5 Borrowers should be certain that tip and ring IR
measurenents of each pair are approxinmately the same. Borrowers
shoul d al so be certain that IR neasurenents are simlar for cable
or wire sections of simlar length and cable or wire type. |If
sone pairs neasure significantly | ower, borrowers should attenpt
to inprove these pairs in accordance with cable manufacturer’s
recommendations. (Note: Only the megohmmle (nmegohm km

requi renent shall be cause for rejection, not individual

measur enent differences.)

3.3.5 Data Record: The neasurenent data shall be recorded.
Suggested formats simlar to Format |, Qutside Plant Acceptance
Tests - Subscriber Loops, or Format Il, CQutside Plant Acceptance
Tests - Trunk Crcuits, in Paragraph 7 of this bulletin or
formats specified in the applicable construction contract may be
used.

3.3.6 Probabl e Causes for Nonconfornance:

3.3.6.1 Wien an IR neasurenent is bel ow 500 negohmm | e (805
megohm km, the cable or wire tenperature at the tine of testing
must then be taken into consideration. |If this tenperature is
wel | above 68°F (20°C), the neasurenent shall be disregarded and
the cable or wire shall be reneasured at a tinme when the
tenperature is approximately 68°F (20°C). If the result is then
500 negohmm | e (805 nmegohm knm) or greater, the cable or wre
shal | be considered satisfactory.

3.3.6.2 Should the cable or wire fail to neet the 500 negohm
mle (805 megohmkn) requirenment when the tenperature is known to
be approximately 68°F (20°C) there is not yet justification for
rejection of the cable or wire. Protectors, lightning arresters,
etc., may be a source of |low insulation resistance. These

devi ces shall be renoved fromthe cable or wire and the cable or
wire IR nmeasurenent shall be repeated. |If the result is
acceptable, the cable or wire shall be considered acceptable.

The renoved devi ces which caused the | ow insulation resistance
val ue shall be identified and replaced, if found defective.

3.3.6.3 Wen the cable or wire alone is still found to be bel ow

t he 500 negohm m | e (805 megohm km requirenent after conpleting
the steps in Paragraph 3.3.6.1 and/or Paragraph 3.3.6.2 of this
bulletin, the test shall be repeated to neasure the cable or wre
in sections to isolate the piece(s) of cable or wire responsi bl e.
The cable or wire section(s) that is found to be bel ow the 500
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megohm m |l e (805 nmegohm kn) requirenent shall be either repaired
in accordance with the cable or wire manufacturer's recomended
procedure or shall be replaced as directed by the borrower.

3.4 DC Loop Resistance and DC Resi stance Unbal ance Measurenent:

3.4.1 Wen specified by the borrower, dc |oop resistance and dc
resi stance unbal ance neasurenents shall be made on all cable
pairs used as trunk circuits. The dc |oop resistance and dc
resi stance unbal ance neasurenents shall be made between CO

| ocations. Measurenents shall include all conponents of the
cabl e path

3.4.2 Dc loop resistance and dc resistance unbal ance _
measurenents shall be nmade on all cable pairs used as subscriber
| oop circuits when:

a. Specified by the borrower;

b. A large nunber of long |oops term nate at one | ocation
(simlar to trunk circuits); or

c. Circuit balance is less than 60 dB when conputed from
noi se nmeasurenents as described in Paragraph 3.5 of
this bulletin.

3.4.3 Dc resistance unbalance is controlled to the maxi num
possi bl e degree by the cable specification. Allowable random
unbal ance is specified between tip and ring conductors within
each reel. Further random patterns should occur when the cable
conductor size changes. Cable neeting the unbal ance requirenents
of the cable specification may under sone conditions result in of
the cabl e specification may under sonme conditions result in
unaccept abl e noi se |l evels as discussed in Paragraph 3.4.6.3 of
this bulletin.

3.4.4 Method of Measurenent: The nethod of neasurenent shall be
as detailed 1n Figures 4 and 5.

3.4.5 Test Equipnent: The test equipnent is shown in
Figures 4 and 5.

3.4.6 Applicable Results:

3.4.6.1 The neasured dc | oop resistance shall be within £ 5% of
the cal cul ated dc | oop resi stance when corrected for tenperature.

3.4.6.2 The calculated dc | oop resistance is conputed as
fol | ows:

3.4.6.2.1 Miltiply the length of each different gauge by the
applicabl e resistance per unit length as shown in Table 3 as
fol | ows:
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Table 3 - DC Loop Resistance @68°F (20°0C)
Loop Resi stance
Anerican Wre Gauge (AWO ohns/ 1000 ft ohns/ km
19 16.1 52.8
22 32. 4 106. 3
24 51.9 170. 3
26 83. 3 273. 3
3.4.6.2.2 Add the individual resistances for each gauge to give
the total calculated dc |oop resistance at a tenperature of 68°F
(20°C).
3.4.6.2.3 Correct the total calculated dc | oop resistance at the
tenperature of 68°F (20°C) to the nmeasurenent tenperature by the
foll ow ng formul ae:
R = Regg x [1 + 0.0022 x (t - 68)] for English Units
R = Rpo x [1 + 0.0040 x (t - 20)] for Metric Units
Wher e

Py
I

Loop resistance at the neasurenent tenperature
in ohms.

Rss = Loop resistance at a tenperature of 68°F
in ohns.

Rxo Loop resistance at a tenperature of 20°C

i n ohms.
t = Measurenent tenperature in °F or (°C).

3.4.6.2.4 Conpare the calculated dc | oop resistance at the
measurenent tenperature to the neasured dc | oop resistance to
determ ne conpliance with the requirenent specified in Paragraph
3.4.6.1 of this bulletin.

3.4.6.3 Resistance varies directly with tenperature change. For
copper conductor cables, the dc resistance changes by + 1% for
every £ 5°F (2.8°C) change in tenperature from68°F (20°QC

3.4.6.4 The dc resistance unbal ance between the individual
conductors of a pair shall not exceed that value which wll

result in a circuit balance of |ess than 60 dB when conputed from
noi se nmeasurenments as described in Paragraph 3.5 of this

bulletin. 1t is inpractical to establish a precise limt for
overall circuit dc resistance unbal ance due to the factors
controlling its contribution to circuit noise. These factors

i nclude | ocation of the resistance unbalance in relation to a | ow
i npedance path to ground (close to the central office) and the
magni t ude of unbal ance in short |engths of cable nmaking up the
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total circuit length. The objective is to obtain the m ni mum
unbal ance throughout the entire circuit when it is ascertained
t hrough noi se neasurenents that dc resistance unbal ance may be
contributing to poor cable bal ance.

3.4.6.5 Pairs with poor noise balance may be i nproved by
reversing tip and ring conductors of pairs at cable splices.
Where dc resistance unbal ances are systematic over the total
trunk circuit or loop circuit length, tip and ring reversals may
be made at frequent intervals. \Where the unbal ances are
concentrated in a shorter section of cable, only one tip and ring
reversal should be required. Concentrated dc resistance

unbal ance produces maxi mumcircuit noi se when | ocated adjacent to
the central office. Concentrated dc resistance unbal ance w ||
contribute to overall circuit noise at a point approxi mtely two-
thirds (2/3) of the distance to the subscriber. Al deliberate
tip and ring reversals shall be tagged and identified to prevent
pl ant personnel fromrenoving the reversals when resplicing these
connections in the future. The nunber of tip and ring reversals
shall be held to a m ni num

3.4.6.6 A systematic dc resistance unbal ance can soneti nes be
acconpani ed by other cable paraneters that are marginal. Anong
these are pair-to-pair capacitance unbal ance, capacitance

unbal ance-to-ground, and 150 kil ohertz (kHz) crosstal k | oss.
Engi neering judgnment has to be applied in each case. Rejection
of cable for excessive dc resistance unbal ance shall only apply
to a single reel length, or shorter.

3.4.7 Data Record: The neasurenent data for dc | oop resistance
and dc resistance unbal ance shall be recorded. Suggested formats
simlar to Format | for subscriber |oops and Format |1 for trunk
circuits in Paragraph 7 of this bulletin or formats specified in
t he applicable construction contract may be used.

3.4.8 Probable Causes for Nonconformance: Dc |oop resistance
and dc resistance unbal ance are usually the result of the

resi stance of individual conductors used in the manufacture of
the cable. Resistance unbal ance can be worsened by defective
splicing of the conductors (splicing connectors, inproper
crinping tool, etc.).

3.5 Subscriber Loop Measurenent (Loop Checking):

3.5.1 Wen specified by the borrower, insertion | oss and noi se
measurenents shall be perfornmed on subscriber | oops after
connection of a line circuit to the |oop by the one person nethod
usi ng | oop checki ng equi pnent fromthe custoner access |ocation.
For this nethod, the central office should be equipped with a 900
ohm plus two mcrofarad quiet termnation and a mlliwatt
generator having the required test frequencies; or a portable
mlliwatt generator having the desired frequencies may be used,
especially, where several small offices are involved.



Bull etin 1753F-201( PC4)
Page 27

3.5.2 At a mninmum insertion |oss and frequency response of
subscri ber | oop plant shall be neasured at 1,000, 1,700, 2,300,
and 2,800 Hertz (Hz). Wen additional testing frequencies are
desired, the additional frequencies shall be specified in the
appl i cabl e construction contract.

3.5.3 Measurenents of insertion | oss and noise shall be nmade on
five percent or nore of the pairs. A mninmumof five pairs shal
be tested on each route. Pairs shall be selected on a random
basis wth greater consideration in the selection given to the

| onger | oops. Consideration shall be given to neasuring a | arge
percentage, up to 100 percent, of all | oops.

3.5.4 Method of Measurenent:

3.5.4.1 Insertion Loss: The step-by-step neasurenent procedure
shall be as shown in Figure 6. The output level of the mlliwatt
generator tones shall be determned prior to | eaving the CO

This shall be acconplished by dialing the mlliwatt generator
nunber froma spare line at the MDF and neasuring wth the sane
equi pnent to be used in the tests at custoner access |ocations.
The output |evels shall be recorded for reference |ater.

I nsertion | oss neasurenents shall be nade across the tip and ring
termnals of the pair under test.

3.5.4.2 Noise: The step-by-step neasurenent procedure shall be
as shown in Figure 7. Prior to leaving the CO for testing, dia
the 900 ohm plus two microfarad quiet termnation froma spare
pair and neasure the termnation to determne that it actually is
quiet. Crcuit noise (noise-netallic) shall be neasured at the
custonmer access |location across the tip and ring termnals of the
pair under test. Power influence (direct reading with | oop
checki ng equi pnent) shall be measured at the custoner access

| ocation fromtip and ring conductors-to-ground(this connection
is conpleted via the test unit). The power influence nmeasurenent
includes the entire tal king connection fromthe quiet term nation
to the custonmer. (That is, the power influence neasurenent

i ncludes all the CO equi pnent which normally makes up the
connection.)

3.5.5 Test Equipnent:

3.5.5.1 Loop checking equi pnent which is avail able from several
manuf acturers may be used for these neasurenents. The equi pnent
shoul d have the capability of neasuring | oop current, insertion
| oss, circuit noise (NM and power influence (Pl). The test
equi prent manufacturer's operating instructions shall be
fol | oned.

