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1.0 INTRODUCTION

This document describes the Distribution Planning Criteria and Strategy that will be used by the Liberty
Utilities Engineering Department to review and evaluate the performance of its distribution system for each
Planning Study Area (“PSA”). A PSA is a group of distribution facilities, including substations, feeders,
transformers, and sub-transmission lines, within a specific geographic area that are interconnected and are
studied as a group. There are four PSAs in Liberty’s service territory: Salem, Lebanon, Bellows Falls and
Monroe. See Attachment A for Liberty Utilities Planning Study Area Map. The review and evaluation of each
PSA is to be documented in a report (“Distribution PSA Study”) that describes the assumptions, procedures,
economic comparison, conclusions, and recommendations for the PSA. Liberty will conduct a PSA Study
periodically, or when conditions within the PSA change, such as: changes in overall PSA demand forecast;
changes in how load is distributed within the PSA; significant load additions; and/or other changes in
conditions that warrant a PSA Study.

When preparing a PSA Study, Liberty will consider wires and non-wires alternatives to address system needs,
such as those listed in Table 1 below.

Table 1. Distribution System Planning Alternatives

Wires Alternatives Non-Wires Alternatives

e Load Balancing e Distributed Generation
e Power Factor e Controllable Load Curtailment
Improvement

e Energy Efficiency

e Reconductoring/Recabling g e

e Circuit and Substation

) Demand Side Management
Equipment Upgrades

) e Distribution Automation
e Voltage Conversions (e.g.

4kV to 13.2kV) e Smart Grid Solutions (Ex:
Dynamic Ratings, Real Time
Load Transfers and Capacitor
Activation, etc.)

e Feeder reconfigurations

1.1  Objective

The goal of these planning criteria is to provide adequate capacity for safe, reliable and economic service to
customers with minimal impact on the environment. To achieve that goal, the distribution system is
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planned, measured, and operated with the objective of providing electric service to customers under system
intact conditions (i.e., “normal”) and first contingency conditions (“N-1").

1.2  New Planning Criteria

Since the purchase of the New Hampshire electric assets from National Grid in 2012, Liberty Utilities has
refined the distribution planning criteria to better fit Liberty’s strategy and scale of facilities.! These
refinements, such as reducing the normal operating ratings limit from 100% to 75% on feeders and
transformers and from 100% to 90% on supply lines, reflect Liberty’s strategy of having sufficient capacity
available to meet changes in demand, including new customer demand, to improve operations during
emergency conditions, and to allow more time for the planning, analysis and construction, as needed, of
new facilities. In addition the refinements reflect the operating parameters of Liberty’s smaller distribution
footprint and resource base.

Table 2 shows an estimate of additional facilities that may be required as a result of new planning criteria for

the entire system over the next 15 years, based on the results of a sample of areas.

Table 2. Additional Facilities as a Result of New Criteria

Additional Quantity

Required

Transformers (at existing or new 0
substations)

Sub-Transmission Lines 0

Distribution Feeders 7

The new criteria will be scaled in over a 15-year period, and initially, will be applied to new installations
and/or significant rebuilds initially. The criteria shall be reviewed and refined further, as needed, to reflect
any major changes in standards or operating criteria.

2.0 PLANNING CRITERIA SUMMARY

The planning criteria are used to review and evaluate the performance of its distribution system for each
Planning Study Area (“PSA”). The planning criteria are a critical input to identifying system deficiencies in
Liberty’s distribution planning process. See Figure 1 for the planning process. The planning criteria described

1 Attachment B provides a summary of the changes to Liberty’s new criteria from the previous criteria under National Grid.
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in this document provides the framework to identify normal and emergency conditions, the acceptable
equipment ratings under these conditions, and the corrective action required when the criteria is exceeded.
For normal loading conditions, the planning criteria are based on feeders and transformers to remain within
75% of normal ratings at all times and supply lines to remain within 90% of normal ratings at all times.

