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INTERNATIONAL
Standard Specification for
In-Service Test Methods for Temporary Grounding Jumper
Assemblies Used on De-Energized Electric Power Lines and
Equipment’
This standard is issued under the fixed designation F2249; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 These specifications cover the in-service inspection and
electrical testing of temporary protective grounding jumper
assemblies which have been used by electrical workers in the
field.

1.2 These specifications discuss methods for testing ground-
ing jumper assemblies, which consist of the flexible cables,
ferrules, clamps and connectors used in the temporary protec-
tive grounding of de-energized circuits.

1.3 Manufacturing specifications for these grounding
jumper assemblies are in Specifications F855.

1.4 The application, care, use, and maintenance of this
equipment are beyond the scope of this specification.

1.5 Units of measurement used in this specification are in
the Metric system (SI) with English units given in parentheses.

1.6 The following safety hazards caveat pertains only to the
test portions of this specification. This standard does not
purport to address all of the safety concerns, if any, associated
with its use. It is the responsibility of the user of this standard
to establish appropriate safety, health, and environmental
practices and determine the applicability of regulatory limita-
tions prior to use.

1.7 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

"' This specification is under the jurisdiction of ASTM Committee F18 on
Electrical Protective Equipment for Workers and is the direct responsibility of
Subcommittee F18.45 on Mechanical Apparatus.

Current edition approved April 15, 2018. Published August 2018. Originally
approved in 2003. Last previous edition approved in 2015 as F2249-03(2015). DOI:
10.1520/F2249-18.

2. Referenced Documents

2.1 ASTM Standards:*

B172 Specification for Rope-Lay-Stranded Copper Conduc-
tors Having Bunch-Stranded Members, for Electrical Con-
ductors

B173 Specification for Rope-Lay-Stranded Copper Conduc-
tors Having Concentric-Stranded Members, for Electrical
Conductors

F855 Specifications for Temporary Protective Grounds to Be
Used on De-energized Electric Power Lines and Equip-
ment

2.2 IEEE Standards:*

IEEE Standard 80-2013 IEEE Guide for Safety in AC
Substation Grounding

IEEE Standard 1048-2016 IEEE Guide for the Protective
Grounding of Power Lines

IEEE Standard 12462011 IEEE Guide for Temporary Pro-
tective Grounding Systems Used in Substations

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 grounding jumper assembly—grounding cable with
connectors and ground clamps attached, also called a ground-
ing jumper or a protective ground assembly installed tempo-
rarily on de-energized electric power circuits for the purpose of
potential equalization and to conduct a short circuit current for
a specified duration (time).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from the Institute of Electrical and Electronics Engineers, Inc. (IEEE)
1828 L St., NW, Suite 1202, Washington, DC 20036-5104.
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4. Significance and Use

4.1 Grounding jumper assemblies can be damaged by rough
handling, long term usage, weathering, corrosion, or a combi-
nation thereof. This deterioration may be both physical and
electrical.

4.2 The test procedures in this specification provide an
objective means of determining if a grounding jumper assem-
bly meets minimum electrical specifications. These methods
permit testing of grounding jumper assemblies under con-
trolled conditions.

4.3 Each responsible entity must determine the required
safety margin for their workers during electrical fault condi-
tions. Guidelines for use in the determination of these condi-
tions are beyond the scope of this specification and can be
found in such standards as IEEE Standard 80-2013 and IEEE
Standard 1048-2016, and IEEE Standard 1246-2011.

4.4 Mechanical damage, other than broken strands, may not
significantly affect the cable resistance. Close manual and
visual inspection is required to detect some types of mechani-
cal damage.

4.5 The test procedures in this specification should be
performed at a time interval established by the user to ensure
that defective grounding jumper assemblies are detected and
removed from service in a timely manner.

4.6 Retest the grounding jumper assembly after performing
any maintenance, in order to ensure its integrity.

5. Inspection of Grounding Jumper Assemblies

5.1 Visual inspection shall be made of all grounding jumper
assemblies prior to testing.

5.1.1 If the following defects are evident, the grounding
jumpers may be rejected without electrical testing:

5.1.1.1 Cracked or broken ferrules and clamps,

5.1.1.2 Exposed broken strands,

5.1.1.3 Cut or badly mashed or flattened cable,

5.1.1.4 Extensively damaged cable- covering material,

5.1.1.5 Swollen cable jacket or soft spots, indicating inter-
nal corrosion, and

5.1.1.6 Cable strands with a black deposit on them.

5.1.2 Grounding jumper assemblies which are visually de-
fective shall be removed from service and permanently
marked, tagged or destroyed (if beyond repair) to prevent
re-use.

5.1.3 Before the grounding jumper assembly can be placed
back in service, it must pass the inspection requirements in
5.1.1, and the electrical requirements in Section 7.

5.1.4 All physical connections should be checked for tight-
ness with specified torque values.

6. Cleaning and Measuring of Grounding Jumper
Assembly Prior to Electrical Testing

6.1 Identify the cable gage (AWG) and a make a precise
measurement of the cable length. See Fig. 1.

6.2 Thoroughly clean the jaws of the clamps with a stiff
wire brush.
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FIG. 1 Resistance and Impedance of Copper Grounding Jumper

Assemblies
Y = resistance of clamps, ferrule and portions of the cable
inside the ferrule, mQ
L = cable length expressed in feet (ferrule to ferrule mea-

surement to the nearest inch, not including shrouded
portion of some ferrules which cover the cable
insulation), and

R = cable resistance from Table 1, mQ/ft.

6.3 Attach the grounding jumper assembly clamps firmly to
the test set.

7. Electrical Requirements

7.1 The user must select the test method with the desired
precision and repeatability. The test instrument should be
sufficiently accurate to detect at least a one foot or less change
in cable length to ensure that the cable meets requirements.

7.2 Each method must take into account a precise cable
resistance per foot and the length of the cable being tested.

7.3 Electrical tests relative to this standard are:

7.3.1 DC resistance measurements,

7.3.2 AC impedance measurements, and

7.3.3 Temperature rise measurements (supplementary
method).

7.4 DC Resistance or AC Impedance Method—Equipment
required includes:

7.4.1 A minimum 10 A dc source controllable to 5 % of
output current, short circuit protected, or

7.4.2 A minimum 10 A ac source controllable to 5 % of
output current, short circuit protected.

7.4.3 Measuring method for measurements of cable length
calibrated in inches or centimeters.

7.5 In-Service Electrical Resistance Pass/Fail Criteria
—The pass/fail criterion of a grounding jumper assembly is
based on the resistance value of the assembly (cable, ferrules
and clamps) which is higher than the established resistance
value for new assemblies. This increase in resistance accounts
for manufacturing tolerance and the expected normal deterio-
ration of the assembly due to aging, contamination and
corrosion, particularly in the contact areas of the cable ferrules
and clamps. The allowable increase in resistance is such as to
permit the grounding jumper assembly to perform safely
during electrical faults. The grounding jumper assembly, when
subjected to its rated maximum fault current and duration, must
withstand the fault without its components separating, but
some heat damage and discoloration is acceptable. The elec-
trical resistance value for the pass/fail criterion is made up of
two parts (Fig. 1), the cable resistance and the resistance of the
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two ends containing short cable sections, ferrules and clamps.
When the grounding jumper assemblies are tested with a dc
source, the dc resistance of the assembly is used for the pass or
fail purposes. With an ac source, the impedance of the cable
and the impedance of the ends (ferrules and clamps) are used
to determine if the grounding jumper fails or passes the test.

TABLE 1 Class K Copper Cable Nominal Resistance, mQ/ft*

Grounding Resistance, mQ/ft  Resistance, mQ/ft  Resistance, mQ/ft
Cable Size at 5°C (41°F) at 20°C (68°F) at 35°C (95°F)
#2 0.15433 0.16400 0.17367
1/0 0.09693 0.10300 0.10907
2/0 0.07773 0.08260 0.08747
4/0 0.04893 0.05200 0.05507

A 20°C Resistance values are taken from Table 2, B172-10.

7.5.1 Cable Resistance—Copper cables used as part of a
grounding jumper assembly must be constructed in accordance
with Specifications B172 or B173 as specified in Specification
F855. Four cable classes are identified in Specification F855 as
being acceptable cables for use in ground cable assemblies.
They are Class H, Class I, Class K, and Class M. Class K cable
has proven to be a very popular cable class for use in ground
cable assemblies. Table 1 provides the nominal resistance
values for typical sizes of Class K cables used in grounding
jumper assemblies. If the user is unable to determine the
specific class of cable used in a ground cable assembly, the
resistance values in Table 1 are a reasonable approximation for
all four cable classes. Cable resistance values for all four cable
classes are located in Appendix X1 through Appendix X4.

