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POWER GROUND GRID SYSTEM

Generales

An electrical ground grid system will be buried beneath the Outdoor Substation,
Motor-Generator, D-C Switchgear, C-Stellarator and Radio Frequency Buildings. This
ground grid should be sized to carry the largest ground cuirents that could flow
during the most severe fault conditions that are likely to occur during the,exﬁectn
ed life time of the facility, This ground grid will also serve to limit the over-
voltage which equipﬁent may be subjected to during any fault condition., In addi-
tion, the ground grid may serve as a zero voltage reference point for some instru-
mentation,

| It is the purpose here to recommend an acceptable ground grid system based

upon attached outlined assumptions and computations.

Outdoor Substations

- The present outdoor substation is fed from the Public Service Electric and
Gas Company!s 132 KV system through a transformer rated 30,000/50,000 KVA to
h,16 KV busés. The present 132 KV system fault currents may bée adequately hand-
led by the L/0 cu. wire recommended by Commonwealth Associates, Inc. In the future,
the 7000 HP motors may be replaced with 25,000 HP motors, and an a-c power trans-
former of approximately 60,000/100,000 KVA capacity added to supply the increas-
ed power requirement., At that time it may be advisable to reinforce the outdoor

+ substation ground, depending upon the then existing system ground fault conditions,

Unit Substations and Motor Control Substations:
The low voltage L.16 KV/L60 volt substations will be generally grounded in
keeping with their load equipment characteristics. L,/0 cu. wire will be adequ-

ate for all of these locations.
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Motor Generator Room:

This location has both a-c and d-c power sources, All equipment other than the
large motor genmerator units (presentiy 12-14090 kw and 1-2000 kw d-¢ generators) and
the d-c bus framework may be adequately handled by the L/0 cu. wire.

It is recommended that the area directly beneath the motor generators and the
associated dwc bus contain a ground grid structure composed of 500 MCM copper wire,
The 500 MCM wire is adequate to handle the maximum fault current expected from four
generators in parallel. It may be noted here that each generator is capable of mom-
entarily producing, at its terminals, a fault current of 83,230'amperes at a rate-
of-rise of 13.75 x 106 amperes per Second, and that four such generators in parale
el could momentarily deliver approximately 330,000 amperes.

It is important to maintain isolation between the ground grid and all rein-
forcing rods. Therefore, it is recommended that the 50C MCM ground grid be of
insulated wire or special care be taken to maintain insulation during construction.
It is recommended that a suitable "copperized" terminal pad be made available at
each building column for connection to the ground grid, because these terminal

connections must make positive electrical contact,

D-.L Switchgear Room:

The d-c switchgear room will essentially be a contimuation of the M-G room
and the ground grid beneath this switchgear room should be of 50C MCM wire size.
Isolation between the C-5 Building ground grid, the M-G Building, and the switch- -
gear room ground grid may be accomplished through removable lead connections, if

necessarye

C~Stellarator Building:

The electrical ground grid system is particularly important in this building, because



CTM~-82
Sheet 4

there are various tjpes of power feeding into this area, and because of the type of
test work involved, There may be two separate "C" machines in this area, hence, the
ground grid should be a unified system that may easily be separated into two sectioms,
if necessary. It is recommended that a ground rod be drilled into the ground at the
cehter of each area until a prescribed low ohmic ground resistance is reached, (The
actual ohmic resistance will be determined at a later date when more information re-
garding the spil electrical characteristics is known.) Each ground rod should be

of at leést 5 square inches of area to be thermally caﬁable of handling a maximum
ground fault éurrent for at least 2 cycles, based on a 60 cycle system,

Each ground rod will be connected to a ground grid mesh of 500 MCM wire, with
an insulated removable ground lead made accéésible above the basement floor for use
as groand raferénce for allvequipment.

Currents induced ip the grdund grid by pulsating currents flowing in the d~-c bus
wire were $pecifically considered, The most severe conditions were assumed. The
calculafions based upon theée assumptions are attached, for reference. The results
indicate that, evenﬁunderthesg~ma¢:severe conditions, the induced current magnitude
is:small. The ihducéd currents will be negligible in the proposed grid, because the
grid-to-bus spacing will be greéter than the spacing assumed-in the computation.