For N-1 contingency situations, the planning criteria is based on interrupted load returning to service via
system reconfiguration through switching, installation of temporary equipment, such as mobile transformers
or generators, and/or by repair of a failed device. Where practical, at least three feeder ties are planned for

Electric Planning Criteria

0143




Liberty Utilities Docket NZ'ttDE 19-__
© efjeg o achment 2
L| berty Ut'lltles 15 Buttrick Rd Page 6 of 31
W WATER = GAS = ELECTRIC Londonderry, NH 03053
Description: Electric Distribution Planning Criteria Revision #: 2.0 | Page6of31

each feeder for switching flexibility and are integrated into the system design to minimize the duration of
customer outages to meet reliability objectives.

The following criteria summarized in Table 3 shall guide planning on the distribution system:

Table 3. Distribution System Design Criteria Summary

Substation

Condition Sub-Transmission Distribution Circuit

Transformer

Normal » Loading to remain within 90% of -+ Loading to remain within 75% of + Loading to remain within 75%
normal rating. normal rating. of normal rating.
+ Voltage at customer meter to = Voltage at customer meter to + Voltage at customer meter to

N-1 Contingency, which
results in facilities operating
above their Long Term
Emergency (LTE) rating but
below their Short Term
Emergency (STE) rating.

N-1 Contingency, which
results in facilities operating
above their Short Term
Emergency (STE) rating

remain within acceptable range.
Circuit phasing is to remain
balanced.

Load must be transferredto
other supply lines in the areato
within their LTE rating.

Repairs expected to be made
within 24hrs.

Evaluate alternatives if more
than 36 MWhr of load at risk
results following post-
contingency switching.

As Needed — Typically 15min
for OH conductors and 1-24
hours for UG cables

remain within acceptable range.
Circuit phasing is to remain
balanced.

Load must be transferredto
nearby transformers to within
their LTE rating.

Repairs or installation of Mobile
Transformer expected to take
place within 24 hours.

Evaluate alternatives if more
than 60 MWhr of load at risk
results following post-
contingency switching.

Loads must be reduced within
15 minutes to operate within
their LTE rating

remain within acceptable
range.

Circuit phasing is to remain
balanced.

Each feeder should have at
least three feeder ties to
adjacent feeders.

Load must be transferredto
nearby feeders to within their
LTE rating.

Repairs expected to be made
within 24hrs.

Evaluate alternatives if more
than 16 MWhr of load at risk
results following post-
contingency switching.

As Needed — Typically 15min
for OH conductors and 1-24
hours for UG cables

3.0 DESCRIPTION OF THE DISTRIBUTION SYSTEM

Liberty’s distribution system consists of lines and equipment operated at a voltage at or below 23 kilovolts
(“kV"”). The components of the distribution system include: distribution substations, sub-transmission lines,
and distribution circuits or feeders.

3.1

The distribution substations within Liberty Utilities are a mixture of stations with one, two or three or more
transformers. A typical substation consists of 23/13 kV, 5-10 MVA rated transformers with individual voltage
regulators applied to the feeders. Some distribution substations are supplied by the 115 kV circuits and are
jointly owned by Liberty Utilities and National Grid. Liberty Utilities and National Grid maintain
approximately 16 distribution substations containing approximately 26 power transformers in the Liberty

Distribution Substations
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Utilities” service territory. Liberty Utilities anticipates that the distribution planning criteria will, in general,
be applied to both Liberty and New England Power assets serving Liberty customers, however all 115kV
transformers serving Liberty customers are owned and maintained by National Grid. System Non-Wires and
Wires solution alternatives will be developed along the lines of these criteria recognizing, however, the
unique nature of transmission supply contingencies on the distribution system.

3.2  Sub-Transmission System

The sub-transmission system provides supply to distribution substations as well as large three phase
customers. It consists of those parts of the system that are considered neither bulk transmission nor
distribution. The voltages for Liberty’s sub transmission system include 23 and 13.8 kV. The voltages for
National Grid sub transmission system include 46 kV. The sub-transmission system is designed in an open
loop or “radial” system and generally provides a redundant supply for distribution substations. The sub-
transmission system is presently designed with conductors ranging from 336.4 ACSR to 1113 thousand
circular mils (“kcmil”) overhead conductors and from 500 to parallel 1000 kcmil copper underground
conductor. There are eight sub-transmission lines that are maintained by Liberty Utilities.