7.5.1.1 The cable resistance can change with ambient tem-
peratures. A £5.09°C (£9.16°F) change in ambient tempera-
tures will cause a *2 % change in the measurement of
resistance values. Table 1, and Tables X1.1, X2.1, X3.1, and
X4.1 give cable resistance values for a practical range of
temperatures 5°C, 20°C, and 35°C (41°F, 68°F, and 95°F).
Resistance values for different temperature values can be
computed using Eq 1, where R, is the cable resistance per foot
in mQ/ft at 20°C, R, is the cable resistance at the desired
temperature 7,, and T, is the desired temperature in °C.

R, = R,y* [1 + 0.00393 * (T, — 20)] mQ/ft (1)

7.5.1.2 Results from the ASTM Round Robin Tests have
shown that an increase in cable resistance at a given tempera-
ture due to a combination of manufacturing tolerance and aging
effects should not exceed 5 %. Therefore, the maximum
acceptable resistance in cables used in temporary protective
grounding jumpers should be equal to or less than 1.05 RL,
when R = cable resistance in mQ/ft from Table 1, and L = cable
length in feet.

7.5.2 Resistance and Impedance of Copper Grounding
Jumper Assemblies—See Table 1, X1.1, X2.1, X3.1, or X4.1.

7.5.2.1 Maximum Resistance of the Grounding Jumper As-
sembly (Rm):

Rm = 1.05RL+2Y mQ (2)

7.5.2.2 Maximum Impedance of the Grounding Jumper
Assembly (Zm):
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Zm=\/(1.0SRL+2Y)*+(XL)> mQ (3)

where:

X = reactance of the cable in mQY/ft.

Note 1—Values of X can be found in data books such as the Standard
Handbook of Electrical Engineers.*

7.5.3 Testing with a DC Source—A dc source can be used to
determine the pass/fail value for a given grounding jumper
assembly. The resistance value (R) obtained from such a
measurement should be compared with the calculated limiting
maximum resistance (Rm) using Eq 2 or it can be compared to
the resistance values in Tables X1.2, X2.2, X3.2, or X4.2. The
calculated criterion for pass/fail is based on 2/0 cable fault tests
conducted in Round Robin III (See Appendix X5). The
resistance of Y in the Rm (Eq 2) has been determined by
conservative analysis of the data to be 0.16 mQ. This value is
below the “fusing range” of cables that passed the fault tests.
The value of ¥'=0.16 mQ or 2Y = 0.32 mQ for all cable sizes.
Therefore, the pass/fail resistance value is:

Rm = 1.05 RL+0.32 mQ 4)
Note 2—Tables X1.2, X2.2, X3.2 and X4.2 were derived from Eq 4.

7.5.4 Testing with an AC Source—When an ac source is
used, it will determine the grounding jumper assembly imped-
ance (Z). This impedance is a function of the cable and the test
electrode spacing. For cable spacing of 12 in. or less, the cable
reactance can be very low and the impedance value can
approach that of the cable resistance. The impedance (Z)
obtained from such a measurement should be compared with
the calculated limiting maximum impedance (Zm) using Eq 3
to determine if the grounding jumper assembly has passed or
failed the test. The pass/fail impedance value based on 2/0
cable fault tests is:

Zm = \/(1.05 RL+0.32)>+ (XL)> mQ (5)

If multiple spacing of the cable is utilized in the test setup,
the above equation becomes:

Zm = \/(1.05 RL+0.32)*+(X,L,+X,L,... +X,L,)> mQ (6)

Note 3—AC testing measurements of grounding jumper assemblies are
susceptible to errors and inconsistent results due to induction in the cable
if the cable is not laid out per the test method instructions. Different
instruments require different configurations (see Fig. 2).

Note 4—AC testing measurements of grounding jumper assemblies are
susceptible to errors if metal is laid across the cable or the cable is laid
across a metal object, even if the metal object is buried, such as a
reinforcing bar embedded in a concrete floor.

8. Cleaning/Reconditioning of Grounding Jumper
Assembly after Electrical Testing

8.1 For the readings which are high, additional cleaning and
tightening of the assembly may restore its electrical integrity.

8.2 Disassemble the grounding jumper assembly and thor-
oughly clean the ferrule and clamp interface with isopropyl
alcohol and a stiff wire brush.

8.3 Inspect all components during the disassembly and
reassembly process.

+Standard Handbook for Electrical Engineers—Thirteenth Edition by Fink &
Beaty, McGraw-Hill Book Co., New York, NY.
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— CABLE———

1O OO Of

CLAMP CLAMP  CLAMP CLAMP

PORTABLE TESTER OR
POWER SUPPLY WITH
METERING EQUIPMENT

Note 1—The cable configuration may have a dramatic effect on the readings. Shown above are two different methods currently in use by different
manufacturers. The manufacturer of the equipment will specify the exact method to be used with their equipment.
FIG. 2 Typical Configurations

8.4 Reassemble the grounding jumper. All physical connec- removed from service and permanently marked or destroyed to
tions should be checked for tightness with specified torque prevent reuse.
values.

8.5 Grounding jumper assemblies that fail the electrical test
after additional maintenance or repairs are performed, shall be
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APPENDIXES

(Nonmandatory Information)

X1. CLASS K COPPER CABLE NOMINAL RESISTANCE VALUES

X1.1 Specification F855, Section 35.1 lists Class K cable as
one of four acceptable cables for ground cable assemblies. The
resistance characteristics at 20°C for typical cable sizes of
Class K cable are documented in Table 2 of Specification
B172. These values are repeated in Table X1.1 along with
resistance values for 5°C and 35°C. These values are used in
Eq 4 along with the resistance values for the cable assembly
terminations to compute the total cable assembly resistance. Eq
4 was used to compute the resistance values shown in Tables
X1.2 and X1.3. The resistance values in Table X1.2 are cable
resistance only, no terminations. The values in Table X1.2 are
intended to be added to the values in Table X1.3 to derive the

calculated resistance of the complete ground cable assembly.

X1.2 Example:

X1.2.1 Calculate the predicted resistance at 20°C for a Class
K 2/0 Copper Ground Cable Assembly that is 26 ft - 4 in. long.

X1.2.2 The resistance at 20°C of the 4 in. cable section
0.02891 mQ.

X1.2.3 The resistance at 20°C of the 26 ft cable section
2.57498 mQ.

X1.2.4 The total cable assembly resistance equals 0.02891 +
2.57498 = 2.60389 mQ.

TABLE X1.1 Class K Nominal DC Resistance (mQ/ft)

Cable Size 5°C
(AWG) (41°F)
#2 0.15433
1/0 0.09693
2/0 0.07773
4/0 0.04893

20°C 35°C

(68°F) (95°F)
0.16400 0.17367
0.10300 0.10907
0.08260 0.08747
0.05200 0.05507

TABLE X1.2 R,,,, Limits — DC Resistance mQ) (Cable Only)

Cabl #2 Cable 1/0 Cable 2/0 Cable 4/0 Cable

Length (n) _5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C
(41°F)  (68°F)  (95°F)  (41°F)  (68°F)  (95°F)  (A1°F)  (68°F)  (95°F)  (41°F)  (68°F)  (95°F)

1 001350 001435 001520  0.00848 000901 000954 000680 000723  0.00765 000428 000455  0.00482

2 002701 002870 003039 001696 001803 001909  0.01360 001446 001531 000856 000910  0.00964

3 004051 004305 004559 002544 002704 002863 002040 002168 002296 001284 001365 001446

4 005402 005740 006078 003393 003605 003817 002721 002891 003061 001713 001820  0.01927

5 006752 007175 007598  0.04241 004506 004772 003401 003614 003827 002141 002275  0.02409

6 008102 008610 009118 005089 005408 005726 004081 004337 004592 002569 002730  0.02891

7 009453 010045 010637 005937 006309 006681 004761 005059 005358 002997 003185  0.03373

8 010803 011480 012157 006785 007210 007635 005441 005782 006123 003425 003640  0.03855

9 012153 012015 013677 007633 008111 008589 006121 006505 006888 003853 004095  0.04337

10 013504 014350 01519 008481 009013 009544 006801 007228 007654 004281 004550  0.04819

