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Identification and Qualifications

Mr. Chernick, please state your name, occupation, and business address.
I am Paul L. Chernick. I am president of Resource Insight, Inc., 18 Tremont
Street, Suite 1000, Boston, Massachusetts.

Summarize your professional education and experience.

1 received a SB degree from the Massachusetts Institute of Technology in

June 1974 from the Civil Engineering Department, and a SM degree from the
Massachusetts Institute of Technology in February 1978 in Technology and

‘Policy. I have been elected to membership in the civil engineering honorary

society Chi Epsilon, and the engineering honor society Tau Beta Pi, and to
associate membership in the research honorary society Sigma Xi.

I was a Utility Analyst for the Massachusetts Attorneyz General for more
than three years, and was involved in numerous aspects of utility rate design,
costing, load forecasting, and the evaluation of power supply options. Since
1981, I have been a consultant in utility regulation and planning: first as a
Research Associate at Analysis and Inference, after 1986 as President of
PLC, Inc., and since August 1990 in my current position at Resource Insight.
In those capacities, I have advised a variety of clients on utility matters,
including, among other things, the need for, cost of, and cost-effectiveness of
prospective new generation plants and transmission lines; retrospective
review of generation planning decisions; ratemaking for plant under
construction; ratemaking for excess and/or uneconomical plant entering

service; conservation program design; cost recovery for utility efficiency
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programs; and the valuation of environmental externalities from energy

production and use. My resume is attached as Exhibit AG-PLC-1.

Have you testified previously in utility proceedings?

Yes. I have testified over one hundred times on utility issues before various
regulatory, legislative, and judicial bodies, including numerous appearances
before this Department. A detailed list of my previous testimony is contained

in my resume.

Have you been involved in rate design and cost allocation?
Yes. I have testified on rate design and cost allocation several times, before

this Commission and elsewhere.

Have you been involved in utility planning in New England?

Yes. I have been involved in the prospective and retrospective review of
numerous resource plans and power plants, in a number of proceedings, since
1978. Most recently, I 6pposed excessive investments in generation resources
in testimony on the Bucksport coal plant, and the purchase of Hydro Quebec
power by the Vermont utilities. I also provided advice and support to clients
in reviewing and opposing such projects as Newbay, Eastern Energy, and

Silver City.

Introduction

What is the purpose of your testimony?
The major purpose of my testimony is to review the manner in which
Massachusetts Electric Company (MECo) allocates costs to rate classes in its

cost of service study (COSS). In particular, I deal in detail with the allocation
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of the costs of certain categories of New England Power Company (NEPCo)
generation, and with the allocation of MECo’s distribution equipment.

My testimony does not address the prudence or recovery of excess
supply resource costs. Some of the information I present, however, may raise
questions about the prudence of NEES’s planning, or the usefulness of

recently acquired resources.

Please summarize MECo’s general approéch in this rate case.

MECo’s approach tends to shift costs to residential and small commercial
customers, and away from larger customers. This cost allocation result
appears to be consistent with corporate policy of New England Electric
Company (NEES), as indicated in NEES’s March 1995 ﬁresentation to
investment analysts (Exhibit AG-PLC-2), which touts allocation of a majority
of the current rate case to residential customers, and 80% of the Narragansett
rate increase to residential and small commercial custome!rs as “designed to

meet investors’ and customers’ needs.”

Does this proceeding have any special significance, beyond the normal
issues of equity and efficiency in cost allocation and rate design?

Yes. The Department’s decision in this case may establish precedents for
restructuring, including the allocation of the costs of NEPCo generation that
may be found to be stranded in a restructured market, the costs of power
MECo may obtain in a more competitive market to serve its customers, and
the costs of MECo distribution equipment. If MECo is separated from
NEPCo, it will have greater freedom to allocate distribution costs to reflect
the causation of those costs, without worrying about whether sales to

particular classes are advantageous to its generation affiliate.
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1 Q: Please summarize your recommendations.

2 A: First, the allocation of costs within MECo’s cost—of—serﬁce study should bé
3 changed in the following ways:
4 e  To properly reflect the contribution of various classes to NEES’s
5 current capacity excess, approximately $22 million in excess capacity
6 costs should be reallocated from residential rates to Rate G-3/4.1
7 e  To properly reflect the contribution of various classes to NEES’s
8 current surplus of baseload capacity, an additional $46.6 million in
9 excess baseload supply costs should be réallocated from residential
10 rates to Rate G-3/4, for a total $68.7 million reallocation of generation
11 costs. |
12 o  Similar cost reallocations should occur from streetlighting ($0.7
13 million), Rate G-1 ($1.2 million) and Rate G-2 ($0.4 million) to Rate G-
14 3/4. ”
15 e  The costs of the distribution system, at the primary, transformer, and
16 secondary levels, should be allocated to rate classes on the basis of
17 diversified class peaks, or of diversified group loads by voltage level,
18 rather than on undiversified customer peaks. This improvement will
19 reduce cost allocations to residential and small commercial customers,
20 and increase them to large customers with less intra-class diversity.
21 e  Several expense items that MECo allocates in proportion to number of
22 customers or bills should be allocated in ways that better reflect their
23 causation. These costs include customer accounts, customer service,
24 distribution overheads, and the power quality program. These

I Since MECo is proposing to merge Rates G-3 and G-4, I generally refer to Rate G-3/4.
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1 improvements will reduce cost allocations to residential and small

2 commercial customers.
3 e  If the excess capacity and capitalized energy costs are not allocated to
4 the riskier classes that caused them, the subsidy from NEPCo for
5 reducing those risks with Service Extension Discounts should be
6 allocated on basis of the production demand allocator (WHAM-D).
7 e  The costs of the economic development discounts should be allocated to
8 rate classes in proportion to base revenués, not rate base.
9 Second, the Commission should order MECo to undertake the following
10 additional analyses to support improvements in future cost-of-service studies:
11 e  Determination of the relative costs of serving various classes’ loads,
12 given historical and expected risks of variation in sales from forecast.
13 e  Determination of the relative costs by class of service drops,
14 considering the length of services, the average installed amperage, the
15 mix of single-phase and three-phase services, and the mix of
16 | underground and overhead services.
17 e  Identification of any secondary lines serving customers in Rate G-3/4.
18 o Differentiation of target generation reserve margins by rate class.
19 e Identification of transmission and distribution investments made to
20 ' support the higher requirements for reliability and power quality of
21 large customers.
22 e  Classification as energy-related the portion of transformer and
23 underground line costs resulting from energy loadings, including the
24 effects of thermal limits imposed by long peaks and high load factors,
25 and the effects of multiple overloads on equipment life.
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e  Development of an economic-development allocator, reflecting MECo
costs, excluding meters, services, and customer-related costs, plus
MECo’s share of NEPCo’s non-fuel costs.

Finally, the Commission should take the opportunity of the issues raised
in this case to establish that the same considerations of cost causation that
apply in the allocation of costs for retail ratemaking will apply to the
allocation of the recovery (if any) of stranded costs that may result from
future restructuring proceedings. Industrial customers are responsible for the
bulk of the excess generation-resource costs, and should be expected to pay
those costs, under any electric industry structure. The residen_tial, small
commercial, and streetlighting customers should not function as the guarantor

of recovery for costs imposed by larger customers.

III. Allocation of Bulk Power Supply Costs

Q:

How do NEPCo and MECo allocate géneration costs between demand
and energy?
This allocation takes place in two steps: in NEPCo’s rate design, with the
four-way division of cost recovery between initial and tail blocks for demand
and energy; and in MECo’s allocation of those NEPCo costs by class.

The tail block of the NEPCo marginal-cost-based demand charge
reflects the demand-related costs of peaking capacity, starting in 2002, The
tail block of the energy charge includes levelized fuel costs and, starting in
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2002, the capitalized energy from a new combined-cycle plant.2 Excess costs
are then recovered through the initial energy block and the initial block of the
demand charge.

MECo then allocates the NEPCo charges by use of its Wholesale
Hourly Allocation Method (WHAM), which produces allocators for demand
(WHAM-D) and energy (WHAM-E). I reproduce those allocators, and other
external allocators used by MECo, in Exhibit AG-PLC-IS.

Reasons for Excess Current Costs

Why are NEPCo’s current rates for generation sales to MECo above

market cost? .-

The difference between NEPCo’s generation rates to its affiliates and the

market value of the power (such as for new sales to non-affiliates) can be

attributed to four factors:

e  Some of NEPCo’s resources are simply too expensive, being priced
above the long-term market value of the resource. NEPCo could have
provided the same reliability, capability and energy from other sources
at lower cost.

e  Due to over-stated load forecasts, NEPCo acquired too much capacity
(as measured in MW).

e  Atleast in part for the same reasons, NEPCo acquired excessive

baseload generation resources.

2Due to levelization, only a portion of the costs of a new peaker is reflected in the tail-block

demand charge, and only a portion of the capitalized-energy costs of a new combined-cycle
plant are included in the tail-block energy. charge.
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®  The short-term generation market in New England is depressed by a
surplus of resources in the region.

The next three sections consider the various customer class’s
contribution to each of the first three problems. I do not include the fourth
phenomenon; customers served under long-term firm arrangements would be
expected to pay costs reflecting the long-term cost of new supplies, not the

fluctuating short-term market-clearing price for spot purchases.

How do you propose to allocate the three categories of excess generation

costs?

Each cost should be allocated in proportion to the factors that caused it. The
above-market costs should be allocated on energy or the equi&alent. Excess

capacity should be priced at the cost\s of contemporaneous peaking cépacity,

and allocated in proportion to the differences between projected peak loads

(at the time commitments were undertaken) and actual cur‘rent loads. Excess

capitalized energy costs (net of equivalent peaking-capacity costs and any
fuel savings) should similarly be allocated in proportion to the differences

between projected and actual energy requirements.

Resources Priced above Long-term Market

What current NEPCo resources are priced above the long-term market?

The long-term market cost of power appears to be determined by the cost of a
gas-fired combined-cycle plant, at about 4¢/kWh real-levelized or 5-6¢/kWh
nominally levelized for a 30-year contract. The list of NEPCo resources
above this cost level would probably include some Seabrook investment

(although it is hard to tell from NEPCo’s rate filings, due to the amortization
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of pre-1986 costs), Connecticut and Vermont Yankee, Millstone 3, the
Hydro-Quebec Phase 2 interconnection, and some NUG purchases.3

Exhibit AG-PLC-3 lists the size and prices of NEPCo’s purchases and
sales. As shown on page 8, the Odgen-Haverhill, Resco-Saugus, and Signal-
Millbury waste-to-energy projects are priced well above the market. Altresco
and Pawtucket’s prices per kWh are also very high, due to their low
utilization; at baseload operation, they would cost somewhat less, about

6¢/kWh.

How should these above-market costs be allocated?

All of these expensive resources were obtained primarily for energy
purposes, and should be allocated on energy, or a similar factor. The high
costs of the NUG contracts, Hydro-Quebec, and the newer nuclear units were
justified by the fear of high oil prices. These resources were. all clearly more
expensive than peaking capacity on a $/kW basis, and v@re undertaken to

provide large amounts of energy at low incremental running costs.

How are these costs allocated in MECo COSS?
These costs are allocated with the WHAM-D and WHAM-E allocators,

which are close to straight energy allocators, producing a reasonable result.

If NEPCo recovers any stranded investments (or obligations, in the case
of contracts and nuclear decommissioning liabilities) associated with
these above-market costs, how should those costs be allocated among

customers leaving the NEPCo system?

3Non-baseload resources, such as the NU slice of system and the hydro NUGs, are difficult

to evaluate without some production costing analysis.
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The costs of uneconomic generation resources should be allocated as they are
now, on the WHAM-D and WHAM-E allocators, or in proportion to energy
usage.* The exiting customers should take with them their allocated share of
the costs, to be paid at the time of departure, through a rider on the wheeling

rate, or some other mechanism.

Excessive Capacity

How much excess capacity is reflected in NEPCo’s current rates?

According to the 1994 IRP, NEPCo has 843 MW of excess for the summer
of 1996, or about 20% of NEPCo’s load.> The 1996 peak is the one included
in the rate year. The 1996 capacity is greater than that in 1995, éince 1996
includes the full 423 MW of repowered Manchester St. capacity, but the

surplus is reduced by increases in loads since 1995.

What is this excess capacity composed of?

The capacity that would not have been added, if NEES had anticipated the
reductions in industrial load, and reductions in other classes’ growth,
includes 304 MW of incremental capacity at Manchester St.,6 230 MW from
Ocean States Power, and 309 MW of capacity from other purchases,
primarily from the non-utility generators listed in Exhibits AG-PLC-3 and
AG-PLC4.

4 This allocation rule does not apply to the costs of excess capacity or excess baseload

resources, which are discussed below.

3> Tuse 1996, as the calendar year most closely fitting the rate year for this case.

6 This is computed as the 432 MW of the combined-cycle plant, minus the 128 MW claimed

for the steam plant, from Table II1.10.1 of the 1994 IRP.
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What is the vintage of this excess?

I determined the vintage of the excess by backing out specific units, starting

- with Manchester Street and moving back to various NUGs with progressively

earlier in-service dates. Exhibit AG-PLC-4 lists the in-service dates of the
major NUGs on NEPCo’s system.” Altogether, the NUGs listed in Exhibit
AG-PLC-4 comprise 537 MW.

Why did you only analyze additions since 1989?
The current excess is due to the addition of capacity that has turned out to be
unnecessary, which would normally be the last resources added. As shown in
Exhibit AG-PLC-4, the capacity added since 1989 adds up to. the 1996
eXCess. :

The attribution of the excess to the period since 1989 is also supported
by the history of NEPCo’s loads. As shown in Exhibit AG-PLC-5, 1989 was

" the year in which NEES’s loads stopped growing, leadiﬁg to the present

surplus.® Since current load levels exceed those prior to 1989, the excess is

‘unlikely to result from earlier additions.

:  What is the cost of the excess capacity?

Had NEPCo obtained excess peaking capacity, rather than the more
expensive baseload capacity it has acquired, the 1995/96 cost would be the
cost of the same amount of peaking capacity built in the same year as the

actual resources. I therefore valued the demand-related portion of excess

7If some of the excess were attributed to utility or smaller NUG purchases after 1989, the

cost of the contemporaneous peaking capacity (and hence my computation of excess capacity
costs) would rise.

8 Table 1.6.1 of the 1994 IRP shows a 1989 summer peak of 4,225 MW, which was slightly

exceeded in 1992, but is not now expected to be passed again until 1998.

Paul Chernick e Docket DPU-95-40 o June 9, 1995 Page 11




12

13
14
15
16
17
18
19
20

21

R

capacity at the cost of peaking capacity contemporaneous with the excess
resources. The 304 MW of Manchester St. capacity is valued at the first-year
cost of 304 MW of peaking capacity built in 1996, the 13 MW of MassPower
1s valued at the third-year cost of 1994 capacity, and so on.

I estimated the costs for 1996 in $/kW-year for peakers of various
vintages, by deflating the peaking capacity cost estimate used in the NEPCo
marginal cost study (WP BL-2, W-95 filing), and weighting by the MW of
excess capacity of each vintage in Exhibit AG-PLC-6.

If there were any significant market valué for off-system peaking
capacity sales in the rate year, [ would credit that value to this excess

capacity. At this point, that value appears to be very small.’

Excessive Baseload Capitalized Energy Costs

Is excess baseload capacity different from excess capacity?
Yes, excess capacity and excess baseload capacity are independent. If the
only resources that were underutilized were peaking units, such as
combustion turbines, there would be no excess baseload. However, when
plants that were built to be run a high percentage of the time, do not run at
their full availability, there is excess baseload generation capacity, even if all
of the capacity is needed at times of peak demand.

Baseload generating plant generally costs more to build than peaking
resources, but leés to operate. Only if the plant is fully utilized will this

9 The NEPCo marginal cost study for Rate W-95 assumes a zero value for peaking capacity

in the next several years. This assumption is also used in developing MECo’s avoided costs used
in evaluating DSM.
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baseload investment premium—capitalized energy costs—be fully

recuperated through lower running costs.

Does NEPCo have excess baseload capacity?

Yes. Most of the excess capacity additions that I identified above are
baseload plants. However, while their capacity is in excess of NEES’s needs,
their additional fixed costs might be justified by higher-priced fuel displaced
by their energy production. In order to determine whether their energy
generation capabilities are excessive, we must determine whether the energy
that they supply could have been economically provided by other existing
plants.

To determine whether adding Manchester Street station and the new
NUGs resulted in uneconomical reduction in usage at NEPCo’s older
resources, I estimated the extent to which those resources are underutilized.
In Exhibit AG-PLC-7, 1 estimate the total unused availabfe generation from
Brayton Point, Salem Harbor, Canal, and Wyman. The difference between
the available generation and the projected actual generation from those plants
in 1995, as projected by NEPCo in the W-95 wholesale rate case, is 4,394
GWHh.10

How much of this energy capability is unused due to the newer resources?
| coinpared the older plants’ unused generation with the actual generation

from the newer NUGs and Manchester Street. Exhibit AG-PLC-8 totals the

101 did not have similar production costing results for 1996. In 1996, the excess would be

reduced slightly by load growth, but increased by the operation of the first Manchester unit for a
full year (rather than the three months reflected in the W-95 runs) and of the remainder of
Manchester Street. Since the 1995 underutilized generation greatly exceeds the energy output of
the resources that I classify as excess, these resources will still be excess in 1996.
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generation from these newer plants, as projected in the system dispatch runs
filed in the FERC W-95 NEPCo rate case. I limited my calculation to those
resources whose generation is speciﬁed individually, which account for the
773 MW of the NEPCo’s excess capacity.!! As a result of the energy
generation from these plants, NEPCo is able to run some of its own plants
less.

I determined that all 3,352 GWh of the generation provided by the
plants identified in Exhibit AG-PLC-8 could have been supplied by the older
base-intermediate plants, which NEPCo projected to have unused available
generation of about 4,393 GWh. Of course, any additional gener_ation from
Manchester St. in 1996 would also back down some combination of those

same older plants and the NUGs,

Is it fair to assume that these plants could operate close to their full EAF?
Yes. NEPCo’s energy-limited hydro-electric plants and the Bear Swamp
pumped-storage plant provide enough capacity in high-load hours so that the

load that must be met by the thermal plants (fossil and nuclear) in those

“hours is essentially the same as the loads in the low-load hours.!? In addition,

pumping up the Bear Swamp plant off-peak raises those loads. As a result,

the load that NEPCo’s thermal units must meet is essentially flat.

NUGs.

11 NEPCo’s production costing runs do not distinguish between several of the smaller

12 The same would be true for the energy-limited Hydro-Quebec contract, although this is

dispatched through NEPOOL, rather than NEPCo’s own-load dispatch.
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Do you have any confirmation from NEES that its recent baseload
additions would back down primarily low-cost generation at baseload and
intermediate steam units?

Yes. First, NEPCo’s W-95 production costing runs show the new combined-
cycle plants operating at fairly low capacity factors, indicating that there is

no more-expensive generation for them to back out in many hours. Second,

as shown in Exhibit AG-PLC-9, NEES recognized as far back as 1991 that

Manchester Street would primarily displace generation from such low-cost plants
as Brayton, Salem, Canal 1, and the then-committed NUGs. |

How much does this excess baseload capacity cost?
I estimate that the excess generation capacity will cost about $182 million in
1996.

I calculated this value by estimating the capitalized energy costs of the
excess NUG purchases and Manchester Street, and netﬁng out the fuel
savings due to those NUGs with lower operating costs than the generation
they back out. These calculations are shown in Exhibit AG-PLC-10.

To calculate the capitalized energy costs, I added up the 1996 fixed
costs of the NUGs ($163 million) and Manchester St. ($106 million). From
this total, I subtracted out the fixed costs that would have been incurred had
these plants been built only to meet demand (as simple-cycle gas turbines).!3

Next, I subtracted out the savings in operating costs that results from
running the new NUGs instead of the older plants. According to NEPCo’s
estimates of dispatch prices, only Pawtucket and Altresco actually offer

13 These costs are a subset of the excess capacity costs calculated in Exhibit AG-PLC-6, and

will be allocated with other excess capacity costs.
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running costs significantly lower than the older plants, so these are the only

plants for which I have computed fuel savings.14

Allocation of Excess Costs by Class

How should the excess costs be allocated to rate classes?

The excess capacity costs should be alldcated in proportion to the
overforecasting of the coincident peak loads that resulted in NEPCo
obtaining too much total capacity. The excess capitalized energy costs should
be allocated in proportion to the‘overforecasting of class energy requirements

that resulted in NEPCo obtaining too much baseload capacity.

Energy forecasting errors

Have you estimated each class’s portion of the excessive projections of
energy réquirements that led to the excess capitalized-energy costs?

Yes. I estimated each class’s portion of the over-projection of 1994 and 1995
sales in the forecasts that NEES and MECo prepared in 1987-91.1 The
NEES forecasts are shown in Table 1 of Exhibit AG-PLC-11, while the
MECo forecasts are shown in Table 2. I uéed the forecasts from 1987-1991

. because

o  pre-1987 sales forecasts did not overestimate total sales in 1994 and
1995;16

14 See page 2 of Exhibit AG-PLC-7, an excerpt from the workpapers of NEPCo witness

Paradise in the W-95 rate case before FERC.

15 Since the 1995 actual sales figures are not yet available, I used the 1994 sales forecasts

for 1995 as if they were actuals.

16 The industrial forecasts were overstated, but residential and commercial forecasts were

understated; if NEES had built to these forecasts, there would have been no excess capacity.
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1 e the excess capacity and capitalized energy costs are associated with

2 commitments made in 1987-1991; and

3 e the post-1991 forecast errors ére very small, and would not have

4 resulted in the current excess.1?

5 Tables 1 and 3 of Exhibit AG-PLC-12 show the GWH errors by class
6 and for the total company for NEES and MECo, while Tables 2 and 4 show
7 the errors as percentages of actual sales.

8 Q: Which years’ forecasts contributed to the over-supply of energy resources
9 in 1994 and 1995?
10 A: The forecasts of total 1994 and 1995 sales, on either the NEES. or MECo

11 level, were first overprojected in 1987, peaked in 1989 and 1990, and
12 declined dramatically in 1991.18 Based on this pattern of errors, the over-
13 supply of baseload generation could be attributed to errors in

14 e 1987-1989, when the errors increased every year, encéuraging NEPCo
15 to obtain ever greater amounts of energy supply that are now excess;

16 e  1989-1990, when the errors were greatest; or

17 e 1990-91, when the continuing errors prevented NEPCo from reducing

18 its over-supply through renegotiation, off-system sales, and the delay or
19 cancellation of Manchester St. repowering.

20  Q: Which classes were most responsible for the excess capitalized energy

21 costs?

17 The only post-1991 forecast I was able to find was from the 1992 IRP. The more accurate
1992 forecasts did not result in reversal of the earlier commitments to the capacity that is now
excess, either because NEES was unable to amend contracts and sell capacity, or because NEES
failed to exercise available options.

18 MECo sales forecasts are not available for all years.
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1 A: Exhibit AG-PLC-13 presents the average sales-forecasting errors over

2 various time periods for each class and the total system, for both NEES and
3 MECo.19 I computed averages for the forecast errors for 1994, the forecasts
4 errors for 1995, and averaged the 1994 and 1995 results. The same tables
5 also show the ratio of each class’s percentage error to the system average
6  eror. For all the relevant periods, the industrial sales forecasts were
7 overstated more than the system average; the industrial error ranged from
8 1.51 times the average error for 1989-90 NEES forecasts for 1995, to 3.76
9 times for 1987-91 MECo forecasts for 1994. The residential errors were
10 always smaller than the system average error, and often actually he}ped offset
11 the industn'al errors, especially in the MECo system. Commercial class errors
12 range widely, from 0.79 to 1.64 times the system average.2

13 Q: Which average did you use in developing an allocator for the excess
14 capitalized energy cost?

15 A: I previously discussed the reasons for believing that the 1987-91 forecasts

16 were potentially relevant. The results for 1994 are attractive since they rely
17 on actual sales data, while the results for 1995 are' appealing because they
18 reflect a period overlapping the rate year. The MECo results are relevant,
19 since the Department is setting rates for MECo, but the NEES results
20 incorporate more forecasting data, and reflect the total loads that contributed
21 to the excess capitalized energy costs that are being allocated in this case.

19 Due to the missing forecast data, the MECo averages have less data than the NEES
averages.

20T have assumed that streetlighting did not contribute to excess generation resources.
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1 To incorporate all of these considerations, I used the broadest

2 reasonable measure of the over-projections, a three-way average of the ratios
3 of class error to total error. For each of the classes, I averaged the class error
4 ratios of (1) the forecasts prepared in the five years 1987-91, (2) for 1994 and
5 1995, and (3) for NEES and MECo. The forecast-error ratios I used in
6 subsequent computations are highlighted in Exhibit AG-PLC-14. The
7 residential class contributed nothing to the error (and actually mitigated the
8 over-estimates for other classes), while the commercial class was over-
9 forecasted by about as much as the system as a whole, and the industrial
10 class by twice the average. |

11 2. Allocation of excess costs

12 Q: What share of the excess capitalized energy cost you identified abdve does
13 NEPCo charge to MECo?

14 A: MECo pays 73.0% of NEPCo’s energy costs, 72.5% of NEPCo’s demand
15 costs, and 72.8% of NEPCo’s total base-rate costs, or $133 million of the

16 total $182 million in excess capitalized energy cost identified above.?!

17 Q: How should these excess capitalized energy costs be allocated to rate
18 classes?

19 A: These costs should be allocated to each rate class in proportion to the class’s

20 GWH forecasting error. I estimated each class’s share of the energy
21 forecasting error by multiplying the class’s share of test-year energy usage
22 (from Exhibit AG-PLC-27) by the averaged ratio of the class error to the
23 system error over several years (as derived in Exhibit AG-PLC-13), and then

21 Rate W-95 filing, Statement BG, Period II, p. 4-5.
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normalizing the total to 100%. I treated the negaﬁve error in the residential
forecasts as equivalent to zero error. This computation is shown in Exhibit

AG-PLC-14.22

What share of the excess capacity cost you identified above does NEPCo
charge to MECo?
MECo pays approximately 72.8% or $63 million of the total $86 million in

excess capacity costs identified above.

How should these excess capacity costs be allocated to rate classes?

These costs should be allocated to each rate class in proportion to the class’s
MW forecasting error. Since NEES does not publish its forecasts of class
peaks, I assumed the percentage errors in forecasting class peaks were the
same as they percentage errors in forecasting class sales. I estimated each
class’s share of the demand forecasting error by multiplying the class’s share
of test-year contribution to coincident peak (from Exhibit AG-PLC-27) by the
ratio of the class error to the system error, and then normalizing the total to
100%. This computation is shown in Exhibit AG-PLC-15. While this
computation parallels my allocation of excess capitalized energy costs,
industrial loads represent a smaller part of the peak load, and hence a smaller

part of the errors, due to their higher load factors.

How much do these corrections affect MECo’s cost allocations?
Exhibit AG-PLC-16 shows the differences between MECo’s proposal and

my recommendation for the class allocations for excess capacity and

22 As noted above, the allocation of the commercial and industrial customer class excess

capacity between the general-services rate classes is an approximation, subject to better data on
the overlap between rate classes and customer classes.
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1 capitalized energy costs. MECo allocates the excess costs on the WHAM-D

2 and WHAM-E allocators, just as it does required supply resource costs.23
3 Allocating these excess costs to the classes that imposed them reduces the
4 residential cost allocation by $69 million. This is more than the total $56
5 million rate increase MECo proposes for the residential class. .

6 F. Quantifying the Risk of Forecast Uncertainty

7  Q: Your analyses above estimate the current level of excess costs that
-8 resulted from the historical decline in anticipated sales to industrial
9 customers. Are these unanticipated changes in industrial load unusual?

