











experience to foresee all the required expenditures. Consequently,
missed estimates, both high and low, compounded the financial
planning problem both with shortfalls requiring high-interest
borrowing, and with overcompensation and unnecessary borrowing.

Operating departments are faced with similar personnel problems
during expansion, and designs which are completely re-done for each
new facility hamper ease of operation and maintenance. Training of
operators and technicians is much easier with some "standard"
practice to learn, where deviations are minimized. Also, consistant
design practice allows eventual optimization, whereas random problem
solving leads away from ease of operational training.

Closely regulated accounting procedures and approval routing
paths can also forestall equipment requisition to the point that
project schedules are adversely affected. The corporate model can
also point out the need for early approval of long-term projects
by developing work schedules similar to critical-path modeling.
Availability of these schedules to the various sections and departments
can help integrate the total work effort, rather than completing

parts of different projects randomly.

ITI. MODELING TOOLS
Moving from the overall Corporate Model to the Engineering
Department sub-model, an analysis of the planning method divides

' as shown in Figure 1. Each of the

into several "Budget Items,’
Budget Items concerns a needed addition, whether large or small
specific items, or ongoing general items. For example, a specific
item might read "400 MW unit X-1 and associated transmission facilities,”
whereas a general item could be "transmission system improvements
up to $20,000."

Budget Items usually affect several locations within the
Company, and federal regulations require that each location be
accounted for separately. The accounting vehicle used is the
"Expenditure Requisition” or "ER." A Budget Item for a new stepdown
substation would include separate ER's for the source substation
termination, the transmission line, the new substation, feeder line

taps and re-conductoring, and any communication links required.



In the process of developing the Engineering Model, two new
levels of description were defined, although more could be used, if
felt necessary. The first is the '"module," which is a functional
grouping of all the components necessary to build a particular
portion of the substation or addition. The second and lowest level
of definition is the "hardware item." This level provides the
components which group to become a module. Another reference to
Figure 1 shows this relationship. The terms used in UP&L's organizational
assembly are probably similar to terms used by other utilities in
their budgeting and accounting process.

The various sections within the Engineering Department used
the above tools in slightly different fashion. Reference to the
various sheets of Figure 2 will show the definition of "functional"
modules chosen by Substation Design, Relay, Communications and
Transmission Line Engineering. Each section's listings are on a
somewhat different plane than the others. This is a decision which
each section makes, and involves their individual practices in
procuring equipment. Some buy components for assembly within the
Company, and others buy assembled units from outside manufacturers.
The modeling tools are available in either case. Figure 2-D, the
relay modules, also shows an early attempt to segregate the various
types of labor involved in a project, so that forecasting and
detailed comparison to actual would be possible. This will be
approached on a department scale, and each section can define up to
nine different types of crews on many different types of work, For
example, on a power transformer, specifying and ordering, unloading,
foundation work, locating, assembly, HV wiring, control wiring, and
checkout can all be individually estimated, searched, forecasted,
and accounted. Some time is required, after training of crew
supervisors on documentation, before valuable data becomes available
concerning forecasting, however. A committment to the method is as
important as the method itself, and considerable attention must be

paid to motivating the field personnel.



IV, PROTECTION AND CONTROL EQUIPMENT STANDARDIZATION
Segmenting of equipment into hardware items was done, again,

functionally by UP&L's Relay Engineering. The functional level

grouped several components onto a standard sized panel of 90 inch
height and width in multiples of 10 inches. Protection was separated
from control, and types of each were indexed, i.e.: transmission
line, sub—-transmission line, substation equipment, etc,

Each panel is documented with a description, specification
sheets, and drawings. The description contains application data,
design notes, and setting guidelines. Two specification sheets are
used to list the two major component manufacturers' items as well
as other items. These sheets are supplied to panel vendors for
bidding. Two sets of drawings in mylar reproducible form are
available, presenting panel layout, wiring, and schematic information
for the panel using the two major manufacturers’ components. After
selection of manufacturer, one of the mylars becomes a part of the
drawing file for that particular station. Several descriptive

photographs of the standard panels are included.

V. USE OF STANDARDIZED/COMPUTERIZED DATA

A, Estimation and Approval ~ Gathering of cost estimate data
into organized Expenditure Requisitions has been greatly simplified,
increasing the chance of quick approval of optimized configurations
while the facts of the problem are still fresh in the minds of
management. Refer to Figures 3A & 3B which describe the total
costs of a small 138/46 kV substation.

B. Design - Engineering and drafting costs can be significantly
reduced. For example, on a 345/138 KV substation recently done,
Relay Engineering showed that since only interconnection of standard
panels is required, and that since mylar reproductions of standard
linens can be used for 707 of the drawings of the protection and
control equipment, 66% of the former engineering and drafting
effort was saved. This amounted to about $15,000.00 on a station
of the size investigated, and allows for slight modifications (10%)
to the protection and control circuits to custom-fit the installation.

C. Procurement - As the designs solidify, and bidders become
more aware of the repeatability of the hardware items, cost and

delivery should tend to reduce., Also, as usage history develops,



some stocking of frequently used panels could be undertaken. A
sample material forecast is shown in Figure 4.

D. Conmstruction = The free-standing arrangement allows rapid
cabling and wiring both to other devices inside the control building
and to the yard devices. Wiring lists can be easily prepared to be
used by wiremen unfamiliar with the function of the panels. A
segment of the schedule of events for the sample project is shown
in Figure 5.

E. Checkout = The redundant nature of the panels allows a
technician to move his test set from one to the next during checkout,
without having to research drawings completely to verify function.
Also, increased familiarity with the panels allows more detailed
testing, increasing reliability.,

F. Maintenance & Modification - Interchangeability of compon—
ents and standardization of protection and control philosophy
allows rapid maintenance on a periodic basis. Also, upgrading of
these functions by panel replacement becomes more straightforward
as the role of a substation increases in importance.

G. Corporate Planning -~ The ability to vary planned facility
configuration quickly and accurately improves the selection of
alternatives. The tracking of costs related to projects approved
and underway allows financial reserve planning to operate with less
margin. These two effects combine to provide a significant reduction

in escalating costs to the customer.

OTHER SPINOFFS

A. Training — The standardized documentation of each hardware
item allows all levels of users to be trained more rapidly and
effectively. Engineers, drafters, and technicians can all be given
the big picture, with effective restraint on nonstandard solutioms
to relaying problems.

B. Application Considerations - Arguments over detail wiring
and connection methods can be elevated to discussion of the correctness
of the overall protection or control equipment application. Also,
the standard serves as a point from which to start when control and

protection philosophy changes occur.



V. SUMMARY

The Relay Engineering and Relay Maintenance sections at UP&L
have used the corporate model/standardization program to critically
examine the physical and electrical protection and control methods
in use and to optimize them for maximum benefit. The Engineering
Department as a whole has provided itself with faster estimating,
training, procurement and overall construction cycle times. The
Company has much more accurate input to it's financial model and

thereby much more efficient financial requirement guidelines.
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SCHEDULE OF EVENTS
FIGURE 5
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