11 014854 015785 016716 009330 009914 010498 007482 007950 008419 004710 005005  0.05300

Copyright by ASTM Int'l (al rights reserved); Wed Dec 4 18:41:33 EST 2019
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TABLE X1.3 R,,.. Limits — DC Resistance (mQ) (Cable + Terminations)

Cabl #2 Cable 1/0 Cable 2/0 Cable 4/0 Cable
Lengthe(ft) 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C
(41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F)

1 0.48205 0.49220 0.50235 0.42178 0.42815 0.43452 0.40162 0.40673 0.41184 0.37138 0.37460 0.37782
2 0.64409 0.66440 0.68471 0.52355 0.53630 0.54905 0.48323 0.49346 0.50369 0.42275 0.42920 0.43565
3 0.80614 0.83660 0.86706 0.62533 0.64445 0.66357 0.56485 0.58019 0.59553 0.47413 0.48380 0.49347
4 0.96819 1.00880 1.04941 0.72711 0.75260 0.77809 0.64647 0.66692 0.68737 0.52551 0.53840 0.55129
5 1.13023 1.18100 1.23177 0.82888 0.86075 0.89262 0.72808 0.75365 0.77922 0.57688 0.59300 0.60912
6 1.29228 1.35320 1.41412 0.93066 0.96890 1.00714 0.80970 0.84038 0.87106 0.62826 0.64760 0.66694
7 1.45433 1.52540 1.59647 1.03244 1.07705 1.12166 0.89132 0.92711 0.96290 0.67964 0.70220 0.72476
8 1.61637 1.69760 1.77883 1.13421 1.18520 1.23619 0.97293 1.01384 1.05475 0.73101 0.75680 0.78259
9 1.77842 1.86980 1.96118 1.23599 1.29335 1.35071 1.05455 1.10057 1.14659 0.78239 0.81140 0.84041
10 1.94047 2.04200 2.14354 1.33777 1.40150 1.46524 1.13617 1.18730 1.23844 0.83377 0.86600 0.89824
1 2.10251 2.21420 2.32589 1.43954 1.50965 1.57976 1.21778 1.27403 1.33028 0.88514 0.92060 0.95606
12 2.26456 2.38640 2.50824 1.54132 1.61780 1.69428 1.29940 1.36076 1.42212 0.93652 0.97520 1.01388
13 2.42660 2.55860 2.69060 1.64309 1.72595 1.80881 1.38101 1.44749 1.51397 0.98789 1.02980 1.07171
14 2.58865 2.73080 2.87295 1.74487 1.83410 1.92333 1.46263 1.53422 1.60581 1.03927 1.08440 1.12953
15 2.75070 2.90300 3.05530 1.84665 1.94225 2.03785 1.54425 1.62095 1.69765 1.09065 1.13900 1.18735
16 2.91274 3.07520 3.23766 1.94842 2.05040 2.15238 1.62586 1.70768 1.78950 1.14202 1.19360 1.24518
17 3.07479 3.24740 3.42001 2.05020 2.15855 2.26690 1.70748 1.79441 1.88134 1.19340 1.24820 1.30300
18 3.23684 3.41960 3.60236 2.15198 2.26670 2.38142 1.78910 1.88114 1.97318 1.24478 1.30280 1.36082
19 3.39888 3.59180 3.78472 2.25375 2.37485 2.49595 1.87071 1.96787 2.06503 1.29615 1.35740 1.41865
20 3.56093 3.76400 3.96707 2.35553 2.48300 2.61047 1.95233 2.05460 2.15687 1.34753 1.41200 1.47647
21 3.72298 3.93620 4.14942 2.45731 2.59115 2.72499 2.03395 2.14133 2.24871 1.39891 1.46660 1.53429
22 3.88502 4.10840 4.33178 2.55908 2.69930 2.83952 2.11556 2.22806 2.34056 1.45028 1.52120 1.59212
23 4.04707 4.28060 451413 2.66086 2.80745 2.95404 2.19718 2.31479 2.43240 1.50166 1.57580 1.64994
24 4.20912 4.45280 4.69648 2.76264 2.91560 3.06856 2.27880 2.40152 2.52424 1.55304 1.63040 1.70776
25 4.37116 4.62500 4.87884 2.86441 3.02375 3.18309 2.36041 2.48825 2.61609 1.60441 1.68500 1.76559
26 4.53321 4.79720 5.06119 2.96619 3.13190 3.29761 2.44203 2.57498 2.70793 1.65579 1.73960 1.82341
27 4.69526 4.96940 5.24354 3.06797 3.24005 3.41213 2.52365 2.66171 2.79977 1.70717 1.79420 1.88123
28 4.85730 5.14160 5.42590 3.16974 3.34820 3.52666 2.60526 2.74844 2.89162 1.75854 1.84880 1.93906
29 5.01935 5.31380 5.60825 3.27152 3.45635 3.64118 2.68688 2.83517 2.98346 1.80992 1.90340 1.99688
30 5.18140 5.48600 5.79061 3.37330 3.56450 3.75571 2.76850 2.92190 3.07531 1.86130 1.95800 2.05471
31 5.34344 5.65820 5.97296 3.47507 3.67265 3.87023 2.85011 3.00863 3.16715 1.91267 2.01260 2.11253
32 5.50549 5.83040 6.15531 3.57685 3.78080 3.98475 2.93173 3.09536 3.25899 1.96405 2.06720 2.17035
33 5.66753 6.00260 6.33767 3.67862 3.88895 4.09928 3.01334 3.18209 3.35084 2.01542 2.12180 2.22818
34 5.82958 6.17480 6.52002 3.78040 3.99710 4.21380 3.09496 3.26882 3.44268 2.06680 2.17640 2.28600
35 5.99163 6.34700 6.70237 3.88218 4.10525 4.32832 3.17658 3.35555 3.53452 2.11818 2.23100 2.34382
36 6.15367 6.51920 6.88473 3.98395 4.21340 4.44285 3.25819 3.44228 3.62637 2.16955 2.28560 2.40165
37 6.31572 6.69140 7.06708 4.08573 4.32155 4.55737 3.33981 3.52901 3.71821 2.22093 2.34020 2.45947
38 6.47777 6.86360 7.24943 4.18751 4.42970 4.67189 3.42143 3.61574 3.81005 2.27231 2.39480 2.51729
39 6.63981 7.03580 7.43179 4.28928 4.53785 4.78642 3.50304 3.70247 3.90190 2.32368 2.44940 2.57512
40 6.80186 7.20800 7.61414 4.39106 4.64600 4.90094 3.58466 3.78920 3.99374 2.37506 2.50400 2.63294
41 6.96391 7.38020 7.79649 4.49284 4.75415 5.01546 3.66628 3.87593 4.08558 2.42644 2.55860 2.69076
42 7.12595 7.55240 7.97885 4.59461 4.86230 5.12999 3.74789 3.96266 417743 2.47781 2.61320 2.74859
43 7.28800 7.72460 8.16120 4.69639 4.97045 5.24451 3.82951 4.04939 4.26927 2.52919 2.66780 2.80641
44 7.45005 7.89680 8.34355 4.79817 5.07860 5.35903 3.91113 413612 4.36111 2.58057 2.72240 2.86423
45 7.61209 8.06900 8.52591 4.89994 5.18675 5.47356 3.99274 4.22285 4.45296 2.63194 2.77700 2.92206
46 7.77414 8.24120 8.70826 5.00172 5.29490 5.58808 4.07436 4.30958 4.54480 2.68332 2.83160 2.97988
47 7.93619 8.41340 8.89061 5.10350 5.40305 5.70260 4.15598 4.39631 4.63664 2.73470 2.88620 3.03770
48 8.09823 8.58560 9.07297 5.20527 5.51120 5.81713 4.23759 4.48304 4.72849 2.78607 2.94080 3.09553
49 8.26028 8.75780 9.25532 5.30705 5.61935 5.93165 4.31921 4.56977 4.82033 2.83745 2.99540 3.15335
50 8.42233 8.93000 9.43768 5.40883 5.72750 6.04618 4.40083 4.65650 4.91218 2.88883 3.05000 3.21118

X2. CLASS M COPPER CABLE NOMINAL RESISTANCE VALUES

X2.1 Specification F855, Section 35.1 lists Class M cable as
one of four acceptable cables for ground cable assemblies. The
resistance characteristics at 20°C for typical cable sizes of
Class M cable are documented in Table 3 of Specification
B172. These values are repeated in Table X2.1 along with
resistance values for 5°C and 35°C. These values are used in
Eq 4 along with the resistance values for the cable assembly
terminations to compute the total cable assembly resistance. Eq
4 was used to compute the resistance values shown in Tables
X2.2 and X2.3. The resistance values in Table X2.2 are cable
resistance only, no terminations. The values in Table X2.2 are
intended to be added to the values in Table X2.3 to derive the
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calculated resistance of the complete ground cable assembly.