3.3 Distribution Feeders
The distribution feeders from each substation are in a “radial” configuration with provisions for manual or
automatic transfer of load between feeders, including feeders from adjacent substations. Distribution
feeders originate at circuit breakers connected within the distribution substations. Feeders are generally
comprised of 477 or 336 kcmil aluminum mainline overhead conductors and 1/0 AWG aluminum branch line
conductors. Some feeders have underground getaway cables exiting from the substation with 500 to 1000
kcmil aluminum or copper conductors. Protections for faults on the feeders consist of relays at the circuit
breaker, automatic circuit reclosers at points on the mainline and fuses and trip savers on the branch
circuits. The Liberty Utilities distribution system is comprised of approximately 41 feeders ranging from
2.4kV to 13.2kV.

4.0 EQUIPMENT RATINGS

Thermal limits are recognized for all system elements in conducting planning studies. Current in equipment
and lines are limited so that voltage drops are held to reasonable values; so that conductors will not be
severely annealed or damaged; so that switches, connectors, etc. will not be overloaded and that clearances
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are not exceeded. Several factors are taken into account, including: 1) ambient temperatures, 2) load cycles,
3) wind velocities, and 4) potential loss of life of equipment.

Liberty’s Distribution Planning Department maintains equipment ratings for all major equipment, including
transformers, overhead lines, and underground cables. Overcurrent protection system settings are also
taken into account where applicable.

4.1 Overhead Conductors

The current carrying capacity (also known as, “ampacity”) of an overhead conductor may be limited either
by conductor clearances or maximum allowable operating temperature under a predefined set of reasonably
severe summer or winter ambient conditions. The Company’s Overhead Construction Standards book lists
maximum ratings not to be exceeded for each conductor for normal and emergency operation.

As part of system operation, standard conductor sizes for overhead distribution construction of #2 AAAC,
1/0 AAAC and 477 AAAC or equivalent tree wire have been selected by Liberty Utilities.

The following general guidelines were developed for 13.2 kV overhead distribution lines:

e New single-phase overhead distribution lines should be constructed with #1/0 AAAC and new
single-phase underground distribution lines should be constructed with #1/0 AL for loads less than
500kW.

e The single-phase lines should be reconductored to three-phase wherever needed based on
operating conditions, phase imbalance and voltage drop.

e New three-phase overhead distribution lines and/or future distribution line upgrades should be
constructed with the specified conductors at the initial load given as follows:

o Forloads less than 3,000 kW: 1/0 AAAC
o For loads greater than 3,000 kW: 477 AAAC

e The single-phase and three phase lines should be reconductored with covered tree conductor or

spacer cable wherever needed based on operating conditions in tree prone areas.

The maximum ampacity of an overhead conductor is estimated for Normal (continuous) and Long-Time
Emergency (LTE) operations for summer and winter conditions.

41.1 Normal Capability

The Normal rating shall be interpreted as the maximum value for normal peak loads on all new and rebuilt
feeders. This is done to accommodate emergency conditions where ampacity may be increased for a period
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of time no greater than 24 hours. The temperature limit for 100% ampacity for normal operating conductor
is 176°F/80°C for bare conductors and 167°F/75°C for spacer cable, tree wire, and covered conductors.

4.1.2 Long-Time Emergency Capabilities (24 hours)

The LTE rating shall be interpreted as the absolute maximum ampacity allowed for a given conductor. This
ampacity should not be exceeded at any time unless an appropriate engineering review has been conducted.
The temperature limit for LTE for 100% ampacity for operating conductor at an elevated temperature during
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emergency conditions limited to a 24 hour period is 194°F/90°C for both bare and spacer cable, tree wire,
and covered conductors.

41.3 Short-Time Emergency Capability (As needed)

Other short duration ratings, such as Short Time Emergency (STE) if required for maintenance or
construction, are estimated conservatively using seasonal ambient data along with circuit specific
information by the engineering department. These are typically less than 15 minutes in duration.

