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PREFACE

In preparation of the first few editions of the code, the
Bureau held meetings in many parts of the country and
welcomed: suggestions from everyone concerned. It, how-
ever, reserved to itself the final decision on all contested
points. The procedure followed in later revisions subsequent
to the establishment of the American Standards Association
differs essentially from the former practice in that final de-
cisions as to all details are made by the sectional committees
formally approved by the Americen Standards Association
and operating under their rules of procedure. The Bureau,
ag sponsor for the work under this procedure, has given up
its prerogative of determining details in return for the implied
understanding that the many parties concerned will aceept
such a code as they can agree upon among themselves. All
such codes of practice necessarily include compromises be-
tween conflicting aims. The Bureau has felt that decisions
made by practically unanimous agreement among the in-
terests affected would, in genersl, be wiser than those at
which it might arrive after weighing the arguments of ad-
vocates for different views, It has, therefors, welcomed this
procedure in spite of the fact that this involyves the accept-
ance of some details of which it might not itself approve.

Rules in this code which are to be regarded as mandatory
are characterized by the use of the word ‘shall.” Where a
rule is of an advisory nature it is indicated by the use of the
word ‘‘should.” Other practices which are considered desir-
sble and not intended to be mandatory are stated as recom-
mendations. It is realized that conditions may exist which
necessitate departures from such recommendations.

A representative Committee on Interpretations has been
et up to prepare replies to requests for interpretation of these
rules. Requests for interpretation should state the rule in
question as well as the conditions under which it is being

v

Preface ) v

applied. Interpretations are intended to clarify the intent
of specific rules and are not intended to supply counsulting
information on the application of the code. Requests for
interpretation addressed to the National Bureau of Stand-

. ards, if suitable for processing, will be sent to the Interpreta-

tions Committes. After due consideration by the-
Committee, which may involve many exchanges of corre-
spondence, the inquirer will be notified of its decision.

~



Definttions

1. Alive or live means electrically connected to a source
of potential difference, or electrically charged so as to have
a potential different from that of the earth. The term
“live’” is_sometimes used in place of the term “current-
carrying,” where the intent is clear, to avoid repetitions
of the longer term., :

2. Ap%hance means current-consuming equipment, fixed
or portable; for example, heating, cooking, and small motor-
operated equipment.

3. Automatic means self-acting, operating by its own
mechanism when actuated by some impersonal influence—as,
for example, ‘a change in current strength; not manual,
without personal intervention. Remote control that requires
personal intervention is not automatic, but manual.

4. Cable vault. (See definition of "Manhole.”)

5. Cireult means a conductor or system of conductors
through which an electric current is intended to flow.

6. Cirenit-breaker means & device designed to open under
abnormal conditions a current-carrying circuit without injury
to itself. ‘The term as used in this code applies only to
the automatic type designed to trip on a predetermined
overload of current. ‘

7. Climbing space means the vertical space reserved along
the side of a pole or structure to permit ready access for
linemen to equipment and conductors located on the pole
structure. .

8. Common use means simultaneous use by two or more
utilities of the same kind,

. Conductor means a metallic conducting material, usu-
ally in the form of a wire or cable, suitable for carrying an
electric current. Does not include bus bars.

10. Grounding conductor means a conductor which is
used to connect the etyuipment or the wiring system with a
grounding electrode or electrodes.

11. Lateral conductor means, in pole wiring work, a
wire or cable extending in a general horizontal direction
approximately at right angles to the general direction of
the line conductors.

12, Line conduector means one of the wires or cables
cerrying electric current, supported by poles, towers, or
other structures, but not including vertical or lateral
connecting wires.

18. Vertical conductor means, in pole wiring work, a

wire or cable extending in an epproximately vertical
direction.

Deftnitions : 3

Conflict: )

14, Antenna conflict means that an antenna or its guy
wire is at & higher leve] than a supply or communication
conductor and approximately parallel thereto, %l;'owded
the breaking of the antenna or its support will be likely to
result in contact between the antenna or guy wire and the
supply or communication conductor. :

Xz HORIZONTAL
SEPARATION CONDUCTORS NOT

BETWEEN CON- s+l g FEET_,{ IN CONFLICT
DUCTORS FOR 2 ‘ !

HIGHEST VOLT- x4 ¢

AGE INVOLVED T _

b ]

—j h CONFLICTING
l CONDUGCTORS

Figure 1. Conductor conflict.

15. Conductor conflict means that a conductor 18 so
situated with respect to a conductor of another line at a
lower level that the horizontal distance between them is
less than the sum of the following values:

{a) Five feet.

{b) One-half the difference of level between the con-
ductors concerned. )

(¢) The value required in tables 8, 7, or 8 for hori-
zontal separation between conductors on the



Definitions

80. Maximum total sag means the total sag at the mid-
point of the streight line joining the two points of support
of the conductor. ‘

61. Total sag means the distance mesasured vertically
from any point of & conductor to the straight line joining
its two polnts of support, under conditions of ice loading
equivalent to the total resultant loading for the district
in which it is located. : :

62. Unloaded sag of a conductor at any point in a span
means the distance measured verticalliy from the particular
point in the conductor to & straight line between its two
points of .support, without any external load.

*63. Service means the conductors and equipment for deliv-
ering electric energy from the secondary distribution or
street main, or other distribution feeder, or from the trans-
former, to the wiring system of the premises served: For
overhead cireuits, it includes the conductors from the last
line };lmle to the service switch or fuse. The portion of an
overhead service between the pole and building is designated
88 “service drop.”’

84. Span length means the horizontal distance between

two adgacent suﬂporting points of & conductor.

65. Splicing chamber. (See definition of “Manhole.”)

66. Snbstantial means so constructed and erranged as to
be of adequate strength and -durability for the service to be
performed under the preveiling conditions. ,

67. Switch medns a device for opening and closing or for
chenging the connection of a circuit. In these rules, a
switch will always be understood to be manually operated,
unless otherwise stated. :

68. Switchboard when referred to in connection with sup-
ply of electricity means a large single panel, frame, or
assembly of panels, on which are mountedp (on the face, or
back, or hoth switciies,fuses,bussqs,and ususlly instruments.

69. Tags means “‘men at work” tags of distinctive appear-
ance, indicating that the equipment or lines so marked are
being worked on.

Tension:

70. Fina! unloaded conductor tension means the longitu-
dinal tension in e conductor after the conductor has been
stretched by the application for an appreciable period,
and subsequent release, of the loadings of ice and wind,
and temperature decrsase, sssumed for the loading

Definttions ’ 11

distriet in which the conductor is strung (or equivalent

loading). . o

71 %niﬂal conductor tension means the longitudinal ten-
sion in a conductor prior to the application of any external
load.

=9 Transformer vault means an isolated inclosure either
above or below ground with fire-resistant walls, ceiling, and
floor, in which transformers and related equipment are
ingtalled, and which is not continuously attended during
operation.

73. Urban districts meens thickly settled areas (whether
in cities or suburbs) or where congested traffic often occurs.
A highway, even though in the country, on which the traffic
is often very heavy, is considered as urban.

Voltage: ]

74, Voltage of an effectively grounded circuit means the
highest effective voltage between any conductor and
ground unless otherwise indicated.

75. Voltage of a circuit not effectively grounded means
the highest effective voltage between any twe conductors
unless otherwise indicated. o

.If one circuit is directly connected to another circuit
of higher voltage (as in the case of an autotransformer),
both are considered as of the higher voltage, unless the
cireuit of lower voltage is effectively grounded, in which
case its voltage is not determined by the circuit of higher
voltage. Direct ¢onnection implies electric connectlon as
distinguished from connection merely through electro-
magnetic or electrostatic induction.

Voltage to ground of: ) o

76. A grounded circuit means the highest effective
voltage between any conductor of the circuit and that
point or conductor of the circuit which is grounded.