X2.2 Example:

X2.2.1 Calculate the predicted resistance at 20°C for a Class
M 2/0 Copper Ground Cable Assembly that is 26 ft - 4 in. long.

X2.2.2 The resistance at 20°C of the 4 in. cable section
0.02919 mQ.

X2.2.3 The resistance at 20°C of the 26 ft cable section
2.59682 mQ.

X2.2.4 The total cable assembly resistance equals 0.02919 +
2.59682 = 2.62601 mQ.
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TABLE X2.1 Class M Nominal DC Resistance (mQ/ft)

Cable Size 5°C 20°C 35°C
(AWG) (41°F) (68°F) (95°F)
#2 0.15621 0.16600 0.17579
1/0 0.09787 0.10400 0.11013
2/0 0.07848 0.08340 0.08832
4/0 0.04931 0.05240 0.05549

TABLE X2.2 R,,,, Limits — DC Resistance mQ) (Cable Only)

Cabl #2 Cable 1/0 Cable 2/0 Cable 4/0 Cable
Lengath ((ein.) 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C

(41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F)
1 0.01367 0.01453 0.01538 0.00856 0.00910 0.00964 0.00687 0.00730 0.00773 0.00431 0.00459 0.00486
2 0.02734 0.02905 0.03076 0.01713 0.01820 0.01927 0.01373 0.01460 0.01546 0.00863 0.00917 0.00971
3 0.04101 0.04358 0.04614 0.02569 0.02730 0.02891 0.02060 0.02189 0.02318 0.01294 0.01376 0.01457
4 0.05467 0.05810 0.06153 0.03425 0.03640 0.03855 0.02747 0.02919 0.03091 0.01726 0.01834 0.01942
5 0.06834 0.07263 0.07691 0.04282 0.04550 0.04818 0.03434 0.03649 0.03864 0.02157 0.02293 0.02428
6 0.08201 0.08715 0.09229 0.05138 0.05460 0.05782 0.04120 0.04379 0.04637 0.02589 0.02751 0.02913
7 0.09568 0.10168 0.10767 0.05995 0.06370 0.06745 0.04807 0.05108 0.05409 0.03020 0.03210 0.03399
8 0.10935 0.11620 0.12305 0.06851 0.07280 0.07709 0.05494 0.05838 0.06182 0.03452 0.03668 0.03884
9 0.12302 0.13073 0.13843 0.07707 0.08190 0.08673 0.06180 0.06568 0.06955 0.03883 0.04127 0.04370
10 0.13668 0.14525 0.15382 0.08564 0.09100 0.09636 0.06867 0.07298 0.07728 0.04315 0.04585 0.04855
11 0.15035 0.15978 0.16920 0.09420 0.10010 0.10600 0.07554 0.08027 0.08501 0.04746 0.05044 0.05341
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TABLE X2.3 R,,,.. Limits — DC Resistance (mQ) (Cable + Terminations)

Cabl #2 Cable 1/0 Cable 2/0 Cable 4/0 Cable
Lengthe(ft) 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C
(41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F)

1 0.48402 0.49430 0.50458 0.42276 0.42920 0.43564 0.40240 0.40757 0.41274 0.37178 0.37502 0.37826
2 0.64804 0.66860 0.68916 0.52553 0.53840 0.55127 0.48481 0.49514 0.50547 0.42355 0.43004 0.43653
3 0.81206 0.84290 0.87374 0.62829 0.64760 0.66691 0.56721 0.58271 0.59821 0.47533 0.48506 0.49479
4 0.97608 1.01720 1.05832 0.73105 0.75680 0.78255 0.64962 0.67028 0.69094 0.52710 0.54008 0.55306
5 1.14010 1.19150 1.24290 0.83382 0.86600 0.89818 0.73202 0.75785 0.78368 0.57888 0.59510 0.61132
6 1.30412 1.36580 1.42748 0.93658 0.97520 1.01382 0.81442 0.84542 0.87642 0.63065 0.65012 0.66959
7 1.46814 1.54010 1.61206 1.03934 1.08440 1.12946 0.89683 0.93299 0.96915 0.68243 0.70514 0.72785
8 1.63216 1.71440 1.79664 1.14211 1.19360 1.24509 0.97923 1.02056 1.06189 0.73420 0.76016 0.78612
9 1.79618 1.88870 1.98122 1.24487 1.30280 1.36073 1.06164 1.10813 1.15462 0.78598 0.81518 0.84438
10 1.96021 2.06300 2.16580 1.34764 1.41200 1.47637 1.14404 1.19570 1.24736 0.83776 0.87020 0.90265
1 2.12423 2.23730 2.35037 1.45040 1.52120 1.59200 1.22644 1.28327 1.34010 0.88953 0.92522 0.96091
12 2.28825 2.41160 2.53495 1.55316 1.63040 1.70764 1.30885 1.37084 1.43283 0.94131 0.98024 1.01917
13 2.45227 2.58590 2.71953 1.65593 1.73960 1.82327 1.39125 1.45841 1.52557 0.99308 1.03526 1.07744
14 2.61629 2.76020 2.90411 1.75869 1.84880 1.93891 1.47366 1.54598 1.61830 1.04486 1.09028 1.13570
15 2.78031 2.93450 3.08869 1.86145 1.95800 2.05455 1.55606 1.63355 1.71104 1.09663 1.14530 1.19397
16 2.94433 3.10880 3.27327 1.96422 2.06720 2.17018 1.63846 1.72112 1.80378 1.14841 1.20032 1.25223
17 3.10835 3.28310 3.45785 2.06698 2.17640 2.28582 1.72087 1.80869 1.89651 1.20018 1.25534 1.31050
18 3.27237 3.45740 3.64243 2.16974 2.28560 2.40146 1.80327 1.89626 1.98925 1.25196 1.31036 1.36876
19 3.43639 3.63170 3.82701 2.27251 2.39480 2.51709 1.88568 1.98383 2.08198 1.30373 1.36538 1.42703
20 3.60041 3.80600 4.01159 2.37527 2.50400 2.63273 1.96808 2.07140 217472 1.35551 1.42040 1.48529
21 3.76443 3.98030 419617 2.47803 2.61320 2.74837 2.05048 2.15897 2.26746 1.40729 1.47542 1.54355
22 3.92845 4.15460 4.38075 2.58080 2.72240 2.86400 2.13289 2.24654 2.36019 1.45906 1.53044 1.60182
23 4.09247 4.32890 4.56533 2.68356 2.83160 2.97964 2.21529 2.33411 2.45293 1.51084 1.58546 1.66008
24 4.25649 4.50320 4.74991 2.78632 2.94080 3.09528 2.29770 2.42168 2.54566 1.56261 1.64048 1.71835
25 4.42051 4.67750 4.93449 2.88909 3.05000 3.21091 2.38010 2.50925 2.63840 1.61439 1.69550 1.77661
26 4.58453 4.85180 5.11907 2.99185 3.15920 3.32655 2.46250 2.59682 2.73114 1.66616 1.75052 1.83488
27 4.74855 5.02610 5.30365 3.09461 3.26840 3.44219 2.54491 2.68439 2.82387 1.71794 1.80554 1.89314
28 4.91257 5.20040 5.48823 3.19738 3.37760 3.55782 2.62731 2.77196 2.91661 1.76971 1.86056 1.95141
29 5.07659 5.37470 5.67281 3.30014 3.48680 3.67346 2.70972 2.85953 3.00934 1.82149 1.91558 2.00967
30 5.24062 5.54900 5.85739 3.40291 3.59600 3.78910 2.79212 2.94710 3.10208 1.87327 1.97060 2.06794
31 5.40464 5.72330 6.04196 3.50567 3.70520 3.90473 2.87452 3.03467 3.19482 1.92504 2.02562 2.12620
32 5.56866 5.89760 6.22654 3.60843 3.81440 4.02037 2.95693 3.12224 3.28755 1.97682 2.08064 2.18446
33 5.73268 6.07190 6.41112 3.71120 3.92360 4.13600 3.03933 3.20981 3.38029 2.02859 2.13566 2.24273
34 5.89670 6.24620 6.59570 3.81396 4.03280 4.25164 3.12174 3.29738 3.47302 2.08037 2.19068 2.30099
35 6.06072 6.42050 6.78028 3.91672 4.14200 4.36728 3.20414 3.38495 3.56576 2.13214 2.24570 2.35926
36 6.22474 6.59480 6.96486 4.01949 4.25120 4.48291 3.28654 3.47252 3.65850 2.18392 2.30072 2.41752
37 6.38876 6.76910 7.14944 4.12225 4.36040 4.59855 3.36895 3.56009 3.75123 2.23569 2.35574 2.47579
38 6.55278 6.94340 7.33402 4.22501 4.46960 4.71419 3.45135 3.64766 3.84397 2.28747 2.41076 2.53405
39 6.71680 7.11770 7.51860 4.32778 4.57880 4.82982 3.53376 3.73523 3.93670 2.33924 2.46578 2.59232
40 6.88082 7.29200 7.70318 4.43054 4.68800 4.94546 3.61616 3.82280 4.02944 2.39102 2.52080 2.65058
41 7.04484 7.46630 7.88776 4.53330 4.79720 5.06110 3.69856 3.91037 4.12218 2.44280 2.57582 2.70884
42 7.20886 7.64060 8.07234 4.63607 4.90640 5.17673 3.78097 3.99794 4.21491 2.49457 2.63084 2.76711
43 7.37288 7.81490 8.25692 4.73883 5.01560 5.29237 3.86337 4.08551 4.30765 2.54635 2.68586 2.82537
44 7.53690 7.98920 8.44150 4.84159 5.12480 5.40801 3.94578 4.17308 4.40038 2.59812 2.74088 2.88364
45 7.70092 8.16350 8.62608 4.94436 5.23400 5.52364 4.02818 4.26065 4.49312 2.64990 2.79590 2.94190
46 7.86494 8.33780 8.81066 5.04712 5.34320 5.63928 4.11058 4.34822 4.58586 2.70167 2.85092 3.00017
47 8.02896 8.51210 8.99524 5.14988 5.45240 5.75492 4.19299 4.43579 4.67859 2.75345 2.90594 3.05843
48 8.19298 8.68640 9.17982 5.25265 5.56160 5.87055 4.27539 4.52336 4.77133 2.80522 2.96096 3.11670
49 8.35700 8.86070 9.36440 5.35541 5.67080 5.98619 4.35780 4.61093 4.86406 2.85700 3.01598 3.17496
50 8.52103 9.03500 9.54898 5.45818 5.78000 6.10183 4.44020 4.69850 4.95680 2.90878 3.07100 3.23323