3.5.5.2 There should be no neasurabl e transmn ssion | o0oss when
testing through | oop extenders.
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3.5.6 Applicable Results:

3.5.6.1 Insertion Loss:

3.5.6.1.1 For D66 | oaded cables (a specific |oading schene using
a 66 mllihenry inductor spaced nomnally at 4,500 ft [1,371 m
interval s) neasured at a point one-half section | ength beyond the
| ast | oad point, the neasured nonrepeatered insertion |oss shal
be within £ 10% at 1000, 1700, 2300, and 2800 Hz, + 15% at 3400
Hz and + 20% at 4000 Hz of the calculated insertion |oss at the
sanme frequenci es and tenperature.

3.5.6.1.2 For H38 | oaded cables (a specific |oading schene using
an 88 mllihenry inductor spaced nomnally at 6,000 ft [1, 829 n]
interval s) nmeasured at a point one-half section | ength beyond the
| ast | oad point, the nmeasured nonrepeatered insertion |oss shal
be within £ 10% at 1000, 1700, and 2300 Hz, + 15% at 2800 Hz, and
+ 20% at 3400 Hz of the calculated insertion | oss at the sane
frequenci es and tenperature.

3.5.6.1.3 For nonl oaded cabl es, the neasured insertion | oss
shall be within £ 10% at 1000, 1700, 2300, and 2800 Hz, + 15% at
3400 Hz and = 20% at 4000 Hz of the calculated insertion |oss at
the sanme frequencies and tenperature.

3.5.6.1.4 For |oaded cables, the calculated | oss at each desired
frequency shall be conputed as foll ows:

a. Miltiply the length in mles (km of each different
gauge in the | oaded portion of the |oop (between the
office and a point one-half |oad section beyond the
furthest |oad point) by the applicable decibel (dB)/mle
(dB/ km) value shown in Table 4 or 5. This |oss
represents the total |oss for each gauge in the | oaded
portion of the | oop;

b. Miltiply the length in mles (km of each different
gauge in the end section or nonl oaded portion of the
cabl e (beyond a point one-half |oad section beyond the
furthest |load point) by the applicable dB/mle (dB/ km
val ue shown in Table 6. This | oss represents the total
| oss for each gauge in the nonl oaded portion of the
| oop; and

c. The total calculated insertion loss is conputed by
addi ng the individual |osses determned in Itens (a)
and (b) of Paragraph 3.5.6.1.4 of this bulletin.

3.5.6.1.5 For nonl oaded cables, the calculated | oss at each
desired frequency shall be conputed by nmultiplying the length in
mles (km of each different gauge by the applicable dB/mle

(dB/ km val ue shown in Table 6 and then addi ng the i ndividual
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| osses for each gauge to determne the total calculated insertion
| oss for the nonl oaded | oop.

3.5.6.1.6 The attenuation information in Tables 4, 5 and 6 are
based on a cable tenperature of 68°F (20°C). Insertion |oss
varies directly wth tenperature. To convert neasured |osses for
| oaded cables to a different tenperature, use the follow ng val ue
for copper conductors: For each = 5°F (x 2.8°C) change in the
tenperature from68°F (20°C), change the insertion |oss at any
frequency by + 1% To convert neasured | osses for nonl oaded
cables to a different tenperature, use the foll ow ng val ue for
copper conductors: For each £ 10°F (x 5.6°C) change in the
tenperature from68°F (20°C), change the insertion |oss at any
frequency by =+ 1% Tables 4, 5, and 6 are as foll ows:

Table 4 - Frequency Attenuation @68°F (20°C)
D66 Loaded Exchange Cabl es
83 nanofarad (nF)/mle (52 nF/ kn) (See Note)
Attenuation dB/mle (dB/ km
Frequency AWG

(Hz) 19 22 24 26

200 0.41 (0.26) | 0.67 (0.42) | 0.90 (0.56) | 1.21 (0.75)
400 0.43 (0.26) | 0.77 (0.48) | 1.09 (0.68) | 1.53 (0.95)
600 0.44 (0.27) | 0.80 (0.49) | 1.17 (0.73) | 1.70 (1.06)
800 0.44 (0.27) [ 0.81 (0.50) | 1.21 (0.75) | 1.80 (1.12)
1000 0.44 (0.27) | 0.82 (0.51) | 1.23 (0.76) | 1.86 (1.15)
1200 0.45 (0.28) [0.83 (0.52) | 1.24 (0.77) |[1.91 (1.19)
1400 0.45 (0.28) [ 0.83 (0.52) | 1.26 (0.78) | 1.94 (1.20)
1600 0.45 (0.28) [ 0.84 (0.52) | 1.26 (0.78) | 1.96 (1.22)
1800 0.45 (0.28) | 0.84 (0.52) | 1.27 (0.78) | 1.98 (1.23)
2000 0.46 (0.29) | 0.85 (0.53) | 1.28 (0.79) | 1.99 (1.24)
2200 0.46 (0.29) | 0.85 (0.53) | 1.29 (0.80) | 2.01 (1.25)
2400 0.47 (0.29) | 0.86 (0.53) | 1.30 (0.81) | 2.02 (1.26)
2600 0.47 (0.29) | 0.87 (0.54) | 1.31 (0.81) | 2.04 (1.27)
2800 0.48 (0.30) | 0.88 (0.55) | 1.32 (0.82) | 2.07 (1.29)
3000 0.49 (0.30) [ 0.89 (0.55) | 1.34 (0.83) |2.10 (1.30)
3200 0.50 (0.31) [0.91 (0.57) | 1.36 (0.84) |2.13 (1.32)
3400 0.52 (0.32) | 0.93 (0.58) | 1.40 (0.87) | 2.19 (1.36)
3600 0.54 (0.34) [ 0.97 (0.60) | 1.45 (0.90) | 2.26 (1.40)
3800 0.57 (0.35) [1.02 (0.63) | 1.52 (0.94) | 2.36 (1.47)
4000 0.62 (0.38) |1.10 (0.68) | 1.63 (1.01) | 2.53 (1.57)

Not e: Between end-section lengths of 2,250 ft (686 nm) for D66
| oadi ng.
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Table 5 - Frequency Attenuation @68°F (20°C)
H88 Loaded Exchange Cabl es
83 nF/mle (52 nF/knm) (See Note)
Attenuation dB/mle (dB/ km

Frequency AWG
(Hz) 19 22 24 26
200 0.40 (0.25) | 0.66 (0.41) |[0.90 (0.56) | 1.20 (0.75)
400 0.42 (0.26) | 0.76 (0.47) |1.08 (0.67) | 1.53 (0.95)
600 0.43 (0.27) | 0.79 (0.49) |1.16 (0.72) | 1.70 (1.06)
800 0.43 (0.27) | 0.80 (0.50) [1.20 (0.75) | 1.80 (1.12)
1000 0.43 (0.27) | 0.81 (0.50) |1.23 (0.76) | 1.86 (1.15)
1200 0.44 (0.27) | 0.82 (0.51) |1.24 (0.77) | 1.91 (1.19)
1400 0.44 (0.28) | 0.82 (0.51) |1.25 (0.78) | 1.94 (1.20)
1600 0.44 (0.27) | 0.83 (0.52) |1.26 (0.78) | 1.97 (1.22)
1800 0.45 (0.28) | 0.84 (0.52) [ 1.28 (0.79) | 1.99 (1.24)
2000 0.46 (0.29) | 0.85 (0.53) |[1.29 (0.80) | 2.02 (1.26)
2200 0.47 (0.29) | 0.86 (0.53) |1.31 (0.81) | 2.06 (1.28)
2400 0.48 (0.30) | 0.89 (0.55) |1.34 (0.83) | 2.10 (1.30)
2600 0.50 (0.31) | 0.92 (0.57) |1.39 (0.86) | 2.18 (1.35)
2800 0.53 (0.33) | 0.97 (0.60) [ 1.47 (0.91) | 2.29 (1.42)
3000 0.59 (0.37) |1.07 (0.66) | 1.60 (0.99) | 2.48 (1.54)
3200 0.71 (0.44) | 1.26 (0.78) |1.87 (1.16) | 2.86 (1.78)
3400 1.14 (0.71) | 1.91 (1.19) |2.64 (1.64) | 3.71 (2.30)
3600 4.07 (2.53) | 4.31 (2.68) |4.65 (2.90) | 5.30 (3.29)
3800 6.49 (4.03) | 6.57 (4.08) [6.72 (4.18) | 7.06 (4.39)
4000 8.22 (5.11) | 8.27 (5.14) [8.36 (5.19) | 8.58 (5.33)

Not e: Between end-section lengths of 3,000 ft (914 nm) for H38

| oadi ng.
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Table 6 - Frequency Attenuation @68°F (20°C)
Nonl oaded Exchange Cabl es
83 nF/mle (52 nF/ km
Attenuation dB/ mle (dB/ km
Frequency AWG

(Hz) 19 22 24 26

200 0.58 (0.36) |0.82 (0.51) {1.03 (0.64) | 1.30 (0.81)
400 0.81 (0.51) |1.15 (0.71) |1.45 (0.90) | 1.84 (1.14)
600 0.98 (0.61) |1.41 (0.87) |1.77 (1.10) | 2.26 (1.40)
800 1.13 (0.70) [1.62 (1.01) [2.04 (1.27) | 2.60 (1.61)
1000 1.25 (0.78) |[1.80 (1.12) |2.28 (1.42) | 2.90 (1.80)
1200 1.36 (0.84) [1.97 (1.22) |2.50 (1.55) | 3.17 (1.97)
1400 1.46 (0.91) |[2.12 (1.32) |2.69 (1.67) | 3.42 (2.12)
1600 1.55 (0.96) |[2.26 (1.40) |2.87 (1.78) | 3.65 (2.27)
1800 1.63 (1.01) [2.39 (1.48) |3.04 (1.89) | 3.87 (2.40)
2000 1.71 (1.06) [2.51 (1.56) [3.20 (1.99) | 4.08 (2.53)
2200 1.78 (1.11) [2.62 (1.63) [3.35 (2.08) | 4.27 (2.65)
2400 1.85 (1.15) [2.73 (1.70) [3.49 (2.17) | 4.45 (2.76)
2600 1.91 (1.19) [2.83 (1.76) |3.62 (2.25) | 4.63 (2.88)
2800 1.97 (1.22) [2.93 (1.82) [3.75 (2.33) | 4.80 (2.98)
3000 2.03 (1.26) |3.02 (1.88) |3.88 (2.41) | 4.96 (3.08)
3200 2.08 (1.29) |3.11 (1.93) [4.00 (2.48) | 5.12 (3.18)
3400 2.13 (1.32) |3.19 (1.98) [4.11 (2.55) | 5.27 (3.27)
3600 2.18 (1.35) |3.28 (2.04) (4.22 (2.62) | 5.41 (3.36)
3800 2.22 (1.38) |3.36 (2.09) [4.33 (2.69) | 5.55 (3.45)
4000 2.27 (1.41) |3.43 (2.13) |4.43 (2.75) | 5.69 (3.53)

3.5.6.1.7 For |oaded subscriber |oops, the 1 kHz | oss shall be
approximately 0.45 dB per 100 ohns of neasured dc | oop
resistance. This loss shall be the neasured | oss |ess the net
gain of any voice frequency repeaters in the circuit. Testing
shal |l al so be conducted to verify that the | oss increases
gradually as the frequency increases. The |oss on H88 | oaded

| oops should be down only slightly at 2.8 kHz but drop rapidly
above 2.8 kHz. The | oss on D66 | oaded | oops shall be fairly
constant to about 3.4 kHz and there shall be good response at 4.0
kHz. \Wen voice frequency repeaters are in the circuit there
will be some frequency weighting in the build-out network and the
| oss at the higher frequencies will be greater than for

nonr epeat ered | oops.