77. An ungrounded circnit means the highest effective
voltage between any two conductors of the circuit
concerned. -

Voltage to ground of a conductor of: _

78. A grounded circuit mesns the highest effective
voltage between such conductor and that point or con-
ductor of the circuit which is grounded. )

79. An ungrounded circuit means the highest effective
voltage between such conductor and any other conductor
of the circuit ¢oncerned.
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gonnected together and the negative terminals are con-
nected together in & corresponding manner. See also:
pattery (primary or secondary). 42A60-0
serles-parallel centrol. A method of controlling me-
tors wherein the motors, or groups of them, may be
connected successively in series and in parallel, See
afso: multiple-unit control, 42A42-0
geries-parallel network. Any network, contsining
only two-terminal elements, that can be constructed by
successively connecting branches in series and/or in
parallel. Note: An elementary ¢xample is the paralle]
combination of two branches, one containing resist-
ance and inductance in series, the other containing
capdcitance. This netwerk is sometimes called 2 simple
parallel circuit. See afsor network analysis,
*Deprecated E270-0
serfes-parallel starting (rotating machinery). The
process of starting a motor by connecting it to the
supply with the primary winding phase cireuits initialty
in series, and changing them over to a parallel connec-
tion for running operation. See also: asynchronous ma-
chine; synchronous machine, 0-31E8
series rectifier cirenit. A rectifier circuit in which two
or more simple rectifier circuits are connecied in such
away that their direct voltages add and their commuta-
tions coincide. See alsor vectification; rectifler circult
element. E59/42A15-34E17
serfes regulator (power suppHes). A device placed in
series with a source of power that is capable of controll-
ing the voltage or current output by automatically
varying its series resistance. See: passive element. See
alsp: power supply. KPSH-10E!
series relay. See:r current relay. See also: relay.
83A16-0
series resistor (electrie Instrument). A resistor that
forms an essential part of the voltage circuit of an
instrument and generally is used to adapt the instru-
ment to gperate on some designated voltage or voit-
sges. The series resistor may be internal or external to
the instrument. Nofe: Inductors, capacitors, or combi-
nations thereof are also used for this purpose. See afso:
enxiliary device to an instrument, 39A1/42A30-0
series resonance. The steady-state condition that ex-
{sts in & circuit comprising inductance and capatitance
connected in series, when the current in the circuit is
int phase with the voltage across the circuit.
42 A65-31E3
serfes gystem, The arrangement in & multislectrode
clectrotytic cell whereby in each cell an anode con-
nected to the positive bus bar is placed at one end and
2 cathode connected to the negative bus bar is placed
at the other end, with the intervening unconnected
electrodes acting as bipolar electrodes. See also: elec-
trorefining. 42A60-0
Serles tee junction (wayeguldes). A tee junction hav.
ing an equivalent circuit in which the impedance of the
branch guide is predominantly in series with the
impedance of the maln guide at the junction. See also:
waveguide. Ei47-3E1
Stries-trip recloser. A recloser in which main-circuit
cucrent above a specified value, flowing through a sole-
Told or operating coil, provides the energy necessary
to apen the main contacts. J7A100-31E11
series two-terminal pajr networks., Two-terminal pair
networks are cohnected in series at the input or a1 the
output terminals when their respective {nput or output

sarvice capacity

terminals are in series. See also: network analysts.
E153-0
series undercuwrrent tripping. Seer direct release
{gerles frip); undercurrenf rélease (undercurrent
trip).
series winding (autotransformer). The portion of the
autotransformer winding that is not comman to both
the primary and the secondary circuits, but is connect-
ed in series between the input and output circuits. See
also: antotransformer. 57A15-0
serles-wonnd {rotating machinery). A qualifying term
applied to a machine to denote that the excitation is
supplied by a winding or windings connected in series
with or carrying a current proportional to that in the
armature winding, See: asynchronons machine; divect-
corrent commutating machine. 42A10-31E8
serfes-wound motor, A commutator mator in which
the field circuit and armature circuit are connected in
series. See: agychonous machine; direct-cuxrent com-
mutating machine, 42A10-31E8
service (1) (eleciric systems), The conductors and
equipmeat for delivering electric energy from the see-
ondary distribution or street main, or other distribution
feeder, or from the transformer, to the wiring system
of the premises served. Note: For overhead circuits, it
includes the conductors from the last ling pole to the
service switch or fuse. The portion of an overhead
service between the pole and building is designated s
service drop.
See:
clrenit;
dual service;
doplicate service;
emergency service;
loop service;
service cable;
service conductors;
service drop;
service entrance condnctors;
service equipment;
service latersl;
service pipe;
service raceway;
single service. 1A0/2A2-0
(2) (coniroller) {(indusirial contrel). The specific
application in which the controller is to be used, for
example: {A) general purpose, (B) definite purpose, for
example, crane and hoist, elevator, machine tool, etcet-
era. See: electric controller. IC1-34E10
service area (navigation). The area within which a
navigational aid provides either generally satisfactory
service or a specific quality of service. See also; naviga-
tion. 0-10E6
service band. A band of freguencies allocated to a giv-
en class of radio service. See afsor radio transmission.
B145/E1B2/42A65-0
service bits (telecommunication). Those bits that are
neither check nor information bits. See also: bit.

service cable, Service conductors made up in the form
of a cable. See: service conductors. See also: service.
42A35-31E13

service capacity (cell or battery). The eleciric output
(expressed in ampere-hours, watthours, or simitar
units) on a service test before its working voltage falls
to & specified cutoff voltage. See afso: battery (primary

0-19E4
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service conductors . 524

or secondary), 42A60-0
service conductors. That portion of the supply con-
ductors that extends froni the street mains or feeder or
‘transformer to the service equipment of the premises
served. For an overhead system it inciudes the conduc-
tors from the last line pole to the service equipment.
See also: service. 42A35-31E13
servica corrostom {dry cell). The consumption of the
negative elecirode as a result of useful current deliv-
ered by the cell. Sze also: electrolytic cell,
42A80-0
service drop. That portion of overhead service con-
ductors between the last pole and the preémises served,
extending from the pole to the junction with the ser-
vice entrance conductors. See also: service.
42A35-31E13
service enfrance conductors {electric system) (1) {over-
head syatem), The service conductors between the
terminals of the service equipment and a point usually
outside the building, clear of building walls, where
joined by tap or splice to the service drop.
(2) (mmderground system), The service conductors
between the terminals of the service equipment and the
point of connection to the service laterat, Noter Where
service equipment is located outside the building walls,
there may be no service-entrance conductors, or they
may be entirely outside the building.
42A35/1A0-31E13
service equipment (electric system). The necessary
equipment, usually consisting of circuit bresker or
switch and fuses, and their accessories, located near
point of entrance of supply conductors to a building
and intended to constitute the main control and means
of cutoff for the supply to that building. See also: digtri-
bution center; service. 1A0/42A35-31813
service factor (general-purpose alternating-curremt
motor). A multiplier that, when applied to the rated
power, indicates a permissible power loading that may
be carried under the conditions specified for the ser-
vice factor. See also: asynchronous machine; direct-
current commutating machine; synchronous machine.
MGI1-31E8
service ground. A ground comnection to a service
equipmerit or a service conduetor or both. See: ground.
424A35-31E13
service lateral (electric system). The underground
service conductors between the street main, including
any risers at a pole or ather struéture or from trans-
formers, and the first point of connection to the service
entrance conductors in a terminal box inside or outside
the building wall, Where there is no terminat box, the
point of connection shall be considered to be the point
of entrance of the servicé conductors into the building.
See alsor service, 1A0-0
service life (1} {(pyimary cell or battery). The period
of useful service befors its working voltage falls to a
specified cutoff voltage.
(2) (storage cell or hattery), The period of useful
service under specified conditions, ususily expressed
ag the period elapsed before the ampere-hour capacity
has fallen to a specified percentage of the rated capaci-
ty. See also: battery (primary or secondary); charge.
42A60-0
service period (illuminating engineering). The num-
ber of hours per day for which the day lighting provides
a specified illumination level. It often is stated as a
monthly average. See also: sunlight, Z7A1-0

sorvomechanisn

service pipe. ‘The pipe or conduit that contains undey.
ground service conductors and extends from the jupe.
tion with outside supply wires into the custemery
premises. See: distributor duct, Ses 2/s0: service,
42A35.31R13
service racewsy (electric system). The rigid meta)
conduit, clectrical metallic tubing, or other raceway,
that encloses the service entrance conductors. See also.
service. 1A0-0
service rating (rectifier transformer). The maximum
constant load that, after a transformer has carried jtg
continuous rated load until there is no further measur.
able increase in temiperature rise, may be applied for g
specified time without injury. Seg also; rectifler trang.
former. 57A18-0
gervice routine (computing systems). A roitine in
general support of the operation of a computer, for
example, an input-output, diagnostic, tracing, or monj-
toring routine. See: utility routine. See also: electronis
digital computer. X3A12-16R9
sgervice test (1) (primary battery). A test designed to
measure the capacity of a cell or battery under speci-
fied conditions comparable with some particular ser-
vice for which such cells are used. 42A60-G
(2) (flcld test) (meter), A test made during the peri-
od that the meter is in service. Nate: A service test may
be made on the consumer’s premises without removing
the meter from its support, or by removing the meter
for test, cither on the premises or in & lzboratory or
meter shop.
See also:
approval test;
battery;
dielectric tests;
inspection;
installation test;
office test;
perlodic test;
referee test;
reference performance;
request test;
shop test;
watthour meter. 12A0/42A30-0
seyvicing time (electric drive), The portion of down
time that iy necessary for servicing due to breakdowns
or for preventive servicing measures. Seer eleclric
drive. AS1-34E10
serving (cable). A wrapping applied over the core of
a cable before the cable is Jeaded, or over the lead if the
cable is armored. Note; Materials commonly used for
serving are jute or cotton, The serving is for mechani-
cal protection and not for insulating purposes. See also:
power distribution, underground counstruction.
42A35-11E13
servo, See: servomechanisny
servo amplifler. An amplifier, used as part of a ser~
vomechaniam, that supplies power to the electric input
terminals of a mechanical actuator. See afso: electronic
analog computer. E165-16E‘.9
servomechanism. (1) A feedback control -system in
which at least one of the system signals represcsts
mechanical motion. (2) Any feedback control system.
(3) An sutomatic feedback control system in which r..he
controlled variable s mechanical position or any of its
time derivatives,. See afso: control gystem, feedback.
B5A1/X3A12-16E9/2380/34EL2
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prefix code