4.2 Underground Cables

Underground distribution line ratings were derived from the October 1957 AIEE paper entitled “The
Calculation of the Temperature Rise and Load Capability of Cable System” by J.H. Neher and M.H. McGrath.
These calculations integrate all aspects of the cable system design such as conductor material, conductor
size, insulation, properties, insulation thickness, cable type, shield connections, load characteristics,
installation conditions and environment. Cable ampacities are based on normal and emergency operating
conditions. Normal cable ampacities are based on a 90° insulation operating temperature while emergency
cable ampacities are based on 130° insulation operating temperature. The Company’s underground
construction standards book provides estimates of cable ampacity for common sizes and configuration of
main line cables. Given the many different aspects of a cable system, specific cable ratings are typically
derived using computer software such as Synergee Electric or PC Amp.

New three-phase underground distribution lines or future three-phase underground distribution line
upgrades should be constructed with the specified conductors at the initial load given as follows:

e For loads less than 1000 kW: #1/0 AL
e For loads greater than 1000 kW: 500 MCM CU
e For feeder cable getaways: 1000 MCM CU

Ampacities are defined for underground cables as follows:

4.2.1 Normal Ampacity (Continuous)

This is the maximum loading on the cable that does not cause the conductor temperature to exceed its
design value at any time during a 24-hour load cycle.

4.2.2 100-300 Hour Ampacity (LTE)

This is the maximum emergency loading on the cable that does not cause the conductor temperature to
exceed its applicable emergency value over a period of several consecutive 24-hour load cycles. At the end
of the emergency time period, the load on the cable must be reduced to a value within its normal ampacity.

4.2.3 One-Hour to 24-Hour Emergency Ampacities (STE)

Other short duration ratings, such as Short Time Emergency (STE) if required for maintenance or
construction, are estimated conservatively using seasonal ambient data along with circuit specific
information by the engineering department. These are the maximum emergency loadings on the cable that
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do not cause the conductor temperature to exceed its allowable emergency value at any time during the
period. At the end of the emergency time period, the load on the cable must be reduced so that the peak
load in the next load cycle does not exceed the LTE ampacity (defined above).

4.3 Transformers

Distribution substation transformers are rated for loading according to the American National Standards
Institute (“ANSI”) standards for maximum internal hot spot and top oil temperatures. This is detailed in the
Institute of Electrical and Electronics Engineers (“IEEE”) Guide for Loading Mineral-Oil-lImmersed Power
Transformers up to and including 100 MVA with 55°C, or 65°C, winding temperature rise (ANSI/IEEE C57.91
latest version). The manufacturer's factory test data and the experienced 24-hour loading curve data are
used in an iterative computer program that calculates allowable loading levels.

The transformer's "ratings" for the Normal (“N”), Long Term Emergency (“LTE”), and Short Term Emergency
(“STE”) load levels are identified based upon maximum internal temperatures and selected values for the
loss of the transformer’s life caused by its operation at the criteria temperatures for a specified duration,
and on a defined load curve. Three categories of transformer capabilities are defined below:

43.1 Normal Capability

Winter normal and summer normal capabilities are based on a normal daily load cycle and on the maximum
24-hour average ambient temperature for the period involved. The maximum load for Normal operation of
the transformer is determined and set when the operation of the transformer at that level for the peak hour
in the 24-hour load cycle causes a cumulative (24 hour) 0.2% loss of Transformer life, or the Top Oil
Temperature exceeds 110 °C, or the Hot Spot Copper temperature exceeds 180 °C. Conditions above any of
these limitations will result in a shortening of the transformer service life beyond prescribed design levels
and/or physical damage to the equipment.

43.2 Long-Time Emergency Capabilities (1 hour to 300 hours)

These capabilities are based on a normal daily load cycle, with the emergency load increment added. The
maximum 24-hour average ambient temperature is used for the appropriate season. The LTE rating of a
substation transformer is determined and set when the 24 hour operation of the transformer, with that
additional load in each of the hours in the 24 hour load cycle curve, causes a cumulative (24 hour) 3.0% loss
of transformer life or the Top Oil temperature to exceed 130 °C, or the hot spot copper temperature to
exceed 180 °C.