3.5.6.1.8 For nonl oaded subscriber |oops, the 1 kHz | oss shal
be approximately 0.9 dB per 100 ohnms of neasured dc | oop

resi stance. Testing shall also be conducted to verify that the
| oss is approximately a straight line function with no abrupt
changes. The 3 kHz | oss should be approximately 70% hi gher than
the 1 kHz | oss.

3.5.6.2 Noise: The principal objective related to circuit noise
(noi se-netalTic) and the acceptance of new plant is that circuit
noi se levels be 20 dBrnc or |ess [deci bels above reference noise,
C-message weighted (a weighting derived fromlistening tests, to
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indicate the relative annoyance or speech inpairnment by an
interfering signal of frequency (f) as heard through a "500-type"
tel ephone set)]. For nost new, properly installed, plant
construction, circuit noise wll usually be considerably |ess
than 20 dBrnc unless there are unusually | ong sections of

tel ephone plant in parallel with electric power facilities and/or
power influence of paralleling electric facilities is abnormally
hi gh. Wen circuit noise is 20 dBrnc or less, the | oop plant
shal | be considered acceptable. Wen neasured circuit noise is
greater than 20 dBrnc, |oop plant shall still be considered
acceptabl e providing circuit bal ance (power influence reading
mnus circuit noise readings) is 60 dB or greater and power

i nfluence readings are 85 dBrnc or greater. \Wen circuit noise
is greater than 20 dBrnc and circuit balance is |l ess than 60 dB
and/ or power influence is less than 85 dBrnc, |oop plant shal

not be consi dered acceptable and the | oop plant shall be renedi ed
to make circuit bal ance equal to or greater than 60 dB.

3.5.7 Data Record: Measurenent data shall be recorded. A
suggested format simlar to Format | for subscriber |oops in
Paragraph 7 of this bulletin or a format specified in the
appl i cabl e construction contract may be used.

3.5.8 Probabl e Causes for Nonconfornance:

3.5.8.1 Insertion Loss: Sonme of the nore common causes for
failing to obtain the desired results may be due to reversed | oad
coil windings, mssing |load coils, bridge taps between | oad
coils, load coil spacing irregularities, excessive end sections,
cabl es having high or |ow nutual capacitance, |oad coils having
the wong inductance, load coils inadvertently installed in

nonl oaded | oops, noisture or water in cable, split pairs, and

i nproperly spliced connections. The above factors can occur
singularly or in conbination. Experience to date indicates that
t he nost common problens are mssing |load coils, reversed | oad
coil w ndings or bridge taps.

3.5.8.2 Noise: Sone of the common causes for failing to obtain
the desired results may be due to high power influence from
paralleling el ectrical power systens, poor telephone circuit

bal ance, di scontinuous cabl e shields, inadequate bondi ng and
groundi ng of cable shields, high capacitance unbal ance-t o-ground
of the cable pairs, high dc |oop resistance unbal ance, dc | oop
current less than 20 mllianperes, etc. The above factors can
occur singularly or in conbination. See TE&CM Section 451,

Tel ephone Noi se Measurenent and Mtigation, for steps to be taken
in reducing telecomuni cations |ine noise.
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3.6 One-Person Open Circuit Measurenent (Subscriber Loops):

3.6.1 Wen specified by the borrower, open circuit neasurenents
shall be made on all | oaded and nonl oaded subscri ber | oops upon
conpletion of the cable work to verify that the plant is free
frommaj or inpedance irregularities.

3.6.2 For |oaded | oops, open circuit neasurenents shall be nmade
usi ng one of the follow ng nethods:

a. |Inpedance or pulse return pattern, with cable pair trace
conpared to that of an artificial |line of the sane
| ength and gauge. For best results, a level tracer or
fault locator with dual trace capability is required,

b. Return loss using a level tracer, with cable pair
conpared to an artificial line of the sane | ength and
gauge connected in lieu of a Precision Bal ance Network
(PBN). This method can be nade with | evel tracers
having only single trace capability; or

c. Open circuit structural return |loss using a |evel
tracer. This method can be nmade with I evel tracer
having only single trace capability.

3.6.3 O the three nethods suggested for |oaded | oops, the

met hod specified in item (b.) of Paragraph 3.6.2 of this bulletin
is the preferred nethod because it can yield both qualitative and
guantitative results. The nethods specified in itens (a.) and
(c.) of Paragraph 3.6.2 of this bulletin can be used as trouble
shooting tools should irregularities be found during testing.

3.6.4 For nonl oaded | oops, open circuit neasurenents shall be
made using the nmethod specified in item(a.)of Paragraph 3.6.2 of
this bulletin.

3.6.5 Method of Measurenent: Qpen circuit neasurenents shall be
made at the CO on each | oaded and nonl oaded pair across the tip
and ring termnals of the pair under test. Al CO equi pnent

shal | be disconnected at the MDF for this test. For |oaded | oops
cont ai ni ng voi ce frequency repeaters installed in the COor field
nmount ed, the open circuit measurenent shall be made after the
repeaters have been di sconnected. Were field nounted repeaters
are used, the open circuit nmeasurenent shall be nmade at the
repeater location in both directions.

3.6.5.1 Inpedance or Pulse Return Pattern: The step-by-step
measur enent procedure using the 1 npedance or pulse return pattern
for | oaded and nonl oaded | oops shall be as shown in Figure 8. An

artificial line of the sane nakeup as the cable to be tested
shall be set up. The traces of the inpedance or pulse return
pattern fromthe cable pair and the artificial |line shall be

conpared and should be essentially identical. |If the inpedance
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or pulse return traces fromthe cable pair are different than the
artificial line trace, cable faults are possible. Wen the cable
pair trace indicates possible defects, the defects should be
identified and | ocated. One nethod of identifying and | ocating
defects involves introducing faults into the artificial |ine
until its trace is identical with the cable trace.

3.6.5.2 Return Loss Balanced to Artificial Line: The step-by-
step neasurenent procedure using the return loss bal anced to

artificial line for | oaded | oops shall be as shown in Figure 9.
An artificial line of the same makeup as the cable to be tested
shall be set up. The artificial line is connected to the

external network termnals of the test set. The cable pair under
test is conpared to this standard. Wen defects are found, they
shoul d be identified and | ocated by introducing faults into the
artificial line. This is nore difficult than with the nmethod
referenced in Paragraph 3.6.5.1 of this bulletin since this
measurenent is nore sensitive to mnor faults and only a single
trace i s used.

3.6.5.3 Open Circuit Structural Return Loss using Level Tracer:
The step-by-step neasurenent procedure using the [evel tracer tTor
| oaded | oops shall be as shown in Figure 10. The cable pair is
conpared to a PBN.

3.6.6 Test Equipnent: Equipnent for performng these tests is
shown in Figures 8 through 10. For |oaded | oops, artificial

| oaded |ines nust be of the same gauge and | oadi ng schene as the
l'ine under test. For nonl oaded | oops, artificial nonloaded |ines
must be of the same gauge as the line under test. Artificial

i nes should be arranged using switches or other quick connect
arrangenents to speed testing and troubl eshooti ng.

3.6.7 Applicable Results:

3.6.7.1 For | oaded and nonl oaded | oops, the two traces in the
pul se return pattern or inpedance nethod (Paragraph 3.6.5.1 of
this bulletin) shall be essentially identical. The degree of
conparison required of the two traces is to be determ ned by
experi ence.

3.6.7.2 For |oaded | oops, results for return | oss neasurenents
using a level tracer, with artificial line, in lieu of a PBN
(Paragraph 3.6.5.2 of this bulletin) shall neet the foll ow ng
requirenents:

a. For D66 and H88 | oaded cables the structural return
| oss (SRL) val ues shall range between 28 and 39 dB,
respectively, at the critical frequency of structural
return loss (CFSRL) within the pass band of the | oading
system bei ng used. The m ni mum SRL val ue for uniform
gauge shall be 25 dB CFSRL. These SRL val ues apply for
| oaded cabl es of uniformgauge for the entire | ength of
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t he subscriber loop circuit. Subscriber loop circuits
shall neet the |oading spacing deviations and the cable
mut ual capacitance requirenents in the applicable RUS
cabl e specifications;

b. For m xed gauge | oaded cables the SRL val ues shall be
25 and 27 dB CFSRL, respectively, and the m ni num SRL
val ue shall be 22 dB CFSRL; and

c. The two traces in the pulse return pattern should be
essentially identical. The degree of conparison
required of the two traces is determ ned by experience.

3.6.7.3 For |loaded | oops, the results of open circuit structural
return | oss neasurenents using a level tracer (Paragraph 3.5.5.3
of this bulletin) shall neet the followi ng requirenents. For D66
and H88 | oaded cables with uniformor m xed gauges, the worst

val ue all owed for neasured open circuit structural return | oss
between 1,000 - 3,500 Hz and 1,000 - 3,000 Hz, respectively,

shall be approximately 0.9 dB (round trip) for each 100 ohns
outside plant dc |oop resistance including the resistance of the
| oad coils. The value of 0.9 dB per 100 ohns for the round trip
| oss remai ns reasonably accurate as | ong as:

a. The subscriber end section of the | oaded pair under
test is approximately 2,250 ft (685 m for D66 | oading
or 3,000 ft (924 m for H88 loading in length; and

b. The one-way 1,000 Hz | oss does not exceed 10 dB.

3.6.7.4 For |oaded |oops, the neasured val ue of open circuit
structural return loss can only be as accurate as the degree to
whi ch the dc | oop resistance of the | oaded pair under test is
known. Mbst accurate results shall be obtai ned when the dc | oop
resistance i s known by actual neasurenents as described in
Paragraph 3.4 of this bulletin. Furthernore, where the dc | oop
resistance is neasured at the sanme tine as the open circuit
structural return loss, no correction for tenperature i s needed
because the loss is directly proportional to the | oop resistance.
Were it is not practical to neasure the dc |oop resistance, it
shall be cal cul ated and corrected for tenperature as specified in
Paragraph 3.4.6.2 of this bulletin. Wen neasuring existing

pl ant, care shall be taken to verify the accuracy of the records,
if they are used for the calculation of the dc |oop resistance.
For buried plant, the tenperature correction shall be based at
the normal depth of the cable in the ground. (Tenperature can be
measured by boring a hole to cable depth with a ground rod,

pl acing a thernoneter in the ground at the cable depth, and

t aki ng and averagi ng several readings during the course of the
resi stance neasurenents.) For aerial cable it shall be based on
the tenperature inside the cable sheath
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3.6.7.5 For |oaded | oops, the best correlation between the
nmeasured and the expected results shall be obtained when the
cable is of one gauge, one size, and the far end section is
approximately 2,250 ft (685 n) for D66 | oading or 3,000 ft

(914 m for HB88 |loading. M xing gauges and cable sizes wll
result in undesirable small reflections whose frequency
characteristics and magni tude cannot be accurately predicted. In
subscri ber | oop applications, cable gauge may be sonmewhat uniform
but the cable pair size nost |likely will not be uniformas cable
pair sizes taper off toward the customer access |location and a
downward adjustnent of 1 dB of the all owed val ue shall be
acceptable. "Long" end sections (as defined in TE&M Secti on
424, "Cuideline for Tel ecomunications Subscriber Loop Plant")

| oner the expected value, a further downward adjustnent of 3 dB
in the all owed val ue shall be acceptabl e.