prefix code (telephone switching systems) One or more digits
preceding the national or intemational number te implernent
direct distance dialing. (COM) 312-1977w

prefixes and symbols (International System of Units (SI))
Used to form names and symbols of the decimal mutiples and
submultiples of the ST wnits:

Prefix r Abbreviation Factor

tera- (megamega- T (MM*) 102
giga- (kilomega-*) G (kM*) -10°
mega- M 108
myria- iy
kilo- k 1°
hecto- h 102
deka- 10
deci- d 107!
centi- ¢ 1072
milli- m 1073
decimilli- dm 1074
micro- n 106
nano- {millimicro-*) n (mp*} 107°
pico- (micromicro-*) p{Lp®) o712
*Deprecated.

These prefixes or their symbols are directly attached to names
or symbols of units, forming multiples and submultiples of
the units. In strict terms these must be called “multiples and
submultiples of SI units,” particularly in discussing the co-
herence of the system. In common parlance, the base units
and derived units, along with their multiples and submulti-
ples, are all called SI units. See also: units and letter symbols.

prefix multipliers The prefixes listed in the following table,
when apphied to the name of a unit, serve to form the desig-
nation of a unit greater or smalier than the original by the
factor indicated.

Multiplication Factor - Prefix Symbol

1 000 000 400 000 GO0 400 = 1018 exa E
1 000 000 000 000 000 = 1078 peta P
1000 D00 000 Q0O = 1072 tera T

1 600 900 000 = 10° giga G

1008 000 = 108 mega M

1000 = 10° kila k

100 = 10? hecto* h
10 =107 deka* da

0.1=10""% deci® d

0.01 = 10"2 centi c

0.001 =103 milli m

0.000 001 = 1078 micro n

0.000 000 001 = 1072 nano n

0.000 000 000 001 = 10~ 12 pico p

0.000 000 000 000001 = 10=5  femto ¥
0.000 009 003 000 000 001 = 10718 atto a

*Deprecated,

. 270-1966w
prefix notation (mathematics of computing) A parenthesis-
free method of forming mathematical expressions devised by
the Polish logician Jan Lukasiewicz, in which each operator
is immediately followed by its operands. For example, A
added to B and the result multiplied by C is expressed as X
+ ABC. Synonyms: parenthesis-free notation; Lukasiewicz
notation;, Polish notation. Contrast: postfix notation; infix no-
tation, (C) 1084-1986w
preform (fiber optics) A glass structure from which an optical
fiber waveguide may. be drawn. See also: ion exchange tech-

nique; chemical vapor deposition technique; optical blank.
(Std100) 812-1984w
preformed coil or coil side (rotating machinery) An element
of a preformed winding, composed of conductor strands, usu-
ally insulated and sometimes transposed, cooling ducts in
some designs, twm insulation where nomber of turns exceeds
one, and coil insulation. See also. rotor; stator, (PE) [9]
preformed winding A winding consisting of coils which are

given their shape before being assembled in the machine.

(FE) [9]
P register A special-purpose instruction address register that
holds the address of the next instruction to be fetched or ex-
ecated, (C) 610.10-1994w

860~ Preorder h'aVerw

preheat (switch start) fluorescent lamp (iluminagiy, .
neering) A fluorescent lamp designed for operaﬁOniﬁ g
cuit requiring a manual or automatic starting switch to pr: 3

the electrodes in order to start the arc. (EEC/E) [:‘W

preheating time (mercury-arc valve) The time reqy,
parts of the valve to aftain operating temperatyre,
o (EDy) [43],[34]
preheating time cathode (electron tube) The mininy,,
of time during which the heater voltage should
before the application of other electrod voltages

i.rﬁd fﬂr a

M pering
be applieg
heater current - See aly

caler ¢ ni. : (ED 45

preheat-starting (fluorescent lamps) (switch~starting) 5
tems) The designation given to those systems in whic), h’;:'
cathode clectric discharge lamps are started from Prﬁhemq;
cathodes through the use of a starting swilch, either Manyy
or automatic in its operation. Note: The stasting switch, whe,
closed, connects the two cathodes in series in the ballag ¢ir-
cuit 50 that current flows to heat the cathodes to emissipy
temperatire. When the switch is opened, a voltage Surge i
produced that initiates the discharpe. Only the are curren
flows through the cathodes after the Jamp is in operation, gy,
also: fluorescent lamp. (EEC/IE) [126]

preliminary design (A) (software) The process of analyzjng
desigm alternatives and defining the architecture, componens,
interfaces, and timing and sizing estimates for a system o
component. See also: detailed design. (B) (software) The r.
sult of the process in definition “A.” (C) 610.12-199)

preliminary design review (A) A review conducted to evalyals
the progress, technical adequacy, and risk resolution of the
selected design approach for one or more configuration items;
to determine each design’s compatibility with the require.
ments for the configuration item; to evaluate the degree of
definition and assess the techmical nsk associated with the
selected manufacturing methods and processes; to establish
the existence and compatibility of the physical and functional
interfaces among the configuration items and other items of
equipment, facilities, software and personnel; and, as appli-
cable, to evaluate the preliminary operationat and support
documents. See also: critical design review; system design
review. (B} A review, as in definition “A” of any hardwar
or software component. (C) 610.12-1990
preliminary relay contacts Contacts that open or close in ad-
vance of other contacts when the relay is operating.
(EEC/REE) (87}
premises wiring (system) That interior and exterior wiring, in-
c¢luding power, lighting, control, and signal circuit wiring to-
gether with all of its associated hardware, fittings, and wiring
devices, both permanently and temporarily installed, which
extends from the load end of the service drop, or load end of
the service lateral conductors to the outlet(s). Such wiring
does not include wiring intemal to appliances, fixtures, mo-
tors, controllers, motor control centers, and similar equip-
ment. (NEC/NESC) (86]

premolded A joint that is factery molded in the shape which i
will take when installed. Installation is performed by sliding
the joint over the cable. The nse of heat is not a part of the
installation procedure. (PE/IC) 404-1993

pre-molded joint (power cable joints} A joint made of pre-

.molded components assembled in the field. -
(PEAC) 404-1986¢
preoperational system fest (Class 1E power sysiems an'
equipment) A test to confirm that all individual compone?
parts of a system function as a system and the systeml func
tions as designed. A preoperational test is performed follow
ing significant modifications or additions made to the facilit)
at later dates. (PE/NP) 415-1986%
preoperational testing All testing required for system comp”
nents prior to energizing or operating the major System comé
ponent. (PE/EDPG) 1248'[_99
preorder traversal The process of traversing a binary free fz:
recursive fashion as follows: the root is visited, then the 1° .
subtzee is traversed, then the tight subtree is traversed. Con
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geries rectifier circuit