The recommended ground grid system in this area is physically arranged so that
the ground wires which are parallel to the Stellarator long dimension and to the
d-c buses are geometrically centered. (See figure I)

The action of the ground grid as an r-f ground plane need not be considered
because a specific r-f ground plane will be established at the floor of the C-room.
Radio-Frequency Building:

The 60 cycle a-c power fault currents in this area may be adequately handled
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‘with the proposed L/0 cu. grid,
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ASSUMPTIONS AND CALCULATIONS:
&, C. Supply

1. Outdoor Substation 132/L.16 KV,

() Public Service Electric & Gas Company estimate the future short-
circuit capacity to be 10,000 MVA at the junction between the
132 KV System line and the tap to the C- Stellarator,

Maximm three phase current at 132 KV is 19i§§%§2?§.= 43,700 Amperes.

Conclusion:  L/0 cu. wire is adéquate to handle this three phase

current, (It will experience considerably less cur-
rent at the substation than this maximum, because the
substation is two mlles from the junction,)

(b) h.16 KV - Maximpm three phase fault at the Pulse Bus is limit-
ed to 350,000 KVA because of transformer impedance,

Maximum three phase current at L,16 KV is

%2-]0.—@9%%? = 18,500 Amperes

Conclusions L/0 cu. is adequate to handle this three phase current.
(It will experience much less ground current because
of transformer impedances, and the transformer ground
resistor used to limit fault currents to IOOOA.)

(¢) £11 major equipment should be connected to ground grld with at
. least L/0 cu. wire.

(d) Fences, instruments and such may be connected with 2/0 cu. wire
or larger.

2, Unit Substations and Motor Control Substations should follow the re=
cormendations and wire sizes of the 132 KV/L.16 KV Substation, Part I.

3¢ Re. F. Building ground grid should folleow the recommendatlons and wire
~ sizes of the 132 XV/L,16 KV Substation, Part I.

D, Co Supply

Each d=c generator can produce at its terminals a fault current (16.k4) x
(full load rating).

fault current = 16.L4 x 5075 = 83,230 Amperes

fanlt current rate-oferise = 13,75 x 106 fmps/second
1. MotoreGenerator Building
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(2) Terminal connections are likely to be most vulnerable to faults
and may involve one or more generators.

(b) The dec bus is insulated, but a breakdown of major insulation due
to an abnormal failure could fault four generators in parallel.

Conclusion: Ground faults are likely to fall within the range of
83,230 to 330,000 amperes, depending upon the mmber of
generators in parallel and the location of the fault.
The copper cross section therefore, should be adequate
to carry the fault current for a period of 2 cycles,
based on 60 cycles per second, and should not be less
than 500.,MCM wire.

2, D. C. Switchgear Building
The same fault conditions exist in the d-c switchgear building as in
the d-c section of the M-G building, but the fault current is limit-
ed to some extent by the bus impedance,

Conclusions The conclusion given in part I of D. C. Supply is valid
here,

3. CeS Buillding
(a) The same fault conditions exist in the C-S building as in the
d-c section of the M-G building, but the fault current is limit-
‘ed by the bus impedance.

Conclusion: The conclusion given in part I of D. G, Supply is valid
here,

(b) Induced Current Study. Refer to Calculations and Figure I,
'Cenclusionz The most severe condition produces only a small magni-
tude of induced current into the ground grid system.
With a ground grid as proposed the induced currents
will be negligible because of the physical arrangements.
D, C. Bus Induced Ground Current Calculations
1. Assumptlons for most severe condition.

(a) One ground conductor only,

(b) Ground conductor minimum distances,to bus is 15" for one polarity
_ . and 193" for opposite polatity.

(¢) Length of bus and ground conductor paralleling each other 100§,

(@) Rate of change of pulse current is 3 second from 22,500 amperes
. to zero. _
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.(e) Maximum amplitude of pulse 22,500 amperes from any one generator.
| .
water Cooled.
) Bus Iap
C Roem floor &
O ==
Groun one tz/ Bare C'a/o,oer
=
*P—Insu/az‘ed Bus
C Bas z =
ement —x ’ — ?f___,iTﬁf [/92
—_ - O - — .
Y @&round Corductor

Equivalent Circuit:

' M = Mutual Inductance

Ly = Self Ind. of Grd Cond.
- Power '
SUpf/j L; = Self Ind. of One bus cond.
A ai .
—— = Rate of change of current
round de
revit Ry = Resistance of grd cond.
, dip dip
(1) -H-"—+ (H+ Lz)—'-"- + Ry 19 =0

‘i_ {_:._L ¢
Cal p

e

Ground. Conduvctor
Self inductance (L) of bus for 1 conductor (for check & reference value only)

(2) . = 0,061‘4(2( T S) + ;d2+§::3) Whére a, b and d are in inches

/. 9x9/2 . 1.2 (6-3/2) +
L, = 0'.061'41( + - ) = .061 .4y (3.0) micro
1 2(3/2 + 6) 3 x9/2 + (6-3/2) henries per ft.of cond.
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Ly = .0672 micro h/ft of cond.

Ly = 0.1344 micro h/ft of bus.

. Assume longest bus extends entire length of ¢ Building 100’ then

L = 0 134 x 100 = 13,4 micro henries for bus length.
.Belf inductance (L) of ground conductor

Assumed - 750 MM Cable = 0.589 équare inche area, = Radius therefore

‘=19—'—,—f§2 = 0.433 inches

(3) Ly = .002 L An 3;-’5—— - -f;) vhere and r are in ca.

2 x 100 x 30 . 3
0.433 x:2.54 4

Lp = ;002 x 100 x 30 ) © =.0 47,7 miczo h/100 ft.

Mutual Inductance (M)

(4) M= 0021%({45 +l2 ) 1 + d +dj when and d are in cm

)

d = distance of ground conductor to bus conductor = 15 inches.

2

100 x 12 100 x_12% 15 15
M= .002 (100 x 30{:&( . {1 + ("—1%2—-) {1 F Moo r 12)2 T 1007
= 64&{(16,0) = 30,8 micro h for 100 ft.

Resistance (R2) of 750 MCM conductor

_plk -6 =100 x 12
R=pPF=1.72x10" x G5g55 7,55 - 1380 x 10°%02 /100 ¢,
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di, di
- M dtl + M+ LZ) a2 T R, 12 =0
di di
: <l =M ==l
M+ 1) g2 +Ry L =My
di . -at at : b
(5) EEZ + a i, = b and %2»= e [yr be  dt + p] when ¢ = ”
_b o, -at
1, =3 [ 1-e _]
R _msox10® Lo
&7 HFL, " (30.8 x 47.7107° ~ I
di -6 3
b= 4t T T(30.8 + 47.7)(10°D) -t
T2
b atq 17,7 x 10° 17.7. x &7 19 -
= - - - =——L$L———-—— - g el D) T - =t
(6) t,= 2 [ 1-e ‘] peatS l1-e 2 1000 | 1 - -
12 = 1000 amperes induced from 15" single bus conductor

In a like manner the bus of opposite polarity 4‘% higher than the 15" bus was
calculated.

The induced current ig“ is 943 amperes,

This induced current (i;”) is in opposition to the induced current (12)'with the

result current being

i

, - 1; = 1000 - 943 = 57 amperes



SUGGESTED GROUND GRID

APEROXIMAT ELY |
3 & 5 GROUND WIRES TO BE CENTERED BELOW GENERATOR BUS.
4 GROUND WIRE TO BE ON CENTERLINE OF C-MACHINE .
-1, 2, 6, 7 EQUALLY SPACED TO PERIMETER.
. A,
E

,C, D
, F, G

> EQUALLY SPACED TO PERIMETER,

CoROOM Sheet 11 B
r G ,
L—ALL WIRES TO BE AT LEAST 500 MCM.
ofF e S
C- MACH, | | —INSULATED 500 MCM CABLE ACCESSIBLE
8 F A - | - ABOVE BASEMENT FLOOR AT NEAREST-
_. & _ / | coLumn,
G2 S als BYS '
ST AreA AREA
E //
PoL N N S N N {— APPROXIMATELY 100 FT.
PD L) L] L] !j "/
St || —|—GROUND ROD % SQUARE INCHES DRILLED
- — 1 TO A DEPTH TO GIVE LOWEST OHMIC
_ - ' - RESISTANCE.
s
.
| v 4 '
© 06 ©6 6 oy
WA _
-, @5 FT. ,_I

- DC BUS.
FIGURE 1 / -
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