3.6.7.6 For |oaded |oops, the limting factor when maki ng open
circuit structural return | oss nmeasurenents is when the 1,000 Hz
one-way | oss of the | oaded cable pair under test becones 10 dB or
greater; it becones difficult to detect the presence of
irregularities beyond the 10 dB point on the |oop. To overcone
this difficulty, |oaded | oops having a one-way | oss at 1,000 Hz
greater than 10 dB shall be opened at some convenient point (such
as a pedestal or ready access enclosure) and | oss neasurenents at
the individual portions neasuring | ess than 10 dB one-way shal

be made separately. \When field nmounted voice frequency repeaters
are used, the neasurenent shall be nade at the repeater |ocation
in both directions.

3.6.8 Data Record:

3.6.8.1 Wien performng a pulse return pattern or inpedance open
circuit neasurenent on | oaded and nonl oaded | oops, a "check mark"
indicating that the pair tests good or an "X" indicating that the
pair does not test good shall be recorded in the SRL colum. A
suggested format simlar to Format | for subscriber |oops in
Paragraph 7 of this bulletin or a format specified in the
appl i cabl e construction contract may be used.

3.6.8.2 Wien performng open circuit return | oss neasurenents
using the return | oss balanced to an artificial line or return

| oss using a level tracer on | oaded | oops, the value of the
poorest (|l owest nunerical value) SRL and its frequency in the
proper colum between 1,000 and 3,500 Hz for D66 | oading or

bet ween 1,000 and 3,000 Hz for H88 | oading shall be recorded. A
suggested format simlar to Format | for subscriber |oops in
Paragraph 7 of this bulletin or a format specified in the
appl i cabl e construction contract may be used.

3.6.9 Probable Causes for Nonconformance: Sone of the nore
common causes for farling to obtain the desired results may be
due to reversed |oad coil wi ndings, mssing load coils, bridge
taps between load coils, load coil spacing irregularities,
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excessive end sections, cables having high or |ow nutual
capacitance, load coils inadvertently installed in nonl oaded

| oops, noisture or water in the cable, |load coils having the
wrong i nductance, split pairs, and inproperly spliced connectors.
The above can occur singularly or in conbination. Experience to
date indicates that the nost common problens are m ssing | oad
coils, reversed |l oad coil w ndings or bridge taps.

3.7 Cable Insertion Loss Measurenent (Carrier Frequencies):

3.7.1 Wen specified by the borrower, carrier frequency
insertion | oss neasurenents shall be nmade on cable pairs used for
T1l, T1C, and/or station carrier systens. Carrier frequency
insertion |oss shall be made on a mnimumof three pairs. Sel ect
at | east one pair near the outside of the core unit layup. |If
the three neasured pairs are wwthin 10% of the calculated loss in
dB corrected for tenperature, no further testing i s necessary.

I f any of the neasured pairs of a section are not within 10% of
the calculated loss in dB, all pairs in that section used for
carrier transm ssion shall be neasured.

3.7.2 Method of Measurenent: The step-by-step nethod of
measur enent shall be as shown in Figure 11

3.7.3 Test Equipnent: The test equipnment is shown in Figure 11.

3.7.4 Applicable Results:

3.7.4.1 The highest frequency to be neasured is determ ned by
the type of carrier system For Tl type carrier, the highest
frequency is normally 772 kHz. For T1C type carrier, the highest
frequency is normally 1576 kHz. The hi ghest frequency to be
measured for station carrier is 140 kHz.

3.7.4.2 The nmeasured insertion |l oss of the cable shall be within
+ 10% of the calculated loss in dB when the loss is corrected for
t enper at ur e.

3.7.4.3 The calculated insertion |oss is conputed as foll ows:

a. Miltiply the length of each different gauge by the
applicable dB per unit length as shown in Table 7 or 8:
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Table 7 - Cable Attenuation @68°F (20°C)
Filled Cables - Solid Insulation
Attenuation dB/ mle (dB/ km
Frequency Gauge (AW

(kHz) 19 22 24 26

10 2.8 (1.7) 4.8 (2.9) 6.4 (3.9) 8.5 (5.3)
20 3.2 (2.0) 5.8 (3.6) 8.2 (5.1) 11.2 (6.9)
40 3.6 (2.2) 6.5 (4.0) 9.6 (6.0) 13.9 (8.6)
60 4.0 (2.5) 6.9 (4.2) 10. 3 (6. 4) 15.2 (9.4)
80 4.5 (2.8) 7.3 (4.5) 10.7 (6.6) 16.0 (9.9)
100 4.9 (3.0) 7.7 (4.7) 11.1 (6.8) | 16.5 (10.2)
112 5.2 (3.2) 8.0 (4.9) 11.3 (7.0) | 16.8 (10.5)
120 5.4 (3.3) 8.1 (5.0) 11.5 (7.1) | 17.0 (10.86)
140 5.8 (3.6) 8.6 (5.3) 11.9 (7.4) | 17.4 (10.8)
160 6.2 (3.8) 9.0 (5.6) 12.3 (7.6) |17.8 (11.1)
180 6.6 (4.1) 9.5 (5.9) 12.7 (7.9) |18.2 (11.3)
200 7.0 (4.3) 10.0 (6. 2) 13.2 (8.2) | 18.6 (11.5)
300 8.7 (5.4) 12.2 (7.5) 15.4 (9.6) | 20.6 (12.8)
400 10.0 (6. 2) 14.1 (8.8) |17.7 (11.0) | 22.9 (14.2)
500 11.2 (6.9) 15.9 (9.8) |19.8 (12.3) | 25.2 (15.6)
600 12.2 (7.5) 17.5 (10.9) (21.8 (13.6) | 27.4 (17.0)
700 13.2 (8.2) 19.0 (11.8) [23.6 (14.7) | 29.6 (18.4)
772 13.8 (8.5) 19.9 (12.4) (24.8 (15.4) | 31.4 (19.5)
800 14.2 (8.8) 20.1 (12.5) [ 27.4 (17.1) | 31.7 (19.7)
900 14.8 (9.2) 21.6 (13.4) [29.0 (18.0) | 33.8 (21.0)
1000 15.8 (9.8) 22.7 (14.1) |31.1 (19.3) | 35.9 (22.3)
1100 16.4 (10.2) | 23.8 (14.8) [32.7 (20.3) | 38.0 (23.6)
1200 17.4 (10.8) | 24.8 (15.4) (34.3 (21.3) | 40.0 (24.9)
1300 17.9 (11.1) | 25.9 (16.1) |35.4 (22.0) | 41.7 (25.9)
1400 19.0 (11.8) | 26.9 (16.7) [37.0 (23.0) | 43.3 (26.9)
1500 19.5 (12.1) | 28.0 (17.4) |38.0 (23.6) | 44.3 (27.6)
1576 20.1 (12.4) [ 29.0 (18.0) [39.0 (24.3) | 44.4 (28.2)
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Table 8 - Cable Attenuation @68°F (20°C)
Filled Cables - Expanded | nsul ati on
Attenuation dB/ mle (dB/ km
Frequency Gauge (AW

(kHz) 19 22 24 26

10 3.0 (1.8) 4.9 (3.0) 6.5 (4.0) 8.6 (5.3)
20 3.5 (2.1) 6.0 (4.1) 8.5 (5.2) 11.5 (7.1)
40 4.0 (2.5) 7.0 (4.3) 10.2 (6.3) 14.4 (8.9)
60 4.5 (2.8) 7.5 (4.6) 11.1 (6.8) 16.0 (9.9)
80 5.2 (3.3) 7.9 (4.9) 11.3 (6.9) | 16.2 (10.1)
100 5.8 (3.6) 8.4 (5.2) 11.6 (7.2) | 16.4 (10.2)
112 6.0 (3.8) 8.8 (5.4) 11.9 (7.4) | 16.6 (10.3)
120 6.2 (3.9) 9.0 (5.6) 12.1 (7.5) | 16.9 (10.5)
140 6.6 (4.1) 9.5 (5.9) 12.7 (7.9) | 17.2 (10.7)
160 6.9 (4.3) 10.0 (6. 2) 13.2 (8.2) |17.4 (10.8)
180 7.4 (4.6) 10.6 (6.6) | 13.7 (8.5) | 17.9 (11.1)
200 7.9 (4.9) 11.1 (6.9) 14.2 (8.8) | 18.5 (11.5)
300 9.5 (5.9) 13.2 (8.2) |16.8 (10.5) | 21.6 (13.4)
400 11.1 (6.9) 15.3 (9.5) |19.5 (12.1) | 24.3 (15.1)
500 12.1 (7.5) 17.9 (11.1) (22.2 (13.8) | 27.4 (17.1)
600 13.7 (8.5) 19.5 (12.1) [24.3 (15.1) | 29.6 (18.4)
700 14.8 (9. 2) 21.1 (13.1) [ 26.4 (16.4) | 32.2 (20.0)
772 15.3 (9.5) 21.6 (13.4) [27.4 (17.1) | 33.8 (21.0)
800 15.8 (9. 8) 22.2 (13.8) [28.0 (17.4) | 34.4 (21.3)
900 17.0 (10.5) | 23.8 (14.8) [29.6 (18.4) | 36.4 (22.6)
1000 17.4 (10.8) | 24.8 (15.4) [31.1 (19.3) | 38.5 (23.9)
1100 17.9 (11.1) | 26.4 (16.4) [33.3 (20.7) | 40.6 (25.3)
1200 19.0 (11.8) | 27.4 (17.1) (34.3 (21.3) | 42.2 (26.2)
1300 19.5 (12.1) | 28.5 (17.7) |35.9 (22.3) | 43.8 (27.2)
1400 20.1 (12.5) | 29.6 (18.4) [37.0 (23.0) | 45.9 (28.5)
1500 20.6 (12.8) | 30.6 (19.0) [38.5 (23.9) | 47.5 (29.5)
1576 21.6 (13.4) | 31.1 (19.3) [39.1 (24.3) | 48.6 (30.2)

b. Add the individual |osses for each gauge to give the
total calculated insertion | oss at a tenperature of
68°F (20°C);

c. Correct the total calculated insertion |oss at the
tenperature of 68°F (20°C) to the measurenent
tenperature by the follow ng fornul ae:

A = Asg X [1 + 0.0012 x (t - 68)] for English Units

A

A X [1 + 0.0022 x (t - 20)] for Metric Units
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Wher e:
A = Insertion |loss at the neasurenent tenperature
in dB.
Ass = Insertion |oss at a tenperature of 68°F in dB.