fies combination does not exceed the interrupting rating of
(he main overcurrent protective device.
(1A/PSP} 1015-1997
series rectifier circuit A rectifier circuit in which two or more
simple rectifier circuits are connected in such a way that their
direct voltages add and thel commutations coincide. See
alse: rectifier circuit element; rectification, 1Ay [12]
¢eries regulator (power supplies) A device placed in series
with a source of power that is capable of controlling the volt-
age o current output by amomatically varying its series re-
sistance, (AES) [41]
series relay See: relay; current relay.
series resistor (electric instruments) A resistor that forms an
essential part of the voltage circuit of an instrument and gen-
erally is used to adapt the instrument to operate on some des-
ignated voltage or voltages. The series resistor may be inter-
nal or external to the instrument. Note: Inductors, capacitors,
or combinations thereof are also used for this purpose. See
also; auxiliary device to an instrument. (EEC/AIR) [102]
series snubber (ac adjustable-speed drives) Circuit elements,
usually including an inductor, connected in series with a
switching device to limit the rate of rise or fall of current
through the device when switching on or off, respectively.
See also: snubber, (IA/ID/SPC) 995-1987w, 936-1987w
series street-lighting transformer (power and distribution
transformers) A series transformer that receives energy from
a current-reguelating series circuit and that transforms the en-
ergy to another winding at the same or different current from
that in the primary. See also: specialty transformer,
(PE/TR) C57.12.80-1978r, [57]
series system The arrangement in a multiclectrode electrolytic
cell whereby in each cell an anode connected to the positive
bus bar is placed at one end and a cathode connecied to the
negative bus bar is placed at the other end, with the interven-
ing unconnected electrodes acting as bipolar electrodes. See
alse: electrorefining. (EEC/PE) [119]
series tee junction See: E-plane tee junction.
series thyristor converter A thyristor converter in which two
or more simple converters are connected in such a way that
their direct voltages add and their commutations coincide.
(IA/TPC) 444-1973w
series transformer (1) (power and distribution transformers)
A transformer with a “series” winding and an “exciting”
winding, in which the “sertes” winding is placed in a series
Telationship in a circuit to change voltage or phase, or both,
In that circuit as a result of input received from the “exciting”
winding. Note: Applications of series transformers include:

1) Use in a transformer such as a load-tap-changing or reg-
ulating transformer to change the voltage or current duty
of the load-tap-changing mechanism.

2) Inclusion in a circuit for power factor correction to indi-
rectly insert series capacitance in a circuit by connecting
capacttors to the exciting winding.

(PE/TR} C57.12.80-1978r

{2) A ransformer in which the primary winding is connected
In series with a power-supply circuit, and that transfers energy
to another circuit at the same or different current from that in
the primary circuit. See also: tansformer.  (PE/TR) [57]
Series transformer rating (power and distribution trans-
fm:mers) The lumen rating of the series lamp, or the wattage
Tating of the multiple lamps, that the transformer is designed
th Operate. (PE/TR) C57.12.80-1978r
Series-irip recloser A recloser in which main-circuit curzent
above a specified value, flowing through a sclencid or aper-
aling coil, provides the energy necessary to open the main
Clontact& (SWG/PE) C37.100-1992
Seties two-terminal pair networks Two-terminal pair networks
are connected in series at the input or at the outpat terminals
When their respective input or output terminals are in series.
See also: network analysis. (BT) 153-1950w
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series undercurrent tripping See: direct release; undercurrent
release.
series wnit (power and distribution transformers) The core
and coil unit which has one winding connected in series in
the line circuit. (PE/TR) C57.12.80-1978r
series weighting Response weighting by separating a finger into
individual elements with capacitive coupling between them;
the elements may be separated from the bus bar.
(UFFC) 1037-1992w
series winding (1) (A) (autotransformer) (power and distri-
bution transformers) That portion of the autotransformer
winding which is not common to both the primary and the
secondary circuits, but is connected in series between the in-
put and cutput circuits. {B) (power znd distribution trans-
formers) The winding of the series unit which is connected
in series in the line circuit. Note: If the main unit of a two-
core transformer is an autotransformer, both units will have
a series winding. In such cases, one is referred to as the series
winding of the autotransformer and the other, the series wind-
ing of the series wnit. (PE/TR) C57.12.80-1978
(2) That portion of the autotransformer winding that is not
common to both the primary and secondary circuits, but is
connected in series between the input and output circuits.
(PE/TR) C57.15-1999
series-wound (rotating machinery) A qualifying term applied
to a machine to denote that the excitation is supplied by a
winding or windings connected in series with or carrying a
current proportional to that in the armature winding. See also.
asynchronous machine. (PE) [9]
series-wound motor (1) The conductors and equipment for de-
livering energy from the electricity supply system to the wir-
ing system of the premises served. {NESC/NEC) [86]
(2} A dc motor in which the field circuit and armature circuit
are connected in series. Speed is inversely proportional to the
square root of load torque. Motor operates at a much higher
speed at light load than at full load. (IA/MT) 45-1998
servant A device that is controlled by a commander. There are
message-based and register-based servants.
(C/MM) 1155-1992
server (1) (telecommunications switching systemns} A system
component that performs operations required for the process-
ing of a call. See also: traffic usage count.
(COM/TA) 973-1990w
(2) MULTIBUS II) An agent that performs a service for
clients. See also: client. (CMVIM) 1296-1987s
(3) In a network, a device or computer system that is dedi-
cated to providing specific facilities to other devices attached
to the network. Contrast: client. See also: mail server; disk
server; file server; terminal server; network server; database
server; print server, (C) 610.7-1995
(4) The facility in the terminal or work station that provides
input (keyboard, mouse) and output {screen graphics) services
to the application. Synonym: X server. (C) 1295-1993w
(5} The software component on one device that provides ser-
vices for use by clients on the same or another device.
(C/MM) 1284.4-2000
(6) See also: batch server.
Server Object Any Object that executes one or more of its
operations in response to a request from 2 Client object.
(IM/ST) 1451.1-19%9
Server Object Tag An attribute of a Client Port that identifies
the Object Tag of the Server Object with which the Port com-
municates in client-server communications.
(IM/ST) 1451.1-1999
Service An instance of a subclass of IEEE1451_Service.
{(IM/ST) 1451.1-1999
service (1) (electric systems)} The conductors and equipment
for delivering electric energy from the secendary distribution
or strest main, or other distribution feeder, or from the trans-
former, to the wiring system of the premises served. Note:
For overhead circuits, it includes the conductors from the last
line pole to the service swiich or fuse. The portion of an




service access point

overhead service between the pole and building is designated
(NESC) [86)
(2} (controller) The specific application in which the con-
troller is to be used, for example: general purpose; definite
pwpﬁse (for example, crane and hoist, elevator, machine tool,
{IA/ICTLAAC) [60]
. (3) A distinct part of the functionality that is provided by an

entity on one side of ari interface to an Entity on the other side
(C/PA) 14252-1996
(4) The delivery, installation, maintenance, training, and other
labor-intensive activities providing life-cycle support associ-

as service drop.

etc). See also: electric controller.
of the interface.

ated with the products and processes of the system.
(C/SE) 1220-1994s
(5) System behavior as perceived by the systern user.
(C/BA) 896.9-1994w
(6) Software that implements the interface.
(C/PA) 1351-1994w, 1224-1993w, 1224.1-1993w,
1327-1993w, 1328-1993w
(7) Capabilities provided by a tool or user to get a job done.
(ATLAS) 1232-1995
(8) A software interface, frequently implemented as a soft-
ware function, providing a means for communicating infor-
mation between two applications.  (SCC20) 1232.1-1997
(9) Operation or run-time call whose behavior and interface
are standardized. See also: method. (SCC20) 1226-1998
(10) The operation of the vehicles under normal conditions
with or without revenue passengers. (VT) 1475-1999
(11) An action or response initiated by a process (ie., a
server) at the request of some other process (i.e., a client).
(SCC20) 1232.2-1998
(12) (local area networks) The capabilities and action pro-
vided by one layer for another. (C) 8802-12-1998
(13) The capabilities and features provided by an N-layer to
an N-user. (C/LM/CC) 8802-2-1998

service access point (SAP) (1) The point at which services are
provided by cne layer (or sublayer) to the layer (or sublayer)
immediately above it (ISO 7498).
(LM/C) 610.7-1995, 8802 6-1994
(2) An address that identifies a user of the services of a pro-
tocol entity, ({C/EMB/MIB) 610.7-1995, 1073.3.2-2000
service area (1) (navigation) (navigation aids) The area within
which a navigational aid provides either generally satisfactory
service or a specific quality of service.
(AES/GCS) 172-1983w
(2) The territory in which a utility system is requlred or has
the right to supply or make available electric service to the
ultimate customer, ' (PE/PSE) 858-1993w
service band A band of frequencies allocated to a given class
of radio service. See also. radio transmission.
(AP/BT/ANT) 145-1983s, 182-1961w
service bits (felecommunications) Those bits that are neither
check nor information bits. See also- bit. (COM) [49]
service brake (maximum} A nonemergency brake application
that obtains the (maximum) brake rate that is consistent with
the design of the brake system, retrievable under the control
of master control, (VT) 1475-1999
service braking See: service brake.
service cable Service conductors made up in the form of a cable.
(NESC/NEC) [86]
service capacity (cell or battcry) The electzic output (expressed
in ampere-hours, watthours, or similar units) on a service test
‘before its working voltage falls to a specified cutoff voltage.
See also! battery. (EEC/PE) [119]

service circuit (telephone switching systems) A circuit used
for signaling purposes connected to and disconnected from a

communication path during the progress of a call.
(COM) 312-1977w

service cxrcults Commor or shared equipment units or software
facilities (e.g., registers) associated with lines or trunks to
provide specialized functions. Examples of service cu'cuats
include the following:
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1) Customer digit receivers