10 A: No. Energy sales to industrial customers are generally acknowledged to be

11 uncertain, risky, and volatile, varying with the national or international
12 condition of each industry, as well as the competitive posi!tion of the local
13 firms within the industry. This widely-recognized phenomenon is discussed
14 ~and quantified by Brennan (1980), Rohr and Stumpp (1982), and Spencer
15 and Maddigan (1983).24

23 T assumed for this computation that the excess costs were recovered through the NEPCo
demand charge and allocated with the WHAM-D. If a portion of the excess costs are allocated
by the WHAM-E (as seems likely, since some NUG costs and return on Manchester St. are
recovered through the energy charge), additional costs should be shifted out of the residential
class, but less would be shifted from small commercial customers. The WHAM-D and WHAM-
E allocators are essentially identical for Rate G-3/4, as shown in Exhibit AG-PLC-18.

24 Brennan, Joseph F., “Rate of Return Differential by Class—A New Dimension to Cost of
Service,” Public Utilities Fortnightly, April 10, 1980: 11-16; Maddigan, Ruth J. and Charles W.
Spencer, “On Customer Class Rate of Return Differentials,” Public Utilities Fortnightly,
December 8, 1983: 19-25; Rohr, Robert J., and Mark S. Stumpp, “Differential Class Rates of
Return: Some Theoretical & Empirical Results,” in Award Papers in Public Utility Economic
and Regulation, 151-177 (Michigan: Institute of Public Utilities, 1982). Some of these studies
conclude that industrial sales risk does not contribute much to risks to shareholders, probably
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1 Q: Have you attempted to quantify the difference in forecasting risk for the
2 industrial, éommercial and residential loads of NEES?

3 A: Yes. Exhibit AG-PLC-17 shows NEES’s average percentage forecasting

4 errors by class for three to six years into the future, forecasting for sales in
5 the years 1991-94.25 1 selected this range of forecasts to cover the period in
6 which resource needs are identified and commitments are made. The
7 accuracy of forecasts over this “planning window” will largely determine
8 whether the utility will underbuild or overbuild its system.
9 For each forecast year, I computed the average error in the forecasts
10 NEES prepared three to six years earlier. I used a simple average of these
11 errors, to reflect the fact that over- and under-projections ini the planning
12 window will tend to offset one another. I then averaged the absolute value of
13 the errors across years.
14 The absolute errors for the four forecast years varied from less than 1%
15 to 10% of actual sales for residential sales, from 2% to 10% for commercial
16 sales, and from 5% to 15% for industrial sales. The average of the absolute
17 CITOIS Was 3.6% for residential sales, 5.6% for commercial sales, and 10.8%
18 for industrial sales. The industrial error is approximately twice the
19 commercial error, and three times the residential error.2¢
20  Q: Are industrial customers inherently more expensive to serve, due to the

21 risk in their load?

because, like NEES currently, utilities are usually able to increase rates to cover the multi-year
shortfalls in industrial sales.

251 used NEES forecasts because I have not been able to find a 1989 MECo forecast.

26 The ratios are even more striking for errors computed as a percentage of forecast.
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1 A: Yes. The surge of industrial load growth resulted in the uneconomic

2 operation of existing generation in the late 1980s, the rushed acquisition of
3 supply resources in the same period, and the resulting expensive surplus in
4 the 1990s. Recognizing their greater risk, a competitive market would
5 demand a higher return on investment and hence charge more for the
6 commitment of fixed resources for industrial customers than for residential
7 and commercial load.?’

8 Q: Have you estimated the extra cost of industrial risk?

9 A: Yes. I have interpolated the cost of industrial risk from NEES’s estimate of

10 the value of a five-year contract commitment. MECo (compensated by
11 NEPCo) proposes to offer a 12.5% service extension discount-(SED) in base
12 rates for very large industrials that use at least 100 GWH annually and
13 contract to take all of their electricity purchases from MECo for five years.
14 These contracts would reduce, but would not eliminate, NEES’s risks of
15 serving the industrial loads.?8

27 The additional charges might include reservation fees, deposits, or take-or-pay contracts.

28Under the current rates, while the customer is not allowed to “take from another supplier
or cogenerate” at the current location, the level of load is not guaranteed, since “they can drop
[load], they can actually leave our service territory.” Lawrence J. Reilly testifying for MECo,
DPU 93-194, November 22, 1993, Tr. at 28. Little of NEES’s current excess supply is due to
customers cogenerating or switching suppliers in place, so these discounts were being offered in
exchange for a rather modest reduction in risk. MECo is now apparently seeking a firm take-or-
pay commitment.

Attempts to require customers to take power they do not want, cannot use, and cannot
afford are fraught with difficulty. Minpesota Power signed take-or-pay contracts with a number
of large industrials about 1980, which largely turned out to be unenforceable within a few years,
due to bankruptcy or financial distress.
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Q: How did MECo justify these discounts?
2 A: MECo has justified these discounts on the grounds that they reflect the

3 reduction in the risks of serving G-3 loads under contract, rather than
4 standard tariffs. Lawrence J. Reilly, testifying for MECo in DPU 93-194
5 (November 22, 1993), made this point several times:
6 [T]he customers are all getting the benefits of the commitments that the
7 [customers taking the SED] have made, [that] are not free to leave the
8 system and leave stranded costs for the other remaining G-3 customers to
9 absorb. Tr. at 18.
10 We’re optimistic that, in the event that we know better what our future
11 load is going to be from our G-3, or large commercial/industrial
12 customers, that that will ultimately results in savings on the power-supply
13 side, where New England Power Company will better match its
14 acquisition of resources to its future load of the G-3 class. Tr. at 19
15 [1]f we can realize some efficiency savings in terms of our power-supply
16 procurement, that we would pass those savings on to the retail company.
17 Tr. at 20
18 We believe [the SED] will provide benefits to us in terms of knowing
19 better what our future loads are going to be. It also provides an
20 opportunity for us to reflect lower costs...to our customers right away.
21 Tr. at 22. '
22 New England Power Company would step up and reflect the lower
23 power-supply costs that it experienced...in lower purchased-power bills
24 to Mass. Electric. Tr. at 23-24.
25 By these customers making long-term commitments, New England
26 Power Company can better tally its power-supply commitments—it will
27 know which customers are locked in or effectively planning to stay on
28 the system for the next five years, and it can plan its power supply
29 accordingly and produce savings, which could be passed through to the
30 - ultimate customers. Tr. at 31.

31  Q: What is the implication of the service extension discount for residential

32 ratepayers?
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The MECo residential class as a whole has sales of over 6,000 GWH, more
than 60 times the sales required for a 12.5% contract discount for a single G-
3 customer. If that discount is cost-based (even judgmentally) for a large
reduction in industrial risk, the 66% reduction in forecasting risk between
industrial and residential load estimated in Exhibit AG-PLC-17 would justify
a residential discount (compared to industrial rates) of 66% x 12.5% = 8.3%.

- Since the SED contract does not eliminate forecasting risk, the equivalent

residential discount should be even higher.

Alternatively, we can apply NEES’s 12.5% discount to the share of
residential load that is as secure as industrial load covered by a five-year
contract, This share is at least 80%, and probably more than 90%, implying

that residentials deserve a discount of 10%—11%.

If certain large customers are “at risk,” should the COSS be designed to
allocate a smaller share of costs to those customers? ‘
No. Lowering cost allocations to the riskiest customers would be perverse.
These are the most expensive customers to serve, due to their risk. In a
competitive generation market, these customers would pay higher rates, to
reflect the higher expected rate of return required to support investments
whose return ié particularly risky, as well as the greater probability of
stranded investment,2?

Short-term cost and elasticity considerations may prevent the
Department from raising rates to existing high-risk customers to reflect their

risk. Nonetheless, the cost allocation should recognize this differential in

29These considerations apply to the distribution system, as well as generation and

transmission.
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risk, so the Department and the public know how much the residential, small
commercial, and streetlighting customers are subsidizing the risky customers.
The risk of these competitive customers should also be taken into account in
determining the minimum acceptable rate for new high-risk customers,

especially those for who require long-term capital commitments.

Generation-related Costs of Serving Large-customer Loads

Are there any other costs incorporated in NEPCo’s rates that are driven
by the loads of large customers, but are not allocated to those customers?
Yes. Industrial and commercial customers generally demand a higher level of
bulk power reliability than do residential customers, for two“reésons. First,
regardless of generation reliability, residentials do not receive very high
delivered reliability, due to distribution outages (often much longer than
rolling brownouts or blackouts for generation). Industrial and large
commercial customers usually have higher reliability, since major facilities
are located closer to the load centers they créate, and they are often served
off of networks, loops, and other redundant systems. Large-customer service
reliability is therefore much more sensitive to generation reliability than is
that of residential customers.

Second, the costs of short outages to residentials are generally lower
than those for commercial and industrial customers, who face lost
production, lost sales, damaged equipment and materials. Commercial and
industrial electronic equipment is also more sensitive than most residential to

power quality, so brownouts can also be very costly.
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Similar concerns arise for transmission reliability, particularly in terms
of short outages or voltage fluctuations, which are often just a nuisance for

residential customers, but can be very expensive for larger customers.

What costs are associated with these demands for higher reliability and
power quality from large customers?

NEPOOL and NEPCo are likely to aim for higher bulk power reliability
levels, and to invest in equipment to speed recovery from generation and
transmission failure, and provide alternative transmission paths and faster

switching of loads in response to contingencies.

Has MECo provided any information demonstrating that the power
quality concerns you discuss are primarily a problem for the larger
customer classes?

Yes. IR DPU 2-17 describes a program for helping customers identify and
deal with power quality problems. Of the 178 MECo customers to have
participated in this program, only three have residential rate codes, and two
of those have corporate names, suggesting that they are multi-family

developments.

Allocation of MECo Distribution Costs

How does MECo allocate distribution costs to rate classes?
MECo allocates substations, primary lines, transformers, and secondary lines

on the sum of customer demands at various voltage levels.3® Services are

30Since property records are not normally maintained by voltage level within the distribution

functions, MECo also had to sub-functionalize conductors, poles, conduit, and the like between
primary and secondary. I have not reviewed that functionalization analysis.

Paul Chernick o Docket DPU-95-40 o June 9, 1995 Page 27




10
11
12
13
14
15
16

17

18
19
20
21
22
23

24

Paul Chernick e Docket DPU-95-40 o June 9, 1995

Z R

allocated on a weighted customer allocator. These allocators are summarized

in Exhibit AG-PLC-18.

Are there any problems with MECo’s allocation of its costs?

Yes.

e  MECo does not account for any extra costs required by the service
needs of large customers, including increased distribution reliability,
power quality, and reactive power.

e  MECo does not account for the effects of energy usage and long-hours
non-residential loads on the ratings and equipment sizing of tfansfoxmers,
substations, and lines. |

e  MECo overstates small-customer contributions to load onvéll level of
the distribution system, by allocating costs on undiversified customer
loads. |

¢ MECo appears to understate differences in customer-related costs (e.g.,
services) across classes; among other things, MECo ignores the effects

of shared equipment service drops.

Extra Distribution Costs of Serving Large Customers

What are the additional costs of serving large customers on the
distribution system?

MECo does not reflect any expenditures made to meet the higher reliability,
power-quality and load-density requirements of large commercial and
industrial customers. Some of these expenditures provide some additional
benefit to residential customers (even though they do not necessarily value it

very highly), but some of the expenditures are undoubtedly concentrated in
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areas that serve primarily large customers, or are provided to individual

customers, such as service from multiple feeders.

Have you quantified any costs of serving the power quality needs of
MECo’s large customers?
I did not make any concerted effort to quantify these costs, which would
probably require a detailed review of MECo distribution-project justification
documents. Since many of the expenditures discussed above may be covered
by “blanket” authorizations, the detail required for this review may be very
fine,

However, I did find one example of MECo providing power-quality
services primarily to serve large customers, and charging the costs primarily
to small customers. IR DPU 2-17 describes a program for helping customers

identify and deal with power quality problems. MECO explains that

In the late 1980s, MECo, as did most utilities in the nation, began to
experience a growing number of customer complaints related to power
disturbances. Customers were becoming upset over “glitches” in their
power, resulting in business disruption, lost production and often costly
downtime. It soon became apparent that the quality of the utility service
hadn’t deteriorated. What was changing was the level of complexity and
the inherent intolerance to minor power disturbances associated with the
new generation of electrical equipment. This change was a direct result
of solid state electronics...(IR DPU 2-17)

The problems that prompted customers to participate included
“flickering lights, computer system ‘crashes,” malfunctioning kidney dialysis
units, and in one case, adjustable speed drive presses at a regional sewage
treatment facility tripping off line, resulting in unprocessed solid waste
overflowing onto the facility floors.” (I1d.)

The program includes

- Meeting with customers to learn about specific power problems
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1 - Conducting visual inspections of customer processes and

2 equipment

3 - Installing sophisticated diagnostic equipment

4 - Analyzing the diagnostic data...

5 - Outlining alternative solutions...

6 - Providing a list of qualified vendors. ..

7 - Helping review vendor proposals if requested

8 - Retesting customer facilities to verify that the problem was

9 resolved (Id.) '
10 While MECo claims that the 1994 participants ranged “in size from the
11 individual homeowner to one of MECo’s largest industrial customers,” of the
12 178 MECo customers to have participated in this program, only three (or
13 1.7%) have residential rate codes, while 93 (or more than half) are G-3/4
14 . customers.3! Given the description of the program, the small participants in
15 the program probably did not require a proportional share of the costs, since
16 the walk-through will be quicker, fewer points in the elecﬁ‘ical system need
17 be monitored, interactions between pieces of equipment will be simpler, and
18 so on.32 Yet MECo allocates this expense on customer number,‘ allocating
19 89% of the costs to residential class (which received no more than 1.7% of
20 the services) and only 0.23% to G-3/4 (which received over half the
21 services).

22 Q: How should this cost be allocated?

31 The response to IR AG 14-6b shows that the distribution of the 35 test-year participants
was even more skewed, with no residential participants, one G-1 participant, and the remaining
97% of participants from G-3/4.

321 find it hard to believe that the one apparently single-family house served by the program
(an R-4 customer in N. Egremont) required or received the same level of services as the several
hospitals, hotels, or the Worcester Centrum. '
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The costs of the power quality assessment program incurred for each class
should be assigned to that class. If those costs cannot be determined, MECo
should allocate the program costs on the number of participants, weighted by
the participants maximum demand (as a proxy for complexity of treatment).
Even an unweighted participant allocator would reallocate about 88% of the

program costs from the residential class to the general service classes.

What is the relevance of the power quality assessment program to the
allocation of distribution investments to improve power quality?

It is clear that power quality is overwhelmingly a concern of large customers.
Using the participation in the power quality assessment program as a proxy
for the pressure from customers for improvements in the distribution system,

the costs of those improvements should be allocated as follows:

Class R-1/2 B-4 G-1 G-2 G-3/4
Cum, Patticipants 2 1 41 l‘ 38 94
Cum. Allocation 1.12%  0.56% 23.03% 21.35% 52.81%
Test Yr Allocation 0.00%  0.00%  2.94% 0.00% 97.06%

MECo should be ordered to identify projects and expenditures intended
to improve power quality, and allocate those costs on the test-year allocator
above, or the cumulative allocator weighted by the average maximum

demand of the participants.

Energy-related Distribution Investment

Does MECo properly classify costs to demand?
No. MECo allocates all distribution costs on demand or customer number. In

reality, a significant portion of the distribution investment, particularly in
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underground lines and transformers is required for total daily or weekly

energy usage, not for peak load.

How does energy use in hours other than the peak hour affect the
installed cost of transformers?

There are at least three ways in which energy use determines the sizing, and
hence the cost, of transformers. The first two factors—the length of the peak
period and the load factor on the transformer—affect the maximum load the

transformer can tolerate without catastrophic overheating. The third factor is

the effect of periodic overloads on useful transformer life.

Short peaks and low off-peak currents allow the transformer to cool
between peaks, so that it can tolerate a higher peak current. The limit for very
short-duration loads (e.g., 30 minutes) is generally stated as 200% of rated
capacity, while utility practice for high load factors (e.g., 80%) and long peak
periods (e.g., 8 hours) often limits loadings to 100%-120% of rated capacity,
especially for underground service.

Thus, only about half the installed transformer capacity would be necessaty
to meet the brief peak loads represented in MECo’s demand allocators, were it
not for the neighboring hours of high utilization and the relatively high off-peak
loads on peak days. Even considering only System reliability considerations, only
50%-60% of transformer capacity can be attributed to the single-hour peak load.

Energy usage also affects the useful life service life of transformers, due to
overheating of the insulation. For example, a transformer that is overloaded by
20% for eight hours (due to high load, or failure of another transformer in a
network), will lose about 0.25% of its useful life. With 10 overloads annually at
this level, the transformer would last 40 years, by which time accidents,

corrosion, and other problems are likely to lead to its retirement. Long overloads
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1 and higher load levels increase the rate of aging per overload, and frequent

2 overloads lead to rapid failure of the transformer.
3 In a low-load factor system, these high loads will occur less frequently, and
4 the heavy loading will not last as long. If the only high-demand hours were the
5 ones on which the peak loads are based, the chances of a first contingency
6 coinciding with the peak would be small, and most transformers would be retired
7 for other reasons before they experienced many overloads. In this situation,
8 larger losses of service life per overload would be acceptable, and the short peak
9 would allow greater overloads for the same loss of service life.
10 With high load factors, there are many hours of the year when the
11 transformers are at or near full loads.33 Thus, the size of the transformer must be
12 increased to limit overloads to the small amount that is compatible with
13 acceptable loss of service life per overload for this frequency of overloads, or the
14 transformer will burn out far too rapidly.
15 Exhibit AG-PLC-19 contains excerpts from various references,
16 demonstrating the dependence of transformer capacity on energy loading.

17 Q: What portion of distribution transformer capacity might be classified as
18 energy-serving?

19 A: For other utilities, I have estimated this percentage at about 40%. The

20 classification of distribution transformer costs on energy, rather than
21 customer peaks, would significantly reduce the allocation to the residential,
22 small commercial, and streetlighting classes.

33In networks, failure of other transformers or lines will frequently cause overloading at such
times. '
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Do the same energy-related considerations apply to substation
transformers?

Yes. The sizing and aging of substations is also driven in part by energy
effects.

What effect does energy use have on the sizing and aging of lines?
As T mentioned previously, MECo’s classification methodology ignores the
effect of load factor on the sizing of underground transmission, primary and

secondary lines. Since heat builds up around the lines, the length of peak loads

‘and_ the amount of load relief in the off-peak period affects the sizing of

underground lines. An underground line may be able to carry twice as much load
for a needle peak as for an eight-hour peak with a high daily load factor. To
reduce losses and the build-up of heat, utilities must install larger cables, or more
cables, than they would to meet shorter loads.3* Since the number and sizing of
underground lines is a function of load factor, a portion of tﬁe cost of the lines
should be classified as energy-related.

Exhibit AG-PLC-20 contains excerpts from various references,

demonstrating the dependence of power-line sizing on energy loading.

Allocation of Distribution System on Customer Maximum Demand

How does MECo allocate demand-related distribution plant?
According to IR 2-3 (revised), MECo has allocated primary, step-down

transformer and secondary distribution plant according to the average over 12

34Both lines and transformers are sized, in part, to reduce the costs of energy losses. This

consideration also argue for classifying a portion of transmission and distribution costs as

energy-related.
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1 months of the monthly sum of individual customers’ maximum demands.35

2 This demand measure totals 6,324 MW at primary, compared to MECo’s
3 July 1994 coincident peak of 2,799 MW (WP PTZ-2, p. 4). MECo’s cost
4 allocations effectively assume that its engineers ignore customer load
5 diversity in designing the distribution system,3¢

6 Q: How does load diversity influence the sizing of demand-related
7 distribution plant?

8 A: The diversity of demand among a group of customers results in a group peak

9 demand that is lower than the sum of customers’ individual maximum
10 demands. In general, utilities size plant to meet the group peak, not the sum
11 of customers’ individual maximum demands. |
12 The load diversity on a given piece of distribution equipment, a
13 transformer or a length of line, depends upon the number and type of
14 customers served on that plant. The farther downstr'eaIﬁ the distribution
15 equipment, the fewer the customers served, and the lower the load diversity.
16 NEES’s Distribution vSystem Planning Guidelines show that NEES
17 designs its underground distribution system to reflect the significant diversity

35 The Company appears to have been confused by its own terminology, as evidenced by its
need to correct IR AG 2-3. Zschokke (p. 15) defines the “Non-Coincident Peak” allocator as
“rate class’ individual customer 12 monthly class peaks.” This is a non-standard use of the term
“Non-Coincident Peak.” The NARUC Electric Utility Cost Allocation Manual, which clearly
uses class NCP as the sum of the diversified peaks of each class, and contrasts NCP with “the
summation of individual customer maximum demands” (page 97, January 1992 edition). To
avoid confusion, I refer to the normal meaning of NCP as Class Peak and to MECo’s use of the
terms as Sum of Maximum Customer Demands.

36 If MECo argues in this case that it actually ignores diversity in planning, the Department
should initiate an investigation to determine the cost of the excess distribution capacity that was
imprudently installed.
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in groups of residential customers, as shown in Exhibit AG-PLC-21. Other
examples of utilities designing distribution systems to reflect the diversity of
customer loads (especially for small customers) are provided in Exhibit AG-

PLC-22.

What evidence suggests that the loads on the various portions of
distribution plant are diversified, and hence lower than the sum of
customer maximum demands?

MECo’s 1994 FERC Form 1, p. 427.3 reports a total distribution substation
capacity of 2,711 MVA. The total substation capacity serving MECo
customers may be somewhat larger than 2,711 MW, since the FERC Form
data do not include substations serving individual industrial rcustomers, or
NEPCo substations directly serving a few large MECo customers; or
somewhat smaller, since each MVA is equivalent to less thgn one MW.37 In
any case, it is. clear that the substations would not caﬁy 6,324 MW of
primary load.

What is the effect of using the sum of customer peaks, rather than the
loads of a group of customers sharing a piece of equipment?

MECO allocates too much of the costs to small customers. Small customers
loads are highly diverse; in a given year, various customers will peak at
different times, on different days, and in different seasons. The diversity of
load that occurs between groups of small customers occurs to some extent
within each large customer, as different pieces of equipment, functions, and

parts of the facility peak at different times. Under MECo’s methodology,

37 The ratio between MW of useful power and MVA of apparent power is the power factor,

which typically ranges from 80-90%.
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1 residential class is assigned 66% of non-customer-related distribution plant,

2 as follows:
Primary lines and Substations 61%
Step-down Transformers 67%
Secondary Lines 77%

3 Q: What would be a more appropriate allocator for distribution plant and
4 associated expenses?

5 A: If MECo were to use a single type of load to allocate all distribution

6 equipment, that allocator should be the class non-coincident peaks (NCPs),
7 which reflect both the sharing of equipment between customers and the
8 tendency of various classes to have different load shapes, and often (although
9 not always) to use different distribution equipment.3® In DPU 92-78, the
10 Commission ordered MECo to use Qlass NCPs, averaged over the twelve
11 months of the year to reflect the diversity of maximum loads on distribution
12 equipment.? Instead of using class NCPs, MECo applied the sum of
13 customer maximum demands; MECo used the name required by the
14 Department, but not the data. |

38Even using a single measure of load, the allocators will vary with the voltage level of the
equipment, since the mix of class loads will vary with voltage.

39 To clarify the terminology, the Commission cited the NARUC Electric Utility Cost
Allocation Manual, distinguishing “customer class non-coincident demand” from “individual
maximum demands.” (DPU 92-78 at 150). As noted above, the Cost Allocation Manual clearly
uses “class NCP” as the sum of the diversified peaks for the classes. The Commission also noted
that MECo argued for reflecting customer diversity in allocating distribution costs (Id. at 153),
stated that the load measure the Commission called “NCP” is one that does “reflect the diversity
of individual customers within a class” (Id. at 154), and found reasonable the 12-month average
of that form of NCP (Id. at 155).
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1 Q: How would the use of class peaks, rather than the sum of customer peaks,
2 affect MECo’s allocation of distribution plant?
3 A: The effect would be substantial. The following table shows the residential

4 portion of class and customer loads at each level of the distribution system.
DPU-Ordered MECo-Utilized
Class Customer
Diversified Peak Undiversified Peak

primary lines and substations 41% - 61%
step-down transformers 52% 67%
secondary lines 63% 7%
5 Source; WP PTZ-3, p. 4

6 Q: Isclass peak the besf estimate of class contribution to load af each voltage

7 level?

8 A: No. While class peak is the best single measure, the diversity of loads varies

9 with the type of equipment. At the highest distribution voltage level, the costs
10 of substations and primary lines are determined by area-specific loads that
11 ~ tend to be dominated by particular classes, However, a single primary feeder
12 is likely to serve some mix of residential, commercial, industrial, and/or

‘13 street lighting customers, and not just one type of customer. Substations are
14 even more likely to serve mixes of customers, since they serve several
15 feeders.

16 Generally, the load diversity of a group of customers from different rate
17 classes will be greater than that for a group of customers from the same class,

18 but lower than the load diversity for the system as a whole. Therefore, the
19 allocator for primary lines should be somewhere between the system
20 coincident peak and class non-coincident peak. One reasonable allocator for
21 primary lines and substations would be a simple average of (1) class
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contribution to MECo coincident peak with (2) class peak (the normal definition
of non-coincident peak), with a seasonal weighting to reflect the timing of feeder
and substation peaks. MECo does not seems to have provided either of these

peak measures, or any information on the timing of primary equipment peaks.40

What effect does diversity have on the appropriate demand allocators for
step-down transformers?
The demand allocator for transformers should reflect the effects of customer
load diversity on the number and size of line transformers. On average over
all customer classes (excluding street lighting), MECo has over 931,000
customers (Exhibit PTZ-1, p. 17),1 but less than 134,000 step-down
transformers in use to serve customers (1994 FERC Form, p 429), or an
average of 7 customers per transformer. Since each large customer may have
one traflsformer, or even several transformers, dedicated to serving its load,
the ratio of small customers per transformer is even larger.‘ MECo prefers to
serve 9—12 customers per transformer for medium-use residential customers
(NEES Distribution Standard 2521, reproduced in Exhibit AG-PLC-21).
MECo assumes the following coincidence factors for groups of
residential customers, even when only diversity among customers with the

same type of air conditioning and heating equipment is considered:

40 Interestingly, when MECo does provide monthly class peaks (in Workpaper PTZ-2, p. 3),

the data for Rates G-2 to G-4 are inconsistent with the annual averages in WP PTZ-3, p. 4, and
also with the sum of maximum customer demands in Exhibit PTZ-1, p. 17. The sum of
maximum customer demands must exceed the class peak, but the monthly class peaks in WP
PTZ-2 are higher than the monthly sum of maximum customer demands in IR AG 2-3.

by 12.

41 This total is from the allocator for “number of customers excluding street lights,” divided
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Number of Customers Coincidence Factor

8 0.55
9 0.53
12 0.50
13 0.49
20 - 0.46

In other words, the maximum load on the transformer is typically about half
the sum of the maximum loads of the customers served by the transformer.
Hence, while MECo allocates step-down transformers to the residential class
based on a 3,544 MW sum of customer peak demands, the class’s load at the
transformer is more like 0.55 x 3,544 = 1,630 MW.

Exhibit AG-PLC-23 shows the effect of applying this adjustment to all
classes, assuming eight customers per transformer for Rate R1/R2, and
smaller numbers for classes with larger customers. The residential share of
transformer costs falls from 67% to 56%, while the sharef allocated to Rate
G-3/4 rises from 12% to 19%.

How does diversity affect the sizing of secondary lines?

A: The effect is similar to that for transformers, but the effect is
reduced, since fewer customers are served on each piece of primary. For the
sample layout givén in NEES Distribution Standard 5002 (in Exhibit AG-
PLC-21), about half the secondary line length (sections AB and AE) serves 4
customers and the other half (BC, AD, and EF) serves two customers, for an
average of three customers.