&
o
1

Insertion loss at a tenperature of 20°C in dB.
t = Measurenent tenperature in °F or (°C); and

d. Conpare the calculated insertion | oss at the neasurenent
tenperature to the nmeasured insertion | oss to determ ne
conpliance wth the requirenent specified in Paragraph
3.7.4.2 of this bulletin. (Note: Attenuation varies
directly with tenperature. For each = 10°F (5.6°C)
change in tenperature increase or decrease the
attenuation by = 1%)

3.7.4.4 |f the neasured val ue exceeds the + 10% al | owabl e
variation, the cause shall be determ ned and corrective action
shal |l be taken to renedy the problem

3.7.5 Data Record: Results of carrier frequency insertion |oss
measurenents for station, T1l, and/or T1C type carrier shall be
recorded. Suggested formats simlar to Format |11, Qutside Plant
Acceptance Tests - T1 or T1C Carrier Pairs, and Format 1V,

Qut side Plant Acceptance Tests - Station Carrier Pairs, in
Paragraph 7 of this bulletin or formats specified in the
appl i cabl e construction contract may be used.

3.7.6 Probabl e Causes for Nonconformance: |f the nmeasured | oss
is low, the cable records are Iikely to be in error. |If the
measured loss is high, there may be bridge taps, load coils or
voi ce frequency build-out capacitors connected to the cable pairs
or the cable records may be in error. Figures 12 and 13 are
exanpl es that show the effects of bridge taps and load coils in
the carrier path.

4. FIBER OPTI C CABLE TELECOVMUNI CATI ONS PLANT MEASUREMENTS

4.1 Arnor Continuity:

4.1.1 Tests and neasurenents shall be made to ensure that the
arnor of fiber optic cables is continuous. There are two areas
of concern. The first is arnmor bonding within a splice and the
second is arnor continuity between splices.

4.1.2 Measurenent techniques outlined here for verification of
arnor continuity are applicable to buried fiber optic cable

pl ant. Measurenents of arnor continuity between splices in
aerial, arnored, fiber optic cable should be nade prior to
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conpletion of splicing. Conclusive results cannot be obtained on
aerial plant after all bonds have been conpleted to the
supporting strand, nultigrounded neutral, etc.

4.1.3 Method of Measurenent: Arnor continuity within splices
shall be nmeasured wth a cable shield splice continuity test set.
The step-by-step neasurenment procedure outlined in the

manuf acturer's operating instructions for the specific test

equi pnent bei ng used shall be foll owed.

4.1.4 Test Equipnent: A cable shield splice continuity tester
shal |l be used to nmeasure arnor continuity within splices.

4.1.5 Applicable Results: Wen utilizing shield continuity
testers to nmeasure arnor continuity within splices, refer to the
manuf acturer's published information covering the specific test
equi pnent to be used and for anticipated results.

4.1.6 Data Record: Measurenent data fromarnor continuity tests
shal |l be recorded together with anticipated values in an
appropriate format to permt conparison. The recorded data shal

i ncl ude specific |location, cable size, and cable type, if known,
etc.

4.1.7 Probable Causes for Nonconformance: Anong probabl e causes
for nonconformance are broken or danaged arnors, bad bondi ng

har nesses, poorly connected bondi ng cl anps, |oose bondi ng | ugs,
etc.

4.2 Fiber Optic Splice Loss Measurenent:

4.2.1 After placenent of all fiber optic cable plant has been
conpl eted and spliced together to forma continuous optical |ink
between end term nation points, splice | oss neasurenents shall be
performed on all field and central office splice points.

4.2.2 Method of Measurenent:

4.2.2.1 Field splice |loss neasurenents shall be nmade between the
end term nation points at 1310 and/or 1550 nanoneters for single
node fibers and in accordance with Figure 14. Two splice |oss
measur enents shall be nade between the end term nation points.
The first neasurenent shall be fromtermnation point Ato

term nation point B. The second neasurenent shall be from
termnation point B to term nation point A

4.2.2.2 CO splice | oss neasurenents shall be made at 1310 and/or
1550 nanoneters for single node fibers and in accordance with
Figure 15. Two splice |oss neasurenents shall be nmade between
the end termnation points. The first neasurenent shall be from
termnation point Ato termnation point B. The second

measur enent shall be fromtermnation point B to term nation
poi nt A
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4.2.3 Test Equipnent: The test equipnment is shown in Figures 14
and 15. The optical tine domain reflectoneter (OIDR) used for
the testing should have dual wave | ength capability.

4.2.4 Applicable Results:

4.2.4.1 The splice loss for each single node field splice shal
be the bi-directional average of the two OTDR readings. To
calcul ate the actual splice loss, substitute the OIDR readi ngs
mai ntai ning the sign of the loss (+) or apparent gain (-) into
the foll om ng equati on:

OTDR Readi ng OTDR Readi ng
Actual Splice = FromAto B + FromB to A
Loss (dB) 2

4.2.4.2 \Wen specified in the applicable construction contract,
the splice loss of each field splice at 1310 and/or 1550
nanoneters shall not exceed the limt specified in the contract.

4.2.4.3 Wen no limt is specified in the applicable
construction contract, the splice |loss of each field splice shal
not exceed 0.2 dB at 1310 and/or 1550 nanoneters.

4.2.4.4 The splice loss for each single node CO splice shall be
the bi-directional average of the two OIDR reading. To calculate
actual splice |oss, substitute the OIDR readi ng, maintaining the
sign of the loss (+) or apparent gain (-), into the equation
specified in Paragraph 4.2.4.1 of this bulletin.

4.2.4.5 \When specified in the applicable construction contract,
the splice loss of each central office splice at 1310 and/or 1550
nanoneters shall not exceed the limt specified in the contract.

4.2.4.6 Wen no limt is specified in the applicable
construction contract, the splice | oss of each central office
splice shall not exceed 1.2 dB at 1310 and/or 1550 nanoneters.

4.2.5 Data Record: The nmeasurenent data shall be recorded. A
suggested format simlar to Format V, Qutside Plant Acceptance
Test - Fiber Optic Tel ecommuni cations Plant, in Paragraph 7 of
this bulletin or a format specified in the applicable
construction contract nmay be used.

4.2.6 Probable Causes for Nonconformance: Wen the results of
the splice loss nmeasurenents exceed the specified limts the
follow ng factors shoul d be checked:

a. Proper end preparation of the fibers;
b. End separation between the fiber ends;

c. Lateral msalignnment of fiber cores;
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d. Angular msalignnment of fiber cores;
e. Fresnel reflection;
f. Contam nation between fiber ends;
g. Core deformation; or
h. Mde-field dianeter m smatch.

4.3 End-to-End Attenuati on Measurenent:

4.3.1 After placenent of all fiber optic cable plant has been
conpl eted and spliced together to forma continuous optical |ink
bet ween end term nation points, end-to-end attenuation
measurenents shall be perfornmed on each optical fiber wthin the
cabl e.

4.3.2 Method of Measurenent: For single node fibers, the end-
to-end attenuation neasurenents of each optical fiber at 1310
and/ or 1550 nanoneters in each direction between end term nation
points shall be perforned in accordance with Figure 16.

4.3.3 Test Equipnent: The test equipnment is shown in Figure 16.

4.3.4 Applicable Results: The end-to-end attenuati on of each
single node optical tiber at 1310 and/or 1550 nanoneters shal
not exceed the limts specified in the applicable construction
contract.

4.3.5 Data Record: The nmeasurenent data shall be recorded. A

suggested format simlar to Format V for fiber optic

t el ecomuni cations plant in Paragraph 7 of this bulletin or on a
format specified in the applicable construction contract may be

used.

4.3.6 Probable Causes for Nonconformance: Failure of each
optical tiber to neet the end-to-end attenuation |imt could be
attributed to the foll ow ng:

a. Excessive field or central office splice |oss;
b. Excessive cable attenuation; or
c. Damage to the fiber optic cable during installation.

4.4 End-to-End Fi ber Signature Measurenent:

4.4.1 After placenent of all fiber optic cable plant has been
conpl eted and spliced together to forma continuous optical |ink
bet ween end term nation points, end-to-end fiber signature
testing shall be perforned on each optical fiber within the

cabl e.
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4.4.2 Method of Measurenent: For single node fibers, the end-
to-end t1ber signature neasurenent of each optical fiber in each
direction shall be perforned between end term nation points at
1310 and/or 1550 nanoneters in accordance with Figure 17.

4.4.3 Test Equipnent: The test equipnment is shown in Figure 17.

4.4.4 Applicable Results: The appearance of each optical fiber
bet ween end term nation points.

4.4.5 Data Record: Plot the trace of each optical fiber and
retain as a permanent record for future conparison if needed.

4.4.6 Probable Causes for Nonconfor mance: None.

5. VO CEBAND DATA TRANSM SSI ON MEASURENMENTS

5.1 The data transm ssion neasurenents listed in this section
shall be used to determ ne the acceptability of trunk and

nonl oaded subscriber loop circuits for data nodem transm ssion.

5.2 Signal-to-C Notched Noise (S/CNN) Measurenent:

5.2.1 Wen specified by the borrower, S/ CNN neasurenents shal
be made on trunk circuits and nonl oaded subscri ber | oops. For
trunk circuits, the neasurenent shall be nade between CO

| ocations. For nonl oaded subscriber |oops, the neasurenent shal
be made fromthe COto the station protector of the NID at the
custoner's access | ocation.

5.2.2 S/ICNNis the logarithmc ratio expressed in dB of a 1,004
Hz hol ding tone signal conpared to the C nessage wei ghted noi se
level. S/CNNis one of the nost inportant transm ssion
paraneters affecting the performance of data transm ssion because
proper nodem operation requires |ow noise relative to received
power level. Since nodulated carriers are used in data

comuni cati on systens, noise neasurenents need to be perforned
with power on the connection to activate equi pment havi ng signal -
| evel - dependent noi se sources. For 4 kHz channels, a 1,004 Hz
hol ding tone is used to activate the signal -dependent equi prment
on the channel or connection.

5.2.3 Method of Measurenent: The S/ CNN neasurenent shall be
made using a 1,004 Hz holding tone at -13 dBnD (decibels relative
to one mlliwatt, referred to a zero transm ssion | evel point)
and perforned in accordance with Anerican National Standards
Institute (ANSI) T1.506-1990, Anmerican National Standard for

Tel ecomruni cations - Network Performance - Transm ssion
Specifications for Sw tched Exchange Access Network including
suppl enment ANSI T1.506a-1992, and Anerican National Standards
Institute/lnstitute of Electrical and El ectronics
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Engi neers(ANSI /| EEE) 743-1984, |EEE Standard Met hods and
Equi prrent for Measuring the Transm ssion Characteristics of
Anal og Voi ce Frequency Circuits.

5.2.4 Test Equipnent: The equipnment for performng the
measur enent shall be in accordance with ANSI/| EEE 743-1984.

5.2.5 Applicable Results: The S/CNN for both trunk and
nonl oaded subscriber Toop circuits shall not be | ess than 31 dB.

5.2.6 Data Record: The neasurenent data shall be recorded.
Suggested formats simlar to Format VI, Voiceband Data

Transm ssion Tests - Nonl oaded Subscri ber Loops, and Format VII,
Voi ceband Data Transm ssion Tests - Trunk G rcuits, in Paragraph
7 of this bulletin or formats specified in the applicable
construction contract nay be used.

5.2.7 Probabl e Causes for Nonconfornance: Sonme of the causes
for failing to obtain the desired results may be due to excessive
harmoni ¢ distortion, quantizing noise, phase and anplitude
jitter, and loss in digital pads used for |evel settings.