2) Interoffice receivers

3) Interoffice transmitters

4) Ringing circuits

5) Universal announcement circuits
6) Tone circuits

7) Conference circuits

8) Memory registers

service class (use in primitives) A parameter used to convey
class of service required or desired.
(C/LM/CC) 8802- 2.

service code (telephone switching systems) Any of the deg

nation codes for use by customers to obtain directory ass

ance or repair service, or to reach the business office of.

telecommunications company. (COM) 312-1
service condition: (thermal classification of electric

of e]cctnc equipment.

service conditions (nuclear power generatmg station) (va' :

actuators) (safety systems equipment in nuclear po
generating stations) Environmental, loading, power and
nal conditions expected as a result of normal operating
quirements, expected. extremes (abnormal) in operating,
quirements, and postulated conditions appropriate fo
design-basis events of the station.
. (PE/NP/EDPG) 382-1985, 323-1974as, 650-197
317-1983r, 649-1980s, 690-1984r, 627-]
service conductors The supply conducters that extend fro
street main or from fransformers to the service equipm
the premises supplied.

See also: electrolytic cell.
service current, continuous See. continuous service ¢
service data unit (SDU) (I) Information that is deliver
unit between peer service access points (SAPs). Se
service access point. o
" (LM/C/EMB/MIB) 8802-6-1994, 10733
(2) The 48-byte data payload of an asynchronous
mode (ATM) Cell. (C/BA) 1393-19
{3) The data associated w1th a service prm:uuve !
(SCC32) 1455-
(4) Information delivered as a unit between adjacent enl
that may also contain a PDU of the upper layer.
(C/LM) 8802-
service date {(power system measurement) The date a umil
enters the active state. On this date the reporting of perf
ance data shall begin. Nore: The service date is not:
confused with the installation date (the date the unit w
electrically connected to the system) or with the commert
operafion date (usually related to the satisfactory com|
of acceptance tests as specified in the purchase contra
(PE/PSE) 762
service delay In data communications, the time that eld
from the release of a message by an criginator to its
by the addressee. (C) 6107
service discovery The function of providing transpo :
with the ability to dynamicaily query service avmlab
within a peer transport entity. (C/VIM) 1284,
serwce drop (1) The overhead conductors between the &
‘supply or communication line and the building or ST
being served. (NESC) €2 c2?
(2) The overhead service conductors from the las
other aerial support to and including the splices, if any
necting to the service-entrance conductors at the buitdi
" other structure. -

(COM/TA) 97315973

jee-entrance cable

rvice-entrance cable
yassembly provided w
marily used for servic

e - } Type SE, having a
ering, but not requ
mechanical abuse
\'b) Type USE, recog
- moisture-Tesistant
. flame-retardant ¢
mechanical abuse
_ sulation specifica
quire an outer ¢
- USE constructior
. have a bare copp
Type USE single,
- recognized for ur
'_.-concentric condu
Tequire an outer ¢

+c) If Type SE or us
. _.: tors, one shall be

¢ environment
onditions surround
, while scrvmg

iilocated near the po
ding or other st

ctor {gene
mulhphcr that, v



e

E-ice-entrance cable

jce-entrance cable A single conductor or multiconductor
cembly provided with or without an overall covering, pri-
inarily used for services and of the following types:

‘Type SE, having a flame-retardant, moisture-resistant cov-
ering, but not required o have inherent protection against
“mechanical abuse.
¢tj Type USE, recognized for underground use, having a
mmsture-resnstant covering, but not required to have a
fame-tetardant covering or inherent protection against
mechanical abuse: Single-conductor cables having an in-
wlation specifically approved for the purpose do not re-
quire an outer covering. Cabled single-conductor Type
- USE constructions recognized for underground use may
- have a bare copper conductor cabled with the assembly.
“Type USE single, parallel, or cabled conductor assemblies
\recog-mzcd for underground use may have a bare copper
concemnc conductor applied. These censtructions do not
require an outer overall covering.
t¢) If Type SE or USE cable consists of two or more conduc-
rs, one shall be permitted to be uninsulated.

‘ (NESC/NEC) {86]
ryice
yste ) The service conductors between the terminals of the

¢ equipment and a point usually outside the building,

to the service lateral, Note. Where service equipment
ated outsu:le the building walls, there may be no servxcc-

h:lc serving the design load during normal, accident,

""’E—acc:dcnt operation.

(PE/NP) 387-1995, 387-1984s
Kequlpment The necessary equipment, usually consisting
u'cult brea.ker or switch and fuses, and their accessories,

i othcr structure, or an otherwise defined area, and
o' constitute the main control and means of cutoff
(NESC/NEC) [86]

! ua on. (telephone switching systems) Determina-

uahty of service received by the customer.

(COM) 312-1977w
eneral-purpose alternating-current motor}
‘that, when applied to the rated power, indicates

f}%‘d"mp’émﬁed for the service factor. See also: asyn-
: (PE/NP) [9], 741-1997

H!M )
5 Oﬂpd ground connection to a service cqmpmcnt or

gt zs‘llabillty, availability, and productivity) The
of ho it was in the in-service state.

(PE/EDFG) [3]

. 1224 1993w
labOratory, either internal to an agency

exclusive of the purpose of monitoring or test-
cmcc laboratory" is synonymous with “pro-
(NI) N42.23-1995

'underg'round service conductors between
ncluding any risers at a pole or other structuge
218, and the first point of connection to the
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service request

service-entrance conductors in a terrminal box or meter or
other enclosure with adequate space, inside or outside the
building wall, Where there is no terminal box, meter, or other
enclosure with adequate space, the point of connection shall
be considered to be the point of entrance of the service con-
ductors into the building. (NESC/NEC) [86]
service life (1) (primary cell or battery) The period of useful
service before its working voltage falls to a specified cutoff
voltage. (EEC/PE} [1197
(2) (storage cell or battery) The period of useful service un-
der specified conditions, usually expressed as the period
elapsed before the ampere-hour capacity has fallen to a spec-
ified percentage of the rated capacity. See also: battery;
charge. (EEC/PE) [119]
(3) The actual period from initial operation to retirement of a
system, structure, or component. {PE/NP) 1205-1993
service life capacity Minimum battery capacity needed to meet
design requirements, including temperature correction but ex-
cluding margin. (PE/EDPG) 1106-1987s
service life of cable (cable systems) The time during which
satisfactory cable performance can be expected for a specific
set of service conditions.
(PE/SUB/EDPG) 422-1986w, 525-1992r
service order process time A command to a switching system
to install, remove, or rearrange trunking, routing, or a cus-
tomer's service. The time required for input of a service order
and its implementation in the switch under specified traffic
conditions may be defined separately for manual or computer-
generated input, (COM/TA) 973-1990w
service period (illuminating engineering) The number of
hours per day for which the daylighting provides a specified
illuminance level. It often is stated as a monthly average.
(EEC/TE) [126]
service pipe The pipe or conduit that contains underground ser-
vice conductors and extends from the junction with outside
supply wires into the customer's premises. See also: service;
distributor duct, (T&D/PE) [10]
service-point The point of connection between the facilities of
the serving utility and the premises’ wiring. Note: For clear-
ances of conductors of over 600 V, see the National Electrical
Safety Code. (NESC/NEC) [86]
service pole See: structure,
service primitive (1) A specific service provided by a particular
protocol layer entity. (C/MM) 1394-1995
(2) An abstract, implementation-independent interaction be-
tween a service user and the service provider. Synonym. prim-
itive. (LM/C) 8802-6-1994
(3) A function in the external interface of a kemel element
(KE) that may be invoked to access services provided by the
KE. (SCC32} 1455-1999
service provider An implementation of the ACSE and Presen-
tation Layer protocols, to which the APS API provides access.
(C/PA) 1351-1594w
service raceway The raceway that encloses the service-entrance
conductors. (NESC/NEC) [86]
service rating (rectifier transformer) The maximum constant
load that, after a ransformer has camted its continuous rated
load until there is no further measurable increase in temper-
ature rise, may be applied for a specified time without injury.
See also: rectifier transformer. (5td100) C57.18-1964w
service recovery Actions or strategies that restore the service
capabilities of a switching system from detected troubles,
both internal and external to the switching system, in ordex
to protect service with minimal impact on customers, con-
sistent with reliability and service objectives.
{COM/TA} 973-1990w
service request A solicitation of services from a client to a
server, A service request may entail the exchange of any num-
ber of messages between the client and the server. In this
amendment, the term request denotes a service request. When
naming specific types of requests, the term request is qualified
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34 Arlicle 100 = Definitlons

The definition of plentm in the Code is essentially the same
, a3 the definition of plenum in NFPA 304, Standard for the
Installation owa—t‘ondmanmg and Ventilating Systems. For

- information on wiring’ methods permitted within plenums .

see 300.22(B).