Fewer of the larger G-1 and G-2 customers served from the secondary

system would tend to share secondary lines, and their coincidence factors are
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higher, so the residential share of the secondary demand allocation would
decrease, as shown in Exhibit AG-PLC-24.42
Any G-3 or G-4 customers served off the secondary lines would be

added to this computation, and would have fairly low diversity.

Do you have any other comments on MECo’s allocation of secondary
lines? |

Yes. MECo allocates no secondary lines to any G-3 or G-4 customers, even
though Exhibit PTZ-7, p. 25, 37% of G-3 sales and 91% of G-4 sales are to
customers who receive neither the credit for metering at primary nor the
credit for delivery at primary. This allocation would be correct only if all G-3
and G-4 customers take service directly from the transformef, without any
intervening secondary lines. In particular, any G-3 or G-4 load on secondary

networks would utilize secondary lines.

The Weighting of Customer Allocators

Where does MECo use customer allocators inappropriately?
MECo ignores differences in sizes and costs of services; and in differential

requirements for meter reading and customer service.

How does MECo allocate service drops?

The Company claims to have developed a weighted customer allocator based
on an engineering study of the unit cost of services. The results are presented
in Exhibit PTZ-3, p. 15. The source cited for the estimates is WP PTZ-2,
pages 4-5; those pages have nothing to do with services. Nor does the

42 T assume that the number of G-1 and G-2 customers sharing the average secondary line is

(1 + customers/transformer) + 2, from in Exhibit AG-PLC-23.
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service-drop analysis appear anywhere else in MECo’s workpapers.
Whatever this analysis does, it has hardly made a difference from the

residentials point of view:

Residential

Allocation

Number of Customers 89%
Service Drop Allocator 88%

It is not surprising that the allocation is not véry different from a pure
customer allocator, since the computation in Exhibit PTZ-3 simply multiplies
the number of customers by an asserted marginal cost per service, and the
range in service costs is only about 2.5:1. Not only is this small variation in
service costs for a wide variety of services (single-phase and three-phase,
primary and secondary, from 60 amps to many hundreds of amps) surprisiﬁg,
but the pattern is even more surprising. The small commercial customers,
with loads twice as great as the residential customers, are asserted to have
lower service costs than the residentials, while the G-2 services are reported

to be more expensive than those for the much larger G-3/4 customers.

Has MECo assigned the proper number of service drops to each class?
No. The Company did not take into account the sharing of services by
smaller customers in the development of the relative unit costs. The
calculation in Exhibit PTZ-3, p. 15 assumes each customer has a service, But
several customers in a multi-family dwelling, a shopping center, or an office
building, may share a single service.

I estimated the number of shared services as the difference between the
number of customers and the number of services. From page S-14 of MECo’s
1994 return to the DPU, I found that as of year-end 1994, MECo had
587,124 services in place, to serve about 929,000 non-streetlighting
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1 customers.43 Customers exceeded services by 58%. Thus, there are about

2 342,000 more customers than services.

3 Q: What other problems have you identified with this allocator?

4 A: The allocation appears to have the following problems:

5 e  According to Zschokke (p. 14), MECo calculated the unit cost by meter
6 type. But a small residential customer served by a 60 amp service and a
7 G-1 customer served by a 200 or 300 amp service may use the same
8 meter type.
9 e Service costs vary with voltage level, length, ampacity, number of
10 phases, voltage stability requirements, and overhead versus
11 underground. There is no indication that the engineering éfudy
12 considered differences in these characteristics between classes.
13 o  The study is represented as estimating marginal costs, not embedded
14 "costs. It may therefore be allocating costs as if all residential customers
15 were new “marginal” customers with 200 amp underground services
16 (which may be typical today), even though many customers have 60
17 amp or 100 amp services, and many of those are overhead in older
18 areas. Marginal and embedded costs may be much closer for the large
19 customers than for the small customers.

20 Q: How should MECo modify its service allocator?

21 A: The customer allocator should be modified to take into account the sharing of
22 services by some small customers. In addition, MECo should be ordered to
23 reanalyze the costs, demonstrating that it has properly reflected the size,
24 length, number of phases, and construction (overhead versus underground) of

43 Some of these services may be inactive.
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1 the embedded services, through a survey or representative sample of services

2 associated with each type of customer.

3 Q: Where does MECo improperly use unweighted customer allocators?

4 A: MECo uses the unweighted customer allocator (or the very similar bill
5 allocator) for
6 . customer account supervision expense;
7 e customer records and collections;
8 e  miscellaneous customer account expense;
9 ¢  customer service and information expenses;
10 e a“customer-related” portion (16.55%) of distribution O&M accounts
11 covering what MECo calls “overhead”: supervision, engiﬁéering,
12 miscellaneous expenses, and rents; and
13 e installation expense on customer property (Account 587).
14 None of these expenses appears to be directly proportional to customer
15 number.

16 Q: Please explain why.

7 A In general, larger customers would be expected to have more complicated
18 installations, metering, and billing, and to warrant more time and attention

19 from MECo. It is difficult to believe that MECo spends as much time and
20 attention on each residential customer as on each G-3 customer, considering
21 that the average G-3 customer’s bill is about 700 times as large as the average
22 residential bill.4* More specifically:

44For example, in explaining how the SED contract would be marketed, MECo witness
Reilly testified that “We intend to speak personally with each of the G-3 customers, one-on-one,
individual contacts with each of our G-3 customers.” DPU 93-194 (November 22, 1993) Tr. at
35. Understandably, MECo does not provide comparable levels of customer service or
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information to residential customers to assist them in utilizing new rate designs. While this
difference in treatment may be justified by the lower cost-effectiveness of additional service to
small customers, residential customers are already burdened by the lack of better information

Customer account supervision includes supervision of meter reading
and uncollectibles, both of which MECo acknowledges are more
heavily weighted towards larger customers.

The records portion of customer records and collections expense should
vary with the complexity of the billing, and collections expense should
vary with uncollectibles, both of which are greater per customer for
large customers.

Miscellaneous customer account expense is a very small category, but is
likely to be greater for large customers with complicated bills, including
many billing determinants and credits.

Nearly 10% of the Customer service and information expénse& are
comprised of the power quality assessment program, which serves
almost entirely commercial customers. Once again, it is difficult to
believe that MECo spends as much time providing assistance and
information on billing, energy usage, and other matters for the average
residential customer as for the average hospital or manufacturer.

The “customer-related” portion of distribution O&M is determined in
MECo’s classification process (Exhibit. PTZ-2, p. 7) by the fraction of
total distribution plant that is comprised of services, meters, and

streetlights, in about equal parts.4> Roughly one third of this amount is

and service, and should not be paying for services for which they are not eligible.

45 MECo’s decision to allocate a portion of rents to meters, services, and streetlights

appears to be improper, since MECo is unlikely to be renting this equipment or land for it.
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1 driven by streetlighting (for which residential should have no

2 | responsibility), one third by meters (51% of which MECo allocates to

3 residentials) and one third by services (88% of which MECo allocates

4 -to residentials).4® A simple average of these three allocators would

5 allocate about 45% of the accounts; yet MECo allocates 89% of this

6 “customer-related” overhead to the residential class, more than any of

7 the costs that drive it. “Customer-related” distribution overheads should

8 ‘ be allocated in proportion to the underlying costs, as derived in Exhibit
9 AG-PLC-26.
10 » Installation expense on customer property (Account 587) includes
11 installing such items as cable vaults, motor generator sets,';motors, and
12 switchboard panels, all of which would be primarily provided for large
13 customers with complicated service requirements; and investigating
14 service complaints (which are primarily associated with large
15 customers, as shown by the power quality assessment program). The
16 frequency and magnitude of these costs would tend to vary with the size
17 of the customer, and are unusual for small customers. Unless MECo has
18 a breakdown of these costs by customer class or other characteristics,
19 they should be allocated on the basis of customer demands at primary.4’

20 Q: How would you recommend allocating the customer account and
21 customer service expenses?

22 A: Asnoted above, I recommend allocating

46 As discussed in §IV.C, I believe this allocation is overstated.

47 A further weighting towards large customers would be warranted, but is difficult to
estimate,
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o the $567,729 portion of Account 908 that is due to the power quality
assessment program on the basis of participation;

e  “customer-related” distribution overheads in proportion to the
underlying costs, as derived in Exhibit AG-PLC-26; and |

e installation expense on customer property on the basis of customer
demands at primary.

Further, I recommend that customer records and collections expense be
allocated in a manner that reflects the greater complexity of billing for the
customers with more complex rates, and the greater effort undertaken to
collect overdue bills from the larger customers. In the absence of any special
study, I recommend using the average of the meter reading and uncollectibles
allocators.

I would allocate customer account supervision and miscellaneous
customer account expense in proportion to the total of other customer
account expenses.

I would allocate the remainder of the customer service expenditures on
an average of customer number and energy, to reflect the greater effort
MECo takes to serve large customers.

These allocators are summarized in Exhibit AG-PLC-25.

Allocation of Discounts and Credits

What discounts and credits will you be discussing?
I discuss the service extension discounts (SED) and economic development

discounts.
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1 A. Service Extension Discounts

2 Q: You have previously described the Service Extension Discount. How
3 should the payments from NEPCo to MECo to subsidize the SED be
4 allocated to classes?

5 A: [If rates are otherwise set right, SED payments from NEPCo should be

6 allocated in the same manner as the costs. If costs are allocated to G-3,
7 “without discounts, then the SED credit from NEPCo should similarly be
8 allocated to Rate G-3. If costs are reallocated to other classes, so should be
9 the SED credit. From IR AG 2-12, T understand that MECo is using the first
10 approach, but the discussion is not totally clear. |

11 If rates continue to be set as they are tdday, the G-3 cué;comers not on
12 the SED contract are imposing costs on the system for which they are not
13 paying, as I discussed in §IILF above, and are being subsidized by ratepayers
14 in other classes. In that case, the NEPCo credit should t;e allocated to all
15 customer classes, using WHAM-D (through which most of these costs are
16 collected) to compensate them for the costs they are bearing.

17 B. Economic Development Discounts

18

2

How does MECo propose to allocate economic development discounts?

19 A: MECo proposes to allocate economic development discounts, under-the-Flex—.

20 Rat&@f"f%n/rate base.

21  Q: How has the Department allocated comparable discounts?

22 A: In DPU 93-42, the Department found that the costs of revenue reductions

23 under experimental rates (a-description that seems to fit Rate G-5Y should be
24 allocated to the shareholders. The Department similarly found that the
25 discounts in Boston Edison’s Manufacturing Retention Rate should be paid
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by the shareholders. Thus, it is not clear that these discounts belong

anywhere in MECo’s cost of service.

Is rate base an appropriate allocator for any portion of the economic
development discounts that might be recovered from ratepayers?

No. The rate-base allocator is consistent with allocation of residential low-
income rate discount, but does not well match the causation of the economic
development discounts.

The economic development discounts would attract additional general
service load, which would spread some fixed MECo and NEPCo costs over
lafger sales. However, the additional load would presumably increase costs,
even in the short term, for fuel, metering, services, and ofher customer-
related costs. Therefore, the discounts should be allocated to rate classes in
proportion to the benefits they receive from the increased sa}les, which would
be the costs that will be spread over a larger base. Those ,‘beneﬁts would be
roughly proportional to each class’s allocation of MECo costs, excluding
meters, services, and customer-related costs, plus MECo’s share of NEPCo’s
non-fuel costs. MECo should be instructed to develop an appropriate
allocator. In the meantime, the discounts should be allocated on the basis of

revenues, rather than rate base.

Summary of Recommendations

Please summarize your recommended changes in cost allocation.
First, as I explain in §III, the costs of the excess capacity and excess baseload
generation in NEPCo’s resource mix charged to MECo should be allocated to

rate classes in proportion to their contribution to the errors the forecasts that
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contributed to the excess. This change would shift large portions of
production costs from the residential and streetlighting customers to the large
general-service class. |

Second, as discussed in §IV.C., the costs of the distribution system, at
the primary, transformer, and secondary levels, should be allocated to rate
classes on the basis of diversified class peaks, or of diversified group loads
by voltage level, rather on undiversified customer peaks.

Third, several expense items that MECo allocates in proportion to
number of customers or bills should be allocated in ways that better reflect
their causation, as discussed in detail in §IV.D. These costs includg customer
accounts, customer service, distribution overheads, and the ‘power quality
program.

Fourth, the costs of the economic development discounts should be
allocated to rate classes in proportion to revenues, not rate base.

Fifth, excess generation costs are not re-allocated as recommended
above, the subsidy from NEPCo for reducing forecasting risk with Service
Extension Discounts should be allocated on basis of the production demand
allocator (WHAM-D).

The reallocation of generation costs alone results in a reduction in the
residential revenue requirement of $69 million, more than MECo’s proposed
rate increase for residential customers, as well as a similar shifts for
streetlighting customers. The other corrections in cost allocations on the
distribution system would further reduce thev costs allocable to the small
classes. Therefore, based an equitable sharing of costs would result in no rate
increase for the residential class, and smaller increases for small commercial

and streetlighting than recommended by MECao. If the Commission explicitly
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A:

finds that specific non-equity considerations or policy objectives require that
the residential class receive some rate increase, that increase should be the

minimum required for consistency with the other objectives.

Please summarize your recommendations regarding additional analyses
MECo should perform to support more equitable cost allocations.
Commission should order MECo to undertake the following additional
analyses to support improvements in future cost-of-service studies:

e  Determination of the relative costs of serving various classes’ loads,
given historical and expected risks of variation in sales from forecast.

e  Determination of the relative costs by class of service drops, considering
the length of services, the average installed amperage, the mix of single-
phase and three-phase services, and the mix of underground and
overhead services.

e Identification of any secondary lines serving customers in Rate G-3/4.

e  Differentiation of target generation reserve margins by rate class.

e  Identification of transmission and distribution investments made to
support the higher requirements for reliability and power quality of large
customers.

e  C(lassification as energy-related the portion of transformer and
underground line costs resulting from energy loadings, including the -
effects of thermal limits imposed by long peaks and high load factors,
and the effects of multiple overloads on equipment life.

o  Development of an economic-development allocator, reﬂectihg MECo
costs, excluding meters, services, and customer-related costs, plus

MECo’s share of NEPCo’s non-fuel costs.

- Does this conclude your testimony?

Yes.
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NARRAGANSETT RATE FILING
DESIGNED TO MEET INVESTORS' AND
- CUSTOMERS ' NEEDS

e Filed 3/1/95 /

¢ Full Case Proposal
~$30 M (6.4%); effective 12/95

~Includes $7M for increased funding of storm fund and
higher depreciation rates

- Requested 12% ROE

—~ Over 80% of increase to residential and small C&l
. ~ Large C&l only 1.8% increase

7

7
7

. ~ Manufacturer's discount of 8% off base rates ($3 M)

// ~ - must'sign SED

senny

e Rate Moderation Proposal

~$10 M net including manufacturers discount (2%)
effective 6/1/95

~$20 M (4.2%); effective 6/1/96
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MASS ELECTRIC FILING
DESIGNED TO MEET INVESTORS'
AND CUSTOMERS' NEEDS

e File for Approximately $60 MM Increase on
March 15 (4%

— October 1 effective date
o Majority of Increase Allocated to Residential

e Discounts for Large C&l Customers Who Agree to 5
Year Minimum Take Provisions

e Incentive Rate Proposal




Exhibit (AG-PLC-3)
Summary of NEPCO Purchases and Sales

(9 pages, including this cover page)
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Summary of Power Contracts 0-Mar-95 1152 AM

NEES Capadty Fixed Toin Debt
MW Stat  Convact Type % InFuel Chages Charpes  Equivalent Dedt
(Wirnter)  Fuel Sawns Date EndOste Pt Quwner Dispaich? Clause?  (Hsoft) (Hnotsil) __ Facr Equivalent
Take & Pay Contracts:
Contract 22243 Hydo Onne = Doc-2000 U Limitsd NA 0 0 0% 0
Lawrenca Hydroslectric Assoclates 14,10 Hydo Onine =~ Dec-2011 OF N Y 35,771 5% 1,789
Mascoma Hydro Corp. 1.50  Hydo On-ne = Jan2029 OF N Y 2942 5% 147
Operating Limited Parinership 10.70  Hydro COn-ine = Jan2012  QF N Y 33,053 5% 1,653
Northoast Landfil Power - Joinston, R 1200 Methane  Ondne = Jan2010 QF N Y 35477 5% 1,774
Turkey, Rochester NH 3.00 Methane  Ondne = Feb-2009 QF N .Y 10,829 5% 544
Ogden Systems of Haverhil 4287  Wasie On-ine v May-2019  QF N Y 290,754 5% 14,538 i
Refuse Energy Systems Co- 3228 Waste On-ns = Dec20i5 QF N Y 185,997 5% 9,300
Refuss Energy Systems Co - N. Andover 3198 Waste Cn-ne = an2005 QF N Y 45,691 5%
Mibury 4073 Waste Onrine =~ Sep2017 QF N Y 285,743 5% 14,287
Barre Landfis (1) 1.00 Metmane  Ucensing JB-95 2010 QF N Y 2229 5% 111
is Landfi - Jornston (1) 1.95 Wasts Heat  Licensing Jan96  Dec-2010  OF N Y 3,483 5% 174
Nashua Landfl (1) 1.50 Metmne  Lcensing Jan-96  Dec.2006  QF N Y 1,774 5% 89 !
Plairvile Landil (1) 3.00 Metane Ucensing Jan-96  Dec-2010  OF N Y 4,196 5% 210 ]
Randoiph Landfil (1) 264 Metane  Ucsnsing Jang6 Dec2015 QF N Y 4,961 5% 248 i
TIRU - Shirley 588 Wasts  Ucersing Jan-97 Dec2016  QF N Y 8,899 5% 445
EP Windpiart 1 ] 1000 Wind Ucensing Jan97 Dec-2021 QF N Y- 9,425 8% 4T
NEP Windpiant 1 phass |! 250 Wwnd Licensing Jan-98  Dec-2022 QF N Y 2292 5% 115 ,
NEP Windpiant 1 phase It 750 Wind Ucsnsing Jan-99  Dec-2023 QaF N Y 6,723 5% < !
of P 11227  Gas Onine = Ap2010  OF Y Y 303.966 5% 15,188 1
Clark University . Gas On-ine - an2002  QF Y Y 20 5% 1 j
Erron Power se Corp (2) 8344 Gas On-ine = Jan2009 PP Y N 178,553 5% 8928
Pawtucket Power Assodiales 6428 Gas Onine = Jan201t  QF Y Y 185,305 5% 9265
Total Take & Pay 667,824 81,504
Take or Pay Contracts:
Ocean State Power 27258 Gas On-ne ~ Ock2011 PP 20.0% Y Party 608,920 25% 152230
Cornectas Yankes Atomic Power Cop 87.50 Nudear Ontne - An2007 v 15.0%  Limitad N 247,188 5% 61,797
Maina Yankee Atormic Power Cop 158.08  Nucdear On-ine = OcH2008 v 20.0% Limited N 290,819 5% T2.705
Vermont Yankee Nuclear Power 93.90  Nuckear On-ine - Mar-2012 U 200% LUmited N 297,683 5% 74424
Canal 1, Canal Bectric - Comm Energy (3) 143.00 OF On-los ~ 2002 U Y N 65,998 % 26399
Middetown 4, NU 55.60 e ] On-ine - Oct-95 U Y N 1.970 40% 788
Oswego 4, Niagara-Mohawk 40.00 ol Cn-ine had Dec-35 U Y N 2,126 40% 851
NU Sica Purchass (4) Variable  Mixed On-ine haad Oct-98 U Y N 47,714 40% 19,085 |
Total Take or Pay 1.562.417 408276
Firm Power Sales Contracts:
Salem Harbor 4 to Newport (EUA) 5.00 O3 Onfne - Oct-95 u (474 40% (189)
Brayton Point 4 to Newport (EUA) 500 OWGas  Onine - octss v (467 40% (187)
Wyman 4 to Newport (EUA) ' 5.00 o] On-ine - Oct-85 U (208 40% (83) i
Salem Harbor 3 to Urstit Variable Coal On-ine = Oct2005 U (10,551 40% (4.220) ;
Milstone 3 to Unit] Variable Nodear On-ine 02005 U ,068 A% (2.827)
System Scs to Resding Mun. Light Dept. Vasiable  Mixed On-ine ~ o3 U {10,005 40% (4002
Systern Sice o Strowsbury Varfable  Moxed On-ine - Oct2004 u (15,527 40% (6211)
System Sice to Nantucket Variable Moed  Licensing  Jan97 Dec2016 U (27,070 40%  (10.828)
Midstone 3 /Seabrock 1 to 25.00 Nudesr Onrine hiad oct-99 v (1. 40% {664)
Bear Swarmp to Certral Vermont Publc Sve 8.40 Hyao-PS  Ondoe . Apr-98 U (654 A0% (262}
System Sice to Brairtree 200 Mixed Onrine = Och2004 u {4,557 40% {1.823)
System Stce 1o Uttleton 3.00 Moed On-oe - Och2004 v (5,009 4% {2.004)
System Sice to Taunton 10.00  Mixed On-ine Now-85  Oct2005 Y (13,898 40% (5.553) b
Manchestar Street/Bear Swanp o Groton 0.50  Mixed On-ine Dec-85  Deoc-2005 U {797 40% 319) ;
Manchester Stroet/Bear Swamp to Hingham 200  Moxed On-ine Dec-95  Dec-2005 U (3.189 405 (1276} :
Manchested Street/Baar Swamp to Hoiden 200 Moed On-ine Dec-95  Dec-2005 Y (3,189 40% {1.276) ;
Street/Bear Swamp to Middeton 050 Moed O Dec-95 Dec-2005 v 40% {319) ;
Manchester Street/Bear Swamp to North Atieboro 400 Moed Onine Dec-95  Doc-2005 U (6378 A0% (2.551) :
Brokered Contracts:
Mains Yankes to Uit Variable Nudesr On-ine = Oct2005 U (2,813 40% (1.125)
Ocean State to Unitd Varfable  Gas Ondne - Ock2010 PP (43279 0% (17.311)
Total Sales {157,592 (63.037)
Capacity Exchange:
Bear Swarvp (NEP to Com Blec) 50,00 HydoPS - Apr-97 U (4.480 40% (1.792)
Canad 2 (Com Blec to NEP) 50.00 [« hatd Apr-97 U 3,942 Ll 1,577
Total Exchanges (538 (215)
Grand Total 2,072,112 : 426,928
Notes:
1. Option to terminate contracts earty assumed to be exercised,
2. NEP wil provide 100% of gas thereby Smiting fuel cost fluctzabon exposure.
3. Contract wil be extendied for any outage hatlasts for more than 120 days,  Origined expiration date was October 2001,
4. Terms of NU Sics extension were renegotiated theredy foing the capacity payments, front-end Joading he capadity purchases, and recucing the total MW commitment and total cost.
I
i




1994 Actual Projected Variable Expense

Yariable Expense Estimated 1993 1996 1907 1998 1999
Take & Pay Contracts
Lawrence Hydro 4,853 4,977 4,913 4,847 4777 4,698
Mascoma Hydro 348 349 | 348 349 349 247
Pontook 4,934 5,099 5,099 5,099 5,099 5,099
Northeast Landfil! 4,102 4,196 4,284 4,354 4,431 4,515
Tumkey, Rochester NH : 1,331 1,354 1374 1,39 1,412 1,433
Ogden Haverhill 27,254 28,412 28,918 28,278 28,731 30,197
Resco-Saugus 18,567 19,257 13,568 20,014 20,290 20,574
Resco-N. Andover 4,422 5,501 5,763 5,918 6,462 7,152
Signal-Millbury 28,953 28,667 29,173 29,533 29,986 30,452
Barre Landfill 109 285 289 294 299
Genesis Landfill - Johnston . 289 00 506 512
Nashua Landfill 304 303 303 303
Plainville Landfil ) 340 590 600 608
Randoiph Landfill 387 662 662 662
TIRU - Shirley ’ 731 1.254 1,254
NEP Windplant-1 phase | 478 878 935
NEP Windplant 1 phase If 128 234
NEP Windplant 1 phase }i 702
Altresco 11,474 10,750 11,240 11,691 12,346 13,186
Clark University 11 3 3 3 4 4
Enron
Pawtucket (Colfax) EMI 6,376 7269 - 7,578 8,025 8,666 8,707
Total Take & Pay 112,663 115,940 119,869 124,052 128,476 131,774
- Take or Pay Contracts :
Ocean State 19,335 . 21,513 21,401 22,506 24,361 26,417
Connecticut Yankee 4,327 3,889 3,005 2,828 3,123 3.830
Maine Yankee 4,963 3,902 13,987 4,052 4,406 5,456
Vermont Yankee 4,057 3,423 3,543 3,603 3,963 4,623
Canal 1 14,239 19,858 2,237 23,284 24,465 25,618
Middletown 4 (repl. Mt Tom) 698 2,046
NIMO-Oswego 4 4,466 1,084
NU Slice Purchase "3,729 2,549 876 358 491
Total Take or Pay 55,814 58,273 55,048 56,680 60,810 65,343
Total Take & Pay and Take or Pay 168,477 174,213 174,917 180,732 188,985 197,117
Sales & Brokered Contracts
- Salem Harbor 4 to Newport 314 83
Brayton Point 4 to Newport 273 338
Wyman 4 to Newport 0 77 )
Salem Harbor 3 to Unitil 338 459 686 1,100 1,071 1,131
Milistone 3 to Unitit 26 39 61 €5 &7 69
System Slice to Reading Mun. Light Dept. 1,073 2,651 2,774 2,872 2,958 2,539
System Slice to Shrewsbury - 1,466 1,580 1,914 1,992 2,070 2,128
System Slice to Nantucket . 3,158 3345 3,549
Millstone /Seabrook 1 to Bangor 4,457 5,004 4772 4,941 5,487 5,151
Bear Swamp to Central VT Public Sve )
Maine Yankee to Unitil 15 21, 34 52 56 ]
Ocean State to Unitit 1,104 754 1,154 1,820 . 1970 2,136
‘System Slice to Braintree 29 223 230 237 244 251
System Slice to Littieton 55. 335 345 355 368 377
Systemn Slice to Taunton 188 1,149 1,183 1,219 1,255
Manchester Street/Bear Swamp to Groton 4 62 63 65 67
Manchester Street/Bear Swamp to Hingham 18 247 254 261 270
Manchester Street/Bear Swamp to Holden 18 247 254 261 270
Manchester Street/Bear Swamp to Middieton 4 62 a3 65 67
Manchester Street/Bear Swamp to North Attieboro ' . 36 434 507 523 539
Total Sales & Brokered Contracts 9,240 11,836 14,227 18,916 20,029 19,868
Capacity Exchange -
Bear Swamp (NEP to Com Elec)
Canal 2 (Com Elec to NEP) e 3,784 2,900 2,256 862
Total Exchanges 3,784 2,900 2,256 862 0 [¢]

Net Variable Charges 163,021 165,277 162,946 162,678 168,957 177,248
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Fixed Charges

Take & Pay Contracts
Lawrence Hydro
Mascoma Hydro
Pontook
Northeast Landfi
Tumkey, Rochester NH
Ogden Haverhill
Resco-Saugus
Resco-N. Andover
‘Signal-Miltbury
Bare Landfill
Genesis Landfill - Johnston
Nashua Landfill
Plainville Landfilt
Randolph Landfil
TIRU - Shirey
NEP Windplant 1 phase |
NEP Windplant 1 phase i
NEP Windplant 1 phase liI
Altresco
Clark University
Enron
Pawtucket (Colfax) EMI

Tota!l Take & Pay

Take or Pay Contracts
Ocean State
Connecticut Yankee
-‘Maine Yankee
Vermont Yankee
Canal 1
Middletown 4 (repl. Mt Tom)
NIMO-Oswego 4
NU Slice Purchase