5.3 Signal -to-Internodul ation Distortion (S/|IMD) Masurenent:

5.3.1 Wen specified by the borrower, S/IM neasurenents shal
be made on trunk circuits and nonl oaded subscri ber | oops. For
trunk circuits, the neasurenent shall be nade between CO

| ocations. For nonl oaded subscriber |oops, the neasurenent shal
be made fromthe COto the station protector of the NID at the
custoner's access | ocation.

5.3.2 S/IMDis a nmeasure of the distortion produced by
extraneous frequency cross products, known as internodul ation
products, when a nulti-tone tone signal is applied to a system

5.3.3 Internodulation distortion (IMD) is caused by system
nonlinearities acting upon the harnonic frequencies produced from
an input of nmultiple tones. The products resulting from|NMD can
be nore damagi ng than noise in ternms of producing data

transm ssion errors.

5.3.4. IMDis neasured as a signal to distortion ratio and is
expressed as the logarithmc ratio in dB of the conposite power
of four resulting test frequencies to the total power of specific
hi gher order distortion products that are produced. The higher
order products are neasured at both the 2nd order and 3rd order
and are designated R2 and R3, respectively. The four frequency
testing for IMDis produced with four tones of 857, 863, 1,372,
and 1,388 Hz input at a conposite power |evel of -13 dBnD.

5.3.5 Method of Measurenent: The S/ | MD neasurement shall be
performed 1 n accordance wth ANSI T1.506-1990 and ANSI /| EEE
743-1984.
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5.3.6 Test Equipnent: The equipnment for performng the
measur enent shall be in accordance with ANSI/| EEE 743-1984.

5.3.7 Applicable Results: The 2nd order (R2) S/INMD for both
trunk and nonl oaded subscri ber loop circuits shall not be Iess
than 40 dB. The 3rd order (R3) S/INMD for both trunk and nonl oaded
subscri ber loop circuits shall not be |ess than 40 dB.

5.3.8 Data Record: The neasurenent data shall be recorded.
Suggested formats simlar to Format VI for nonl oaded subscri ber
| oops and Format VII for trunk circuits in Paragraph 7 of this
bulletin or formats specified in the applicable construction
contract may be used.

5.3.9 Probabl e Causes for Nonconformance: Sone of the causes
for failing to obtain the desired results may be due to channel
nonlinearities, such as conpression and clipping, which cause
har nmoni ¢ and i nternodul ation distortion in a voiceband signal.

5.4 Envel ope Delay D stortion (EDD) Measurenent:

5.4.1 Wen specified by the borrower, EDD neasurenents shall be
made on trunk circuits and nonl oaded subscriber | oops. For trunk
circuits, the neasurenent shall be nmade between CO | ocati ons.

For nonl oaded subscri ber |oops, the neasurenent shall be nade
fromthe COto the station protector of the NID at the custonmer's
access | ocation.

5.4.2 EDD is a neasure of the linearity or uniformty of the
phase versus frequency characteristics of a transm ssion
facility. EDD is also known as relative envel ope del ay (RED).

5.4.3 EDD is specifically defined as the delay relative to the
envel ope delay at the reference frequency of 1,704 Hz. EDD is
typically nmeasured at two frequencies, one | ow and one high in
the voiceband. The | ow frequency neasurenent is nmade at 604 Hz.
The hi gh frequency neasurenent is nmade at 2,804 Hz.

5.4.4 WMethod of Measurenent: The EDD neasurenent shall be
performed 1 n accordance wth ANSI T1.506-1990 and ANSI /| EEE
743-1984.

5.4.5 Test Equipnent: The equipnment for performng the
measur enent shall be in accordance with ANSI/| EEE 743-1984.

5.4.6 Applicable Results: The EDD for both trunk and nonl oaded
subscriber Toop circurts at the | ow frequency of 604 Hz shall not
exceed 1,500 m croseconds. The EDD for both trunk and nonl oaded
subscriber loop circuits at the high frequency of 2,804 Hz shal
not exceed 1,000 m croseconds.

5.4.7 Data Record: The neasurenent data shall be recorded.
Suggested formats simlar to Format VI for nonl oaded subscri ber
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| oops and Format VII for trunk circuits in Paragraph 7 of this
bulletin or formats specified in the applicable construction
contract may be used.

5.4.8 Probabl e Causes for Nonconfornmance: Sonme of the causes
for failing to obtain the desired results may be due to
nonlinearity of the phase versus frequency characteristic of the
transm ssion facility. This nonlinear phase versus frequency
characteristic of the transm ssion facility causes the various
frequency conponents to travel at different transit tinmes which
results in successively transmtted data pul ses to overlap at the
receive end. The overlapping of the pulses at the receive end
results in distortion of the received signal. Excessive EDD on
the transm ssion facility nmay be reduced using data nodens with
equal i zation or by conditioning the transm ssion |ine.

5.5 Anmplitude Jitter (AJ) Measurenent:

5.5.1 Wen specified by the borrower, AJ neasurenents shall be
made on trunk circuits and nonl oaded subscriber | oops. For trunk
circuits, the neasurenent shall be nade between CO | ocati ons.

For nonl oaded subscri ber |oops, the neasurenent shall be nade
fromthe COto the station protector of the NID at the custonmer's
access | ocation.

5.5.2 AJ is any fluctuation in the peak anplitude val ue of a
fixed tone signal at 1,004 Hz fromits nom nal value. AJ is
expressed in peak percent anplitude nodul ation.

5.5.3 AJ is neasured in tw separate frequency bands, 4 - 300 Hz
and 20 - 300 Hz. The 4 - 300 Hz band is inportant for nodens
enpl oyi ng echo canceling capabilities. The 20- 300 Hz band is
used for nodens that do not enploy echo cancel ers.

5.5.4 Anplitude nodul ation can affect the error performance of
voi ceband data nodens. The neasurenent of anplitude jitter
indicates the total effect on the anplitude of the hol ding tone
of incidental anplitude nodul ati on and ot her sources including
gquanti zi ng and nessage noi se, inpulse noise, gain hits, phase
jitter, and additive tones such as single-frequency interference.

5.5.5 Method of Measurenent: The AJ neasurement shall be
performed 1 n accordance wth ANSI T1.506-1990 and ANSI /| EEE
743-1984.

5.5.6 Test Equipnent: The equipnment for performng the
measur enent shall be in accordance with ANSI/| EEE 743-1984.

5.5.7 Applicable Results: The AJ for both trunk and nonl oaded
subscriber Toop circurts in the 4 - 300 Hz frequency band shal
not exceed 6% The AJ for both trunk and nonl oaded subscri ber

| oop circuits in the 20 - 300 Hz frequency band shall not exceed
5%
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5.5.8 Data Record: The neasurenent data shall be recorded.
Suggested formats simlar to Format VI for nonl oaded subscri ber
| oops and Format VII for trunk circuits in Paragraph 7 of this
bulletin or formats specified in the applicable construction
contract may be used.

5.5.9 Probabl e Causes for Nonconfornmance: Sone of the causes
for failing to obtain the desired results may be due to excessive
S/ CNN, inpul se noise, and phase jitter.

5.6 Phase Jitter (PJ) Measurenent:

5.6.1 Wen specified by the borrower, PJ neasurenents shall be
made on trunk circuits and nonl oaded subscriber | oops. For trunk
circuits, the neasurenent shall be nmade between CO | ocati ons.

For nonl oaded subscri ber |oops, the neasurenent shall be nade
fromthe COto the station protector of the NID at the custonmer's
access | ocation.

5.6.2 PJ is any fluctuation in the zero crossings of a fixed
tone signal (usually 1,004 Hz) fromtheir nom nal position in
time within the voiceband. PJ is expressed in terns of either
degrees peak-to-peak (°p-p) or interns of a Unit Interval (Ul).
One U is equal to 360° p-p.

5.6.3 PJ neasurenents are typically perforned in two nom na
frequency bands. The frequency bands are 20 - 300 Hz band and
either the 2 - 300 Hz band or the 4 - 300 Hz band. The 20 - 300
Hz band is inportant to all phase-detecting nodens. The 4 - 300
Hz band or the 2 - 300 Hz band is inportant for nodens enpl oying
echo canceling capabilities.

5.6.4 Phase jitter can affect the error performance of voiceband
data nodens that use phase detection techniques. The neasurenent
of phase jitter indicates the total effect on the holding tone of
i nci dental phase nodul ati on and ot her sources including
gquanti zi ng and nessage noi se, inpul se noise, phase hits, additive
tones such as single-frequency interference, and digital timng
jitter.

5.6.5 Method of Measurenent: The PJ neasurement shall be
performed 1 n accordance wth ANSI T1.506-1990 and ANSI /| EEE
743-1984.

5.6.6 Test Equipnent: The equipnment for performng the
measur enent shall be in accordance with ANSI/| EEE 743-1984.

5.6.7 Applicable Results: The PJ for both trunk and nonl oaded
subscriber Toop circurts in the 4 - 300 Hz frequency band shal
not exceed 6.5° p-p. The PJ for both trunk and nonl oaded
subscriber loop circuits in the 20 - 300 Hz frequency band shal
not exceed 10.0° p-p.
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5.6.8 Data Record: The neasurenent data shall be recorded.
Suggested formats simlar to Format VI for nonl oaded subscri ber
| oops and Format VII for trunk circuits in Paragraph 7 of this
bulletin or formats specified in the applicable construction
contract may be used.

5.6.9 Probabl e Causes for Nonconfornance: Sone of the causes
for failing to obtain the desired results may be due to excessive
S/ CNN, inpul se noise, and anplitude jitter.

5.7 Inpul se Noi se Measurenent:

5.7.1 Wen specified by the borrower, inpulse noise neasurenents
shall be made on trunk circuits and nonl oaded subscri ber | oops.
For trunk circuits, the neasurenent shall be nmade between CO

| ocations. For nonl oaded subscriber |oops, the neasurenent shal
be made fromthe COto the station protector of the NID at the
custoner's access | ocation.

5.7.2 Inpulse noise is a neasure of the presence of unusually

| ar ge noi se excursions of short duration that are beyond the

nor mal background noise levels on a facility. |Inpulse noise is
typically neasured by counting the nunber of occurrences beyond a
particul ar noise reference threshold in a given tinme interval.
The noi se reference level is C nmessage wei ght ed.

5.7.3 Method of Measurenent: The inpul se noi se neasurenment
shal |l be pertorned using a 1,004 Hz tone at -13 dBnD and in
accordance with ANSI T1.506-1990 and ANSI/| EEE 743-1984.

5.7.4 Test Equipnent: The equipnment for performng the
measur enent shall be in accordance with ANSI/| EEE 743-1984.

5.7.5 Applicable Results: The inpulse noise for both trunk and
nonl oaded subscriber Toop circuits shall not exceed 65 dBrnCO
(decibels relative to one picowatt reference noise |evel

measured with G nessage frequency weighting, referred to a zero
transm ssion |l evel point). The inpulse noise requirenent shal

be based upon a maximumof 5 counts in a 5 mnute period at equal
to or greater than the indicated noise threshol ds.

5.7.6 Data Record: The neasurenent data shall be recorded.
Suggested formats simlar to Format VI for nonl oaded subscri ber
| oops and Format VII for trunk circuits in Paragraph 7 of this
bulletin or formats specified in the applicable construction
contract may be used.