X3. CLASS H COPPER CABLE NOMINAL RESISTANCE VALUES

X3.1 Specification F855, Section 35.1 lists Class H cable as
one of four acceptable cables for ground cable assemblies. The
resistance characteristics at 20°C for typical cable sizes of
Class H cable are documented in Table 3 of Specification
B173. These values are repeated in Table X3.1 along with
resistance values for 5°C and 35°C. These values are used in
Eq 4 along with the resistance values for the cable assembly
terminations to compute the total cable assembly resistance. Eq
4 was used to compute the resistance values shown in Tables
X3.2 and X3.3. The resistance values in Table X3.2 are cable
resistance only, no terminations. The values in Table X3.2 are
intended to be added to the values in Table X3.3 to derive the
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calculated resistance of the complete ground cable assembly.

X3.2 Example:

X3.2.1 Calculate the predicted resistance at 20°C for a Class
H 2/0 Copper Ground Cable Assembly that is 26 ft - 4 in. long.

X3.2.2 The resistance at 20°C of the 4 in. cable section
0.02849 mQ.

X3.2.3 The resistance at 20°C of the 26 ft cable section
2.54222 mQ.

X3.2.4 The total cable assembly resistance equals 0.02849 +
2.54222 = 2.57071 mQ.
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TABLE X3.1 Class H Nominal DC Resistance (mQ/ft)

Cable Size 5°C 20°C 35°C
(AWG) (41°F) (68°F) (95°F)
#2 0.15339 0.16300 0.17261
1/0 0.09693 0.10300 0.10907
2/0 0.07660 0.08140 0.08620
4/0 0.04818 0.05120 0.05422

TABLE X3.2 R,,., Limits — DC Resistance mQ) (Cable Only)

Cabl #2 Cable 1/0 Cable 2/0 Cable 4/0 Cable
Lengath ((ein.) 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C

(41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F)
1 0.01342 0.01426 0.01510 0.00848 0.00901 0.00954 0.00670 0.00712 0.00754 0.00422 0.00448 0.00474
2 0.02684 0.02853 0.03021 0.01696 0.01803 0.01909 0.01341 0.01425 0.01509 0.00843 0.00896 0.00949
3 0.04026 0.04279 0.04531 0.02544 0.02704 0.02863 0.02011 0.02137 0.02263 0.01265 0.01344 0.01423
4 0.05369 0.05705 0.06041 0.03393 0.03605 0.03817 0.02681 0.02849 0.03017 0.01686 0.01792 0.01898
5 0.06711 0.07131 0.07552 0.04241 0.04506 0.04772 0.03351 0.03561 0.03771 0.02108 0.02240 0.02372
6 0.08053 0.08558 0.09062 0.05089 0.05408 0.05726 0.04022 0.04274 0.04526 0.02529 0.02688 0.02847
7 0.09395 0.09984 0.10572 0.05937 0.06309 0.06681 0.04692 0.04986 0.05280 0.02951 0.03136 0.03321
8 0.10737 0.11410 0.12083 0.06785 0.07210 0.07635 0.05362 0.05698 0.06034 0.03373 0.03584 0.03795
9 0.12079 0.12836 0.13593 0.07633 0.08111 0.08589 0.06032 0.06410 0.06788 0.03794 0.04032 0.04270
10 0.13422 0.14263 0.15103 0.08481 0.09013 0.09544 0.06703 0.07123 0.07543 0.04216 0.04480 0.04744
11 0.14764 0.15689 0.16614 0.09330 0.09914 0.10498 0.07373 0.07835 0.08297 0.04637 0.04928 0.05219
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TABLE X3.3 R,,.« Limits — DC Resistance (mQ) (Cable + Terminations)

Cabl #2 Cable 1/0 Cable 2/0 Cable 4/0 Cable
Lengthe(ft) 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C
(41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F)