The definition of plenum is not intended to B.pply to the .

space above a suspended ceiling that is used for environmen-
tal air referred to in 300.22(C).

The au’-hand]mg space under a computer room floor
has special requirements. See Article 645.

Power Outlet. An enclosed assembly that may include re-
ceptacles, circuit breakers, fuseholders, fused switches,
buses, and watt-hour meter mounting means; intended to
supply and control power to mobile homes, recreational
vehicies, park trailers, or boats or to serve as & means for
distributing power reguired to operate mobile or temporarily
installed equipment.

Premises Wiring (System). That interior and exterior wir-
ng, including powez, lighting, control, and signal circuit
wiring together with all their associated hardware, fittings,
and wiring devices, both permapently and temporarily in-
stalled, that extends from the service point or source of

- power, such as a battery, 2 solar photovoltaic system, or a
generator, transforimer, or converter windings, to the out-
let(s). Such wiring does not include wiring internal to appli-
ances, luminaires (fixtures), motors, controllers, motor
contro] centers, and similar equipment,

Qualified Person. One who has skills and knowledge re-
lated to the constroction and operation of the electrical equip-
ment and installations and has received safety training on
the hazards involved,

Nev in the 2002 édition, the definition of the term qualified
person now inchdes safety training. No longer is it adequate
for ‘an clecm::al worker to be “familiar with the hazards
involved”; the electrical worker of today must also have
safcty trammg on the hazards mvclvcd. '

Raceway, An enclosed channel of metal or nonmetallic ma-
terials dezigned expressly for holding wires, cables, or bus-
bars, with additional functions as permitted in this Code.
Raceways include, but are not limnited to, rigid metal conduit,
rigid nonmetallic conduit, intermediate metal conduit, lig-
vidtight flexible conduit, flexible metallic tobing, flexible
metal conduit, electrical nonmetallic tubing, electrical metal-
lic tubing, underfloor raceways, celinlar concrete floor race-
ways, cellolar metal floor raceways, swface raceways,
wireways, and busways,

Cable trays (see Article 392) are pot considered raceways
in the NEC.

Rafnproof. Constructed, protected, or treated so as to pre-
vent rain from interfering with the successful operation of .
the apparatus onder specified test conditions.

See the commentary following the definition of enclosure.

Raintight. Constructed or protected so that exposure 10 2
beating rain will not result in the entrance of water under

specified test conditions.

Raceways on exterior surfaces of buildings are required to
be made raintight (see 225.22 and 230.53). For boxes and
cabinets, sce 300.6. Also see the comrentary followmg the
deﬁnmons of wet locarian, and enclosure.

Receptacle. A receptacle is a contact device installed at the
cutiet for the connection of ap attachment plug. A single
receptacle is a single contact device with no other contact
device on the same yoke. A muldple receptacle is two or
more contact devices on the same yoke,

Exhibit 100.9 shows one single end two maltiple receptacles,

@
©
Single MuRiple Muttiple
Recsptacle Receptacle Receplacie
(Duplex)

Exhibit 1009 Receptacies. . -
Receptacle Qutlet. Anoutlet where one or more receptacles
are installed.

See PBxhibit 1009 and _the commentary following
220.3(BX9). - '
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Remote-Control Circult. Any electric circuit that controls
apy other circuit throngh a relay or an eguivalent device.

Exhibit 100.10 illnstrates a remote-control circnit that starts
and stops an electric motor. - : .

-

F{emola—oontml
cirmm Lk

Exhiblt 100,10 Remote-control circuit for starbng and stopplng
an slectric motor.

Sealable Equnipment. Equipment enclosed in a case or cabi-
et that is provided with a means of sesling or locking se
that live parts cannot be made accessible without opening
the enclosure, The equipment may or may not be operable
withoat opening the enclosure.

Separately Derived System. A premises wiring system
whose power is derived from a battery, from a solar photovol-
tic systern, or from a generator, transformer, or converter
windings, and that has no direct electrical connection, inched-
Ing a solidly connected grounded circuit conductor, to supply
conductors originating in another system.

Service, The conductors and equipment for delivering elec-
itic energy from the serving utility to the wiring system of
the premises served.

" The definition of service was modified for the '1599 Code
t state that electric energy to & service can be supplied only
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by thesemng uﬁﬁty. If eléctdc cﬁc@ is' suppliéd by other

“than the serving utility, the supplied conductors and equip-
" ment are considered feeders, not a service.

Service Cable, Service conductors made up in the form of
a cable.

Service Conductors, The conductors from the service point
to the service disconnecting means, '

The definition of service coriductors was revised in the 1999
Code to be more precise. The plirase -““or- other source of
power” was deleted. The service conductors criginate at the
service point (where the ‘serving utility ends) and end at the
service disconnect. Due to the associated 1999 Code change
in the definition of service, “these service conductors may
originate only from the serving utility. -

., Service conductors is a broad term, and may mclud:

' .semce drops, service laterals, and service-entrance condiic-

tors. But this-term specifically excludes any wiring on the
supply side (serving utility side) of the service point; -

If the utility. has specified that the service point is at
the utility pole, then the service conductors from an overhead
distribution system originate at the utility pole and terminate
at the service disconnecting imeans. .,

" I the utility has specified that the service point is at
the uuhty marhole, ‘then the service conductors from an
undéiground distribution system origisiate at the utility man-
hole and terminate at the servicé disconnecung means.
‘Where utility-owned primary couductors are extended to
outdoor pad-mounted transformers on private property, the
service conductors originate at the secondary connections
of the transformers only if the utility has specified that the
service point is at the secondary connections. -

See Article 230, Part VIII, and the commentary follow-
ing 230,200 for service conducto:s cxceedmg 600 volts

uommal

Service Drop. The overhead service conductors from the
Iast pole or other aerial support to and including the splices,
if eny, connecting to the service-entrance conductors at the
building or other structure.

In Exhibit 100.11, the overhead service-drop conductors run
from the utlity polc and . connect to the ‘service-entrance
conductors at the 'service pomL Conductors on the utility
side of the service point are not covered by the NEC. Thé
utility specifies the location of the service point. Exact loca-
tions of the service point may vary from utility to utility, as
well as from occupancy to occupancy.
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Service-trop ¢onduotors

Service-gntrance
conduciors

Exhibit 100.11 Overhead system showing a service drop from
a ulility pole to attechment on a house and service-entrance
conductors from point of attachment {spliced to senvice-drop con-
ductors), down the side of the house, through the meter socket,
and terminating In the service equipment.

Service-Entrance Conductors, Overhead System. The
service conductors between the terminals of the service
equipment and a point usually outside the building, clear of
building walls, where joined by tap or splice to the service
drop.

See Exh:bzt 100 11 for an 1IIuslranon of service-entrance
conductors in an overhead system.

Service-Entrance Conductors, Underground System.
The service conductors between the terminals of the service
equipment and the point of connection to the service latersl.

See Exhibit 100.12 for an illustration of service-entrance
conductors in an underground system.

FPN: Where service equipment is located outside the
building walls, there raay be no service-entrance conduc-
tors, or they may be entirely outside the bujlding.

Service Equipment, The necessary equipment, usually
consisting of a circuit breaker(s) or switch{es) and fuse(s)
and their accessories, connected to the load end of service
conductors to a building or other structure, or an otherwise
designated aren, and intended to constitute the main control
and cutoff of the supply.

The definition of service equipment was revised for the
1999 Code. In addition to editorial corrections, the phrase
“connected to the load end of service conductors” was
substituted for the phrase “locatéd near the point of en-
trance.” This change is in concert with the other assocmtcd
changes made to the definitions of service and service
conductors.

Service eqmpment may consist of circuit breakers or
fused switches provided to disconnect all ungrounded con-
ductors in a building or other structure from the service-
entrance conductors.