Total Take or Pay
* Total Take & Pay and Take or Pay

Sales & Brokered Contracts
Salem Harbor 4 to Newport
Brayton Point 4 to Newport
Wyman 4 to Newport
Salem Harbor 3 to Unitil
Milistone 3 to Unitd
System Slice to Reading Mun. Light Dept.
System Slice to
System Slice to Nantucket
Millstone 3/Seabrook 1 to Bangor .
Bear Swamp to Central Vermont Public Sve
Maine Yankee to Unitil
QOcean State to Unitil
System Slice to Braintree
System Slice to Littleton
System Slice to Taunton
Manchester Street/Bear Swamp to Groton
Manchester Street/Bear Swamp to Hingham
Manchester Street/Bear Swamp to Holden
Manchester Street/Bear Swamp to Middieton
Manchester Street/Bear Swamp to North Attleboro

Total Sales & Brokered Contracts
Capacity Exchange

Bear Swamp (NEP to Canal Elec)

Canal 2 (Com Elec to NEP)

Total Exchanges

Net Fixed Charges

1994 Actual Projected Fixed Charges
Esfimated 1995 1996 1997 1998 1999
40,681 39,636 40,011 40,183 40,412 40,670
17,089 18,626 19,565 20,530 21,553 22,627
20,192 23,388 23,400 23,336 23336 @ 2354
77,962 81,650 82,976 - 84,019 85,300 86,841
73210 80,280 79,811 79.934 75,430 75,945
25,027 30,586 32,773 28,147 34,855 30,747
26,263 34,408 36,189 30,255 40,480 42,924
25210 30,310 31,564 28,328 . 33,188 31,128
6,946 10,647 12,000 10,731 11,484 15,694
3,028 2,167
2,260 2,339
28,484 28,454 14,407 7.524 6,278
150,428 219,190 206,743 184,918 201,724 196,409
263.390 300,840 289,720 268,937 287,024 283,250
525 521
610 514
72 229
705 705 1,151 1,692 1,861 1,818
313 761 - 1,175 1.233 1,120 1,189
1,163 2,388 2,579 2,785 3,008 2,507
1,210 1,809 2,116 2,360 2,513 2,636 .
156 796 1,456
596 450 450 450 450 375
210 215 226 226 150
78 189 305 383 512 543
1,23 2,813 4,302 6,463 6,099 6,141
89 558 607 657 706 756
128 765 780 795 813 828
265 1,795 2,023 2,280 2,578
3 147 147 148 148
10 587 589 591 593
10 587 589 591 593
3 147 - 147 148 148
20 1,175 1,178 1,182 1,185
7.119 12,226 18,129 21,874 22,967 23,492
(2.254) (2,256) (2,256} {752)
1, 1,985 1,985 662
(320) 271) 71) (90) 0 0
260,950 288,343 271,320° 245,973 264,057 259,758







Jotal Payment

Take & Pay Contracts
Lawrence Hydro
Mascoma Hydro
Pontook
Northeast Landfill
Tumkey, Rochester NH
Ogden Haverhill
Resco-Saugus
Resco-N. Andover
Signal-Milibury
Barre Landfilf .
Genesis Landfill - Johnston
Nashua Landfill
Plainville Landfill
Randolph Landfill
TIRU - Shirey
NEP Windplant {1 phase |
NEP Windpiant 1 phase It
NEP Windplant 1 phase 1l
Altresco

Clark University

Enron

Pawtucket (Colfax) EMI
Total Take & Pay

Take or Pay Contracts
Ocean State
Connecticut Yankee
Maine Yankee
Vermont Yankee
Canal 1 .
Middletown 4 (repl. Mt Tom)
NIMO-Oswego 4
NU Slice Purchase

Total Take or Pay
Total Take & Pay and Take or Pay

Sales & Brokered Contracts
Salem Harbor 4 to Newport
Brayton Point 4 to Newport
Wyman 4 to Newport
Salem Harbor 3 to Unitil
Millstone 3 to Unitil
System Slice to Reading Mun. Light Dept.
System Slice to Shrewsbury
System Slice to Nantucket
Millstone 3/Seabrock 1 to Bangor
Bear Swamp to Central Vermont Public Sve
Maine Yankee to Unitil
Ogezn State to Unitil
System Slice to Braintree
System Slice to Littleton
System Slice to Taunton
Manchester Street/Bear Swamp to Groton
Manchester Street/Bear Swamp to Hingham
Manchester Street/Bear Swamp to Holden
Manchester Street/Bear Swamp to Middleton
Manchester Street/Bear Swamp to North Attleboro

Total Sales & Brokered Contracts
Capacity Exchange

Bear Swamp (NEP to Com Elec)

Canal 2 (Com Elec to NEP)

Total Exchanges

Net Total Payment

1994 Actual
Estimated

Projected Total Payment

1995 1926 1997 1998
4,893 4,977 4,913 4,847 4777 4,698
346 349 349 349 348 247
4,934 5,099 5,099 5,099 5,099 5,099
4,102 4,196 4,284 4,351 4,431 4,515
1,331 1,351 1,374 1,391 1,412 1,433
27,254 28412 28,918 29,278 29,731 30,197
18,567 19,257 19,568 20,014 20,290 20,574
4,422 5,501 5,763 5,918 6,462 7,152
28,953 28,667 29,173 29,533 29,986 30,452
109 285 289 294 299
289 - 500 506 512
304 303 303 303
340 590 600 €09
387 662 662 662
731 1,254 1.254
478 878 935
128 234
702
52,155 50,387 ‘51,251 51,844 52,758 §3,857
11 3 3 3 4 4
17,089 18,626 19,565 20,530 21,553 2,627
26,569 30,657 30,978 31,360 32,002 32,250
190,625 197,589 202,845 208,071 213,476 218,615
92,546 101,753 101,212 102,440 99,791 102,363
29,353 34,475 35,778 30,975 37,978 34,547
31,226 38,310 40,176 34,347 44,886 48,380
28,267 33,733 35,107 31,931 37,151 35,152
21,185 30,505 34,236 34,025 35,959 41,311
3,726 4,212
6727 3433
32,212 31,003 15,283 7.881 6,768
246,242 277,463 261,791 241,568 262,534 261,752
436,866 475,053 464,636 449,669 476,010 480,367
83g 610
883 852
362 306 :
1,043 1,164 1,837 2,792 2,932 2,949
339 801 1,235 1,298 1,188 1,258
2,236 5,039 5,350 5,657 5,966 5,046
2,676 3,389 4,030 4,352 4,583 4,765
: 3,315 4,142 5,005
5,083 5,454 5222 5,391 5,937 5,526
210 218 26 226 150 '
93 210 339 435 568 612
2,327 3,567 5,456 8,283 8,069 8277
117 781 837 893 850 1,007
182 1,100 1,126 1,150 1,179 . 1,205
450 2,944 3,206 3,493 3,833
7 209 211 213 216
28 835 843 852 862
28 835 843 852 862
7 209 21 213 216
56 1,669 1,686 1,704 1725
16,359 24,062 32,355 40,789 42,996 43,362
(2254) . 2,256) (2.256) @52)
5718 4,885 4,241 1,524
3,464 2,629 1,885 772 [ 0
423,971 453,620 434,267 409,651 433,014 437,006
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1994 Actual Projected MWH Available
MWH Available Estimated 1995 1996 1997 1938 1999
Take & Pay Contracts
Lawrence Hydro 68,204 70,142 70,142 70,142 70,142 70,142
Mascoma Hydro 4,085 4,100 4,111 4,100 4,100 4,100
Pontook 61,677 63,738 63,738 63,738 63,738 63,738
Northeast Landfilt 68,040 68,328 88,515 68,328 68,328 68,328
Tumkey, Rochester NH 23,654 23,652 23,717 23,652 '+ 23,652 23,652
Ogden Haverhill 306,229 315,455 316,318 315,455 315,455 315,455
Resco-Saugus . 232,571 237,529 238,180 240,357 240,357 240,357
Resco-N, Andover 233,414 210,108 233,157 232,520 232,520 232,520
Signal-Mitibury 326,696 321,115 321,995 321,115 321,115 321,115
Bame Landfil 1,840 4,743 4,730 4730 4,730
Genesis Landfill - Johnston 4,796 8,199 8,199 8,199
Nashua Landfill 6,404 6,386 6,386 6,386
Plainville Landfill 7,840 13,403 13,403 13,403
Randolph Landfill 7,305 12,488 12,488 12,488
TIRU - Shirley 14,062 24,106 24,106
NEP Windplant 1 phase | 11,191 18,184 19,184
NEP Windplant 1 phase If 2,798 4,796
NEP Windplant 1 phase 1! ’ 14,388
Altresco 827,597 861,660 864,161 861,660 861,660 = 861,660
Clark University . 613 157 158 157 157 157
Enron 487,525 657,841 659,643 657,841 657,841 657,841
Pawtucket (Colfax) EMI . 400,241 518,728 521,163 519,728 519728 519,728
Total Take & Pay 3,040,532 3,355,393 3,416,086 3,449252 3,470,088 3,486,475
Take or Pay Contracts
Ocean State 1,991,996 1,931,492 1,831,492 1,931,492 1,931,492 1,931,492
Connecticut Yankee ’ 570,252 559,545 559,545 559,545 559,545 559,545
Maine Yankee 1,189,264 1,003,344 998,228 998,228 998,228 998,228
Vermont Yankee 776,018 600,472 600,472 600,472 600,472 600,472
Capal 1 . 848,612 915,000 915,000 915,000 915,000 915,000
Middletown 4 (repl. Mt Tom) 18,778 72,078
NIMO-Oswego 4 201,840 36,882
NU Sfice Purchase 440,197 400,203 213,098 93,580 95,271
Total Take or Pay 5,836,956 5,519,016 §5217,835 5098317 5,100,008 5,004,737
Total Take & Pay and Take or Pay 8,877,488 8,874,409 8,633,921 8,547,570 8,570,096 8,491,212
Sales & Brokered Contracts '
Salem Harbor 4 to Newport (13,624) (3,283)
Brayton Point 4 to Newport (11,649) (15,110)
Wyman 4 to Newport (3.651) ,668)
Salem Harbor 3 to Unitil (19,126) (30.267) (45,684) ,080) (70,647) {73,554)
Millstone 3 to Unitil } (5,814) (8.332) (12,857} (12,822) (12,822) (12.822)
System Slice to Reading Mun. Light Dept. (50,347) (111,690) (111,690) (111,690)  (111,690)  (93,075)
System Stice to Shrewsbury (84,535) (84.530) (93,290) (95,220} (85,220) (96,940)
System Slice to Nantucket ' (102,702) (105,020)  (107,642)
Millstone 3/Seabrook 1 to Bangor (212,895) (210,240) (210,816) (210,240) (210,240)  (192,720)
Bear Swamp to Central Vermont Public Sve 0 (6,430) (5,850) 8,171) (2,873) '
Maine Yankee to Unitil (3,527) (5,503) (8,426) (12,633) {12,633) {12,633)
Ocean State to Unitil (46,476) (67,435) (104,101) (156,176) (156,176)  (156,176)
System Slice to Braintree (1,870} (14,016) (14,016) (14,016) (14,018) (14.016)
System Slice to Littleton {3,525} (21,024) (21,024) (21,024) 21,024) (21,024)
System Slice to Taunton {11,680) (70,080) (70,080) (70,080) (70,080}
Manchester Street/Bear Swamp to Groton (274) (3,285) (3,285) (3,285) (3,285)
Manchester Street/Bear Swamp to Hingham (1,055) (13,140) (13,140) (13,140) (13,140)
Manchester Street/Bear Swamp to Hoiden (1,055) (13,140) (13,140) (13,140 (13,140)
Manchester Street/Bear Swamp to Middleton (274) (3,285) (3,285) (3,285) (3,285)
Manchester Street/Bear Swamp to North Attieboro (2,190) (26,280} (26,280) (26,280) (26,280)
Total Sales & Brokered Contracts (457,039) (597,136) (758,065) (946,984)  (941,572) (509,813)
Capacity Exchange
Bear Swamp (NEP to Com Elec) ¢} {38,439) (41,547) (16,282)
Canal 2 (Com Elec to NEP) 14,089 122,832 86,703 31,538
Net Capacity Exchange 14,089 84,393 45,156 15,254 0 0
Total Take & Pay and Take or Pay (Mwh) 8,877,488 8,874,409 8,633,92% 8,547,570 8,570,096 8,491,212
Total Sales & Brokered/Net Capacity Exchange (MWh) (442,950) (512,743) (712,909)  (931,730) (841,572}  (908,813)
Total ali Transactions (MWh) 8,434,538 8,361,666 7,921,013 7,615,840 7,628,525 7,581,399




1994 Actual Projected MWH Dispatched

MWH Dispatched Estimated 1995 1996 1997 1998 1999
Take & Pay Contracts
Lawrence Hydro 68,204 70,142 70,142 70,142 70,142 70,142
Mascoma Hydro 4,085 4,100 41114 4,100 4,100 4,100
Pontook 61,677 63,738 63,738 63,738 63,738 63,738
Northeast Landfil 68,040 68,328 68,515 68,328 68,328 68,328
Tumkey, Rochester NH 23,654 23,652 23,717 23,652 23,652 23,652
Ogden Haverhill 306,229 315,455 316,318 315,455 315,455 315,455
Resco-Saugus 232,571 237,529 238,180 240,357 240,357 240,357
Resco-N, Andover 233,414 210,108 233,157 232,520 232,520 232,520
Signal-Millbury 326,696 321,115 321,895 321,115 321,115 321,115
Barre Landfilt : 1,840 4,743 4,730 4,730 4730
Genesis Landfill - Johnston 4,796 8,199 8,199 8,193
Nashua Landfill 6,404 6,386 6,386 6,386
Plainville Landfill 7,840 13,403 13,403 13,403
Randolph Landfill 7.305 12,488 12,488 12,488
TIRU - Shirley 14,062 24,106 24,106
NEP Windplant 1 phase | 11,191 19,184 19,184
NEP Windplant 1 phase i 2,798 4,796
NEP Windplant 4 phase Il . 14,388
Altresco 827,597 706,970 664,603 667,044 669,365 670,386
Clark University 619 157 158 - 157 157 157
Enron 487,525 481,869 470,787 299,515 318,724 353,853
Pawitucket (Colfax) EMI 400,241 399,743 422,926 442,885 471,276 464,626
Total Take & Pay 3,040,532 2,904,746 2,929436 2,819,469 2,890,224 2,936,110
Take or Pay Contracts : .
Ocean State 1,991,996 1,931,492 1,931,492 1,931,492 1,931,492 1,931,492
Connecticut Yankee 570,252 559,545 859,545 559,545 559,545 559,545
Maine Yankee 1,189,264 1,003,344 ©98,228 998,228 998,228 998,228
Vermont Yankee 776,018 600,472 600,472 600,472 600,472 600,472
Canal 1 648,612 915,000 915,000 915,000 915,000 915,000
Middietown 4 (repl. Mt Tom) 18,778 72,078 '
NIMO-Oswego 4 201,840 36,882
NU Slice Purchase 440,197 400,203 213,098 93,580 95,271
Total Take or Pay 5,836,956 5,519,016 5217,835 5098317 5100008 5,004,737
Total Take & Pay and Take or Pay 8,877,488 8,423,762 8,147,271 7917786 7,990,232 7,940,848
Sales & Brokered Contracts '
Salem Harbor 4 to Newport (13.624) (3.283)
Brayton Point 4 to Newport (11,649) (15,110}
Wyman 4 to Newport (3.651) - (2,668)
Satem Harbor 3 to Unitil (19,126) (30,267)  (45.684)  (73,080) (70,647)  (73,554)
Millstone 3 to Unitil (5.814) (8.332)  (12.857)  (12,822) (12,822)  (12.822)
System Slice to Reading Mun. Light Dept. (50,347) (111,690) (111,690)  (111,690) (111,690) (83.075)
System Slice to Shrewsbury (84,535 (84,530) {53,290) (95,220) (95,220) {96,940)
System Slice to Nantucket ’ (102,702) (105,020)  (107,642)
Miltstone 3/Seabrook 1 to Bangor (212,895} (210,240) (210,816)  (210,240) (210240) (192,720)
Bear Swamp to Central Vermont Public Sve 0 (6,430) (6,950) (8,171) (2,873)
Maine Yankee to Unitil {3,527) (5,503) (8,426) (12,633) {12,633) {12,633)
Ocean State to Unitit ’ ’ (46,476) (67,435) (104,101)  (156,176) (156,176)  (156,176)-
Systern Slice to Braintree {1,870) (14,016) (14.016) (14,016) (14,016) (14,016)
System Slice to Littleton ) (3,525) (21,024) (21,024)  (21,024) (21,024) (21,024)
System Slice to Taunton (11,680) (70,080) (70,080) {70,080) (70,080)
Manchester Street/Béar Swamp to Groton (274) (3.285) (3,285) (3.285) {3,285)
Manchester Street/Bear Swamp to Hingham (1,095)  (13,140)  (13,140) (13,440)  (13,140)
Manchester Street/Bear Swamp to Holden (1.095)  (13,440)  (13,140) (13,140)  (13,140)
Manchester Street/Bear Swamp to Middleton - (274) (3,285) (3,285) (3.285) (3,285)
Manchester Street/Bear Swamp to North Attleboro (2,190) (26,280) (26,280) (26,280) (26.280)
Total Sates & Brokered Contracts (457,039) (597,136) (758,065)  (946,984) (941,572)  (909,813)
Capacity Exchange
Bear Swamp (NEP to Com Elec) 0 (38,439)  (41,547)  (16,282)
Canal 2 (Com Elec to NEP) 14,089 122,832 86,703 31,536
Net Capacity Exchange 14,089 84,393 45,156 15,254 0 [}
Total Take & Pay and Take or Pay (MWh) 8,877,488 8,423,762 8,147,271 7,817.786 7,990,232 7,940,848
Total Sales & Brokered/Net Capacity Exchange (MWh) (442,950) (512,743)  (712,909)  (931,730)  (941,572)  (909.813)
Total ali Transactions (MWh) 8,434,538 7.911,019 7434363 6,9£6,056 7,048,661 7,031,035

47
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Price Pet KWH

Take & Pay Contracts
Lawrence Hydro
Mascoma Hydro
Pontook
Northeast Landfill
Turmnkey, Rochester NH
Ogden Haverhilt
Resco-Saugus
Resco-N. Andover
Signal-Millbury
Barre Landfill
Genesis Landfill - Johnston
Nashua Landfill
Plainville Landfill
Randolph Landfll
TIRU - Shirley
NEP Windplant 1 phase |
NEP Windplant 1 phase i
NEP Windplant 1 phase Il
Altresco

Clark University
Enron
Pawtucket (Colfax) EMi

Take or Pay Contracts

Ocean State

Connecticut Yankee

Maine Yankee

Vermont Yankee

Canal 1
' Middletown 4 (repl. Mt Tom)
NIMO-Oswego 4

NU Slice Purchase

Sales & Brokered Contracts
Salem Harbor 4 to Newport
Brayton Point 4 to Newport
Wyman 4 to Newport
Salem Harbor 3 to Uniti!
Millstone 3 to Unitil
System Slice to Reading Mun. Light Dept.
System Slice to Shrewsbury
System Slice to Nantucket
Millstone 3/Seabrook 1 to Bangor
Bear Swamp to Central Vermont Public Sve
Maine Yankee to Unitil
Ocean State to Unitit
System Slice to Braintree
System Sice to Littleton
System Slice to Taunton
Manchester Street/Bear Swamp to Groton
Manchester Street/Bear Swamp to Hingham
Manchester Street/Bear Swamp to Holden
Manchestér Street/Bear Swamp to Middieton
Manchester Street/Bear Swamp to North Attleboro

Capacity Exchange
Bear Swamp (NEP to Com Elec)
Canal 2 (Com Elec to NEP)

Average Prices
Avg Price/lKWH T&P

Avg Price/KWH TorP
Avg Price/KWH T&P and TorP

Avyg Price/KWH all Sales & Brokered and Net Capacity Exchange

Avp Price/KWH all Transactions

-6.16
-7.58
-9.90
-5.45
-5.8
-4.44
-3.17

2.37

-2.63
-5.01
-6.28
-5.16

7.10
8.50
8.00
6.14
871
9.01
8.11

8.93
5.90

7.13

=272
-2.54

5.87
3.98

7.00
8.50

6.25
5.80
9.14
8.2
2.47
9.06
6.00
6.02
4.75
4.34
5.30

7.71

4.16
7.32

5.24
6.39
4.02
5.85
3.74

-4.02
-8.61
-4.79
-4.32

-2.48
-3.26

-5.24
597
5.35
420
635
535
£35
£.35
£.35

-5.43
4.89

6.92
5.02
5.70

584

5.32
3.72

8.42

-3.82
-10.12
5,07

-3.23
-2.56
-2.76
3,44
-5.30
637
-5.47
4,57
6.41
5.41
6,41
6.41
6.41

517

3.93

7.10

-4.15
-8.26
-5.34
-4.81

-394

-2.82
-5.23

547

6.78"

-5.61
-4.99
-6.49
-6.49
-6.49

5.49

7.45

6.05
477
6.22




Exhibit AG-PLC-4

Exhibit AG-PLC-4

Dates of Commitment and Operation for NEPCo NUG Purchases

(in reverse order of commitment)

Cumulative

Summer Excess First Listed as

Capacity Capacity Contract "Planned" in  In-Service
Project (MwW)' (MW) Date’ Resource Plan® Date'
Mass Power (Monsanto) 13 13 Nov-94
Enron (Milford) 83 96 Aug '91 Jul '93
Manchester St.* 304 400 May '89
Ocean States Power 1 115 515 May '89 Jan '91
Ocean States Power 2 115 630 May '89 Oct '91
L'Energia 13 643 Jul '88 Mar '93
Pawtucket Power 63 706 Dec '87 Feb '91
Altresco Pittsfield 93 799 Dec '87 Sep '90
Northeast Landfill 10 809 Nov '87 Feb '90
Ogden Martin 40 849 Dec '85 Jun '89
Notes:

" From NEPLAN CELT Report, Appendix B.2, April 1, 1995; except Enron, from 1994

CELT Report, and Manchester Street, from 1994 IRP. Capabilities have been rounded

to the nearest whole number.

2 Alternate Energy Negotiating-Bidding Experiment 1989 Report
3 These resources may have been committed in the 1988 resource plan, which was unavailable.
4 Capacity is the difference between the 1996 and 1994 capacities: 432 MW -128 MW.

Resource Insight « SUPPLY.XLS Dates ¢ 6/9/95 7:57 AM




Exhibit (AG-PLC-5) Exhibit____(AG-PLC-5)
Summary of NEES and MECo Actual Loads

(GWh)
NEES )

1985 1986 1987 1988 1989 1890 1991 1992 1993 1994 1995
Res 6,460 6,813 7,268 7,766 7,952 7,926 7,906 8,023 8,123 8,253 8,154
Com 5,805 6,195 6,672 7,096 7,419 7,545 7,436 7,496 7,691 7,894 7,941
Ind ' 4,623 4,761 4,865 5,064 5,109 5,074 4,950 4,874 4,860 4,859 4,948
Total 16,388 17,769 18,805 19,926 20,480 20,545 20,292 20,393 20,674 21,006 21,043
MECo

1985 1986 1987 1988 1989 1990 1991 1992 1893 = 1994 1995
Res 4,783 5,050 5,397 5,783 5,922 5,892 5,888 6,000 6,066 6,171 6,079
Com 4,130 4,430 4,786 5,079 5,329 5,387 5,266 5291 5,432 5,628 5,559
ind 3,734 3,857 3,946 4,139 4,169 4,114 3,975 3,910 3,847 3,885 3,912
Total 12,647 13,337 14,129 15,001 15,420 15,393 15,129 15,201 15,345 15,684 15,550

Notes: Sales include C&LM.
Total equals sum of residential, commercial and industrial sales.
Data for 1995 is projected from 1994.
1994 residential and commercial actuals adjusted by the difference between 1993 reported actuals from 1994 IRP
and NEES Shareholder Services.
Sources: MECo Integrated Resource Plans, 1991 and 1994.
1994 actuals from NEES Shareholder Services.

LD4CASTS.XLSActuals 6/8/954:25 PM




Exhibit AG-PLC-5

Exhibit AG-PLC-6

Demand-Related Costs of Excess Capacity Page 1 of 2
Table 1: Computation of Generic Excess Capacity Costs
For a gas turbine instalied at For a gas turbine installed
the start of 2001 in or before 1996
Revenue Revenue In-Service Date for Revenue
Year of Requirement Requirement Which Year of Requirement in 1996
Operation ($1,000s) ($/kWyr) Operation is 1996 ($/kWyr)
[1] 2] [3] [4]
1 $23,060 $136 1996 $118
2 $22,823 $135 1995 $113
3 $22,311 $132 1994 $107
4 $21,835 $129 1993 $102
5 $21,388 $127 1992 $97
6 $20,972 $124 1991 $92
7 $20,586 $122 1990 $88
8 $20,226 $120 1989 $84
Notes:

{11

(21
[3]:
[4]:

SUPPLY.XLS GT Cost 6/9/95 8:07 AM

From Workpaper NE-BL-2, page 1 in FERC Docket No. W-95 (December1994). This
is the revenue requirement in the given Year of Operation for a 169 MW gas turbine

installed in 2001.

[1]+169 MW

E.g., 1996 is the 7th year of operation for a plant coming into service at the start of 1990.
[2], deflated to 1996 from year of operation following 2001 installation, at-3% inflation, as
specified in Workpaper NE-BL-2. ‘



Exhibit AG-PLC-6 Exhibit AG-PLC-6
Demand-Related Costs of Excess Capacity Page 2 of 2

Table 2: Computation of NEPCo's Excess Capacity Costsg

Summer Peaking Gas Total 1995/ Revenue
Normal  Turbine Costin Requirement for GT's of

In-Service  Capacity 1996 Equal Capacity and Age
Date (MW) ($/kWyr) ($1,000s) Resources 4 ( .90
1] [2] ) [4] (5] b0,
1996 304 $118 - $35,782  Manchester St, (432 MW - 128 MW) ‘
1995 113 : [42)
1994 13 107 1,395  Mass Power o \//;‘ é@?%
1993 96 102 9,791  Enron (83), L'Energia (13) “ W (a’,
1992 ANY 97 R - Wb ' >
1991 293 92 27,055  Pawtucket (63 MW), OSP 1&2 (230 MW)
1990 103 - 88 9,064  Altresco (93 MW), NE Landfill (10)
1989 40 84 3,358  Ogden Martin (40)
Total 849 $86,445
96
Column Notes: /x(
2]: See Exhibit ___ AG-PLC-4. v
[3]: See Exhibit ____AG-PLC-6, Table 1, Column [4].
[4]: [2]x[3]

[SI:

Resources were assigned to on-line dates on the basis of the 1995 CELT.

SUPPLY.XLS Excess Cap Cost 6/9/95 9:32 AM



Exhibit AG-PLC-7

Exhibit AG-PLC-7

Unutilized Available Generation in Other NEPCo Plants Page 1 of 3

Projected Total Unused

1995 Capacity  Implied One-Unit Potential Potential

Generation Factor with  Capacity Sales Generation Generation

(MWh) Maintenance MW) EAF (MWh) (MWwh) (Mwh)

[1] [2] [3] [4] [5] [6] [7]

BP-1 1,742,427 84.28% 236.01 87.67% 12,059 1,812,444 57,958

BP-2 1,868,503 87.06% 245.00 87.66% 1,881,345 12,842

BP-3 3,337,910 65.14% 584.96 65.57% 3,359,773 21,863

BP-4 1,325,314 35.51% 426.05 86.01% 3,210,027 1,884,713

SH-1 549,808 77.49% 81.00 92.63% 657,253 107,445

SH-2 399,523 58.47% 78.00 92.89% 634,725 235,202

SH-3 1,008,836 82.88% 138.95 92.70% 32,886 1,128,367 86,645

SH-4 1,235,114 35.64% 39561 73.11% 11,191 2,533,589 1,287,284

Canal-1 717,778 57.58% 142.30 74.71% 931,296 213,518

Canal-2 172,245 39.48% 4980 91.65% 399,854 227,609

Wyman 4 128,586 27.86% 52.69 85.05% 5,343 392,543 258,614

Total 4,393,693
Notes:

W-85 Workpapers of C.O. Paradise, pages 60 & 61, cited below, are attached as pages 2 & 3 of this Exhibit.
W-95 Workpapers of C.O. Paradise, page 60.1995 Month 13 Total MWh.
W-95 Workpapers of C.O. Paradise, page 60. 1995 Month 13 Capacity Factor with Maintenance.