1 0.48106 0.49115 0.50124 0.42178 0.42815 0.43452 0.40043 0.40547 0.41051 0.37059 0.37376 0.37693
2 0.64212 0.66230 0.68248 0.52355 0.53630 0.54905 0.48086 0.49094 0.50102 0.42118 0.42752 0.43386
3 0.80318 0.83345 0.86372 0.62533 0.64445 0.66357 0.56129 0.57641 0.59153 0.47177 0.48128 0.49079
4 0.96424 1.00460 1.04496 0.72711 0.75260 0.77809 0.64172 0.66188 0.68204 0.52236 0.53504 0.54772
5 1.12530 1.17575 1.22620 0.82888 0.86075 0.89262 0.72215 0.74735 0.77255 0.57295 0.58880 0.60466
6 1.28636 1.34690 1.40744 0.93066 0.96890 1.00714 0.80258 0.83282 0.86306 0.62353 0.64256 0.66159
7 1.44742 1.51805 1.58868 1.03244 1.07705 1.12166 0.88301 0.91829 0.95357 0.67412 0.69632 0.71852
8 1.60848 1.68920 1.76992 1.13421 1.18520 1.23619 0.96344 1.00376 1.04408 0.72471 0.75008 0.77545
9 1.76954 1.86035 1.95116 1.23599 1.29335 1.35071 1.04387 1.08923 1.13459 0.77530 0.80384 0.83238
10 1.93060 2.03150 2.13241 1.33777 1.40150 1.46524 1.12430 1.17470 1.22510 0.82589 0.85760 0.88931
1 2.09165 2.20265 2.31365 1.43954 1.50965 1.57976 1.20473 1.26017 1.31561 0.87648 0.91136 0.94624
12 2.25271 2.37380 2.49489 1.54132 1.61780 1.69428 1.28516 1.34564 1.40612 0.92707 0.96512 1.00317
13 2.41377 2.54495 2.67613 1.64309 1.72595 1.80881 1.36559 1.43111 1.49663 0.97766 1.01888 1.06010
14 2.57483 2.71610 2.85737 1.74487 1.83410 1.92333 1.44602 1.51658 1.58714 1.02825 1.07264 1.11703
15 2.73589 2.88725 3.03861 1.84665 1.94225 2.03785 1.52645 1.60205 1.67765 1.07884 1.12640 1.17397
16 2.89695 3.05840 3.21985 1.94842 2.05040 2.15238 1.60688 1.68752 1.76816 1.12942 1.18016 1.23090
17 3.05801 3.22955 3.40109 2.05020 2.15855 2.26690 1.68731 1.77299 1.85867 1.18001 1.23392 1.28783
18 3.21907 3.40070 3.58233 2.15198 2.26670 2.38142 1.76774 1.85846 1.94918 1.23060 1.28768 1.34476
19 3.38013 3.57185 3.76357 2.25375 2.37485 2.49595 1.84817 1.94393 2.03969 1.28119 1.34144 1.40169
20 3.54119 3.74300 3.94481 2.35553 2.48300 2.61047 1.92860 2.02940 2.13020 1.33178 1.39520 1.45862
21 3.70225 3.91415 4.12605 2.45731 2.59115 2.72499 2.00903 2.11487 2.22071 1.38237 1.44896 1.51555
22 3.86331 4.08530 4.30729 2.55908 2.69930 2.83952 2.08946 2.20034 2.31122 1.43296 1.50272 1.57248
23 4.02437 4.25645 4.48853 2.66086 2.80745 2.95404 2.16989 2.28581 2.40173 1.48355 1.55648 1.62941
24 4.18543 4.42760 4.66977 2.76264 2.91560 3.06856 2.25032 2.37128 2.49224 1.53414 1.61024 1.68634
25 4.34649 4.59875 4.85101 2.86441 3.02375 3.18309 2.33075 2.45675 2.58275 1.58473 1.66400 1.74328
26 4.50755 4.76990 5.03225 2.96619 3.13190 3.29761 2.41118 2.54222 2.67326 1.63531 1.71776 1.80021
27 4.66861 4.94105 5.21349 3.06797 3.24005 3.41213 2.49161 2.62769 2.76377 1.68590 1.77152 1.85714
28 4.82967 5.11220 5.39473 3.16974 3.34820 3.52666 2.57204 2.71316 2.85428 1.73649 1.82528 1.91407
29 4.99073 5.28335 5.57597 3.27152 3.45635 3.64118 2.65247 2.79863 2.94479 1.78708 1.87904 1.97100
30 5.15179 5.45450 5.75722 3.37330 3.56450 3.75571 2.73290 2.88410 3.03530 1.83767 1.93280 2.02793
31 5.31284 5.62565 5.93846 3.47507 3.67265 3.87023 2.81333 2.96957 3.12581 1.88826 1.98656 2.08486
32 5.47390 5.79680 6.11970 3.57685 3.78080 3.98475 2.89376 3.05504 3.21632 1.93885 2.04032 214179
33 5.63496 5.96795 6.30094 3.67862 3.88895 4.09928 2.97419 3.14051 3.30683 1.98944 2.09408 2.19872
34 5.79602 6.13910 6.48218 3.78040 3.99710 4.21380 3.05462 3.22598 3.39734 2.04003 214784 2.25565
35 5.95708 6.31025 6.66342 3.88218 4.10525 4.32832 3.13505 3.31145 3.48785 2.09062 2.20160 2.31259
36 6.11814 6.48140 6.84466 3.98395 4.21340 4.44285 3.21548 3.39692 3.57836 2.14120 2.25536 2.36952
37 6.27920 6.65255 7.02590 4.08573 4.32155 4.55737 3.29591 3.48239 3.66887 219179 2.30912 2.42645
38 6.44026 6.82370 7.20714 4.18751 4.42970 4.67189 3.37634 3.56786 3.75938 2.24238 2.36288 2.48338
39 6.60132 6.99485 7.38838 4.28928 4.53785 4.78642 3.45677 3.65333 3.84989 2.29297 2.41664 2.54031
40 6.76238 7.16600 7.56962 4.39106 4.64600 4.90094 3.53720 3.73880 3.94040 2.34356 2.47040 2.59724
41 6.92344 7.33715 7.75086 4.49284 4.75415 5.01546 3.61763 3.82427 4.03091 2.39415 2.52416 2.65417
42 7.08450 7.50830 7.93210 4.59461 4.86230 5.12999 3.69806 3.90974 4.12142 2.44474 2.57792 2.71110
43 7.24556 7.67945 8.11334 4.69639 4.97045 5.24451 3.77849 3.99521 4.21193 2.49533 2.63168 2.76803
44 7.40662 7.85060 8.29458 4.79817 5.07860 5.35903 3.85892 4.08068 4.30244 2.54592 2.68544 2.82496
45 7.56768 8.02175 8.47582 4.89994 5.18675 5.47356 3.93935 4.16615 4.39295 2.59651 2.73920 2.88190
46 7.72874 8.19290 8.65706 5.00172 5.29490 5.58808 4.01978 4.25162 4.48346 2.64709 2.79296 2.93883
47 7.88980 8.36405 8.83830 5.10350 5.40305 5.70260 4.10021 4.33709 4.57397 2.69768 2.84672 2.99576
48 8.05086 8.53520 9.01954 5.20527 5.51120 5.81713 4.18064 4.42256 4.66448 2.74827 2.90048 3.05269
49 8.21192 8.70635 9.20078 5.30705 5.61935 5.93165 4.26107 4.50803 4.75499 2.79886 2.95424 3.10962
50 8.37298 8.87750 9.38203 5.40883 5.72750 6.04618 4.34150 4.59350 4.84550 2.84945 3.00800 3.16655

X4. CLASS I COPPER CABLE NOMINAL RESISTANCE VALUES

X4.1 Specification F855, Section 35.1 lists Class I cable as
one of four acceptable cables for ground cable assemblies. The
resistance characteristics at 20°C for typical cable sizes of
Class I cable are documented in Table 1 of Specification B172.
These values are repeated in Table X4.1 along with resistance
values for 5°C and 35°C. These values are used in Eq 4 along
with the resistance values for the cable assembly terminations
to compute the total cable assembly resistance. Eq 4 was used
to compute the resistance values shown in Tables X4.2 and
X4.3. The resistance values in Table X4.2 are cable resistance
only, no terminations. The values in Table X4.2 are intended to
be added to the values in Table X4.3 to derive the calculated
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resistance of the complete ground cable assembly.

X4.2 Example:

X4.2.1 Calculate the predicted resistance at 20°C for a Class
1 2/0 Copper Ground Cable Assembly that is 26 ft - 4 in. long.

X4.2.2 The resistance at 20°C of the 4 in. cable section
0.02863 mQ.

X4.2.3 The resistance at 20°C of the 26 ft cable section
2.55314 mQ.

X4.2.4 The total cable assembly resistance equals 0.02863 +
2.55314 = 2.58177 mQ.
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TABLE X4.1 Class | Nominal DC Resistance (mQ/ft)

Cable Size 5°C 20°C 35°C
(AWG) (41°F) (68°F) (95°F)
#2 0.15339 0.16300 0.17261
1/0 0.09693 0.10300 0.10907
2/0 0.07698 0.08180 0.08662
4/0 0.04846 0.05150 0.05454

TABLE X4.2 R,,.x Limits—DC Resistance (mQ) (Cable Only)

Cabl #2 Cable 1/0 Cable 2/0 Cable 4/0 Cable
Lengath ((ein.) 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C