5.7.7 Probabl e Causes for Nonconfornmance: Sonme of the causes
for failing to obtain the desired results may be due to excessive
transient signals originating fromthe various sw tching
oper ati ons.
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6. SH ELD OR ARMOR GROUND RESI STANCE MEASUREMENTS

6.1 Shield or arnor ground resistance neasurenments shall be nade
on conpleted | engths of copper cable and wire plant and fi ber
optic cable plant.

6.2 Method of Measurenent:

6.2.1 The shield or arnor ground resistance neasurenent shall be
made between the copper cable and wire shield and ground and
between the fiber optic cable arnmor and ground, respectively.

The neasurenent shall be nmade either on cable and wire |engths
before splicing and before any ground connections are made to the
cable or wire shields or arnors. Optionally, the neasurenent may
be made on cable and wire I engths after splicing, but all ground
connections nust be renoved fromthe section under test.

6.2.2 The method of neasurenent using either an insulation
resi stance test set or a dc bridge type negohmmeter shall be as
shown in Figure 18.

6.3 Test Equi pnent:

6.3.1 The shield or arnmor ground resistance neasurenents nay be
made using an insulation resistance test set, a dc bridge type
megohmeter, or a commercially available fault |ocator.

6.3.2 The insulation resistance test set should have an out put
vol tage not to exceed 500 volts dc and may be hand cranked or
battery oper at ed.

6.3.3 The dc bridge type nmegohmeter, which nay be ac powered,
shoul d have scales and nultipliers which make it possible to
accurately read resistance val ues of 50,000 ohns to 10 megohns.
The voltage that is applied to the shield or arnmor during the
test should not be |less than "250 volts dc" nor greater than
"1,000 volts dc" when using an instrunent having adjustable test
vol t age | evel s.

6.3.4 Commercially available fault |locators may be used in |ieu
of the above equipnment, if the devices are capable of detecting
faul ts having resistance val ues of 50,000 ohns to 10 negohns.
Operation of the devices and nethod of locating the faults should
be in accordance with manufacturer's instructions.

6.4 Applicable Results:

6.4.1 For all new copper cable and wire facilities and all new
fiber optic cable facilities, the shield or arnor ground

resi stance levels normally exceed 1 negohmmle (1.6 nmegohm km
at 68°F (20°C). A value of 100,000 ohmmle (161,000 ohmkm at
68°F (20°C) shall be the m ni mum acceptabl e val ue of the shield
or arnor ground resistance.
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6.4.2 Shield or arnor ground resistance varies inversely with
l ength and tenperature. In addition other factors which may
affect readings could be soil conditions, faulty test equi pnent
and incorrect test procedures.

6.4.3 For the resistance test nethod and dc bridge type
megohmeter, the ohmmle (ohmkm value for the shield or arnor
ground resi stance shall be conputed by nmultiplying the actual
scale reading in ohns on the test set by the length in mles (km
of the cable or wire under test.

6.4.4 The objective shield or arnor ground resistance nay be
determ ned by dividing 100,000 by the length in mles (161, 000 by
the length in knm) of the cable or wire under test. The resulting
value is the m ninmum acceptable neter scale reading in ohns.
Exanpl es for Paragraphs 6.4.3 and 6.4.4 of this bulletin are as
fol |l ows:

Equation 1. Test Set
Scale Reading * Length

Resi st ance- Lengt h

75, 000 ohns * 3 mles
(75,000 ohns * 4.9 km

225,000 ohmm le
367, 000 ohm km

Equation 2. 100,000 ohmmle + Length = M ni num Accept abl e
Met er Scal e Readi ng

100,000 ohmmle + 3 mles
(161,000 ohmkm =+ 4.9 km

33, 333 ohns
32,857 ohns)

6.4.5 Since the 33,333 ohns (32,857 ohns) is the m nimum
acceptabl e neter scale reading and the neter scal e readi ng was
75, 000 ohns, the cable is considered to have net the 100, 000
ohmmle (161,000 ohmkn) requirenent.

6.4.6 Due to the differences between various jacketing materials
used in manufacturing cable or wire and to varying soi

conditions, it is inpractical to provide sinple factors to
predi ct the magnitude of variation in shield or arnor to ground
resi stance due to tenperature. The variations can, however, be
substantial for w de excursions in tenperature fromthe anbi ent
tenperature of 68°F (20°C).

6.5 Data Record: The data shall be corrected to the length
requi renent of ohmmle (ohmkm and a tenperature of 68°F (20°C)
and shall be recorded on a formspecified in the applicable
construction contract.

6.6 Probabl e Causes for Nonconfor mance:

6.6.1 Wen results of resistance neasurenents are bel ow t he
100, 000 ohmmle (161,000 ohmkm requirenent at 68°F (20°C), the
j acket tenperature, soil conditions, test equi pnmrent and net hod
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shall be reviewed before the cable or wire is considered a
failure. |If the tenperature is approximtely 68°F (20°C) and
soil conditions are acceptable, and a reading of |ess than

100, 000 ohmmle (161,000 ohmkm is indicated, check the
calibration of the equipnent; as well as, the test nethod. |If

t he equi pnment was found to be out of calibration, recalibrate the
equi pnent and reneasure the cable or wire. |If the tenperature
was 86°F (30°C) or higher, the cable or wire shall be reneasured
at a time when the tenperature is approximtely 68°F (20°C). |If
the test was perforned in unusually wet soil, the cable or wire
shall be retested after the soil has reached normal conditions.

| f after conpletion of the above steps, the resistance val ue of
100, 000 ohmmle (161,000 ohmkm or greater is obtained, the
cable or wire shall be considered acceptabl e.

6.6.2 Wen the resistance value of the cable or wire is stil
found to be bel ow 100,000 ohmmle (161, 000 ohm km requirenent
after conpletion of the steps listed in Paragraph 6.6.1 of this
bulletin, the fault shall be isolated by performng shield or
arnor ground resistance neasurenents on individual cable or wire
sections.

6.6.3 Once the fault or faults have been isol ated, the cable or
wire jacket shall be repaired in accordance with RUS Bulletin
1753F-401(PC-2), “RUS Standard for Splicing Copper and Fi ber
Optic Cables,” or the entire cable or wire section may be

repl aced at the request of the borrower.

7. DATA FORVATS

7.1 The follow ng suggested formats listed in this section may
be used for recording the test data:
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FORMAT ]
OUTSIDE PLANT ACCEPTANCE TESTS — TRUNKS CIRCUITS

PRQJECT: Date of Test:

CO NAME OF LOCATION: Tester (Contractor):
OFFICE A: Tester (Engineer):
OFFICE B: Tester (Borrower):
ELECTRONIC EQUIFMENT GROUND RESISTANCE: Chms
Time Measured: = Soil Typer — Test Equip:
Temperaturer Moisture Content of Soil:

In the space below show in a simple line diagram the facility makeup
including all gauges, lengths, cable types, and repeater locations if any.

DC Insul. Resist. DC Loop Resist.
Length Measd
Trunk [Pair No.|Pair No.| Miles (Megohms) (Ohms) DC Res.
No. Off. A Off. B or Min‘ Comp. Measd. Corr. Unb0|.

km | T-6D | R—GD 68F | _F | 68F | (Onms)

Permit 20 | ()| 20
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DATA FORMATS
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FORMAT V
OUTSIDE PLANT ACCEPTANCE TESTS
FIBER OPTIC TELECOMMUNICATIONS PLANT
PROJECT: Date of Test:
TERMINATION POINT A: Tester (Contractor):
TERMINATION POINT B: Tester (Engineer):
Time Measured: Tester (Barrawer):
Temperature: Test Equip:
Soil Type: Moisture Content of Soil:
Splice Loss
Length | P (B) End—to—End End—to—End
Route | Fiber No, | Miles Attenuation Fiber Signature
No. am | FELD | co (dB/km)
Yes No

Armor Continuity Data has been attached. Yes __No ___
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FORMAT VI

VOICEBAND DATA TRANSMISSION TESTS

TRUNK  CIRCUITS
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GROUND RESISTANCE MEASUREMENT(D, @
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Ground Cannection Auxiliary or
Being Tested Reference
Grounds

Notes:

@ Measurement procedure for COs, RSTs, and electronic equipment housings approximately
10 ft by 10 ft (3 m by 3 m) or smaller shall be as follows: The minimum distance
between the CO ground (Cq) being tested and Co = 100 ft (30.5 m). Take several
measurements moving Py from 50 ft to 75 ft (15.2 m to 23 m) away from CO ground
Co. Resistance should initially rise then level off and then start rising again. The
value to record for CO ground resistance is the value where it levels off which usually

should occur with Py at 62 % of the distance between the CO ground and Cs.

@ Measurement procedure far COs, RSTs, and electronic equipment housings larger than
10 ft by 10 ft (3 m by 3 m) shall be in accordance with the test equipment
manufacturer's instructions.

Dynatel Research—Vibroground, General Radio—Megqger Bridge,
Associate Research—Megohm Meter or equivalent.
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SHIELD OR SHIELD/AF\’MOR’ RESISTANCE MEASUREMENT
STEP 1
Short and connect SETTINGS ON TEST SET

roTTe T T T T - o shield or A. Set "RES.—VAR—MUR" Key to "RES”
hield ' : :

o shield/armor B. Set "RW—CA—HIL" Switch to "RVM".

, C. Set "INT-BA—EXT” Switch to "INT”.
Cable Pair D. Connect Pair to Terminals X1 and Xp

as shown.
PROCEDURE

E. Null galvanometer by operating
"MULTIPLY BY” and "DECADE" dials of
bridge. Use lowest sensitivity range.

|
|
|
|
|
Jl "MULTIPLY BY" ratio to obtain value of

DIAL Cable Shield
| or Shield/Armor F. Multiply "DECADE” reading in ohms by
Lt ———— the Loop Resistance (R1 ) Record this
value.
Wheatstone Bridge (Leeds & Northrup 5430A or equivalent)
| MULTIPLY | —Short STEP 2
SETTINGS ON TEST SET

|BY

Cable Pai
able T A. Set Keys and Switches as in STEP 1,

A through C, above.

B. Connect Shorted Fair and Shield to
Terminals X4 and Xz as shown.

PROCEDURE
C. Null galvanometer as in STEF 1, E, above.

DECADE
DIAL

Cable Shield : . .
. D. Obtain value of Resistance (Ry) as in
or Shield/Armor STEP 1, F, above.

STEP 3
COMPUTE THE SHIELD OR SHIELD/ARMOR RESISTANCE (Rs)

RezRy—
s=Ro—
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FIGURE 5
DC INSULATION RESISTANCE MEASUREMENT
Single conductor Cable Shield or Shield/Armor

under test @

g All conductors open

and clear at end of section
(On—hook telephone sets may
be connected at far—end)

_f MDF CGround

Insulation Resistance Tester@, @ . @

-

O

— All other conductors and
shield or shield/armor
connected together and
grounded at MDF O

Notes:
For hand cranked or battery operated Insulation Resistance Testers, the output

voltage should not exceed 500 volts dc.

For dc bridge type Megohmmeters, the voltage applied to the conductors under
test should not exceed 250 volts dc when using instruments having adjustable

test voltage levels.

Biddle CO.—Model BM 200, Associate Research—Model 283,
General Radio—1864 Megohm Meter, or equivalent.

Repeat test for each conductor in cable.