[r
(2
81
[41:

[s):

(6]
71

[11+(12]=8760)

Averages of the monthly EAFs consistent with the dispatch runs output in the W-95 Workpapers of
C.0. Paradise, as provided in response to AG-15-7 in MDPU 95-40.

W-95 Workpapers of C.O. Paradise, pages 60-1. It is not clear whether the on-unit sales are inciude in
the total generation in column [1].

(3]x{4]%8760

[6]-[1]-5]. This figure is understated if the one-unit sales in column [5] are included in the total MWh in

column [1].

SUPPLY .XLS Un-Used Energy 6/9/95 10:35 AM
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UNIT
KAEKKAKEX
1 BP-1

2 BP-2

3 BP-3

4 BP-4

5 SH-1

6 SH-2

7 SH-3

8 SH-4

9 MangCC
Man10CC
Manl1CC
NU 6TS
NU NUKE
NU FOSS
BP-DSL
GL-DSL
CLARKE
NEW-DSL
pilgm
CO0-YK
VE-YK
ME-YK
CANAL-1
MIDD 4
CANAL-2
Mystic?
WYMN-4
MILL#E3
SEAB#1
0sP-1
0spP-2
0SWEGD
ALTGEN
ALTRSCO
PAWTKT
ENRON
Reading
5 SELPB
SELPI
68 LTB

SCH oUT
UNSC ouT

0 INC SL
OTHER
HYDRO

TOTAL***
PUMPING

GENERATING
DISPATCH

MONTH 13

TOTAL
MWH
KhKAXKEXR
1742427 .
1868503.
3337910.
1325314.
549808.
399523.
1008836.
1235114.

0.

0.
37815.
7414.
364752.
92921.
9585.
23688.
343.
9833.
26621.
561586.
608032.
1036895.
717788.
114752.
172245.
173291.
128586.
783616,
635794,
943335.
932456.
63145,
1423022.
727368,
331821.
378410.
-173098.
-81542.
-23040.
-124830.
230304.
27656.
0.

. 0.
1866500.

23551594.
MWH

362453. 7387003.
264228. 7397003.

23453368.

YEAR 1895

TOTAL
MBTU
KEEXERERTK
17111758.
17728820.
30036926.
14170588.
5462978.
4607477.
9927281.
12969351.
0.
0.
317671.
95861.
3694574,
958348.
97030.
239938.
3435.
98668.
270790.
5913503.
6262732.
10802950.
6510632.
1261858.
1686646.
1807243,
1279488.
7937251,
7018167.
7958918,
7868996,
683879.
14230223.
7273680.
3318214.
3197335.
-1730876.
-915420.
-230400.
-1248300.
0.

(= B v B«

208779856.

FEXRFFF NEES ESTIMATED POWER SUPPLY *#*****

TOTAL CENTS/  MILLS/
DOLLARS MBTU KuH
28894672,  168.859  16.583
29344932,  168.905  16.026
50754396.  168.973  15.205
30533120. 215.468  23.038

8434741,  154.388  15.341
7126415,  154.671 17.837
15373315,  154.858  15.239
28011186. 215.980 22.679
0. 0.000  0.000

0. 0.000  0.000
1005471.  316.513  26.519
429854,  447.946 57.978
1784479, 48.300  4.892
2357203. 245.811  25.368
395338,  407.437  41.330
977650.  407.458  41.255
13466.  392.013  38.201
401784.  407.217  40.860
134962. 43.840  5.070
3712496, 62.780  6.611
3833418. 61.210  6.305
5230146. 47.970  5.044
15308010.  235.139 21.328
3152873.  248.860 27.475
4025647. 238.678  23.372
4422443.  244.707  25.520
3200596.  250.144  24.891
4398031, 55.410  5.612
3389556, 48.2%0  4.871
22284968,  280.000 23.624
22033182.  280.000 23.629
1997214,  282.042  28.885

159630812, 1121.774 112.177

10842671.  149.067  14.807
5873116. 176.996 17.700
8674734. 271.311  22.864

-4257291. 0.000  0.000

-1489481. 0.000  0.000
-563461. 0.000  0.000

-1957834. 0.000 0.000
8981872. 0.000  39.000
1133899. 0.000 41.000

0. 0.000  0.000

0. 0.000  0.000

0. 0.000  0.000
490431712,  234.904 20.824
PLIMF =0.0000

DOLLARS MILLS/KWH MACH HRS

FEEEX ONE UNIT SALES *****

BP-4

60

12058.

307057.

20.408
27.885

1608.
1173.

BTU/
KWH
*TEEAXK
9821.
9488.
8899.
10682.
9936.
11532.
9840.
10501.
0.
0.
8378.

-12943.

10128,
10320.
10144,
10125.
10000.
10034.
10172.
10530.
10300.
10515.

8070.
10986.

9792.
10428.

9951,
10128.
10088.

8437.

8439.

9831.
10000.
10000.
10000.

8427.

[T oo JEE oo B oo B & BR w BN« BN s IR o0

8865.

Exhibit
Page 2 of 3

27-JUN-94

HOURS CAP FACTR
ON LN W/0 MAINT

Lk

7476
7678
5707
3967
7035
6517
7330
4232
0

0

269
815
7371
1823
857
895
858
336
5316
6346
6511
6563
6573
2504
3904
5868
2851
5580
6078
6850
6841
2264
2371
7033
5572
2288
-8311
-8311
-3828
-8311

KREEKERKK

.8641
.8926
.8114
.3641
.7944
.5878
.8497
.4130
.0000
. 0000
1637
.0830
.8412
.2080
.0879
L1021
. 03880
.1068
.8018
.8813
.8835
.8857
.6846
.2678
.4048
.4816
.3187
.8428
.8440
.8105
.8094
L1973
L2707
.7648
.6484
.5182
.8500
.8500
.4384
.8500

OO OO0 00D OOOOOOODOOODO OO OO OO0 OG0 6 O o

1 t 1
o O

(AG-PLC-7)

13:28

CAP FACTR
W/ MAINT
EEETAXAKAL
.8428
.8706
.6514
.3551
L7748
.5847
.8288
.3564
.0000
. 0000
.1637
.0830
8412
.2080
.0879
.1021
. 0980
. 1069
L7297
L7244
.7431
L7534
.5758
.2356
3948
L4431
.2786
.6442
.63837
.8105
.8094
.1873
2707
. 7460
.6324
.5182
.8500
.8500
.4384
.8500

o

OO0 OO0 0O 00000000000 OO0 00O 00000 COdCoOoOOo o




SH-3
SH-4
Man11iCC
ME-YK
WYMN-4
MILL#3
0sP-1
0sP-2

32886.
11191.
3490.
5873.
5343.
7558.
34628.
35274.

502797.
252713.
91729.
29624.
143097.
42417.
818052.
833488.

Exhibit (AG-PLC~7)
Page 3 of 3



Exhibit AG-PLC-8 Exhibit AG-PLC-8
Electricity Generation from Recent Resource Additions

MWh in 1995
Manchester Street 37,915
Enron (Milford) 379,410
OSP 1 ' 943,335
OSP 2 932,456
Altresco 727,368
Pawtucket 331,821
Total 3,352,305

Source: W-95 Workpapers of C.O. Paradise, page
60.1995 Month 13 Total MWh.

SUPPLY.XLS Excess Energy 6/9/95 8:00 AM




Exhibit (AG-PLC-9)
NEPCo Estimate of Energy Displaced by
Manchester Street

(3 pages, including this cover page)




Exhibit (AG-PLC-9)

Page 2 of 3
MEMORANDUM
T0 J . HARRINGTON PLANNING & POWER DATE MAY 20, 1981
FROM L.D. FOWLER PLANNING & POWER FILE

SUBJECT Displaced Energy with the Repowering of Manchester St.

As requested I have summarized on the attached sheet a
listing of units displaced by the energy produced by
Manchester Street once repowered assuming a 1/1/95 in-
service date. The displaced energy is stated relative to
the case where the project is canceled and the existing
units are retired. ‘For the two years shown you will observe
that Brayton Pt. 4 and Salem Harbor 4 account for over half
of the displaced energy. Post 2000 a moderate amount of
energy from peakers (and NUGs 2001+) are also displaced by
Manchester Street.

Please let me know if additional information is needed.

(Attachment)

cc: JF Malley
JL Levett é?Zé:) 3 C




]F;;dglibito_ﬁ__ (AG-PLC-9)
LT P/QDQD(/C:ZQ// L1sPLABEYD wrTH
REPDLOER L G mhueneier T
(685 _Zowve
Gt A _ewH %
BP ¢ §75 30 243 23X
SHy £22 . 3 726 33
SK 1=3 &5 )¢ | 7 </
CANAL | /95 ¢ - Jeo s
MT Tom 3¢ 3 - -
Ao seEep pssls/ g5 8 7¢9 29
Wmby ¢ /MM/@T;
PhcH A-ES ayfll  45% 1A om 5=
REPoRETING M = 2:,:;- ‘—,o? 2¢33 100y
A€a £ Alrrece, Pw‘rf/vév}f Ewfr X, Kewsd ) Clvaen | ot

510/

&0 {1




Exhibit AG-PLC-10

Exhibit AG-PLC-10

Computation of Excess-Capitalized Energy Costs

Fixed Charges of Excess Generation Capacity in 1996'

OSP 1&2 $ 79,811,000
Altreseco 40,001,000
Pawtucket 23,400,000
Enron 19,565,000
Manchester Street 106,499,664
TOTAL $ 269,276,664
Fixed Charges of Equivalent Excess Peaking Capacity? ’
Unit Cost MW Total g gt
OSP 1 $88 115 $10,119.840 \ AN
OSSP 2 $92 115 $10,618,881 > ~
Altreseco $88 93 $8,183,870
Pawtucket $92 63 $5,817,300
Enron $102 83 $8,465,386
Manchester St. $118 304 $35,781,625
TOTAL $78,986,902
Fuel Savings®
Total Cost of Cost of Fuel Fuel Savings Fuel Savings
Generation Resource Alternative  Savings (Total $ in (Total $in
(MWh) ($/MWh) ($/MWh)  ($/MWh) 1995) 1996)
Altreseco 727,368 14,907 22,859 7.95 5,783,667 6,130,687
Pawtucket 331,821 17.700 22.859 5.16 1,711,699 1,814,401
TOTAL $ 7,945,087
Summary
Fixed Charges $269,276,664
Capacity Costs - $ 78,986,902
Fuel Savings - $ 7,945,087
Excess Capitalized Energy Costs $182,344,675

Notes:

! Manchester Street from Memo from BBG Teixeira to JJ Silva (June 7, 1993), page 5, net of non-fuel O&M from 1994
FERC form, escalated at 3%/yr to 1996. All others from Rating Agency Information Package 1995, page 44, supplied in

response to AG-1-10.

2 Galculated as in Exhibit AG-PLC-6. Difference in totals is due to omission of plants

for which dispatch data was unavailable.

3 All data are from Workpapers of CO Paradise, page 60 in W-95, which is attached to Exhibit AG-PLC-7. Cost of
altemative is average of Brayton Point 4 and Salem Harbor 4. Six percent inflation was applied to 1995 cost to

yield 1996 cost.

SUPPLY.XLS Energy Costs 6/9/95 8:01 AM




Exhibit (AG-PLC-11) ’
NEES and MECo Energy Forecasts by Customer Class

Table 1: NEES Energy Forecasts (GWh)

Page 1 of 2

Residential

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

Commercial

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
6320 6276 6232 6,188 6,145 6,102 6,150 6,199 6,248 6298 6,348
6,330 6694 6848 6,896 7045 7,025 7,057 7,023 7,005 6,977

7109 7,296 7,453 7,530 7610 7684 7,764 7,815 7,820

7333 7441 7513 7635 7,799 7,905 8,046 8,107

7,833 8,087 8256 8462 8,575 8,745 8,859

8,098 8,179 8,307 8403 8506 8,667

7,727 7,719 7,803 7,892 7,986

7,896 7,939 7,982 8,026

8,099 8,154

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
5,585 5675 5767 5861 5956 6,052 6,097 6,142 6,187 6,233 6,279
5,607 5,725 5,751 5,763 5,856 5935 6,047 6,123 6,203 6,282

6,411 6,704 6989 7,189 7384 7568 7,753 7,968 8,122

6,843 7111 7172 7363 7,596 7,831 8,072 8,283

7259 7509 7832 8,154 8400 8,697 8956

7684 7952 8,179 8,404 8656 8,917

7502 7,470 7610 7,747 7,892

7397 7,557 7,720 7,887

7,756 7,941

LD4CASTS.XLS NEES Post 6/8/95 4:06 PM
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Exhibit (AG-PLC-11)
NEES and MECo Energy Forecasts by Customer Class
Table 1: NEES Energy Forecasts (GWh)

Page 2 of 2

Industrial

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

System

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
4686 4779 4873 4969 5067 5167 5277 5390 5505 5622 5717
4592 4806 4,961 4959 5050 5115 5238 5331 5440 5,562

4807 4934 5024 5122 5214 5285 5390 5484 5,589

4983 5,091 5084 5166 5276 5388 5476 5,620

5259 5326 5499 5596 5700 5827 5,963

5254 5335 5465 5611 5743 5,900

4930 4976 5,133 5293 5454

4,953 5,072 5193 5,317

4,919 4,948

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
16591 16730 16872 17018 17168 17321 17524 17731 17940 18153 18344
16529 17225 17560 17618 179851 18075 18342 18477 18648 18821

18327 18934 19466 19841 20208 20537 20907 21267 21531

19159 19643 19769 20164 20671 21124 21594 22010

20351 20922 21587 22212 22675 23269 23778

21036 21466 21951 22418 22905 23484

20159 20165 20546 20932 21332

20246 20568 20895 21230

20774 21043

Notes: Total equals sum of residential, commercial and industrial sales.

Sales include C&LM.

Data for 1995 is projected from 1994.
Sources: NEES Integrated Resource Plans, various years.

LD4CAST5.XLS NEES Post 6/8/95 4:06 PM
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Exhibit___ (AG-PLC-11)

NEES and MECo Energy Forecasts by Customer Class

Figure 1: Comparison by Class of Actual 1994-95 NEES Sales with Forecasts of Various Vintages

(Actuals shown as heavy line and forecasts shown as line with symbol.)

Exhibit (AG-PLC-11)
Page 3 of 6
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Residential Sales Commercial Sales Sales
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Exhibit (AG-PLC-11)
NEES and MECo Energy Forecasts by Customer Class

Table 2: MECo Energy Forecasts (GWh)

Page 1 of 2

Residential

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

Commercial

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

1992

1985 1986 1987 1988 1989 1980 1991 1993 1994 1995
4641 4574 4508 4,443 4379 4,316 4,358 4,400 4,443 4,486 4,529
4612 4916 5010 5043 5151 5116 5149 5128 5121 5,088
5269 5392 5504 5555 5605 5659 5720 5,761 5,761
5,350 5423 5467 5547 5663 5740 5839 5882
6,419
6,024 6,082 6,177 6,239 6,304 6,412
5,743 5739 5773 5811 5851
5880 5913 5946 5979
6,040 6,079
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
3,967 4,046 4127 4209 4293 4379 4411 4,443 4475 4508 4,541
3,887 3,881 3957 3996 4,062 4,118 4,198 4254 4314 4364
4601 4841 5069 5240 5399 5555 5705 5863 5,991
4921 5145 5193 5350 5542 5775 5925 6,088
. 6,052
5,481 5667 5839 6,000 6,183 6,368
5,380 5351 5425 5494 5565
5209 5337 5469 5604
5,446 5,559

LD4CASTS5.XLS MECo Post 6/8/95 4:07 PM
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Exhibit (AG-PLC-11)
NEES and MECo Energy Forecasts by Customer Class
Table 2: MECo Energy Forecasts (GWh)

Page 2 of 2
Industrial

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

System

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
3,761 3,827 3,894 3,963 4,032 4,103 4,195 4288 4384 4482 4,582
3,711 3,887 3,986 4,000 4,075 4,145 4253 4,338 4448 4,552
3,868 3,965 4,038 4,120 4,197 4,262 4344 4423 4511
4,037 4116 4110 4179 4277 4370 4447 4572
4,660
4,310 4,385 4,498 4620 4,734 4,872
3,959 3,990 4,136 4,284 4,434
4,002 4104 4209 4,316
3,896 3,912
1985 1986 1987 1988 1989 1990 1991 1982 1993 1994 1995
12369 12447 12529 12615 12704 12798 12964 13131 13302 13476 13652
12210 12684 - 12953 13039 13288 13379 13600 13720 13883 14004
13738 14198 14611 14915 15201 15476 15769 16047 16263
14308 14684 14770 15076 15482 15885 16211 16542
) 17131
15815 16134 16514 16859 17221 17652
15082 15080 15334 15589 15850
15091 15354 15624 15899
15382 15550

Notes: Total equals sum of residential, commercial and industrial sales.

Sales include C&LM.

Data for 1995 is projected from 1994,

Sources: NEES Integrated Resource Plans, various years.

LD4CAST5.XLS MECo Post 6/8/95 4:07 PM
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Exhibit___ (AG-PLC-11)

NEES and MECo Energy Forecasts by Customer Class

Figure 2: Comparison by Class of Actual 1994-1995 MECo Sales with Forecasts of Vanous Vintages

(Actuals shown as heavy line and forecasts shown as line with symbol.)

Exhibit

(AG-PLC-11)
Page 6 of 6
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Exhibit (AG-PLC-12)
NEES and MECo Energy Forecast Errors by Customer Class
Table 1: NEES Energy Forecast Errors

Page 1of 2
(Actual-Forecast)

Residential

Study Date
1985
1986
1987

1988
1989
1990
1991
1992
1993
1994

Commercial

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

LD4CAST5.XLS NEES Post Comp 6/8/95 4:22 PM

1985 1986 1987 1988 1989 . 1990 1991 1992 1993 1994 1995
140 537 1,036 1,578 1,807 1,824 1756 1,824 1,875 10955 1,806
483 574 918 1,056 881 881 966 1,100 1248 1177
159 470 499 396 296 339 359 438 334
433 511 413 271 224 218 207 47
119 <161  -350  -439 452 492  -705
72 273 284 280 -253  -513
179 304 320 361 168
127 184 271 128
154
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
220 520 905 1,235 1,463 1,493 1,339 1,981 1504 1661 1,662
588 947 1,345 1656 1,689 1,501 2076 1,568 1691 1.659
261 392 430 356 52 555 .62 74 181
253 308 373 73 527 140 178 -342.
160 36 -396 31 709 -803 -1,015
138 -516  -56  -713  -762  -976
66 653 81 147 49
726 134 174 54
138

Exhibit (AG-PLC-12)
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Exhibit (AG-PLC-12)
NEES and MECo Energy Forecast Errors by Customer Class
Table 1: NEES Energy Forecast Errors

Page 2 0of 2
(Actual-Forecast)

industrial

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

System

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

LD4CASTS.XLS NEES Post Comp 6/8/95 4:21 PM

1987

1985 1986 1988 1989 1990 1991 1992 1993 1994 1995
-63 -18 -8 95 42 -93 -327 2,863 -645 -763 -769
169 59 103 150 24 -165 3,015 -471 -581 -614
58 130 85 -48 -264 2,968 -530 -625 -641
81 18 -10 -216 2,977 -528 -617 -672
-150 -252 -549 2,657 -840 -968 -1,015
-180 -385 2,788 -751 -884 -952
20 3277 -273 -434 -506
3,300 -212 -334 ~-369
-60
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
297 1,039 1,833 29608 3312 3224 -12650 2662 2734 2,853 2,699
1,240 1,580 2,366 2,862 2,594 -13,201 2,051 2,197 2,358 2,222
478 992 1,014 704 -15,334 -144 -233 -261 -488
767 837 776 -15,290 -278 -450 -588 -967
129 -377 -16,713 -1,819 -2,001 -2,263 -2,735
-491 -16,692 -1,568 -1,744 -1,899 -2,441
-15,285 228 128 74 -289
147 106 111 -187
o 232

Exhibit___(AG-PLC-12)

-1
[

/

Page 2 of 6



Exhibit___ (AG-PLC-12)
NEES and MECo Energy Forecast Errors by Customer Class
Table 2: Percent Difference Between NEES's Actual Post-DSM Sales and Forecasts
(Actual-Forecast)/Forecast

Residential

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

Commercial

Study Date
1985
1986
1987
1988
1989
1990
1991
1892
1993
1994

LD4CASTS5.XLS NEES Post Comp 6/8/95 4:47 PM

1994 1995
31% 28%
18% 17%

6% 4%
3% 1%
-6% -8%
-3% -6%
5% 2%
3% 2%
2%

1994 1995
27% 26%
27% 26%
-1% -2%
-2% -4%
9% -11%
9% -11%

2%
2%

2%

1%
1%

Industrial

1994

1985

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

System

-14%
-11%
-11%
-11%
-17%
-15%

-8%

-6%

~1%

1994

-13%
-11%
-11%
-12%
-17%
-16%

-9%

-T%

19895

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

16%
13%
-1%
-3%
-10%
-8%
0%
1%

1%

15%
12%
-2%
-4%
-12%
-10%
-1%
-1%

Exhibit (AG-PLC-12)
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Exhibit (AG-PLC-12)
NEES and MECo Energy Forecast Errors by Customer Class
Table 3: MECo Energy Forecast Errors

Page 10f2
(Actual-Forecast)

Residential

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

Commercial

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

1 D4CASTS.XLS MECo Post Comp 6/8/95 4:38 PM

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
142 476 889 1,340 1,543 1576 1,530 1,600 1623 1,685 1,550
438 4381 773 879 741 172 851 938 1,050 991
128 391 418 337 283 341 346 410 318
433 499 425 341 337 326 332 197
-353
-132 194 -177 -173 -133 -333
145 261 293. 360 228
120 183 225 100
131 0
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
163 384 659 870 1,036 1,008 855 848 957 1,120 1,018
543 905 1,122 1,333 1,325 1,148 1,003 1,178 1,314 1,195
185 238 260 147 133 -264 -273 -235 -432
158 184 194 -84 -251 -343 -297 -529
' -620
94 -401 -548 -568 -555 -809
-114 -60 7 134 -6
82 95 159 -45
182 0

Exhibit (AG-PLC-12)
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Exhibit (AG-PLC-12)
NEES and MECo Energy Forecast Errors by Customer Class
Table 3: MECo Energy Forecast Errors

Page 2 of 2
(Actual-Forecast)

Industrial

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

System

Study Date
1985
1986
1987
1988
1989
1890
1891
1992
1993
1994

LD4CAST5.XLS MECo Post Comp 6/8/95 4:38 PM

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
=27 30 52 176 137 11 -220 -378 -537 -597 -670
146 59 153 169 39 -170  -343 -491 -563 -640
78 174 131 -6 222 -352 -497 -538 -599
102 53 4 -204 -367 -523 -562 -660

-813
-196 -410 -588 -773 -849 -960
16 -80 -289 -399 -522
-92 -257 -324 -404
-11 0
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
278 890 1,600 2386 2,716 2,595 2165 2,070 2,043 2,208 1,898
1,127 1445 2048 2381 2105 1,750 1601 1625 1,801 1,546
391 803 809 478 -72 -275 -424 -363 -713
693 736 623 53 -281 -540 -527 -992

’ -1,786
-422 -1,005 -1,313 -1,514 -1,537 -2,102
47 121 11 95 -300
110 -9 60 -349
302 0

Exhibit (AG-PLC-12)
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Exhibit (AG-PLC-12)
NEES and MECo Energy Forecast Errors by Customer Class
Table 4: Percent Difference Between MECo's Actual Post-DSM Sales and Forecasts
(Actual-Forecast)/Forecast

Residential

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1983
1994

Commercial

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

LD4CASTS5.XLS MECo Post Comp 6/8/95 4:44 PM

1994 1995
38% 34%
21% 19%
7% 6%
6% 3%
-2% -5%
6% 4%
4% 2%
2%
1994 1995
25% 22%
30% 27%
-4% -1%
5% -9%
8% -13%

2%
3%

3%

0%
-1%

0%

Industrial

1994

1995

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

System

-13%
-13%
-12%
-13%

-18%
-9%
-8%

0%

1994

-15%
-14%
-13%
-14%

-20%

-12%
-9%

1995

Study Date
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

16%
13%
-2%
-3%

-9%
1%
0%

2%

14%
11%
-4%
-6%

-12%
-2%
-2%

Exhibit (AG-PLC-12)
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Exhibit (AG-PLC-13)
Averages of NEES and MECo Energy Forecast Errors Over Relevant Periods
Table 1: NEES Average Error

(Actual-Forecast)/Forecast

Residential Avg.
1994 1995 1994-95
Average Error
1987-89 1% -1% 0%
1987-90 0% 2% -1%
1887-91 1% -1% 0%
1989-90 -4% -7% 6%
1989-91 -1% -4% -3%
Ratio to System Error
1987-89 -0.19 0.17 0.02
1987-90 0.02 0.32 0.19
1987-91 -0.19 0.23 0.05
1989-90 0.48 0.63 0.56
1989-91 0.23 0.51 0.39
Commercial Avg.
1994 1995 1994-95
Average Error
1987-89 -4% 6% -5%
1987-90 -5% 7% 6%
1987-91 -4% 6% -5%
1989-90 -9% -11% ~-10%
1989-91 -5% 7% 6%
Ratio to System Error
1987-89 0.90 0.97 0.94
1987-90 0.96 1.00 0.99
1987-91 0.89 0.94 0.92
1989-90 1.00 1.02 1.01
1989-91 0.91 0.93 0.92

LLDACASTS.XLSNEES Avg Error 6/8/954:49 PM

Exhibit____(AG-PLC-13)

Industrial Avg.
1994 1995 1994-95
Average Error ,
1987-89 -13% -13% -13%
1987-90 -14% -14% -14%
1987-91 -13% -13% -13%
1989-90 -16% -17% -16%
1983-91 -13% -14% -14%
Ratio to System Error
1987-89 2.87 2.23 2.50
1987-90 249 1.98 2.20
1987-91 291 2.20 2.50
1989-90 1.78 1.51 1.63
1989-91 228 1.83 2.02
System Avg.
1994 1995 1994-95
Average Error
1987-89 -5% 6% -5%
1987-90 -5% 7% 6%
1987-91 -4% -6% ~5%
1989-90 -9% -11% -10%
6% -8% -7%

1989-91

Page 1 of 2



Exhibit (AG-PLC-13) Exhibit____(AG-PLC-13)
Averages of NEES and MECo Energy Forecast Errors Over Relevant Periods Page 2 of 2
Table 2: MECo Average Error

(Actual-Forecast)/Forecast

Residential ‘Avg. Industrial Avg.
1994 1995 1994-95 1994 1995 1994-95

Average Error Average Error

1987-89 6% 4% 5% ‘ o 1987-89 -12% -14% -13%

1987-90 4% 1% 2% ' 1987-90 -14% -16% -15%

1987-91 4% 2% 3% 1987-91 -13% -15% -14%

1989-90 -2% -5% -4% 1989-90 -18% -20% -19%

1989-91 2% -1% 1% 1989-91 -14% -16% -15%
Ratio to System Error Ratio to System Error

1987-89 -2.32 -0.85 -1.36 1987-89 4.50 267 3.30

1987-90 -0.74 -0.16 - -0.39 1987-90 2.96 213 2.45

1987-91 -1.22 -0.31 -0.64 1987-91 3.76 2.45 293

1989-90 0.24 0.44 0.35 1989-90 2.01 1.65 1.81

1989-91 -0.49 0.09 -0.13 1989-91 3.28 2.28 2.66
Commercial Average Error Avg. System . Average Error Avg.