(41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F)
1 0.01342 0.01426 0.01510 0.00848 0.00901 0.00954 0.00674 0.00716 0.00758 0.00424 0.00451 0.00477
2 0.02684 0.02853 0.03021 0.01696 0.01803 0.01909 0.01347 0.01432 0.01516 0.00848 0.00901 0.00954
3 0.04026 0.04279 0.04531 0.02544 0.02704 0.02863 0.02021 0.02147 0.02274 0.01272 0.01352 0.01432
4 0.05369 0.05705 0.06041 0.03393 0.03605 0.03817 0.02694 0.02863 0.03032 0.01696 0.01803 0.01909
5 0.06711 0.07131 0.07552 0.04241 0.04506 0.04772 0.03368 0.03579 0.03790 0.02120 0.02253 0.02386
6 0.08053 0.08558 0.09062 0.05089 0.05408 0.05726 0.04041 0.04295 0.04548 0.02544 0.02704 0.02863
7 0.09395 0.09984 0.10572 0.05937 0.06309 0.06681 0.04715 0.05010 0.05305 0.02968 0.03154 0.03341
8 0.10737 0.11410 0.12083 0.06785 0.07210 0.07635 0.05389 0.05726 0.06063 0.03392 0.03605 0.03818
9 0.12079 0.12836 0.13593 0.07633 0.08111 0.08589 0.06062 0.06442 0.06821 0.03816 0.04056 0.04295
10 0.13422 0.14263 0.15103 0.08481 0.09013 0.09544 0.06736 0.07158 0.07579 0.04240 0.04506 0.04772
11 0.14764 0.15689 0.16614 0.09330 0.09914 0.10498 0.07409 0.07873 0.08337 0.04664 0.04957 0.05249
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TABLE X4.3 R,,.x Limits—DC Resistance (m€) (Cable + Terminations)

Cabl #2 Cable 1/0 Cable 2/0 Cable 4/0 Cable
Lengthe(ﬂ) 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C 5°C 20°C 35°C
(41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F) (41°F) (68°F) (95°F)
1 0.48106  0.49115 050124 042178  0.42815  0.43452  0.40083  0.40589  0.41095  0.37088  0.37408  0.37727
2 0.64212 0.66230 0.68248 0.52355 0.53630 0.54905 0.48166 0.49178 0.50190 0.42177 0.42815 0.43453
3 0.80318  0.83345  0.86372  0.62533  0.64445  0.66357  0.56249 057767  0.59285  0.47265  0.48223  0.49180
4 0.96424  1.00460  1.04496  0.72711 075260  0.77809  0.64332  0.66356  0.68380  0.52353  0.53630  0.54907
5 112530 1.17575  1.22620  0.82888  0.86075  0.89262  0.72415  0.74945  0.77476  0.57442  0.59038  0.60634
6 1.28636  1.34690  1.40744  0.93066  0.96890  1.00714  0.80497  0.83534  0.86571  0.62530  0.64445  0.66360
7 1.44742 151805  1.58868  1.03244  1.07705  1.12166  0.88580  0.92123  0.95666  0.67618  0.69853  0.72087
8 1.60848  1.68920  1.76992  1.13421  1.18520  1.23619  0.96663  1.00712  1.04761  0.72706  0.75260  0.77814
9 176954  1.86035  1.95116  1.23599  1.29335  1.35071  1.04746  1.09301  1.13856  0.77795  0.80668  0.83540
10 1.93060  2.03150  2.13241  1.33777  1.40150  1.46524  1.12829  1.17890  1.22951  0.82883  0.86075  0.89267
11 2.09165 220265  2.31365  1.43954 150965  1.57976  1.20912  1.26479  1.32046  0.87971  0.91483  0.94994
12 225271  2.37380  2.49489  1.54132  1.61780  1.69428  1.28995  1.35068  1.41141  0.93060  0.96890  1.00720
13 2.41377 254495 267613  1.64309 172595  1.80881  1.37078  1.43657  1.50236  0.98148  1.02298  1.06447
14 257483 271610  2.85737  1.74487  1.83410  1.92333  1.45161 152246  1.59331  1.03236  1.07705  1.12174
15 2.73589  2.88725  3.03861  1.84665  1.94225 203785  1.53244  1.60835  1.68427  1.08325  1.13113  1.17901
16 2.80695  3.05840  3.21985  1.94842 205040  2.15238  1.61326  1.69424  1.77522  1.13413  1.18520  1.23627
17 3.05801 3.22955 3.40109 2.05020 2.15855 2.26690 1.69409 1.78013 1.86617 1.18501 1.23928 1.29354
18 3.21907  3.40070 358233  2.15198 226670  2.38142  1.77492  1.86602  1.95712  1.23589  1.29335  1.35081
19 3.38013  3.57185  3.76357 225375 237485 249595  1.85575  1.95191  2.04807  1.28678  1.34743  1.40807
20 3.54119 3.74300 3.94481 2.35553 2.48300 2.61047 1.93658 2.03780 2.13902 1.33766 1.40150 1.46534
21 3.70225  3.91415  4.12605 245731 259115  2.72499  2.01741 212369  2.22997  1.38854  1.45558  1.52261
22 3.86331  4.08530  4.30729  2.55908  2.69930  2.83952  2.09824 220958  2.32092  1.43943 150965  1.57987
23 4.02437  4.25645  4.48853  2.66086  2.80745  2.95404 217907  2.29547 241187  1.49031  1.56373  1.63714
24 4.18543  4.42760  4.66977 276264 291560  3.06856  2.25990  2.38136  2.50282  1.54119  1.61780  1.69441
25 4.34649 459875  4.85101  2.86441  3.02375  3.18309  2.34073 246725 259378  1.50208  1.67188  1.75168
26 450755  4.76990 503225 296619  3.13190  3.29761 242155  2.55314  2.68473  1.64296  1.72595  1.80894
27 4.66861  4.94105 521349  3.06797  3.24005  3.41213 250238  2.63903  2.77568  1.69384  1.78003  1.86621
28 4.82967 511220 539473  3.16974  3.34820  3.52666 258321  2.72492  2.86663  1.74472  1.83410  1.92348
29 4.99073  5.28335 557597  3.27152  3.45635  3.64118  2.66404  2.81081  2.95758  1.79561  1.88818  1.98074
30 515179 545450 575722  3.37330  3.56450  3.75571 274487  2.89670  3.04853  1.84649  1.94225  2.03801
31 531284  5.62565 593846  3.47507  3.67265  3.87023  2.82570  2.98259  3.13948  1.89737  1.99633  2.09528
32 547390 579680  6.11970  3.57685  3.78080  3.98475  2.90653  3.06848  3.23043  1.94826  2.05040  2.15254
33 5.63496  5.96795  6.30094  3.67862  3.88895  4.09928  2.98736  3.15437  3.32138  1.99914  2.10448  2.20981
34 579602  6.13910  6.48218  3.78040  3.99710  4.21380  3.06819  3.24026  3.41233  2.05002  2.15855  2.26708
35 5.95708  6.31025  6.66342  3.88218  4.10525  4.32832  3.14902  3.32615  3.50329  2.10091 221263  2.32435
36 6.11814  6.48140  6.84466  3.98395  4.21340  4.44285 322984  3.41204  3.50424  2.15179 226670  2.38161
37 6.27920  6.65255  7.02590  4.08573  4.32155  4.55737  3.31067  3.49793  3.68519 220267  2.32078  2.43888
38 6.44026  6.82370  7.20714  4.18751  4.42970  4.67189  3.39150  3.58382  3.77614  2.25355  2.37485  2.49615
39 6.60132  6.99485  7.38838  4.28928  4.53785  4.78642  3.47233  3.66971  3.86709  2.30444  2.42893  2.55341
40 6.76238  7.16600  7.56962  4.39106  4.64600  4.90094  3.55316  3.75560  3.95804  2.35532  2.48300  2.61068
41 6.92344  7.33715  7.75086  4.49284  4.75415 501546  3.63399  3.84149  4.04899 240620  2.53708  2.66795
42 7.08450  7.50830  7.93210  4.59461  4.86230 512999  3.71482  3.92738  4.13994 245709 259115 272521
43 7.24556  7.67945  8.11334  4.69639  4.97045 524451 379565  4.01327  4.23089 250797 264523  2.78248
44 7.40662  7.85060  8.29458  4.79817 507860  5.35903  3.87648  4.09916  4.32184 255885  2.69930  2.83975
45 7.56768  8.02175 847582  4.89994 518675 547356  3.95731  4.18505  4.41280  2.60974  2.75338  2.89702
46 7.72874 819290 865706 500172 529490 558808  4.03813  4.27094  4.50375  2.66062  2.80745  2.95428
47 7.88980  8.36405  8.83830 510350  5.40305 570260  4.11896  4.35683  4.59470  2.71150  2.86153  3.01155
48 8.05086 853520  9.01954  5.20527 551120  5.81713  4.19979  4.44272  4.68565 276238  2.91560  3.06882
49 821192 870635  9.20078  5.30705  5.61935  5.93165  4.28062  4.52861  4.77660  2.81327 296968  3.12608
50 8.37298  8.87750  9.38203 540883 572750  6.04618  4.36145  4.61450  4.86755  2.86415  3.02375  3.18335
X5. DATA ANALYSIS OF ASTM—BPA GROUNDING JUMPER ASSEMBLY TESTS
X5.1 This data was used in the development of this speci-
fication and is included for informational purposes only. This C
data will not be included in future revisions of this specifica-
tion. . .
277774 2777777
A B