BULLETIN 1753F-201(PC-4)
FIGURES
Page 63

FIGURE 4
DC LOOP RESISTANCE MEASUREMENT

=— Wheatstone Bridge
(Leeds & Northrup 543DA
or equivalent)

.
|
|
| |
| |
| |
| |
| >< | Cable Pair Under Test
| /I |
| O—
| Al
| YT
| 2 | Line Terminals With CO Equipment
| | Disconnected
| | |
| |
| |
| DECADE | Short & Ground =
| | at Far—End
| DIAL |
| |
| |
| | —
L J —
SETTINGS ON TEST SET PROCEDURE
1. Set "RES.—VAR—MUR" Key to "RES”. 1. Null galvanometer by operating
2. Set "RVM—GA—HIL" Switch to "RWM". "MULTIPLY BY” and "DECADE" dials of
3. Set "INT-BA—EXT” Switch to "INT". bridge. Use lowest sensitivity range.
4. Connect Pair to Terminals X; and Xy
as shown. 2. Multiply "DECADE" reading in ohms by

*MULTIPLY BY” ratio to obtain value of
the Loop Resistance.
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FIGURE 5
DC LOOP RESISTANCE UNBALANCE MEASUREMENT

MULTIPLY
BY

lew———— Wheatstone Bridge

— DECADE
DIAL

o
=

— -=— Fxternal Ground

SETTINGS ON TEST SET

Connect Terminals Xy & X as shown.

Set "RES.—VAR—MUR" Key to "VAR”,
"MULTIPLY BY” Switch to 1/1.

Set "RVM—GA—HIL" Switch to "RVM".
Set "INT-BA—EXT" Switch to "INT",

SRl .

(Leeds & Northrup 5430A
or equivalent)

Cable Pdair Under Test

Line Terminals With CO Equipment
Disconnected

Short & Ground —
at Far—End

PROCEDURE

. Null galvanometer by operating

"MULTIPLY BY”" and "DECADE” dials of
bridge. Use lowest sensitivity range.

. If continuously varying 1, 10, or 100 ohm

switches from 1 to 999 ohms produces
a deflection consistently to the left on
the galvanometer, reverse the conductors
of the cable pair under test to the

X1 & X terminals of the bridge.

. Vary 1, 10, or 100 ohm switches again

until deflection approaches zero. Read
"DECADE” dial for Resistance Unbalance
in ohms.
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FIGURE ©

INSERTION LOSS AND FREQUENCY RESPONSE MEASUREMENT
AT SUBSCRIBER LOCATION USING LOCP CHECKING EQUIPMENT

Central Office Equipment
Telephone Set On Hook

Cable Pair

e Station Protector of Network
Milliwatt Generotor@ Interface Device (NID)

.
—éing
croung ] ? Test Set
Leop Checking Equ‘lpment@,@
Calibration Measurement Procedure
1. Befare leaving CO connect Loop 1. Connect Loop Checking equipment at
Checking equipment to idle line at MDF. subscriber’'s NID as shown.
A. Dial number of Milliwatt Generator. 2. Dial number of Milliwatt Generator at

tral office,
B. Read and record output level of all centra eries

tones in dBm for reference. 3. Verify by listening on the test set that
the tones are being received.

Notes:
- Switch test set to Circuit Loss mode.

H.P.—204B, H.P.—204C,
General Radie—1335, or equivalent.

N.E.C.—125, N.E.C.—37B, Wilcom—1236,
Wilcom—336, Wilcom—337, or Subtract the output levels observed at
equivalent. the CO for each tone by the values
observed at the subscriber location.
The resultant values are the Insertion
Loss,

Read loss in dBm at each frequency.

Record results of loss at each frequency.

N oo s

Do not leave test equipment

connected and exposed to ringing

voltage of incoming call. Ringing

voltage could damage test equipment. 8. Disconnect leads of test equipment from
NID when tests are completed.
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FIGURE 7/

NOISE MEASUREMENT AT SUBSCRIBER LOCATION
USING LOOF CHECKING EQUIPMENT

Central Office Equipment
Telephone Set On Hook

Cable Pair
MDF

LT

Quiet Termination Station Protector of NID

Tip
— Ring
= Test Set
Ground —— *
Loop Checking Equipment @,@
Calibration Measurement Procedure
1. Before leaving CO connect Loop 1. Connect Loop Checking equipment at
Checking equipment to idle line at subscriber’'s NID as shown.
MDF tsid lant attached).
(ne outside plant attached) 2. Dial number of Quiet Termination in
A. Dial number of Quiet Termination. central office.
B. Read and record Circuit Noise in dBrnc. 3. Switch test set to Circuit Noise (NM)
mode.
Note: 4. Read and record Circuit Noise value in
dBrnc.

@ N.E.C.—125, N.E.C.—37B, Wilcom—136, s
Wilcom—336, Wilcom—337, or
equivalent.

) 6. Read and record Power Influence value
@ Do not leave test equipment in dBrnec.

connected and exposed to
ringing voltage of incoming call. 7. Compute and record apparent Balance
Ringing voltage could damage (Balance = PI — NM).

test equipment.

. Switch test set to Power Influence (PI)
mode.

8. Disconnect leads of test equipment from
NID when tests are completed.
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FIGURE &
ONE—PERSON OPEN CIRCUIT MEASUREMENT
IMPEDANCE OR PULSE RETURN PATTERN
Fault Locator or Level Trocer@
Cable Pair
Artifici
Li;t;ﬂcml w
Line 2 Line 1
N . 0 -
\— Open Circuit Open Circuit

Telephone set if present,
shall be on hook.

Measurement Procedure

Set up Artificial Line to same make—up [Length & Gauge(s)] as the cable pair.
Connect to test set (See Note@).
Connect cable pair to test set (See Note@).

Compare traces of Artificial Line and cable poir@. They should be essentially identical.
Differences indicate cable faults.

Location and type of fault may be determined by introducing faults in the Artificial

Line until its trace is identical to that of the cable pair.

Notes:

Terminals to which cable pair and artificial line are attached shall be
determined from the manufacturer's operating instructions. Proper settings
for various switches and adjustments on the test set shall also be
determined from the same source.

@ With test sets having trace storage capability only one set of terminals need
be used. Connect Artificial Line to test set, store trace and disconnect line.
Connect cable p«ir and compare trace to stored trace. To identify fault,
store cable pair trace and connect Artificial Line. Introduce faults in the
Artificial Line until traces are identical.

N.E.C.—17A, Biddle—CME110A—1, Dolcom—490, Tektronix—1503, Wilcom—T195,
Wilcom—-T132, or equivalent.
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FIGURE 9
ONE—PERSON OFPEN CIRCUIT MEASUREMENT
RETURN LOSS BALANCED TO ARTIFICIAL LINE
Level Trocer@
Line 1
Artificial et | [N Coble Pair
Line BAT
o o 1/
-——
0\ O 0 0

\—Open Circuit Open Circuit

Telephone set if present,
shall be on haak.

Measurement Procedure

1. Connect the test equipment and cable pair under test as shown above (See Noie@).
Set up Artificial Line to same make—up [Length & Gauge(s)] as the cable pair.

2. Observe Return Loss from 200 to 3500 Hz (D66) or 200 to 3000 Hz (H88) noting
maximum and minimum values. Note the value and frequency of the poorest (Lowest
Numerical Value) SRL. (SRL becomes better as the readings become maore negative).
Recard this value and frequency.

Notes:

Terminals to which cable pair and Artificial Line are attached shall be
determined from the manufacturer's operating instructions. Proper settings
for various switches and adjustments on the test set shall also be
determined from the same source.

(2) Wilcom—T132, Wilcom—T195, or equivalent.
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FIGURE 10
ONE—PERSON OPEN CIRCUIT MEASUREMENT
STRUCTURAL RETURN LOSS USING LEVEL TRACER
Level Trocer@
Line
e Cable Pai
Sl = AR % o
Network BAT— |
(PBN) ° o] —
Open Circuit

Telephone set if present,
shall be on hook.

Measurement Procedure

1. Connect the test equipment and cable pair under test as shown above (See Note@).
Set gauge of PBN for: Single Gauge — Same gauge das cable being measured; Mixed
Gauge — Most predominant gauge adjacent to test set.

2. Observe Return Loss between 1000 and 3500 Hz (D66) or 1000 and 3000 Hz (H38)
observing maximum and minimum values. Note the value and frequency of the poorest
(Lowest Numerical Value) SRL. Single Gauge: Record this value. Mixed Gauge: Change
gauge of PBN and note if SRL becomes better. (SRL becomes better as readings
become more negative). If it does, record this value and frequency; if not, record
value obtained with original gauge setting. (Varying gauge will be necessary,
depending on actual cable layout, to obtain best SRL).

Notes:

Terminals to which cable pair and Artificial Line are attached shall be
determined from the manufacturer's operating instructions. Proper settings
for various switches and adjustments on the test set shall also be
determined from the same source.

(2) Wilcom-T132, Wicom—T195, or equivalent.
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FIGURE 11

CARRIER FREQUENCY INSERTION LOSS MEASUREMENT
CABLE FACILITIES

Measurement

//

19
H
1
Il

Cable Pair

Frequency Selective Voltmeter
or Circuit (CRT) Test Set @

Transmission Test Set@

Measurement Procedure

Connect the transmission test set to one end of the length of cable to be
measured and either the frequency selective voltmeter (FSVM) or CRT test set
to the other end as shaown.

@Record the Insertion Loss in dB of the cable at each specified freguency.

The measured Insertion Loss of the cable should be within + 10 percent of
the calculated loss in dB when the loss is corrected for temperature.

Trcmsmission test sets having an impedance between 100 and 135 ohms on
the cable side are acceptable.

Notes:
@ H.P.—204B, H.P.—204C, H.P.—355, Siemens—W2057, or equivalent.

Wilcom—T136, Wilcom—-T336, Wilcom—T337, Wilcom—-T1328B,
Siemens—D2057, or equivalent.
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BULLETIN 1753F-201(PC-4)

FIGURE 12
EFFECTS OF BRIDGE TAPS ON ATTENUATION
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FIGURE 13
EFFECTS OF LOADING COILS ON ATTENUATION
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BULLETIN 1753F-201(PC-4)

FIGURE 14
FIBER OPTIC FIELD SPLICE LOSS MEASUREMENT
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FIGURE 15
FIBER OPTIC CENTRAL OFFICE SPLICE LOSS MEASUREMENT
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FIGURE 16
END—TO—END FIBER OPTIC ATTENUATION MEASUREMENT
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FIGURE 17/
END—TO-END FIBER OPTIC SIGNATURE MEASUREMENT

SHOWING MEASUREMENT IN ONE DIRECTION ONLY &)
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FIGURE 18
SHIELD OR ARMOR GROUND RESISTANCE MEASUREMENT

[F Cable Shield or Armor
)

Insulation Resistance Tes’cer@, @,@, @

“

Ground

Notes:

@ For hand cranked or battery operated Insulation Resistance Testers, the output
voltage should not exceed 500 volts dc.

@For dec bridge type Megohmmeters, the voltage applied to the shield or armeor
under test should not be less than 250 volts de nor greater than 1000 valts dc¢
when using instruments having adjustable test voltage levels.

When the distance between test points results in o measurement beyond the
range of the test equipment, extended range devices recommended by the
test equipment manufacturer may be used to assist in making the measurement.

Biddle CO.—Model BM 200, Associate Research—Model 283,
General Radio—1864 Megohm Meter, or equivalent.