1994 1995 1994-95 1994 1995 1994-95

Average Error Average Error

1987-89 -5% -8% -6% 1987-89 -3% -5% -4%

1987-90 -6% -10% -8% 1987-90 -5% -7% -6%

1987-91 -4% -7% -6% 1987-91 -3% -6% -5%

1989-90 -9% -13% -11% 1989-90 -9% -12% -10%

1989-91 -3% 6% -5% 1989-91 -4% -7% -6%
Ratio to System Error ' '

1987-89 1.64 1.53 1.57

1987-90 1.25 1.28 1.27

1987-91 1.13 1.19 "1.16

1989-90 1.01 1.07 1.04

1989-91 0.79 0.93 0.87

LD4CASTS5.XLSMECo Avg Error 6/8/954:50 PM




Exhibit (AG-PLC-14) Exhibit (AG-PLC-14)

Excess Capitalized Energy Allocator

R-1/R-2 R4 St Lighting G-1 G-2 G3/G4 TOTAL
[11 % of energy with losses 37.62%  0.28% 0.61% 8.50% 13.69%  39.29% 100.00%
[2] ratio of forecasting error to system error 0.00 0.00 0.00 1.04 1.04 2.08
[3] share of error energy forecast 0.00000 0.00000 0.00000 0.08845 0.14241  0.81538 1.04625
[4] Normalized 0.00000 0.00000 0.00000 0.08454 0.13612  0.77934 1.00000

Notes:
[1]: From exhibit AG-PLC-27
[2]: Calculated from Exhibit AG-PLC-13. Average of NEES and MECo error ratio results for the 1987-91 period.

Negative errors were set to zero. G-3/G-4 calculated as 62% (industrial) x 2.71 + 38% (commercial) x 1.04.
62% is the ratio of industrial sales to G-3/G-4 sales, from the 1994 FERC form.

B1: M1x[2]

[4]: [3] < [Total]

Resource Insight Incorporated ET[ALLOC2.XLScap.energy 6/9/95,11:38 AM



Exhibit (AG-PLC-15)
Excess Capacity Allocator

Exhibit (AG-PLC-15)

R-1/R-2 R4 St. Light G-1 G-2 G3/G4 TOTAL
[1]1 % of coincident peak with losses 34.66% 0.17% 0.00% 12.04% 16.82% 36.31% 100.00%
[2] Ratio of forecasting error to system error 0 0 0.00%  1.0400 1.0400 2.0754
[3] Share of error energy forecast 0.00000 0.00000 0.00000 0.12519 0.17493 0.75355 1.05368
0.00000 0.00000 0.00000 0.11882 0.16602 0.71516 1.00000

[4] Normalized

Notes:
[1}: From exhibit AG-PLC-27

[2]: Calculated from Exhibit AG-PLC-13. Average of NEES and MECo error ratio results for the 1987-91 period.
Negative errors were set to zero. G-3/G-4 calculated as 62% (industrial) x 2.71 + 38% (commercial) x 1.04.
62% is the ratio of industrial sales to G-3/G-4 sales, from the 1994 FERC form.

Bl M1x[2]
[4]: [3] = [Total]

Resource Insight Incorporated ET[ALLOC2.XLS] [e.capacity] 6/9/95 10:54 AM




Exhibit (AG-PLC-16) Exhibit (AG-PLC-16)

Reallocation of Excess Generation Costs ($million)

(R-1, R-2,
R1/R-2 R4 R-4) G-1 G-2 (G-1,G-2) G-3/G4 Light
Excess Capitalized Energy
NEPCO COST MECO SHARE
72.80%
$182.30 $132.71
A) WHAM-D Allocator 34.88% 0.25% 35.13% 10.17% 14.80%  24.97% 39.57% 0.33%
Allocated Costs $46.29 $0.33  $46.62 $13.50 $19.64  $33.14 $52.52 $0.44
B) Excess Capitalized Energy Allocator 0.00% 0.00% 0.00% 8.45% 1361% 22.07% 77.93% 0.00%
Allocated Costs $0.00 $0.00 $0.00 $11.22 $18.06  $29.28 $103.43 $0.00
C) Difference (B- A) ($46.29) ($0.33) ($46.62) ($2.28) ($1.58)  ($3.85) $50.91 (30.44)
Excess Capacity
NEPCO COST MECO SHARE
72.80%
$86.40 $62.90
D) MECO WHAM-D Allocator 34.88% 0.25% 35.13% 10.17% 14.80%  24.97% 39.57% 0.33%
Allocated Costs $21.94 $0.16  $22.10 $6.40  $9.31 $15.71 $24.89 $0.21
E) " Excess Capacity Allocator 0.00% 0.00% 0.00% 11.88% 16.60%  28.48% 71.52% 0.00%
Allocated Costs $0.00 $0.00 $0.00 $7.47 $1044  $17.92 $44.98 $0.00
F) Difference (E-D) ($21.94) ($0.16) ($22.10) $1.08  $1.13 $2.21 $20.09 ($0.21)
Total Difference (C + F) ($68.23) ($0.49) ($68.72) ($0.44)  ($1.64) $71.01 ($0.65)

ALLOC2.XLS ex.gen.cost Date ]11:36 AM

($1.20)



Exhibit___ (AG-PLC-17)

NEES's Average Percentage Forecasting Errors, 1991-94

(Actual-Forecast)/Forecast

Residential

Study Date
1985
1986
1987
1988
1989
1990
1991

Average

Absolute Average

Commercial

Study Date
1985
1986
1987
1988
1989
1990
1991

Average

Absolute Average

Industrial

Study Date
1985
1986
1987
1988
1989
1990
1991

Average

Absolute Average

LD4CASTS.XLSPerc.Error 6/8/954:55 PM

1991 1992 1993 1994
29%
13% 14% 16%
4% 4% 5%
4% 3% 3% 3%
-5% -5% -6%
-3% -3%
5%
12.1% 3.9% 2.9% -0.4%
12.1% 3.9% 2.9% 0.4%
1991 1992 1993 1994
22%
25% 34%
1% 7% 1%
1% 7% -2% 2%
0% -8% -9%
-8% -9%
2%
12.2% 12.1% -4.9% 6.7%
12.2% 12.1% 4.8% 6.7%
1991 1992 1993 1994
-6%
-3% 58%
-5% 56% -10%
-4% 56% -10% ~11%
47% -15% -17%
“13% ~15%
-8%
-4.7% 54.4% -11.9% -144%
4.7% 54.4% 11.8% 14.4%

Exhibit (AG-PLC-17)

Overall Average
Ratio of Res. to ind.

Overall Average

Overall Average

Page 1 of 2

4.8%
23%

9.0%

21.4%



Exhibit (AG-PLC-17)

NEES's Average Percentage Forecasting Errors, 1991-94

(Forecast-Actual)/Actual

Residential
1991 1992 1993 1994
Study Date
1985 -22%
1986 -11% -12%
1987 -4% -4% -4%
1988 -3% -3% -3% -3%
1989 5% 6% 6%
1990 3% 3%
1991 -4%
Average -10.1% -3.4% 0.5% 0.5%
Absolute Average 10.1% 3.4% 0.5% 0.5%
Commercial
1991 1992 1993 1994
Study Date
1985 -18%
1986 -20% -19%
1987 -1% 1% 1%
1988 -1% 1% 2% 2%
1989 9% 9% 10%
1990 9% 10%
1991 2%
Average -10.0% 2.1% 5.3% 5.1%
Absolute Average 10.0% 2.1% 5.3% - 85.1%
Industrial
1991 1992 1993 1994
Study Date
1985 7%
1986 3% 7%
1987 5% 8% 11%
1988 4% 8% 1% 13%
1989 15% 17% 20%
1990 15% 18%
1991 9%
Average 4.9% 9.7% 13.6% 14.9%
Absolute Average 4.9% 9.7% 13.6% 14.9%

LD4ACASTS.XLSPerc.Error 6/8/954:56 PM

Exhibit

Overall Average
Ratio of Res. to Ind.

Overall Average

Overall Average

(AG-PLC-17)
Page 2 of 2

3.6%
33.7%

5.6%

10.8%



Exhibit (AG-PLC-18) ' Exhibit (AG-PLC-18)
Summary of MECO Distribution Allocators

, Residential Small General Service ‘ Street
Allocator R-1/R-2 R-4 Total G-1 G-2 Total G-3/G4 Light
WHAM for Demand 34.88% 0.25% 3513% 10.17% 14.80% 24 97% 39.57% 0.33%
WHAM for Energy 36.89% 0.27% 37.16% 8.82% 13.89% 22.71% 39.52%  0.60%
Sum of Customer Max. Demand @ Primary 60.81% 0.26% 61.07% 8.73% 8.94% 17.67% 20.75% 0.53%
Sum of Customer Max. Demand @ Step-Down 67.38% 0.28% 67.66% 967% 9.68% 19.35% 12.41% 0.58%
Sum of Customer Max. Demand @ Secondary 76.95% 0.32% 77.27% 11.05% 11.02% 22.07% 0.00% 0.67%
Number of Customers 89.44% 0.08% 89.52% 8.99% 1.18% 10.17% 0.23% 0.10%
Number of Customer Exclude Street Light 89.53% 0.08% 89.61% 8.99% 1.18% 10.17% 0.23% 0.00%
Service Drop 87.94% 0.09% 88.03% 8.40% 3.10% 11.50% 0.48% 0.00%

Source: Mass Electric, Exhibit PTZ-1, page 17 of 18.

Resource Insight Incorporated « ET [ALLOC2.XLS]al. table + 6/9/95, 10:55 AM



Exhibit (AG-PLC-19)
Excerpts Concerning Dependence of
Transformer Capacity on Energy Loads

(6 pages, including this cover page)
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10-42 Power-System Components

be limited by reasonable consideration of the effect on insulation life and the probable
effect on transformer life. ‘ . )
142. The insulation life of a transformer is defined as the time required for the
mechanical strength of the insulation material to lose a specified fraction of its initial
value. Loss of 90% of the tensile strength is the usual basis for evaluating paper.
143. The aging of insulation is a chemical process which occurs more rapidly at higher
temperatures according to the Arrhenius reaction-rate theory, as expressed in Eq. (10-63);

B = elKitRCH2Tn (10-63)

where C = °C temperature of insulation, K;, K; = constants determined by test, and h =
hours of life. .
Use of this equation permits results of relatively short-duration tests at relatively high
temperatures to be extrapolated to indicate probable insulation life at moderate ternpera-
tures. ANSI C57.92-1962 contains loading

1.0 ; recommendations for power transformers
05 |l : ) with 55°C average winding-rise insulation
o systems based upon extrapolated life tests.
3 NEMA Publ. TR 98-1964 contains corre-
£ 0.2 -
g °/ 140
ol Y
e 005 & 120
2 of %
.g . 18 5 g t
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S 00! £ ] o
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T
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Fig. 10-37. Loss of insulation life as affected by  Fig. 10-38. Equivalent stepped curve of hot-spot

temperature. (The 55°C curve from ANSI C- temperature for loss-of-life calculation of a daily.

57.92-1962; the 65°C curve from NEMA Publ. TR  load cycle.
98-1964.)

sponding recommendations for power transformers, with 65°C average winding-rise
insulation systems. Figure 10-37 shows the corresponding curves of rate of loss of life as a
function of temperature. ; e : .

More information about this general concept has been worked out for distribution
transformers.!

144. To determine the aging of the insulation resulting from a specific daily load
cycle, (1) establish an approximately equivalent stepped load cycle, (2) calculate. the
resulting curve of hot-spot temperature by the methods of Par. 68, (3) replace the hot-spot
temperature curve by an approximately equivalent stepped curve, (4) calculate the

" percent aging for each step from the applicable curve of Fig. 10-37, and (5) add the aging
for all the steps in the daily cycle. The result is the fraction of insulation life used up each
day. The reciprocal is the number of days ‘of total insulation life if the same load cycle
repeats every day. .

145. Example. Consider the transformer used in the example of Par. 71, with a daily
load éycle of 4 h at 140% load and 20 h at 80% load in a 30°C ambient. The hot-spot
temperature curve shown in Fig. 10-23 is reproduced in Fig. 10-38, together with an

_ equivalent stepped curve. The calculation of loss of life per day is shown in Table 10-8,
with steps.below 95°C neglected.

1ANSI 657 .100-1974,- Test Procedure for Thermal Evaluation of Oil-immersed Distribution Trans-

PRV

Transformers 10-43

Aloss of 0.232% of the insulation life each day gives an insulation life of 431-days, or 1.2
years. For comparison, a transformer with a 55°C average winding-rise insulation system
(65°C hot-spot rise) operating:in a 30°C ambient would have a hot-spot temperature of
95°C and would use 0.0010% of the insulation life each hour. This gives an insulation life

TABLE 10-8. Calculation of Loss of Life per Day on Dally Load Cycle .

Duration of °C temp. %% /h loss of %% loss of life
step, h of hot spot life on step
12 8.5 | ...
1 106 0.015 0.015
1 116 0.046 0.040
1 119 0.064 0.064
1 123 0.095 0.095
2 100 0.006 0.012
8 87r.8 | ...
Tgyal D lossoflifeperday.........oovuuvninn.. S 0.232

of 11.4 years. The shortening of the insulation life from 11.4 to 1.2 years is 2 measure of the
severity of the load cycle. The actual transformer life may, of course, be shorter or longer,
depending on exposure to overvoltage, overcurrent, shock, contamination, ete.

146. Daily overload cycles consistent with normal life expectancy for air-cooled power
transformers in 30°C ambient and for water-cooled power transformers with 25°C ingoing
water are given in Table 10-9, which was taken from ANSI C57.92-1962.

TABLE 10-9. Percent Dally Peak Load for Normal! Life Expectaﬁcy with 30°C
Cooling Alr or 25°C Cooling Water :

Forced-air-cooled

Forced-nir-cooled
Soeter | Teiend | ontfidL
Dursation of with % load before cooled rating, - forced-oil-cooled,

with % load before. -

peak load, peak of
h peak of

with % load before
xgeak of

50%. 70% | 90% | 50% | 70% | 90% | 50% | 70% | 90%

0.5 189 178 164 182 174 161 165 158 150
1 158 149 139 150 143 135 138 133 128
2 137 132 124 129 128 121 122 119 117
4 119 117 113 115 113 111 111 110 109
8 108 107 106 107 107 108 108 106 105

147. Ambient temperature affects load capacity by an amount dependent on the type
of cooling, as shown in Table 10-10. . .

TABLE 10-10. Effect of Ambient Temperature on kKVA Capacity

%o of rate% k;lA de%reoaée T of rated kaA inclrefée
. in capacity for eac in capacity for each
Type of cooling . increase over 30°C air or decrease under 30°C air or
: 25°C water 25°C water
Self-cooled*........ PR ' 1.5 1.0
Water-cooledt........... 1.5 1.0
Forced-air-cooled*........ 1.0 0.75
* Forced-oil-cooled*®. ... ..... 1.0 0.75

* From 0 to 50°C air temperature,
1 Up to 35°C water temperature.

For ambient temperature of air-cooled transformers use the average value over a 24-h

_ period or 10°C under the maximum temperature during the 24-h period, whichever is

higher. For-ingoing water temperature use the average value over a 24-h period or 5°C
o 7 te e mmndeein decntem tha 04K mavind whishaver ic hicher.



17-40 Substation Design .

formers owing to their lower cost, greater efficiency, smaller size and weight, and better.
regulation. Autotransformers may also be obtained with zigzag-connected windings or
with delta-connected windings. Both these types are free from triple-harmonic troubles
but in general are more expensive. . :

Delta-connected autotransformers have a possible disadvantage in that they insert a
phase shift into the transformation, which means that the system being served must be
radial or else it must be served by similar transformations at other points.

41. Transformer Loading Practice. Because of the varying load cycle of most trans-
formers, it is customary to permit loading considerably in excess of the transformer
nameplate rating. There may be limitations on the-transformer imposed by bushings,
leads, tap changers, cables, disconnecting switches, circuit breakers, ete. Good engineer-
ing design, however, will permit operation without these limitations.

The increase in transformer loading is limited by the effect of temperature on insulation
life. High temperature decreases the mechanical strength and increases the brittleness of
fibrous insulation and makes transformer failure incredsingly likely even though the
dielectric strength of the insulation may not be seriously decreased, Overloading should
be limited then by giving consideration to the effect on insulation life and transformer life,

TABLE 17-11. Percent Dally Peak Load for Normal Life Expectancy with 30°C Cooling Air

Foreed-air-cooled over

Forced-air-cooled up to 133% of self-cooled

183% of self-cooled rating, or forced-oil-

Duration of Self-cooled with % load rating, with % load cooled, with % load
peak load, before peak of before peak of , before peak of

- 50% 0% 90% 50% 0% 90% 50% 70% 90%

-0.5 189 178 164 182 174 161 185 | 158 . 150

1 158 149 139 150 143 135 138 133 128

2 137 132 124 129 126 121 122 119 117

4 118 117 113 115 113 111 111 110 109

8 108 107 106 107 107 106 106 106 105

For recurring loads, such as the daily load cycles, the transformer would be operated for
normal life expectancy. For emergencies, either planned or accidental, loading would be
based on some percentage loss of life. AL

In a typical case for a failure of part of the electrical system, a 9.5% foss of life per day for
a transformer may be acceptable. Loading recommendations based on the evaluation of
the loss of insulation life as affected by temperature are contained in USAS C57.92-1962,
Guide for Loading Oil-immersed Power Transformers with 55°C Average Winding Rise
Insulation.Systems. NEMA Publ. TR98-1964 contains corresponding recommendations
for loading power transformers with 65°C average winding rise insulation systems. USAS
C57.92-1962 Guide states that an average loss of life of 1% per year or 5% in any one
emergency operation is considered a reasonable loss of life.

Daily overload cycles consistent with normal life expectancy for air-cooled power
transformers at 30°C ambient are given in Table 17-11 which is a condensation of data
taken from USAS C57.92-1962, Section 92-01.250. For a listing of transformer loading
above normal with some sacrifice of life expectancy, data given in NEMA Publ.-TR 98-

1964, Part 3, are condensed in Table 17-12. :

Ambient temperature affects load capacity by an amount dependent on the type of
cooling as shown in Tables 17-11 and 17-12. For changes from this average ambient
temperature, transformer ratings may be adjusted as shown in Teble 17-13. The table
applies to both the 55°C and the 65°C average winding-temperature-rise transformers. For
the ambient temperature of air-cooled transformers, use the average value over a 24-h
period or 10°C under the maximum during the 24-h period, whichever is higher.

The following temperature and load limitations are generally applied to transformers.
The temperature of the top oil should never exceed 100°C. The maximum hot-spot
winding temperature should not exceed 150°C for 55°C rise transformers or 180°C for
65°C rise transformers, Short-time peak loading for % h or more should not exceed 200%




TABLE 17-12. Allowable Peak Loads (in Multiples of Maximum Nameplate Rating) for Moderate Sacrifice of Life Eipectancy with 36°C Cooling .Al'r_' '

*Based on capability tables in NEMA Publ. TR98, Part 3.

For forced-air~cooled transformers, the peak loads are calculated on the basis of all cooling being in
use during the period preceding the peak load. When operating without fans, use the tables for OA
transformers. )

Differences in cooling methods used with forced-oil-cooled transformers result in differences in
peak-load-carrying, ability. Consult the manufacturer before applying loads sbove the values given in
the table. '

Life ’ ’ ' Forced-air-cooled (OA/FA/FA) over
loss in Forced-air-cooled (OA/FA) up to 133% of self~cooled rating or forced-
percent Self-cooled (OA) with % load before 133% of self-cocled rating with % . oilcooled (FOA or OAFOA/FOA)
Duration of Hottest-spot not peak of’ ) load before peak of . with % load before peak of
peak load, temperature more . -
h ) reached, °C than 50% 70% 0% 100% | 50% T0% 90% 100% 50% T0% 90% 100%
% 171 0.25 2.00 2.00 2.00 1.96 2.00 185 1.85 " 1.80 . 164 1.60 154 1.51
180 . 0.50 2.00 2.00 2.00 2.00 2.00 2.00 195 1.80 1.69 1.66 160 157
1 163 025 1.96 1.89 1.80 1.74 L77 172 1.65 1.61 147 145 1.49 1.39
180 1.00 2.00 2.00 1.99 1.94 1.93 1.88 1.81 178 1.57 155 1.52 1.50
] 2 155 0.25 1.68 1.63 157 1.53 1.53 150 147 144 133 1.32 131 1.30
| 171 1.00 1.83 1.79 171 1.64 1.66 1.64 1.60 1.58 - 142 141 1.39 1.39
1 180 2.00 1.91 1.83 L.71 - 1.64 1.74 L71 165 1.61 147 146 144 143
4 ‘147 0.25 144 141 1.39 1.37 1.35 1.34 1.33 - 1.32 124 . 1.23 123 123
! 163 1.00 1.55 1.52 147 © 144 . 147 146 ‘145 145 1.32 1.32 1.32 1.32
: 180 © 4,00 1.55 1.52 1.47 144 151 1.50 147 146 140 1.40 1.39 1.39
1 - . .
f 8 139 025 128 127 127 126 124 124 124 124 118 118 118 LIS
I - 155 1.00 138 . 137 136 1.36 136 1.36 1.36 1.36 127 - 127 -1.27 1.27
i 171 4.00 1.38 137 136 1.36 142 142 141 141 1.35 1.35 1.35 1.35.
| : .
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17-42 Substatiqn Design

rating. At abnormally high temperatures it may be necessary to remove some oil in order
to avoid overflow or excessive pressure. .

42. Surge Protection. A substation should be designed to include safeguards against
the hazards of abnormally high voltage surges that can appear across the insulation of
electrical equipment in the station. The most severe overvoltages are caused by lightning
strokes and by switching surges. o

The main methods to prevent these overvoltages from causing insulation failures
include: . :

a. Use of surge arresters o

b. Equipment neutral grounding

c. Proper selection of equipment impulse insulation level

d. Proper selection and coordination of equipment basic insulation levels

e. Careful study of switching-surge levels that can appear in the substation

The main device used to prevent dangerous overvoltages, flashovers, and serious
damage to equipment is the surge arrester. The surge arrester conducts high surge
currents, such as can be caused by a lightning stroke, harmlessly to ground and thus

TABLE 17-13.. Effect of Ambient Temperature on kVA Capacity

% of rated kVA increase
in capacity for each °C
decrease under 30°C

- % of rated KVA decrease
in capacity for each °C
increase over 30°C air

Type of cobling _
15 . 1.0

Self-cooled—0OA
Forced-air-cooled—
OAJFA, OA/FA/ .
FA 1.0 0.75
Forced-air-cooled—
FOA, OA/FOA/ : :
FOA 1.0 0.75

prevents excessive overvoltages from appearing across equipment insulation. For a

detailed déscription of the characteristics and application of arresters, refer to Sec. 27.

The important consideration in applying surge arresters and in selecting equipment
insulation levels depends greatly on the method of grounding used. Systems are consid-
ered to be effectively grounded when the coefficient of grounding does not exceed 80%.
Similarly, systems are noneffectively grounded or ungrounded when the coefficient of
grounding exceeds 80%. . i -

A value not exceeding 80% is obtained approximately when, for all system conditions;
the ratio of zero sequence reactance to positive sequence reactance (X/X;) is positive and
less than 3, and the ratio of zero sequence resistance to positive sequence reactance (Ry/
X,) is positive and less than 1. What this says in effect is’ that if neutrals are grounded
solidly everywhere and if a ground occurs on one of the conductors then the voltage that
can appear on the healthy phases cannot exceed 80% of normal phase-to-phase voltage.

Thus the coefficient of grounding is defined as the ratio of maximum sustained line-to-
ground voltage during faults to the maximum operating line-to-line voltage. On many HV
and EHV systems the coefficient of grounding may be as low as 70%.

Surge arrester ratings are normally selected on the basis of the coefficient of grounding;
thus, for effectively grounded systems the 80% arxester is selected. For example, a 115-kV

system (maximum operating voltage equals 121 kV) can use a 97-kV arrester, that is, 80% .

of 121 kV, when operating on a solidly grounded system. It should be noted that other
factors such as resonant conditions, system switching, etc., could increase the value of the
coefficient of grounding and thus should be studied in each individual system,

The impulse insulation level of a piece of equipment is a measure of its ability to
withstand impulse voltage. It is the crest value, in kilovolts, of the wave of impulse
voltage that the equipment must withstand. However, at EHV the switching-surge
insulation level may be lower than the corresponding impulse level and thus the switch-
ing-surge level becomes the dominant factor in establishing insulation levels.

Basically the coordination of insulation in a substation means the use of no higher-rated
arrester than required to withstand the 60-Hz voltage and the choice of equipment
insulation levels that can be protected by the arrester. Careful study of switching-surge

levels that can occur at the substation as -
analyzer studies can also be used to deter:
and switching-surge strength.required in
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CABLE AND UNDERGROUND EQUIPMENT LOADING
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Fig. 10-28 — Time-tem-
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Thermal Transients

Underground power cables almost al-
ways operate under variable loading. In
order to simplify the problem, tempera-
tures and load capabilities are usually
caleulated on the basis of some more or
less equivalent steady load. Such approxi-
mate methods are frequently inadequate.
Cases arise where it is desirable to es-
tablish load capabilities for longer periods
than those for short circuit conditions
but.- of shorter duration than steady
state conditions. Precise solutions of the
temperature transients in this range are
long and involved. Two excellent methods
of caleulating have been presented?7. 48
but do not lend themselves to presenta-
tion here, Fig. 10-28, however, shows re-
sults of thermal transient tests on several
sizes of impregnated-paper-insulated lead-.
covered cables. From curves of this kind
conservative cable attainment factors msy
be estimated that are sufficiently accurate
for most problems at hand. ‘

Thermal transients of the conduit sys-
tem may also enter into the problem.

Typieal curves of transient conduit tem-
perature rise are shown in Fig. 10-29.
These curves were determined from test
results™ 49 for conduits buried in clay
soil and having approximately 3 ft of
cover. Conduits buried deeper will take
longer to attain steady state temperature
rise. A theoretical approach was presented
by J. H. Neher$ TFig. 10-30 gives theo-
retical attainment factors for cylindrical
radiators using this approach.

Buried Cables

Isolated Cable

The current-carrying capacity of an
isolated buried cable may be calculated
from Equation 1 following:

;o [[=T.—T,
ReBe  ooviiiiiiin... 09)]

where: I = load current, amperes
T, = permissible copper tempera-
ture, deg C
T4 = temperature rise due to di-
¢ electric loss, deg C
= Wo (Ri/2 + Rs HE; +1R.)
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T'. = ambient temperature, deg C

W. = conductor loss (including slcin
effect and proximity effect),
watts per foot

W, = sheath loss (including circulat-
ing current loss and eddy cur-
rent loss), watts per foo

W, = armor loss (including circulat-
ing-current loss, hysteresis loss
and eddy current loss), Wa,tts
per foot

Wp = dielectric loss, w&tts per foot
R: = thermal resistance of the cable
insulation, thermal chms per
~ foot
R; = thermal resistance of the jacket

between sheath and armor, or
thermal resistance of pipe cov-
ering for pipe cable, thermal
. ohms per foot
R, = thermal resistance of the soil,
thermal ohms per foot
R, = thermal resistance from outer
surface of the cable to inner
surface of the pipe, thermal
ohms per foot (for pipe cable
only)
‘= gero for other types of buried
. cable -
R, = total thermal resistance, ther-
mal ohms

- [R 4R, +<1 + )xR,+

oty

R. = conductor resistance, includ®
ing skin effect and proximity
effect, ohms per foot

For buried cables, the ratios Wo/W, and
Wo/W, are calculated in the same way as
they would :be for cables in free air or in

ducts, with the same spacing and arrange-
‘ment as is ustd in the actual buried cable
installation. For three-conductor -cables, .