FIG. X5.1 Resistance Areas
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TABLE X5.1 2/0 Copper Cables that Passed the High Current TABLE X5.2 2/0 Copper Grounding Jumper Assemblies that

Fault Tests Passed the High Current Fault Tests with Some Fusing
Total Length: A, C, B Total Length: A, C, B
Length, Calculated Actual mQ Percent Length, Calculated Actual mQ Percent
ft mQ Reading Difference ft mQ Reading Difference
15 1.2 1.24 3.4 6 0.48 2.04 325
18.5 1.48 1.52 2.7 8 0.64 0.94 47
20 1.6 1.64 2.6 10 0.8 0.83 3.3
30 2.4 25 4.2 10 0.8 0.83 3.8
35 2.8 2.9 3.6 10 0.8 0.83 4.3
35 2.8 3.1 11.1 10 0.8 0.83 4.4
40 3.2 3.31 3.4 10 0.8 0.83 4.3
40 3.2 3.29 2.8 12 0.96 2.04 1125
Middle Section: C 15 1.2 1.23 2.3
30 2.4 25 4.2
Length-2, Calculated Actual mQ Percent 35 28 8.35 198
ft mQ Reading Difference - -
Middle Section: C
13 1.04 1.09 45
16.5 1.32 1.31 0.4 Length-2, Calculated Actual lmQ Percent
18 1.44 1.48 26 ft mQ Reading Difference
28 2.24 2.31 3.1 4 0.32 0.42 31.3
33 2.64 2.73 3.4 6 0.48 0.486 1.3
33 2.64 2.79 5.7 8 0.64 0.645 0.8
38 3.04 3.14 3.3 8 0.64 0.646 0.9
38 3.04 3.1 2.3 8 0.64 0.657 1.9
Ends: A and B 8 0.64 0.647 1.1
8 0.64 0.652 1.9
e I 10 0.8 0.837 4.6
L 13 1.04 1.084 4.2
28 2.24 2.31 3.1
2.64 7. 185.2
0154 33 6 53 85
Ends: A and B
w L]
E 1.4
p ]
g ou . H ® . * 1]
z . .
1-
L] w
0.05 === m = m e m e E
o 08 .
E 0.6+ Fusing Range *
0 0.4+ .
Cable Ends (A & B) -
#2: D.I((l"z- .
1 08 I S L
4/0: 0.05 0

(a) Total Range: 0.08 to 0.183 Cable Ends (A & B)
(b) Passing Range: 0.08 to 0.183
Avg = 0.094 mQ

Ontario Hydro = 0.160

(a) Total Range: 0.07 to 1.486
(b) Fusing Range: 0.353 to 1.486
The high end number (1.486) could be in the fusing-failure

range, so new fusing range is 0.353 to 0.77
Avg = 0.56 mQ (0.407 mQ for Ontario Hydro)

Copyright by ASTM Int'l (al rights reserved); Wed Dec 4 18:41:33 EST 2019 13

Downl oaded/irinted by




Ay F2249 - 18

TABLE X5.3 2/0 Copper Grounding Jumper Assemblies that
Failed the High Current Fault Tests

Total Length: A, C, B

Length, Calculated Actual mQ Percent
ft mQ Reading Difference
6 0.48 1.72 258
6 0.48 3.04 533
7 0.56 1.47 162
8 0.64 1.26 97
10 0.8 3.55 344
10 0.8 117 46
13 1.04 7.92 662
19 1.52 1.59 4.3
19 1.52 2.2 45
35 2.8 8.35 198
Middle Section: C
Length-2, Calculated Actual mQ Percent
ft mQ Reading Difference
4 0.32 0.390 21.9
4 0.32 0.391 22.2
5 0.4 1.198 199
6 0.48 0.598 24.6
8 0.64 0.69 7.8
8 0.64 0.754 17.8
1 0.88 0.965 9.7
17 1.36 1.234 -9.3
17 1.36 1.663 22.3
33 2.64 7.53 185
Ends: A and B
35
9 L]
34
2.5 )
. . Failures
E 2
5
E ISj
[ ]
14
T .
0.5 . .
o e : :

Cable Ends (A & B)

(a) Total Range: 0.14 to 3.19
(b) Failure Range of the Test Samples: 1.153 to 3.19

Avg =2.25 mQ

X6. TEMPERATURE DIFFERENTIAL TEST METHOD FOR IN SERVICE TESTING OF COPPER GROUNDING JUMPER AS-
SEMBLIES

X6.1 Temperature Differential Measurements

X6.1.1 All precautions and inspections required in the dc
and ac test method shall be adhered to. This test method can be
used as a supplement to the test methods outlined in Section 7
of this specification.

X6.2 Temperature Differential Method

X6.2.1 Equipment requirements include:

X6.2.1.1 AC High Current Source, 200 amps minimum and
controllable to 5 % of the output current, short circuit pro-
tected. The current source should have a continuous duty cycle
rating of the current values needed to apply the continuous
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rating A RMS 60 Hz per Specifications F855 Table 2, Protec-
tive Ground Cable Ferrule, and Assembly Ratings.

X6.2.1.2 Digital Multimeter, optional—Used to screen
grounding jumper assembly for full 3 min test interval;
commonly available with a minimum 32 or 4% digit meter.

X6.2.1.3 Measuring Tape, optional—Used if voltage
screening method is utilized; for measurements of cable length
to the nearest inch or centimeter.

X6.2.1.4 Non-contact Thermometer, infrared with digital
readout (laser sighting recommended-observe normal eye pro-
tection requirements when handling lasers). Check specific
manufacturer’s instruction book for emissivity setting for test
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area background. Warning—Background temperature can in-
fluence the temperature readings.

X6.2.1.5 Adequate Hand Protection, defective cables may
develop hot spots during testing.

X6.3 Test Set-up

X6.3.1 Test should be performed indoors if possible or out
of direct sunlight.

X6.3.2 For best accuracy, grounding jumper assembly tem-
perature should be allowed to reach equilibrium with the test
environment. (This is essential for large mass connectors and
dead front grounding assemblies.)

X6.3.3 To minimize the impedance effect of AC testing, it is
recommended that the grounding jumper assembly under test
be laid out in a tight parallel configuration.

X6.4 Test Procedure

X6.4.1 Connect the grounding jumper assembly to the high
current source. Torque the clamps to the manufacturers’
specifications (typically 25 ft/lb).

X6.4.2 Apply the rated current, per Specifications F855
Table 5, for 3 min (see Note X6.3). Immediately after the 3
min, reduce the current to zero and turn off the current source.
Scan the entire ground assembly, including the cable, with the
infrared thermometer held 12 in. from the ground assembly. (In
the case of deadfront underground assemblies, the elbow

should be removed from the feedthru and the temperature of
both the elbow and feedthru bushing’s current path measured.)

X6.4.3 The pass/fail criteria of a ground jumper assembly is
based on the temperature variance (differential) of any com-
ponents of the ground jumper assembly after the 3 min test. All
components should read within 15°F (or 8.3°C) of each other.
Large-mass ground components will have less temperature
variance and acceptance values should be based on user
experience. Small-mass grounding clamps composed of bronze
(ball and socket style) will have a higher temperature variance
and acceptance values should be based on user experience.

X6.4.4 Should any part of the grounding jumper assembly
exceed the temperature of another part of the assembly by 15°F
or more, it shall be disassembled, inspected, repaired and
reassembled. The repaired assembly shall be retested.

Note X6.1—AC testing measurements of grounding jumper assembly
are susceptible to errors and inconsistent results due to induction if the
cable is not properly laid out.

Note X6.2—AC testing measurements of grounding jumper assembly
are susceptible to errors if metal is laid across the cable or the cable is laid
across a metal object, even if the metal object is buried, such as
reinforcing bar embedded in a concrete floor.

Norte X6.3—If the voltage drop measured across the grounding jumper
assembly exceeds the allowable in the AC Test Tables, the test need not
run the full three minutes. The location(s) of the high resistance can be
quickly determined by scanning the grounding jumper assembly with the
infrared thermometer, halting the test and repairing the grounding assem-
bly.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
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of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/

Copyright by ASTM Int'l (al rights reserved); Wed Dec 4 18:41:33 EST 2019 15
Downloaded/printed by