“The disconnecting means at any one location is not
allowed to consist of more than six circuit breakers or six
switches and is required to be readily accessible either out-
side the building or structure or inside nearest the point of
entrance of the service-entrance conductors. See 230.6 and
Article 230, Part VI, for service conductors outside the build-
ing and service disconnecting mearis, respectively,

Service Lateral. The underground service conductors be-
tween the street main, including any risers at a pole or
other strocture or from transformers, and the first point of
connection to the service-entrance conductors in a terminal
box or meter or other enclosure, inside or cutside the building
wall Where there is po terminal box, meter, or other enclo-
sure, the point of connection is considered fo be the point
of entrance of the service conductors into the building.

The definition of service lateral was revised for the 1999
Code, eliminating the references to adequate space,
 As Exhibit 100.12 shows, the underground service later-
als may be run from poles or from transformers and with
or withoiit terminal boxes, provided they begin at the service
point. Conductors on the utility side of the service point are
not covered by the NEC. The utility specifies the location
of the service point. Exact locations of the service point may.
vary from uuhty o utility, as well as from occopancy to
occupancy.

Service Point. The point of connection between the facili-
ties of the serving utility and the premises wiring.

The service point is the point of demarcation between the
serving utility and the premises wiring. The service point is
the point on the wiring system where the serving utility ends
and the premises wiring begins. The serving utility general]y
specifies the location of the service point.

Because the location of the service point is generally
determined by the utility, the service-drop conductors and
the service-latera] conduttors may or may not be part of the
service as covered by the NEC. For these types of conductors

2002 National Elecirical Code Handbook
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Service lateral  Terminal  Service-entrance conductors
box

Exhlbit 100.12 Underground systerms showing service latérals

run from a pole and from a transformer.

to be covered, they must be physically located on the prem-
1ses wiring side of the service point. If these conductors are
located on the utility side of the service point, they are not
covered in the definition of service conductors and arc there-
fore not covered by the NEC. '

. Generally, based on the definitions of the terms service
point and service conductors, any conductor o the serving
utility side of the service point is not covered by the NEC.
For example, a typical suburban residence has an overhead
Service drop from the utility pole to the house. I the utility
Specifies that the service point is at the point of attachment
of the service drop to the house, then the service-drop con-
ductprs are not considered service condnctors because the
Service drop is not on the premises wiring side of the service
fh‘:m- f{,temativcly, 1f the service point is specified as “at
e pole™ by the 1.1t1_hty, then the service-drop conductors
N considered service conductors, and the NEC would apply

9 the service drop. .

Nationa; Electrical Code Han dbook 2002

isolation transfer switched.

Exact locations for a service point may very from utility to.
utility, as well as from occupancy to occupancy.

Show Window, Any window used or designed to be used
for the display of goods or advertising material, whether it
1s fully or partly enclosed or entirely open at the rear and
whether or not it has a platform raised higher than the street
floor level,

See 220.3(BX(7), 220.12(A), and Bxhibit 220.1 for shoiv-
window lighting load requirements. : o

Signaling Cirenit. Any electric circuit that energizes signal-
ing equipment.
Solar Photovoltate System. The total components and sub-

systems that, in combination, convert solar energy into elec-
trical energy suitable for connection to a utilization load.

Sé_e Arﬁ:cle 690 for solar photovoltaic system requirements.

Special Permission. The written consent of the authority
having jurisdiction.

The authority having jurisdiction for enforcement of the -
Code is responsible for making interpretations and granting '
special permission contemplated in a number of the rules, -
as stated in 90.4, For specific examples of special permission,

see 110.26(A)(1)(bY, 230.2(B), and 426.14. :

Structure. That which is built or constructed.

_ Added for the 2002 Code, this definition allows the architect,

electrical engineer, general contractor, electrical contractor,
and all building officials to use the same definition for
Structure. ’

Switch, Bypass Isolation. A manually operated device used
in conjunction with a transfer switch to provide a meuns of
directly conpecting load conductors to a power source and
of disconnecting the transfer switch.

See 700.6(B) and 701,7(B) for further information on bypass

2

Switch, General-Use. A switch intended for use in general
distribution and branch circuits. It is rated in amperes, and



— Exhibit F-7
KEITH MALMEDAL, PHD., P.E. 12/2/2009

Page !
1 STATE OF ILLINOIS

:
!
TLLINOTS COMMERCE COMMISSION !
H

[ T 5 N % |

TRI-COUNTY ELECTRIC COOPERATIVE, INC.

VYRS R AR A ey AR AN

6 vS.

ILLINOIS POWER COMPANY D/B/A AMEREN IP

8 Cause No. 05-0767

10

b A e T ST g i

i1
12 DISCOVERY DEPOSITION OF KEITH MALMEDAL, PHD., P.E.
TAKEN ON BEHALF OF THE COMPLAINANT

S B R

13 DECEMBER 2, 2009
14
15
16

T Y T e

St

17 ;
18
19

O e e R T A R

20
21 :
23

i gy s o e B R T T R e e P B

MIDWEST LITIGATION SERVICES
Ww.midwestlitigation.com Phone: 1.800.280.3376 Fax: 314.644.1334




Page 3
1 STATE OF ILLINOIS
JLLINOIS COMMERCE COMMISSION
2
TRI-COUNTY ELECTRIC )
3 COOPERATIVE, INC., )
)
4 Complainant, )
) Case No. 05-0767
5 VS, )
)
6 ILLINOIS POWER COMPANY )
D/B/A AMEREN IP, )
7 )
Respondent . )
8 )
9
10 DISCOVERY DEPOSITION OF KEITH MALMEDAL,
11 PHD., P.E., produced, sworn and examined on December
12 2, 2009, between the hours of eight o‘clock in the
13 forenoon and six o'clock in the afternoon of that day,
14 at the offices.of Tri-County Electric Cooperative,
15 Tnc., 3906 West Broadway, Mount Vernon, Ilinois,
16 62864, before Jenna L. Higgins, a Certified Court
17 Reporter (MO), Certified Shorthand Reporter (IL), and
18 a Notary Public within and for the State of Illinois,
19 in a certain cause now pending with the State of
20 Illinois, Illinois Commerce Commission, between
21 TRI-COUNTY ELECTRIC COOPERATIVE, INC., Complainant,
22 vs. ILLINOIS EOWER ___COMPANY D/B/A AMEREN 1P,
23  Respondent; on behalf of the Complainant.
24
25
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Page 5
1 IT IS HEREBY STIPULATED AND AGREED by and

2 between counsel for the Complainant and counsel for

3 the Respondent that this deposition may be taken in
4 shorthand by Jenna L. Higgins, a Certified Court
5 Reporter (MO), Certified Shorthand Reporter (IL), and

6 Notary Public, and afterwards transcribed into

7 typewriting; and the signature of the witness is

8 expressly reserved. E

9 * * * * *

10 KEITH MALMEDAL, PHD., P.E.,

11 of lawful age, produced, sworn and examined on behalf

12 of the Complainant, deposes and says:
13 EXAMINATICN

14 QUESTIONS BY MR. TICE:
15 Q. I will tell you what. You have got your
16 report. Just give that to the court reporter because

17 you have yours already. Would yvou state your name, §

i8 Please?

118 A. Keith Malmedal.

120 Q. Spell that for me, please.

21 "A. K-e-i-t-h M-a-l-m-e-d-a-1.

22 Q. Have you -- where are you from,

323 . Mr. Malmedal?

124 A. Denver, Colorado.

Q. Okay. And your age?

T B R T T T

MIDWEST LITIGATION SERVICES
"W.midwestlitigation.com Phone: 1.800.280.3376 Fax: 314.644.1334
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Page 102
as well as physical facilities, correct?

A. Yes.

Q. weight of equipment and so forth?

A Yés. It would be expensive and --

Q. Okay. And they'd have to do that even
though Citation didn't require any additional power;
is that correct?

A, If there are other customers that needed
the power?

Q. Yes.

A. Yes. They would have to do that.

Q. Okay. Now, Robert Dew in his report in his
testimony has referred to the fact that IP has made a
number of modifications to the Texas substation over
the years from 1965 on up including new transformers,

larger transformers. You read his report?

A, Yes. From 1952 on up.
Q. Pardon?
A. 1952 was the first instance he referred to.

Q. Yeah. And did you investigate any of those
assertions by Robert Dew that, in fact, these changes,
these modifications, had, in fact, been made to the
Texas -substation, physically made to the Texas
substation?

A. Other than -- no. I didn't investigate,

MIDWEST LITIGATION SERVICES
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Page 103
1 but I have no reason to believe they weren't done.

2 Q. Okay. 2and do you have any reason to
3 believe that those modifications had an effect upon

4 the increased capacity to serve load out of that Texas

5 substation?

6 A. They very likely did, yes. Some of them

7 did.

8 Q. Now, also, the Texas substation is a three

9 phase substation, isn't it?

