


Within the program mutual coupling is handled in a three step
process. First, all lines with common mutual couplings are
grouped together. Second, the branch admittances for each of
these mutual groups are computed. Third, a simple algorithm
based on node pair identifiers for each branch is used to dis-
tribute the effects of mutual coupling into the nodal admit-
tance matrix. It is this nodal admittance matrix which rep-
resents the entire system to be studied. When a network re-
duction to the nodes to be faulted is done later, the effect
of all the mutuals is completely retained mathematically in

the reduced equivalent.

SPEED

One of the primary design goals of the new program was increased
performance which would result in reduced computer run time.

At present, most BPA short circuit studies run in excess of

20 minutes on BPA's CDC-6500 system. These times are such that
essentially all studies involving more than 1000 busses must be
run at night. The new program has been consistently giving
time improvements of approximately 5 to 1. This means a study
previously requiring 25 minutes will now run in 5 minutes and
users can have turn-around within an hour as opposed to over-
night. This time improvement is particularly significant in
view of the fact that all arithmetic is complex which means

four times the arithmetic operations are being performed by



the new program. The run time improvements are primarily
due to the use of sparse matrix programming, optimal order-
ing before network reduction, and an efficient scheme for
distributing the effects of mutual coupling into the nodal

admittance matrix.

MEMORY REQUIREMENTS

The new program is dimensioned for 2000 busses in the system
being studied and up to 200 busses in the reduced network in
which faults may be taken. To handle a problem of this size
presently requires approximately 48klO words on a CDC-6500.

The new program uses optimal ordering, optimal reduction, and
both integer and floating point packing to minimize core re-
quirements. However, the inclusion of mutual coupling requires
very large table sizes in order to handle groups of mutually
coupled branches with as many as 75 unique nodes. It is the
rigorous handling of the mutuals that imposes the greatest com-
putational burden in both time and memory requirements.

INTERMEDIATE FAULTS
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Intermediate faulting is the Cabébiifty;to step down a trans-
mission line taking faults at given intervals. For example,
Figure 6 involves four lines sharing a common right-of-way for

part of their length. Assuming we wish to take intermediate
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faults on the Able-Baker line, the program must break the
line into the four sections, as indicated by the dotted
lines. Each of these sections is uniformly coupled over its
length. A fault is then taken at the end of each section

and the resulting flows properly scaled to obtain the fault
current at each interval within a given uniform section. The
problem is complicated by the fact that the Dog-Echo line is
coupled to the Able-Charlie line through Ml and therefore to
the Abel-Baker and Foxtrot-Golf lines by mutuals M2 and M3,
respectively. Basically what is required is the ability of
the program to introduce two additional nodes into the network

together with their associated mutual couplings.

To accomplish intermediate faulting while maintaining the
effects of mutual coupling is a difficult programming task.
However, BPA feels that the increased accuracy of computed
fault currents justifies the extra effort. BPA uses interme-
diate fault studies to assist in fault location, to accurately
set distance relays, and to handle lines having sections of
different conductor types. Again, it is the rigorous inclu-
sion of mutual coupling that accounts for the accuracy of the

study results.
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Figure 6