W, and W, are taken equal to zero and
R, is multiplied by the a-¢/d-¢ ratio. For

pipe cables,

W, is taken as zero and
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Fig. 10-29——Time-terhperature rise characteristics for pipe and -
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4F1g 10-30—Attainment factors for cylindrical heat radx.ators



TaBLE XXXV—S81NarLE-CONDUCTOR, Paper-INsuLATED, Sorip-T

(RaTivag, 35 000 Vorts)

BeLTED (RATING, 15,000 Vours)

YPE CaBLE TABLE XXX VII—THREE-CONDUCTOR, Parer-INsuLaTED, SoL1D-TYPE CABLE,

Number of Equally Loaded Cables in Duct Bank

Number of Equally Loaded Cables in Duct Bank

Three Six Nine Twelve One Three Six Twelve
Per Cent Load Factor ' ' Per Cent Load Factor
50 75 100 50 75 100 50 75 100 50 75 100 50 75 100 50 75 100 50 75 100 50 76 100
Conductor ~——— —— — —_— — T 7 7T Conductor —o — — — .
Size, Normal Operation—Copper Temperature 70 C ize, Normal Operation—Copper Temperature 75 C*
AWG or peres Per Conductor AWG or Amperes Per Conductor
MCM Concentric Conductor* MCM ound or Sector
2/0 251 230 224 242 224 205 234 211 100 226 200 179 4 99 96 92 74 80 83 91 83 76 86 73 64
250 367 345 322 352 321 204 337 303 270 324 288 253 4/0 257 245 232 242 222 202 228 201 179 205 173 149
500 551 514 476 524 474 420 500 442 392 470 418 364 500 429 406 377 399 359 321 396 319 280 326 269 229
1000 832 766 701 783 698 624 741 648 564 708 601 520 750 543 510 468 499 444 303 458 301 341 399 398 275
1500 1036 949 859 972 856 760 Ol4 788 632 865 730 626 . ; ok '
2000 1197 1088 981 1115 975 860 10456 893 770 985 824 704 Emergency Operation—Copper Temperature 87 C
' Compact Segmental Conductor These values may be obtained by multiplying the above tabular values by 1.09.
. * Abstracted from IPCEA Publication P-29-226.
1000 853 786 720 803 718 641 760 663 581 722 618 534 ** Baged on 100 hr i 12-month d.
2000 1293 1175 1061 1203 1085 920 1127 965 834 1050 800 780 feron 0 eny 12-month perlo
3000 1630 1465 1312 1502 1304 1137 1399 1182 1013 1308 1085 919
4000 1806 1690 1505 1737 1493 1204 1609 1349 1149 1408 1230 1038

Emergency Operation—Copper Temperature 85 C**
These values may be-obtained by multiplying the above tabular values by 1.11.

* Abstracted from TPCEA Publication P-29-226.
** Based on 100 hr in any 12-month period.

TaBLe XXX VI—THREE-CONDUCTOR, PAPER-INSULATED, SoLID-TYPE CABLE
BELTED (RA’I‘;TNG, 7500 Vorrs) ’ TaBLe XXX VIII—THREE-CONDUCTOR, PAPER-INSULATED, SoLID-TYPE CaBLE,
SHiELpED (RATING, 15,000 Vorrs)
Number of Equally Loaded Cables in Duct Bank -
: Number of Equally Loaded Cables in Duet Bank
One Three Six, - . . Twelve - -
2 One Three Six Twelve
Per Cent Load Factor - - :
. Per Cent Load Factor
50 75 100 50 75 100 50 75 100 50 75 100
Conductor —— —— ~— — e e e L T Conductor 50 76 100 50 75 100 50 75 100 50 75 100
Size, Normal Operatlon—Copper Temperature 83 C* Size, e e e e e e e
AWG or Amperes Per Conductor "AWG or Normal Operation—Copper Temperature 81 C*
MCM Round or Sector Conductors MCM Amperes Per Conductor
6 80 77 74 76 72 67 74 67 62 69 60 53 4 120 1156 107 114 104 95 108 95 85 96 83 72
4/0 270 258 243 . 255 235 214 241 213 190 218 184 159 4/0 205 281 261 276 2500 223 257 224 - 106 227 189 162
500 454 429 399 423 381 341 3892 340 208 348 288 245 500 487 450 418 446 399 350 410 350 308 358 292 247
750 576 540 497 532 473 418 489 418 363 428 350 205 750 606 562 514 551 485 426 502 423 365 432 348 203

Emergency Operation—Copper Temperature 94 C**
These values may be obtained by multiplying the above tabular values by 1.07.

Emergency Operation—Copper Temperature 96 C**

These vs.lﬁes may be obtained by multiplying the above tabular values by 1.07.

* Abstracted from ITPCEA Publication P-29-226.
** Based on 100 br in any 12-month period.

* Abstracted from IPCEA Publication P-29-226.
** Based on 100 hr in any 12-month period.
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Exhibit (AG-PLC-21)
Excerpt from NEES Distribution System Planning Guidelines

(3 pages, including this cover page)
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Page 3 of 3
SECONDARY DESIGN AND LAYOUT STD 5002
Page 1 C

Underground Residential Distribution |ssue

1. SCOPE - This STANDARD covers method of selecting size of cables required for
underground residential dtstrlbutton secendaries.

Issue C = January 1984 - No Change
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FIG. 2 - DEAD-END STREET - SAMPLE LAYOUT

LIMINARY LAYOUT - Make layout assigning number of homes per transformer

and loads per lot (Figures 1 and 2).

a.
b.
c.

From point A to the left add load of lots 1, 2, 7 and 8.

Measure distance in feet between points A and B. :

Plot point on chart (Fig. 3) kVA versus distance and. select proper size
of secondary cable for A-B. If point falls within the limits of a cable
size, proceed with Step (d). If point falls on limit of 4/0 cable, then use
350 kal| cable to allow for drop between points B and C, and proceed
with Step (d).

Measure distance between B and C.

Add loads of Io_ts 7 and 8, and select
cable size. .




Exhibit (AG-PLC-21)

Page 2 of 3
STD 2521 OVERHEAD TRANSFORMER APPLICATION 2
Lood and Voltage Mandgement N&VE&GC!\d

{ssue

1. NEW CONSTRUCTION - The following tables are recommended to give good electrical

characteristics as well as an economical design.

a) Low Use Customers - 1.0 kVA/cust. (250 kW-hrs/? month period)
(Tighting, small appliances and refrigerator) ¥ 150 ft. spans 1/0 aluminum triplex ~
secondary not to exceed 2 sections each way (& 600 ft.)

. Size Max. Init.
No. Cust, Transf. % lLoad-Winter Coincidence Factors
1-~-20 10 kVA 92% 1 - .46

b) Medium Use Customers - 2.4 kVA/cust. (600 kW-hrs/2 month period)

(bronze medallion home - all uses except electric heat) I 150 ft. spans 1/0 g
aluminum triplex - secondary not to exceed 2 sections each way (X 600 ft.) -
Size - Max. init. :_
No. Cust. Transf . % Load-Winter - Coincidence Factors g
1- 8 10 kVA 105% 1 - .55 5 :
9 - 12 15 kVA 96% .53 - .50 (preferred design)
13 - 20 25 kVA 88% 49 - .46 3.
o
c) High Use Customers - 15.0 kVA/cust. (7500 kW=hrs/2 month period) é
v (gold medallion home - all appliances plus electric heat) * 150 ft. spans 1/0 o
§§§;§¥ aluminum triplex - secondary not to exceed 2 sections each way (& 600 ft.) ?
i34 : - 3
Size Max. init. %
No. Cust. Transf . % Load-Winter Coincidence Factors
1- 8 50 kVA 132% 1-.55

. EXISTING CONSTRUCTION OR CONVERSIONS TO A HIGHER VOLTAGE -

| Jverhead transtormers and/or secondaries - it is permissable to load overhead residential

" distribution transformers to 200% winter peak and 160% summer peak as determined by
the Tronsformer Load Management Program, ptovuded secondaries are adequafe to maintain
‘equired voltage. If a transformer is suspected of supplying appreciable air conditioning
load, the 160% summer loading of the Load Monagement Program does not apply and
ield testing should be utilized. When these limits are exceeded, the secondary design
thould be reviewed and if necessary the crib should be reconductored and/or redesigned
o that it is not more than 300 feet in length in either direction from the transformer.
This may require the installation of additional transformers. ‘




Exhibit (AG-PLC-22)
Excerpts Concerning Diversity of Customer Loads
at the Distribution Level

(13 pages, including this cover page)
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18-98 Power Distribution

Demand and Diversity Factors.

260.. Demand Factor, The ratio of maximum demand to total load connected
expressed as a percentage, is termed the demand factor of an installation, For example, ifa
residence having equipment connected with a total rating of 6000 W has a maximum
demand of 3300 W, it has a demand factor of 55%. Demand factors of various types of large

loads are helpful in designing systems, par-

100 - ticularly those in buildings. As an example, a
92 T(;fafsys‘re:n— JAN single household electric clothes dryer, of
T AT course, has a demand factor of 100%, but 25
84 7/ N~| dryers in a group have a demand factor of
» 76 \ 33%. Similarly, three to five all-electric
g 68 : - | apartments in a multifamily dwelling have a
& 60 Commercial demand factor of 45%. The lower the
g 52 / A \ demand factor the less system capacity
% 44— / \_/5 . required to serve the connected load. How-
£ 26 % -~ \ ever, summer air conditioning and winter
g 28 |_Industrial ¥7 e\ N electric heating are loads that make for high

8 Y \ N] demand factors.

20 4% 1] ; 261. Coincidence or Diversity Fac-
12 Pl e S i tor. The coincidence factor is defined as
4 : : Residentlol i | the ratio of the maximum demand of the load

O A e B8 0122 456 8 1012 s a whole, measured at its supply point, to

Hour the sum of the maximu(;n dertcllands of ft:e

component parts of a load. The diversity fac-

g:gte;a -67. Characteristic metropolitan load ¢ 5y o reciprocal of the coincidence factor.

Coincidence factors can be applied to known

.consumer demands for estimating the load-

ing of distribution transformers, lmes, and other facilities. Coincidence factors for residen-

tial consumers can vary ovér a wide range for differént types of consumers. The coinci-

dence factor for a large group of consumers with no major appliance might be as low as
30%, whereas a group of electric-heating consumers might be as high as 90%.

262. Diversity between Classes of Users. The daily-load curve of a utility is a
composite of demands made by various classes of users. The load curve on the day of
maximum total system peak occurs when class loads gang up to create this maximuin
demand for the year. This is not necessarily the day, and usually is not the day, of any
particular class peak. Class load curves on the day of system peak are illustrated in Fig. 18-
67.

Air-conditioning loads have shlfted these curves for many systems to cause daybme
peaks during hot weather in the summer. Electric house heatmg builds heavy moming
and evening loads during cold weather in the winter.

263. Diversity in the Feeder System. The diversity of demands by transformers ona
radial feeder makes the maximum load on the feeder less than the sum of the transformer
loads. The diversity factors of a feeder vary greatly depending upon load conditions, Some

TABLE 18-26. Dlversity Factors

. Div_e"rsity factors for
Elements of aystem between which diversity :,, - o
actors are stated: Residence [Commercial] General Large
lighting lighting power . users
Between individual Usere.ueerseenserioerneraness] 2.0 - 1.46 1.45
Between transformers. covesvesvuiecseooscncsocanans 1.3 1.3 1.85 1.05
Between feeders, .cocavessesevonsessaaserasasnans 1.16 1.16 1.15 1.05
Between substations.cicivveieseveseaccestranennns 1.1 1.10 1.1 1.1
from users £0 Lranaformer. i civessecassstnssaanss 2.0 1.48 1.44
‘rom users £0 feeder.y.veoss. 2.6 1.90 1.95 1.15
from users o substation.. 3.0 2.18 2,24 1.32
YOM Users 10 Eenerating 8tation. .oy s .. s e e vsreoes: 3.29 2.40 2.46 .45




Distribution Economics 18-99

typical diversity factors are given in Table 18-26. The diversity factor of lighting feeders
ranges from 1.1 to 1.5, while that of mixed light-and-power feeders is likely to be 1.5 to 2
or more. At the substation there is also a diversity factor of 1.05 to 1.25 between the sum of
feeder maxima and the substation maximum. A large system has a further diversity factor .
between substations of 1.05 to.1.25:

264. Total dxverslty factors in a large- system are somewhat as in Table 18-26.

Distribution Economics

265. Economic Comparisons. The most stxaxghtforward and generally applicable
technique to use in distribution-system investment problems is that of making economic
comparisons on the basis of the present value of all future annual costs. That is, the
economic choice is the one with the lowest present value of all future costs. With thls asa
criterion, the procedure for making an economic comparison between alternatives is a
simple two-step operation, that is:

a. Estimate for each alternative the annual costs for each year.
b. If annual costs are not uniform, calculate their present value.

266. Time Value of Money. Money does have time value, and rent or interest on its
use has to be paid. It is obvious that an alternative which requires the least expenditure
immediately would be best, everything else being equal.

The process of taking money and ﬁndmg its equivalent value at some future time is
called a “future worth” or “future value” calculation. This calculation is the same as that
used in determmmg the effect of compound interest,

I£ 8% is the established interest rate, then $100 today is equivalent to $100 (1 + 0.08) or
$108 a year from now, and 100 (1 + 0.08) + 100 (1 + 0.08) x 0.08 = 100 (1 + 0.08)*2 years
from now, and 100 (1 + 0.08)" 10 years from now. The expression (1 + i)" is called the
compound amount factor, where i is the interest rate and n is the number of years. These
factors and others discussed later are readily available for various interest rates and’
number of years in economic books such as Principles of Engmeenng Economy by
Eugene L. Grant.

Hence, to find the future worth of $100, 10 years later in the above example, first, look
up the compound amount factor in the 8% interest table for year 10, then multiply it by
100, The compound amount factor for this case is 2.159 and the future worth calculates to
be 100(2.159) = $215.90.

The process of ﬁndmg the equwalent value of money at some earlier time 1s called a

“present worth” or “present value” operation.

The present worth calculation is-the reverse of the future worth calculation, If $100
today has a future worth a year from now of $108, then we can also say that $108 a year
from now has a present worth of $100 today. The present worth factor is the inverse of the
future worth factor, and it also may be found in interest tables. Since the future worth

- factor for n years is (I + i) where i is the interest rate, the present worth factor is

U+ i)m

To determine the present worth, as of today, of a $100 cost anticipated to be incurred 2
years from now where the interest rate is 8%, first the present worth factor of 0.8573 is
obtained from interest tables. Then multiplying this factor by $100 gwes the present
worth of $100 (0.8573) = $85.73.

Formulas for calculatmg the compound interest factors and a graphxcal mtéxpretatlon of
these factors are shown in Fig. 1868,

267. Annual Charges. It is desirable to have a convement method of calculating the
annual costs.of capital investment made in an alternative scheme. Fortunately, this can be
done by using a level carrying charge which is expressed as a percentage of the original
investment.

The total revenue requirements of a piece of equipment are the sum of the annual
charges for:

a. Return on investment.
b. Depreciation.
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The transformer secondary and service size required to supply a multi-family

electric heated development .is determined as follows:
1. Determine the dwelling unit demand using the formula in Table I. The

10

demand is based solely on area and applies to all types of electric
»- heat/heat pump and includes air conditioning and major appliances such
as ranges, water heaters, dryers, etc.

2. Determine the diversity factor for the number of dwelling units in a bu1]d-

ing (or other logical grouping) from Table 1I.

3. Calculate building or group demand using formula in Table III.

4, Select the trénsformer size from Table IV.

" 5. Using Table V, pick the smallest secondary and/or service combination that
will carry the load and stay within a 2% voltage drop.

See DTR 54.032 for an example of calculations above.

° I e Demand Per Dwelling Unit
o ' Area Of Unit (Sq Ft
P ;%‘ ~ Unit Peak Demand (KVA) = 100 -('q )
11 _ Diversity Factor (DF) For Above Demands
o No Of Units 21 3| 41 51 6] 7] 81 91 10j 111 12113 Or More
DF . .881(.82{.791.77(.76{.74}.73].72(.72}.71].70 .69
m___ Demand Of Entire Building Or Grouping |
- L Demand = N x DF x KVA _
Where: N = Number OF Units
DF = Diversity Factor For N Units
- KVA = Unit Peak Demand
v [ Transformer Size For Electric Heat
: KVA Demand . 37 75 112 - 150 . 250
" Size-KVA 25 50 T 78 100_ 167 |
v L_;_ - Vo1;agg Drop _(VD)_In Secondary And/Or Service

%2 VD = (AxLxKVA) OFf Secondary + (AxLxKVA) “Of Service

Q] H
1= i Where: A = Cable Voltage Drop Factor

siii L = Secondary Or Service Cable Length

w KVA = Secondary Or Service Peak Demand

; ' .

. \ i Limit Total Voltage Drop To 2%.
21 W | — T
2131 Max_KVA 48 72___ 9 _125 168
zls A 0.00062 0.00033 0.00022 0.00017 0,0001
5 . Cable 1/0 A1 | 4/0A1 ;| 350 A 2X4/0 Al 2X350 Al
Z — , ,

DIRECT BURIED MULTI-FAMILY ELECTRIC HEAT/HEAT PUMP
TRANSFORMER. SECONDARY AND SERVICE SELECTOR GUIDE

I TNoRTHEAST UTILITIES{CESIGN & APPLICATION STANDARD] DTR  54.03]

DATE
SROVED BY

(U735
et
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- Diversified Loads in

POTOMAC ELECTRIC POWER COMPANY URD Subdivisions
ENGINEERING DEPARTMENT rROIRCT

rmeraneo oare__4/01/85
enenen av oare
susseer_ TABLE T - Diversified Demand (KVA/House) "
ot of P :E]éct;iéj Adr don itioninq; (é?)i (éa&}ﬂil;ﬂéaf) o
Housed [ome #  1iIf2 ' p I ol * byt talyya i 4 50 '7.1/2;
1 . . . v : ! H i i
l_ 1. les |ase laosn hoze [1130' P2.20 (13,00 [14.70: [19:00i
1 2 |[s.13 8.30  |9.10° lo.20. l10.80° l1.e0  |12.10  [13.20i [17.30:
3 1476 l6.50 |7.30 |80 |90 [9.70  [10.60  [11.801 [15.00:
4. |4.12 5.00 s.80. |60 {7.50 [8.30 |s.88 [10.03  [13.80.
5 3.76  |4.22 |5.00 [6.00 | 6.54: |7.46 7.94 9.52 - |13.20,
6 1348 388 lewss |55 6,031 l6.90 [7.48 |9.07 l|12.80:
7 |3.28 |33 4.6 [5.10° |5.667 |6.47 7.13 8.70: |12.50i
'8 3.2 |35 4.0 4.80 | 5.40°. | 6.17 6.86. _| 8.5 J12.30:
o 13.00 |33 l3ss laeo 1538 |seo |s6s |82 o0
10 2,90 3.20 {370 a0 |s.00- |s.70 650 810 |12.00.
11 2.78  |3.07 _ |3.58 410 1480 |s.a0 6.29 __|'7.90. 11,90 |
12 2.68  |2.97  |3.48 4,05 14.65 5.30 6.11 7.72__ [11.80
13 2.60  |2.88  |3.38 3.90 | 4.53 5.15 6.00 | 7.60 |11.73-
14 2.54 2,82 3.30 3.80° | 4.62 5,04 5.87 7.48 11.66
1 as 2.49  |2.77  {3.25 3,70 4,30 _ |'4,93 5.15 738 [11.60
Ho16 244 {273 |38  |3.63' |4.22 4 85 s.66 | 7.28° li1.s3 |
N 17 lo4n loge l313 lasg! le2e la7a  |seo |70 hisa
 \1R 2.36 2 AR 3.08 1,50: 4 %7: A,71; 5..51 7210 1146
19 . 2.33 2.63 3.04 .44 2 4 bﬁ : 4,65 _ls s 17 04 11:A3£
20 l2.30  |2.60  13.00 340 lsoe’ lasa  Isas {700t hi1sn
30 |23 |2.45 1277|330 l3.70° a7 |s.03 6.60  111.00
40 2.02 1237 |2.66 2.93 3,52 - |4.10 4.88 6.45 _ 10:75
50 1.96  |2.33 2.58 2.84 3.38 ° (4,00 4.81 6,642 110,54
60 .94  12.32  |2.54 2,78 [3.25 . 13,95 4,77 16,60  |10.40
70 1.93 2,32 . 12,53 2.75 31.20 3,90 4.73 6,38 10,30
80 1.92 (231 |2.52 2.73 3.13 3,87 4,69 6.34 . 110.20
90 1.91 2.31 2.51 2,71 3.05 3,84 4,65 | 6.31  J10.10
100 1.90 {2.30 |2.50 (2.70 |3.00 3.80 4.63 6.30  [10.00
500 1.86 |2.00 |2.20 |2.40 |2.70 3.52 4,34 6.00 | 8.80

* Includes lightsgrefrigerator,rénge, hot| water: heater and miscellameous appliiances
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Economic Analysis of Residential

Secondary Distribution Systems

H. E. CAMPBELL

MEMBER AIEE

HETHER the industry should go

to a higher voltage secondary dis-
tribution system to serve the residential-
class load has been debated for years.
Numerous papers and talks have been
presented in recent years on this subject
because it is recognized that with the ex-
pected load growth a change is “now or
never.” A recent paper! which used
some different concepts in distribution
produced some results which the authors

questioned; consequently, it was decided

to analyze this subject using the authors”

own techniques and assumptions.

new area with new homes and to a con- 7,

tinuation of the use of 120 volts in the
home. The demand used in the study
is varied from what is expected today for
a home with ali major appliances to ten
times the demand. Such a spread .in
demand should cover areas of the future

with electric heating and cooling. Sec-.
ondary spans are taken as 140 and 200 feet’

in order to see the effect of lots with 70-
and 100-foot frontages on the economic
relations of the various systems.

The secondary systems studied are
120/240-volt and 240/480-volt single-
phase, and 240/416-volt and 277/480-volt
3-phasc. Area secondary distribution

costs as well as the present-day linear-type -

are studied in order to find the lowest
cost system for each voltage and span
length at each demand.

A primary voltage of 34.5 kv was used
throughout. Only one primary voltage
was used to keep the secondary calcula-
tions to 2 minimum,  Since the primary
voltage of 34.5 kv was used in the pre-
viously mentioned paper, the same volt-
age was chosen for comparison purposes.
This selection of primary voltage allows a
larger margin of voltage drop in the sec-
ondary, in particular where large loads are
fed from one distribution transformer, as
in the case of area coverage using the 3-
phase secondary voltages. This primary
voltage tends to favor the higher sec-
ondary voltages because of the larger dis-
tribution transformers used, with their
attendant smaller cost per kva at the
larger sizes. It should not be construed,
hoswever, that the use of the 3.45-kv pri-
mary is advocated for residential areas.

; ; o
The scope of this paper is confined to ajz;

'
i

"200-foot-span case.

H. E. SINNOTT

ASSOCIATE MEMBER AIEE

Description of Residential Area

Professional builders erect about 809,
of the mew homes today and the wvast
majority are located in newly developed
areas. These are. the areas where a
change in secondary-system voltage might
be considered. The average-size lot to-
day is about 60 by 120 feet, and there is
the possibility of the width increasing in
the future. Therefore, lots of two sizes
are chosen for the study, namely, 70 by

*100 feet and 100 by 200 feet, as representa-

tive of future conditions. All streats are
assumed to be 50 feet wide. ,
Despite the fact that streets are laid
out curved in development planning, a
large part of newly developed areuas can be
considered as a grid pattern. Therefore,
for simplicity, this study is made on a
grid-pattern basis. It is recoguized that

where the load is not as uniform us the

assumed grid pattern of this study be-
cause of cemeteries, parks, etc., the area
secondary distribution benefits will di-
minish. This would be more noticeable
at the lighter demands because here the
area that can be served from one distri-
bution transformer is the largest.

Bach block is assumed to have 24
homes, With the previously mentioned
lot dimensions, the blocks used are 200
by 840 feet for the 140-foot-secondary-
span case, and 400 by 1,200 feet for. the
The total number
of homes considered in the study is 5.832;

this represents an area 9 blocks wide and-

27 blocks long. The demand for this
group of homes is used to get costs on a
dollar per kva basis.

Description of Systems

All systems in this study are overhead.
The following is a description of the sec-
ondary systems designed to supply the
5,832 homes: :

1. The 120/240-volt system is the one with
the conventional voltage for residential
areas.
ventional design in that the costs of the
secondary system are explored for area
coverage as well as for linear coverage.
Fig. 1{A) shows the usual service entrance
to the home. .

2. The higher voltage simple-phase system

 Fig. 1{Q).

This design differs from the con-

i3 taken as 240480 volts, To continue
serving homes with 120 volts, the price of an
auntotransformer is included.  The size is
taken as 1.kva and 3 -kva to-see-the effece
of antotransformer size on the econontic com-
parison,  Fig, 1(B) illustnites two types of
service entrances which can be used on this
system, One is where nothing higher than
S0 volts is desired in the home and the other
is where 480 volt single-phase is wanted for
large loads such as air conditioners and heat
puwps,  This of course necessitates a new
desin of high-voltage single-phase mwotors
for 480 volts,

3. One 3-phase system is 240/416-volt 4-
wire, The service entrances for I-phase
homes and 3-phase homes are shown in
The advantage of this voltage is
that standard 230-volt single-phase motors
can be used on single-phase services, but it is
assumed that the use of standard +0-volt
3-phase motors on the 416-volt services is
comparable to the use of 220-voit motors on
the 208-volt services.

4. The other 3-phase system studied is‘

277 /480~volt, illustrated in Fig. 1(D). This
overcomes the 3-phase motor obstacle of
item 3, but it requires that certain ap-
pliances such as ranges, water heaters,
room air conditioners, etc., be designed fora
higher voltage than present-day standards
permit. -

In all cases, the primary used is 34.5 kv
and it is assumed available at the top
boundary of the-area. Whether-the 34.5
kv comes from a step-down substation or
% switching station makes. no difference
in the results of this study.

Conditions of Study

To make a generalized study of this
type, it is necessary to set down certain
conditions upon which the study is based.
A single set of conditions will not satisfy
all situations in practice, and therefore,
the conditions have been varied where
practical to give breadth to the study.

DEeMANDS

Six average diversified demands pef
home, from 2.4 kva to 24,0 kva, ar¢ it
vestigated and their diversity curves a6¢
shown in Fig. 2. The designations put of
the curves in Fig. 2 and which are uset
throughout the paper are the diversifie
demand per homie when it is 1 of 16 in.?
group of homes. These demands :u'c‘;\ll
extrapolation of information on 2 “full
use” customter.? The 2.4-kva curve corre”
sponds to a fulluse customer, i.c., one

/
E Tran¥

Paper 57-169, recommended by the AIE
mission and Distribution Committee nnd 8P
by the AIEB Technical Operations Deprf
for presentation at the AIEE Wintcr‘v
Meeting, New York, N. Y., Jaouary 21-2%
Maouseript submitted October 24, 10561
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KVA DESIGNATIONS ON CURVES BASED ON 16 HOMES
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Fig. 1 (left). Service-entrance facilities
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vk 16V [46Y v Je80v]480v]
: Fig. 2 (above). Maximum diversified demand per homc versus
© (o) ‘various numbers of homes

«ith all major appliances. The extrap-
alation is made by assuming that this
gdemand will be doubled by a growth of
Jnads similar in diversity to thf; type had
in the past. This would give the same
<hape curve for 4.8 kva as for,u 4 kva.