10 A, Yes.

11 Q. I mean -- and what does that mean? Tell
12 me.

13 A. It means there are three phases of voltage

14 that are going in and out of it.

15 Q. Coming in on the high side and going out on
16 the low side, is that correct?

17 A. Yes.

18 Q. So every circuit coming out of that

19 substation on the low side is a three phase c¢ircuit,
20 isn't it?

21 A. Yes. At least where it attaches to the
22 substation.

23 -~ Q. And, well, it is a three phase circuit
24 going to the Citation connection, isn't it?

25 A. It is, ves.

oo T 7t T T ¥ % e e

MIDWEST LITIGATION SERVICES
www.midwestlitigation.com Phone: 1.800.280.3376 Fax: 314.644.1334
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 witness was taken by me to the best of my ability and

16

237

_ Page 117 |
CERTIFICATE OF REPORTER

I, JENNA L. HIGGINS, a Certified Shorthand
Reporter (IL), and a Notary Public within and for the
State of Illinois, do hereby certify that the witness

whose testimony appears in the foregoing deposition

was duly sworn by me; that the testimony of said

thereafter reduced to typewriting under my direction;

i
i
ki
i

that I am neither counsel for, related to, nor
employed by any of the parties to the action in which
this deposition was taken, and further that I am not a
relative or employee of any attorney or counsel
employed by the parties thereto, nor financially or

otherwise interested in the outcome of the action.

Notary Public within and for

the State of TIllinois

IL CSR #084-004398

OFFICIAL SEAL
JENNA L HIGGINS
NOTARY PUBLIC - STATE OF ILLINOIS
MY COMMISSION EXPIRES:01/27/13

PP ARINT
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www.midwestlitigation.com Phone: 1.800.280.3376 Fax: 314.644.1334
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Page 119
1 STATE OF ) !
)
2 COUNTY OF }
3

I, KEITH MALMEDAL, PHD., P.E., do hereby certify:
4 That I have read the foregoing deposition;
That I have made such changeg in form and/or
5 substance to the within deposition as might be
'necessary to render the same true and correct;
6 That having made such changes thereon, I hereby
subscribe my name to the deposition.
7 T declare under penalty of perjury that the

foregoing is true and corxrect.

XEITH MALMEDAL, PHD., P.E.
i0

11 Executed this <8 day of l&&dﬁxnbﬁﬁﬁ

12 2009, at /4 WARD Redet Linst/

13 Lolonsdo

14

15  Notary Public:—7< ;77 B in L

16 My Commission Expires: %0 /35

17 | -
wm&pﬂca AO

18 Signature page to: Matthew Frey

19

20 Jh/KEITH MALMEDAL, PHD., P.E., 12/02/2009
21
22 TRI-COUNTY ELECTRIC COOPERATIVE, INC. Vs. ILLINOIS

23
24
25
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_ _91/11/2005 18:22 FAX 4058815491 CITATION OIL - @002/003

Persoral and Confidential
 July &, 2005
Mz, Todd Masten
Regulatory Specialist, Amerep IP
Mr. Masten,

This letter is being written to explain Citation’s plen to wtilize Amerea IP powez, via an
existing primsary line, that is owned by the Salec Unit interest owners, snd curreatly
exists in Tri County Electric Coop tesritory, to power equipment in the Salem Unit.

Citafion Ol and Gas Corp. acquired the opemtion of the Salom Waterfiond Unit in
Decomber 1998 fom Texaco Explarstion xnd Production Company. This vmit strotches
seven miles In length trom Section 16, T2N, RZE, to Sestion 17, TIN, R2E in Marion
County, tinois. Currealy the Salem Unit utilizes & poak load of 5,800 KW with an
average wse of ~ 3.7 MICWH. The voltage Amoren IP supplics to Citation is 69 KV and
Is stepped down to 12.47 KV puior to being distibuted through the Salem Unit via four
sepamate primary circuite. The primary cireuits are owniod by the inferest ownees of the
Salem Unit. A total of 296 wells produoing via actificial Jift, ijection punmps that inject
Wmmsiiﬁwﬁmmmmﬂmmmmﬁdﬁmm
battery and south batzery) are powered by Ameren IP via the four separste cirovits which
aﬁgﬂw:}zg:mmTﬁCmty‘smim Ameren IP is the only electrical suppher
to the Salem Unit,

Citation is construeting & gas plaat fo be located adjacent to the South battery in the
narthwest quarter of section 6, TIN, R2E. The gas plent will receive gas from the 206
producing wells that are cumrently powered by Ameren 1P, Eight:qramcwmgmwn
‘will be set throughout the Sald to pull the gas from ths producing wells xod deliver the
fisld gas to the gas plnt. The gas plant willl extract iydrogen sulfide and then extract
liquids (to bo #0ld as liquid natiral gas) ftom the field gas. 1t is critical to the opsration
of the gas plant to be intcrconnected with the same circuits that power the producing
wells, If the gas plant oparated on Tri County’s power and Td County lost powrs the
field gas would flare to stmosphers (toxio FI2S would be released to the atmosphore and a
rescnirce would be wasted), On the other hand, i Tr County power stayed on line to the
gas plant and Ameren IP Jost power and the ficld gas supply was interrapted, equipment
at the gas plant would potoatially over heat and bo damiagod. The safest, most econcmio,
and efficient way to operate fas gas plant would be to imsroommect the gas plant with the
power suppHed to the producing wells. If 8 power interraption ocours to the produsing
wells, the plnt can be taken off line with the controls tht are cumvently in place.

The gas plant will heve 800 KW of catineoted horsepower with an jnitial average

opernting load of S80 KW. The eight ficld comprossors will have 500 KW of connectad
foad and an sverage initial load of ~ 500 KW. Thislondwmbohtwdedtoopqdnuﬂ
timos and will cerry 2 lond factor aimilar to the losd factor of the existing cpenations. The
initial loads of the gas processing equipment will more than Iikely increase over fime 25

vrells o reactivated, recompleted, or new wells are drilled.
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\J Eﬂgﬂ
- Apdmary circult circult) omreatly exists ~ 500" from the Jocation of
- Eggsggggwgﬁagmﬁﬂa
ﬁs?‘uwﬂggg.@n‘mgauiﬁﬁas
south sircuit curently oxist in Tri Coanty territury,

Unit. This

ion of the current opantions of the Salam U
?ﬂﬁggxﬂgﬁéaguggrghwﬁg
ﬂﬁmunlmnnng The provesaing of the ficld gss will prevert gﬁ.
improve the envirorment and genergte incomo to the interest owness, comummity,
vondors and to the Stete of Mingis.

w-
2003/003

i t0 bo :
A3z outlined sbove, there is no option but for the Joad of the gas eecovery equipment

ating pri its in the Salem Unit. A

i the privoary circenits )
38_;35& Egﬁgﬂhuﬂ waﬁubanﬂ Hgﬁ with Tri g.oﬁ iEE&&nwn Coop hﬂ Hﬂh ﬂas.
As & responsible operator of the Salem zi&&gu&uﬂm_i &naﬁn sing wel
gnﬂggaﬁ_gg&gﬁ-sgg A majorty of the
sﬂggﬂfgg e waceds, Amgjority of8
gﬁ?%%ﬁgggggigﬁg&.
Egﬂ.-guﬂﬂoguﬁgﬂua&gﬁgﬁg HSEGB
'with the epesation of the Stlem Uit in scrvioed by anc supplier. %.Sumﬂ.ﬂa
g&@-ﬂgﬁu E&ogaa. 3 g%ﬂﬂﬂ%%?iﬂﬁ

o Bﬂ:&c v iy &oqﬁmﬂm&g?

Salemn Uht. g%natﬁﬁiﬁwwsggg
tha construction of the primary distribution to be lost

Bincarely,

Jeff Lowin . .
Southern Oklaboma Region Bngineer
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PROOF OF SERVICE

I, JERRY TICE, hereby certify that on the 27th day of January, 2010, [ deposited in the
United States mail at the post office at Petersburg, Illinois, postage fully paid, a copy of the
Prepared Rebuttal Testimony of Robert C. Dew, Jr. P.E. in Support of Tri-County Electric
Cooperative, Inc. and attached hereto, addressed to the following persons at the addresses set
opposite their names:
Mr. Scott C. Helmholz
Bailey & Glasser LLP's
Suite 520
One North Old State Capitol Plaza

Springfield, IL 62701
Shelmholz{@baileyglasser.com

Larry Jones

Administrative Law Judge
Ilinois Commerce Commission
527 East Capitol Avenue
Springfield, IL 62701
liones@icc.illinois.gov
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