For demands greater than 4. S kva it is
assumed that they are caused by *addition
of other utilization devices, such as air
conditioners and heat pumps, which do
pot have as great a diversity The
curves for 7.2 kva and over were obtained

‘ by adding a fixed amount of demand to

the 4.8-kva curve.

The<e curves are used t_hroughout the
stdy to deterniine line and transformer
wading and demands for calculating losses.

\'oL.TAGE REGULATION

The Edison Electric Institute (EEI)
and the National Electrical Manufac-
turers Association (NEMA) recommend
a vultage spread of no greater than 12.5%
between the home outlet with the highest
voltage and the one with the lowest volt-
Based on this, many udlity en-
gineers design the primary, distribution
wransformer, secondary, and service-drop
part of the system for only 100, or 11%;
spread when the first distribution trans-
former is onc-half loaded and all others
fully londed.

It is assumed that a regulator is in the
JL3-kv primary so that voltage can be
held at the first customer’s outlet. The
allowable voltage spread for the 120,240
volt svstem is determined as  follows:

—

age,?

Voltage Drop,

Component Pér Cent
Regular bandwidth.ooei oo neenon. +1.667
Ioterior wiring, last home..,..... .. coos 2,500
Service drop, Jast home......... R RUR U
*Interior wiring, first home........ ... —=1.250
*Service drop, first home..ooivn it —0.312
Netdrop.o.ooon vt ivinieoeens +3.230

* These are actually voltage rises and are therefore
oriative voltage drops.

Yremvriom

YNRT

Cantpbell. Sinnott--

I a limit of 109, voltage drop is
arbitrarily set for everything in the system
except the primary and the distribution
transformers, a figure of 6.77%, as the
maximum allowable voltage drop in the
120, 240-volt secondary is obtained. This
leaves 12,5 less 10, or 2.5%, voltage drop
which includes the voltage drop in the
primary and one half of the voltage drop
in the last distribution transformer.

The higher secondary voltages require
the use of autotransformers.. Here the
allowable voltage spread is determined as
follows:

Voltage Drop,

Component Per Cent
Regulator bandwidth, ................ +1.667
Interior wiring, last home............. +2.500
Service wiring, last home.............. +0.625
Autotransformer, Jast home............ +1.040
*Interior wiring, first home.... ...... -~1.250
*Service drop, first home. ... .. ... ..., —0.312

*Autotransformer, first home ........ .. —0.520
Net drop..aerinneas Ceereereeaaae +3 750

* These are actually voltage rises and aré therefore
negative voltage drops.

As before, if the limit is 10%, 10 less
3.750 or 6.25%, is the maximum allowable
voltage drop in the secondary and 2.5%
voltage drop for the primary and distri-
bution transformer. Actually, several
spot checks were made and it was found
that the drop in the primary and the dis-
tribution transformer varied between
0.5 and 1.5%, so that the various sys-
tems fall well within the limit of 12.5%,
over-all voltage drop.

COXNDUCTORS

The primary conductors in sizes no-.
370 and larger are bare hard-drawn
aluminum. For sizes smaller than no.
3’0 the sag becomes excessive for all-
aluminum conductors and steel-reinforced
aluminum cible is used. "“The substitu-
tion of steel-reinforced aluminum cable is

A nalvsis of Residential Distribution Syslems

more economical than using additional
poles with all-aluminum conductors.

The secondary circuits are bare hard-
drawn aluminum and service conductors
are covered hard-drawn aluminum,

Di1sTRIBUTION TRANSFORMERS

Standard kva-rated transformers are
used in this study with two exceptions.
A 2,000-kva single-phase and a 750-kva
3-phase transformer are included with the
standard sizes in order to eliminate the
large gap that exists at ﬂns point of the
preferred ratings.

The maximum permissible load on a
transformer is fixed at 1209, of the name-
plate rating. Diversity in accordance
with Fig. 2 is taken into account when
determining the load on a transformer.

Power FACTOR

A system power factor of 889, is as-
sumed for this study. The motor start-
ing-current power factor is also assumed
to be 88%. These may be somewhat
low for residential secondary demands as
they exist today, but they are believed to
be reasonable for future conditions where
there will probably be a larger per cent
of electronic and motor loads.

VOLTAGE FLICKER

A maximum of 3%, voltage change on
the 120-volt lamp when a motor starts is
assumed satisfactory. This is based on
past experience where many utilities have
found that designing for such a voltage
change is satisfactory. .

All systems are designed so that motors
complying with the EEI-NEMA rules*

" would not cause more than 3%, voltage

change. These rules allow 20 amperes
for automatically started 115-vélt motors
and 25 amperes for automatically started

375
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v |2w-—] eoww_-l 120V~ l -
v 16V |96V <terrvi- fa8ov|asov)
. ’ Fig. 2 (above). Maxlmum diversified” Jemand per home versus
© {»)] various numbers of homes
«ith all major appliances. The extrap- If a limit of 10% "voltage drop is more economical than using additional

Jlation is made by assuming that this
demand will be doubled by a growth of
Joads similar in diversity to the type had
in the past. This would give the same
2.4 kva.
For demands greater than 4.8 kva it is

. assumed that they are caused by addition

of other utilization devices, such as air
conditioners and heat pumps, which do
not have as great a diversity. The
curves for 7.2 kva and over were obtained
bv adding a fixed amount of demand to
tfxc 4.8-kva curve.

These curves are used throughout the
stdy to determine line and transformer
joading and demands for calculating losses.

VOLTAGE REGULATION -

The Edison Electric Institute (EEI)
and the National Electrical Manufac-
turers Association (NEMA) recommend

arbitrarily set for everything in the system
except the primary and the distribution
transformers, a figure of 6.77%, as the
maximum allowable voltage drop in the
120,/240-volt secondary is obtained. This
leaves 12.5 less 10, or 2.5%, voltage drop
which includes the voltage drop in the
primary and one half of the voltage drop
in the last distribution transformer.
The higher secondary voltages require
the use of autotransformers. Here ,the
allowable voltage spread is determined as
follows: '

Voltage Drop,

Component Per Cent
Regulator bandwidth. ................ -+1.667
Interior wiring, last home........... .. -+2.500
Service wiring, last home,............. +0.625
Autotransformer, last home............ +1.040
*Ianterior wiring, first home. ... ..... ..—1.250
*Service drop, first home.............. —0.312

*Autotransformer, first home. .. .... ... -0, 520

P e

poles with all-aluminum conductors.

The secondary circuits are bare hard-
drawn aluminum and service conductors
are covered hard-drawn aluminum.

Di1STRIBUTION TRANSFORMERS

Standard kva-rated transformers are
used in this study with two exceptions.
A 2,000-kva single-phase and a 750-kva

~ 3-phase transformer are included with the

standard sizes in order.to eliminate the
large gap that exists at this point of the -
preferred ratings.

The maximum permissible load on a
transformer is fixed at 1209, of the name-
plate rating. Diversity in accordance
with Fig. 2 is taken into account when
determining the load on a transformer.
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wndom phenomenon where generally the
:striking occurs at times other than
hat which would result in the maximum
‘oltage as a result of one restrike. There
s evidence, however, to indicate “more
evere voltage magnitudes occurring on
rower systems than those included in
Fable IV.373 )

A preliminary investigation describing
the effect of lightning arresters on switch-
ing surges is described in the ATEE Trans-
actions.t Further analysis of this phase
of the investigation by the Working
Group is awaiting the receipt of an
industry-wide definition of arrester char-
acteristics under switching surge condi-
tions.

At the present time the Working Group
on Switching Surges is devoting its atten-
tion to a study of the type of switching
surge classified items A.1(d), A.3, and
A.4in the foregoing.
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Discussion

H. W. Smith and H. M. Ellis (B. C. Engi-

- neering Company Ltd., Vancouver, B. C,

Canada): The Working Group on Switeh-
ing Surges has undertaken a very impor-
tant assignment in that the results of their
investigation will provide -information re-
quired to determine the basic insulation de-
sign criteria for high-voltage transmission
systems, particularly where lightning surges
are not an important factor in arriving
at insulation requirements, Knowledge of

surges determines the insulation require-
ments of all equipment on high-voltage
systems on a more scientific basis. The
establishment of switching surge criteria
as n function of the various systern chiarae-
teristics is certainly a very difticult task
and the Working Group is to be congratu-
lated on undertaking this assignment,
The other phase of the comnittee assign-
ment of particular interest to utilities. is
the system . discharge requirement of ar-
resters when switching long cables at trans-
mission voltages. Utilities are installing
wmiles of underground high-voltage cables
for transwission of power where right of way
for overhead lines is unavailuble close to
load centers. For these conditions the

_thermal  discharge requircmuents of the

lightning arrester may well exceed even
modern station arrester discharge capa-
bilities, It is to be hoped that in the near
futire the committee will have results to
present on this phase of the investigation,
including the effect of transformer satura-
tion ou arrester thermal duty, on a similar
basis to that given for switching long lines
in reference 2 of the paper,

I. B. Johnson: The Working Group on
Switching Surges wishes to thank, the
discussers, H. W. Smith and H. M. Ellis,
for their comments on the first report of
this group. As indicated in the report,
the question of arresters and switching
surges has been recognized. Papers on the
subject are being solicited and some work
has been done. In particular, there is a
need for more ficld data to supplement the
results which so.far have been obtained
and also are now being obtained from
studies on systems in miniature,

Di#tribution .System
and Their Use in P

R. H. SARIKAS
ASSOCIATE MEMBER AIEE

INCE THE SOLE PURPOSE for the
existence of an electric distribution
system lies in supplying the requirements
of the consumer’s utilization devices, it is
fundamental that a knowledge of these
load requirements is necessary for sound
planning of the distribution system and
its various components. The economic
importance of the knowledge of load char-
acteristics has become motre and more

. recognized with the growth of load on

utility systeriis.

In recent years, much work hds been
done in this field. Many utilities have
made and continue to make, in some form,
surveys of the load on their systems,

564

Load Characteristics
lanning and Design

H. B. THACKER
MEMBER AIEE

This paper describes the load survey
work being done by one utility company,
and how the resultant data is processed
and used in distribution planning and
design. The paper also demonstrates the
importance of a knowledge of load char-
acteristics in the design of equipment
which will meet the utility industry's
requirements for service with minimuni
initial investment and operating cost, An
example of the need for load information
to design equipment having character-
istics most desirable to the utility, is the
pole-mounted distribution transformer,
These transformers represent a major item
of capital investment in the utility system

Sarikas, Thacker—Distribution System Load Characteristics

e I O b E Lo ha e et bt A T AP Pt ey i o

and an important segment of operating
cost, Tﬁéloptimum design of the distri-
bution transformer, in terms of such things
as loss ratio, impedance, and insulation
system life, is inherently related to the
characteristics of ‘the load to which the
transformer will be subjected.

Information obtained from utility-
load surveys can be used for many pw-
poses other than distribution system
planning and optimum equipment desig2-
Often, data from the same load survey will
also be used in studies of rate structurc.
cost analysis, and development of selec
tive selling programs,

Classes of Loads

To facilitate the orderly determinatio?
of load characteristics, loads may
divided into the following major classes*
residential, rural, commercial, and
dustrial, These classes usually can i
further subdivided, based on some Pec*
liarity of the particular class of load bei?8
served, Examples are: residential, 1
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ﬁemod of Conducting Load Surveys

Onc of the most useful survey methods
for determining load characteristics is the
mczhod of group-load surveys. Test
groups are selected on the basis of homo-

eity of character and use, predom-
;nance of one class, and convenient luyout
of distribution lines for test metering. If
the test groups are selected as being repre-
centative of their class, the load survey
data can have a broad application.

ExaMPLE OF GROUP LoAD SURVEY

The plot plan of a typical residential
test group is shown in Fig. 1. The group

is one of 48 similar residential test groups. .

ijn a current load survey. These groups
are of varying size in order to provide
coincidence information. One-fourth of
the groups has less than 6 customers,
1/4 has 6 to 12 customers, 1/4 has 13 to 20
cnstomers, and the remainder has over
20 customers. An indicating, 15-minute
snterval, kilowatt demand meter is in-
stalled at each reside_nce.{f:'r(}raphic in-
tegrating meters with 15-mii\iute interval
strip charts are installed at the master-
meter location on the primary circuit to
measure kilowatts and reactive kilovolt-
amperes for the entire group. These
tests run for a 12-month period. Inaddi-
tion- to daily load curves, an analysis of
these data furnishes the following:

1. Correlation betweeén the kilowatt-hour

(kw-hr) usage of an individual consumer
and his peak demand.

2. Coincidence factor relationship.

POy

3. Loss and power;factor data.
4. Load factor information.

The derivation and significance of the
above factors and relationships is dis-
cussed in the following paragraphs,

COrRRELATION BeTWEEN Kw-Hr AND
DEMAND '

This relationship has been established
for the yearly peak demand versus annual
kw-hr usage, winter peak demand versus
winter kw-hr usage, and summer peak de-
mand versus summer kw-hr usage. These
latter relationships are more significant in
view of the increasing saturation of resi-

Paper $7-168, recommended by the AIRE Trans-
mission and Distribution Committee aad approved
by the AIEYH Techoical Operations Departinent
for  presentation at the AIEE Winter Genernd
Mecting, New York, N, Y., January 21-25, 1057,
Manaseript submitted October 25, 1956; made
availuble for printing December 10, 1956,

R. H. Rari1xas is with the INinois Power Company,
Decatur, 1., and H. B. Taacxxr is with Westing-
bouse Klectrie Corporation, Pittsburgh, Pa.

AugusT 1957
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Fig. 1. Residential load sutvey plot plan

dential air conditioning. The annual kw-
hr versus demand relationship will not
provide reliable estimating results where

there is a mixture of air-conditioning and |

nonair-conditioning customers and where
the yearly peak ordinarily occurs during
the winter. The inaccuracy of the esti-
mate is due primarily to the inclusion of

the air-conditioning kilowatt-hour usagg -

in .the annual consumption ﬁguré§g;
Estinwates of winter peak demands for
customers with large air-conditioning
usage, based on this relationship, will be
higher than actual demand, since the air-
conditioning usage contributes greatly to
the annual kw-hr consumption and adds
nothing to the winter peak demand.
The least-squares lines of best fit for the
summer and winter peak-period relation-
ships are shown in Figs, 2 and 3. A tab-
ulation of the pertinent statistics under-
lving these curves is provided in Tables I

and II.

INTRACLASS COINCIDENCE FACTOR

Use of test groups of varying size pro-
vides the data needed to evaluate intra-
class coincidence. Scatter diagrams of
test-group coincidence factors for summer

and winter peak periods along with the
hyperbolic regression lines are shown in

Sarikas, Thacker—Distribution System Load Characleristics

‘F{gs. 4and5. The test-group coincidenct

factors, shown in the figures, are the ratic

. of the maximum diversified demand of the

group during the 4-month peak perjod, tc
the sum of the maximumn noncoinciden
demands, for each customer, during th
same peak period. These curves ar
similar to those published by others.®*
The coincidence relationship betwee:
various test groups is obtained by com
paring the peak demand period graphi
chart readings of the test group maste;
meters. !

Surveys utilizing a single group siz
while desirable for some purposes, do n¢
furnish intragroup coincidence-factor
formation. However, the kw-hr verst
demand relationships discussed pre
iously, can be derived. An example
the results of such a survey, made son
years ago, is shown in Fig. 6.

INTERCLASS COINCIDENCE FACTOR

If the test locations can, in the agm
gate, be considered statistically rep:
sentative of the residential customers a:
whole, a load curve for the entire re
dential class of customers can be prepar
If this same technique is uvsed for ol
classes of customers, similar load cur
can be prepared. When these Ik




) | *jo.o\‘-’“‘/ group, kw-hr con-
Lo 16 - yze% ‘sumption versus de-
Txt, .
Wi oia : \6567*‘ | mand, sunzmef-peak
S = 30 period
= QO .
z 312 %
3% o
- ;7
= p
2 a 8 -
S = 7
> < /] l
5= 6
53 7
a 4 N
o // Fig. 3 (left). Resi-
P dence test group,
o} - kw-hr consumption
O 1 2 3 4 5 6 7 8 9 10 Il 12 1314 I5 yoreus demand,
4-WINTER MONTHS CONSUMPTION - MWHR winter-peak = period
curves are combined, the system load Loss Data

curve is obtained. Such a series of load
curves along with the actual system send-
out from dispatching records is shown in
Fig. 7. Comparison of the series pro-
vides interclass coincidence relationships.

Loss data are obtained as a by-product
of the load study. For example, in the
residential test group shown in Fig. 1, the
difference between master-meter kw-hr

readings and total sales billed represents

ot these data permits an evaiuauon of tie
effect of such loads as air conditioning and
the improvement possible by such means
as series and shunt capacitors. Data rel-
ative to the power factor of loads on the
secondary system also permit an intelli-
gent decision whether or not to use sec-
ondary capacitors after determining a
breakeven . power factor for secondary
versus primary capacitors.’

Loap Facror

Load factor can be obtained from an
analysis of the daily load curves or the
load factor may also be obtained from
comparison of demand and kw-hr readings
for a comparable period. The load-
factor versus coincidence-factor relation-
ship is also available.. This relationship.
which has limited application in distri-
bution planning, is useful in developing

- “selective selling” programs.®
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Exhibit (AG-PLC-23) Exhibit (AG-PLC-23)
Adjustment for Load Diversity at the Transformer

Sum of Class Customers Transformer MECo Diversity-

Customer Coincidence per Coincidence Load @ Transformer Corrected

Class Peak' Max Demand? Factor Transformer Factor transformer Allocator  Allocator

R-1/2 1,161,100 3,543,986 0.328 8 0.550 1,949,192 67.4% 56.1%

R-4 7,007 14,892 0.471 2 0.861 12,825 0.3% 0.4%

St. Light 30,662 30,662 1.000 1.000 30,662 0.6% 0.9%

G-1 307,880 508,737 0.605 4 0.742 377,289 9.7% 10.8%

G-2 378,730 509,057 0.744 1.5 0.894 455,077 9.7% 13.1%

G-3 278,964 336,202 0.830 1 1.000 336,202 6.4% 9.7%

G-4 251,482 316,320 0.795 1 1.000 316,320 6.0% 9.1%
Total 2,415,825 5,259,856 ' 3,477,567

Notes:

"Work Paper PTZ-3, p.4.
2Exhibit PTZ-3, p.7
Loads at step-down

Resource Insight inc. » PLC [ALLOC2.XLS]Transformers « 6/9/95, 10:55 AM



Exhibit (AG-PLC-24)
Derivation of Secondary Allocator

Exhibit (AG-PLC-24)

Class Average Secondary MECo Diversity-

Sum of Customer  Coincidence Customers Coincidence Load @ Secondary Corrected

Class Peak’ Max Demand? Factor per Line Factor secondary Allocator Allocator

R-1/2 1,161,100 3,424,141 0.339 3.00 0.559 1,915,447 76.93% 68.23%

R-4 7,007 14,389 0.487 1.5 0.829 11,928 0.32% 0.42%

St. Light 30,662 30,662 1.000 1.000 30,662 0.69% 1.09%

G-1 307,880 491,533 0.626 25 0.776 381,341 11.04% 13.58%

G-2 377,565 490,320 0.770 1.25 0.954 467,769 11.02% 16.66%
G-3
G-4

Total 1,884,214 4,451,045 2,807,148 100.0%

Notes:

"Work Paper PTZ-3, P.4
2Exhibit PTZ-3, p.7.
Loads at secondary

Resource Insight Inc. + PLC [ALLOC2.XLS]Secondary + 6/9/95, 11:53 AM



Exhibit (AG-PLC-25) Exhibit (AG-PLC-25)

Derivation of Allocators for Customer Accounts and Service Expenses Page 1 of 2
Customer Accounts
Expenses Total R-1/R-2,R4 R-1/R-2 R-4 G-1 G-2 G-3/G4 St. Light
901 Supervision $1,555,200 $1,263,631 $1,261,477 $2,154  $235,554 $45,057  $10,958 $0
Accounts 902-904 100.00% . 81.25% 81.11% 0.14% 15.15% 2.90% 0.70% 0.00%
902 Meter Reading Expense $8,758,037 $7,298,432 $7,279,086 $19,346 $1,060,156 $311,622  $87,828 $0
Meter Time Allocator 100.00% 83.33% 83.11% 0.22% 12.10% 3.56% 1.00% 0.00%
903 Customer Records & Collections $20,243,316 $16,477,130 $16,447,947 $29,183 $3,023,682 $595,704 $146,800 $0
Accounts 902 and 804 100.00% 81.40% 81.25% 0.14% 14.94% 2.94% 0.73% 0.00%
904 Uncollectibles $11,775,008 $9,356,035 $9,348,005 $7.940 $2,092,234  $274,042  $52,697 $0
Uncollectible Revenues 100.00% 79.46% 79.39% 0.07% 17.77% 2.33% 0.45% 0.00%
905 Misc. Customer Account Expense $17,336 $14,086 $14,062 $24 $2,626 $502 $122 $0
Accounts 902-904 100.00% 81.25% 81.11%  0.14% 15.15% 2.90% 0.70% 0.00%
Total Customer Accounts Expense $42,348,897 $34,409,313 $34,350,666 $58,647 $6,414,251 $1,226,027 $208,405 $0

Resource InsightInc. « PLC [ALLOC2XLSJcustserv « 6/9/95, 11:06 AM



Exhibit (AG-PLC-25) Exhibit ____ (AG-PLC-25)

Derivation of Allocators for Customer Accounts and Service Expenses Page 2 of 2
Customer Accounts .
Expenses Total R-1/R-2,R4 R-1/R-2 R-4 G-1 G-2 G-3/G4 St Light
Customer Service &
Information Expense Total R-1/R-2,R4 R-1/R-2 R-4 G-1 G-2 G-3/G4 St. Light
907 Supervision ' $816,730 $520,340 $518,857 $1,483 $71,443 $60,738 $161,378 $2,913
Average of Energy and Customers 100.01% 63.71% 63.53% 0.18% 8.75% 7.44% 19.76% 0.36%
908 Power Quality Assessment Program $567,729 $9,538 $6,359 $3,179 $130,748 $121,210 $299,818 30
Participation 46.06% 1.68% 1.12% 0.56% 23.03% 21.35% 52.81%
908 Other Customer Assistance Expense $608,344 $387,577 $386,472 $1,105 $53,215 $45,241  $120,203 $2,170
Average of Energy and Customers 100.01% 63.71% 63.53% 0.18% 8.75% 7.44% 19.76% 0.36%
909 Information & Instruction Expense $2,789,001 $1,776,877 $1,771,812 $5,066 $243,967  $207,409 $551,079 $9,947
Average of Energy and Customers 100.01% 63.71% 63.53% 0.18% 8.75% 7.44% 19.76% 0.36%
910 Misc. Customer Service Expense $1,416,903 $902,711 $900,138 $2,573  $123,943  $105,371  $279,966 $5,054
Average of Energy and Customers 100.01% 63.71% 63.53% 0.18% 8.75% 7.44% 19.76% 0.36%
Total Customer Service & Info. Expense $6,198,707 $3,507,043 $3,583,637 $13,407 $623,316  $539,968 $1,412,444 $20,083
Total Customer O&M $48,547,604 $38,006,356 $37,934,303 $72,053 $7,037,567 $1,766,806 $1,710,849 $20,083
Allocator 99.99% 78.29% 78.14% 0.15% 14.50% 3.64% 3.52% 0.04%
Derivation of the Allocators Used Above :
Accounts 902-904 $40,776,361 $33,131,596 $33,075,127 $56,469 $6,176,072 $1,181,368  $287,325 $0
100.00% 81.25%  81.11% 0.14% 15.15% 2.90% 0.70% 0.00%
Energy with losses 100.00% 37.90% 37.62% 0.28% 8.50% 13.68% 39.29% 0.61%
Number of Customers 100.02% 89.52% 89.44% 0.08% 8.99% 1.18% 0.23% 0.10%

Source:

From Exhibit PTZ-1, except as noted in table and text.

Resource InsightInc. « PLC [ALLOC2.XLS]eustserv -« 6/9/95, 11:37 AM



Exhibit (AG-PLC-26) Exhibit ____ (AG-PLC-26)
Derivation of the Allocator for "Customer Related" Distribution O&M

Total R-1/R-2, R4 R-1/R-2 R4 G-1 G-2 G-3/G4 Street Light

Customer / St. Light Specific:
369 Services : $72,195,267 $63,549,581 $63,485,934  $63,647  $6,063,338  $2,234,789 $347,559 $0
370 Meters $63,984,379 $32,937,273 $32,820,965 $116,308 $14,951,059  $9,496,696 $6,599,350 $0
373 St. Lighting & Signal ~ $72,497,972 $0 $0 $0 $0 $0 $0 $72,497,972
Total $208,677,618 $ 96,486,854 $96,306,899 $179,955 $21,014,397 $11,731,486 $ 6,946,909 $ 72,497,972
Allocator 100.00% 46.24% 46.15% 0.09% 10.07% 5.62% 3.33% 34.74%

Source: From PTZ-2, except for changes explained in the text.

Resource Insight Inc. « PLC [ALLOC2.XLS]miscdist « 6/9/95, 11:37 AM



Exhibit (AG-PLC-27) Exhibit _____ (AG-PLC-27)
Summary of Additional Allocators

Residential Small General Service

Allocator R-1/R-2 R-4 Total G-1 G-2 Total G-3/G4 Light

[1] Coincident Peak Demand w/ losses 34.66% 0.17% 34.83% 12.04% 16.82%  28.86% 36.31% 0.00%
[2] 12-month CP average w/losses | 38.26% 027%  38.53% 9.90% 14.59% 24.50% 36.35% 0.62%
[3] Class Peak Demand w/losses 40.39% 0.24% 40.64% 10.71% 13.48% 24.19% 34.11% 1.07%
[4] Energy with losses 37.62% 0.28%  37.90% 850% 13.69% 22.20% 39.29% 0.61%
[5] Excess Capitalized Expenditure 0.00% 0.00% 0.00% 845% 1361% 22.07% 77.93% 0.00%
[6] Excess Capacity 0.00% 0.00% 0.00% 11.88% 16.60%  28.48% 71.52% 0.00%
[7] Diversified Demand @Transformer 56.05% 0.37% 56.42% 10.85% 13.09% 23.94% 18.76% 0.88%
[8] Diversified Demand @Secondary 68.23% 0.42%  68.66% 13.58% 16.66%  30.25% n.a 1.09%

| [9] Customer Accounts Allocator 78.14%°  0.15% 78.29% 14.50% 364% 18.14% 3.52% 0.04%
[10] Customer Related Distribution O&M 46.15% 0.09%  46.24% 10.07% 5.62%‘ 15.69% 3.33% 34.74%

Sources:
Aliocators for Allocated Cost of Service Study Exhibit. Exhibit PTZ-1, page 17 of 18.

file S:\RADATA\OSMACSE\ALLOCOSS.WK4
[1] From Exhibit 6(f) section 2, calculation of losses. and Workpaper PTZ-2 page 4 of 10, and Workpaper PTZ-2, page 4 of 10.

[2] From Exhibit 6(f) section 2.

[3] From Exhibit 6(f) section 6, Develpment of Demands Coincident with Class Peak. The fi gure for lighting was
replaced by that reported in sum of customer maximum demand at primary.

[4] From Exhibit PTZ-11, PTZ-7(page 25 of 26), and PTZ-6 (page 4 of 11).

[5] See Exhibit 2: Derivation of allocator for excess capitalized energy.

[6] See Exhibi /( 2: Derivation of allocator for excess capacity.
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