4.3.3 Short-Time Emergency Capability (15 minutes or less)

The STE rating of a transformer is determined and set when the one hour operation of the transformer at
that level for the peak hour in the 24 hour load cycle causes a cumulative (i.e., 24 hour) 3.0% Loss of
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Transformer Life or a hot spot copper temperature exceeding 180°C. However, the maximum STE rating is
limited to a value equal to twice the transformer's “nameplate” rating (i.e., 200%).

4.4  Other Equipment
In addition to the items above, normal and emergency capabilities are reviewed for switches, circuit
breakers, voltage regulators, and instrument transformers. Emergency capabilities usually involve elevated
temperatures with some potential loss of equipment life. However, any circuit rating may be limited by
other circuit equipment such as circuit breakers, disconnects, regulators, et cetera. These ratings are
generally based on the allowable maximum temperature of the equipment. The facility (feeder, sub
transmission line, and/or transformer) rating is determined by identifying the “limiting device” and applying
the rating criteria for that device or equipment.

4.4.1 Distribution Overhead Transformers

The following generic ratings in % of nameplate are used:

NORMAL EMERGENCY

Summer Winter | Summer | Winter

145% 180% 160% 200%

4.4.2 Distribution Single Phase Padmount Transformers

The following generic ratings in % of nameplate are used:

NORMAL EMERGENCY

Summer Winter | Summer | Winter

140% 160% 140% 160%

443 Distribution Three Phase Padmount

The following generic ratings in % of nameplate are used:

NORMAL EMERGENCY

Summer Winter | Summer | Winter

110% 110% 110% 110%
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44.4

Distribution Step-Down Transformers

The following generic ratings in % of nameplate are used:
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NORMAL EMERGENCY

Summer Winter | Summer | Winter

110% 110% 110% 110%

44,5 Circuit Breakers

The following generic
ratings in % of
nameplate are used:
NORMAL

EMERGENCY

Summer Winter | Summer | Winter

107% 123% 115% 130%

4.4.6 Voltage Regulators
The following generic regulator ratings in % of nameplate for 10% regulation are used:

552C INSULATION SYSTEM 652C INSULATION SYSTEM

NORMAL EMERGENCY NORMAL EMERGENCY

Summer | Winter | Summer | Winter | Summer | Winter | Summer | Winter

125% 148% 125% 148% 141% 160% 141% 160%

4.4.7 Disconnect Switches
The following generic air switches ratings in % of nameplate:

NORMAL EMERGENCY

Summer Winter | Summer | Winter

113% 134% 139% 147%
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4.5 Equipment Rating Criteria Summary

The major equipment ratings to be used by planning engineers relate to transformers, overhead lines and
underground cables. The normal and LTE rating limits for feeders, sub transmission lines and transformers
may be applied for the time associated with each rating. Table 4 summarizes the durations for emergency
loading that system operators must be aware of including the limiting factor involved in any contingency.
There is also a short time emergency (STE) rating that is mainly used for transformers and must not exceed
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200% of nameplate rating. Table 5 summarizes the Equipment Rating criteria, as described in more detail
above.

Table 4. Facility Rating Durations

Equipment Normal LTE STE
Feeders Continuous 24 Hours As Needed
Sub Transmission Continuous = 24 Hours As Needed
lines

Transformer Continuous 1 -300 Hours 15 Minutes

Table 5. Equipment Rating Criteria Summary
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Qverhead Conductors Underground Cables Transformers

Condition Duration Design Criteria Duration Design Criteria Duration Design Criteria

*  Maximum loading that
does not cause the
conductor temperature to

*  The maximum value for normal
peak loads on all new and rebuilt

Level for the peak hour in
the 24-hour load cycle

feeders oxceed its desizn value at causes a cumulative (24
* Temperature limit for 100% anv time during 224 ho_ur hour) 0.2% loss of
Normal Continuous ampacity for normal operating Continuous any ime e Continuous | Transformer life, or

load cycle

* Normal cable ampacities
are based on a 90°
insulation operating
temperature.

conductor is 176°F/80°Cfor bare
conductors and 167°F/75°C for
spacer cable, tree wire, & covered
conductors

The Top Oil Temperature
exceeds 110°C, or

The Hot Spot Copper
temperature exceeds 180°C

* The absolute maximum ampacity
allowed for a given conductor and

+  Maximum loading that Level for the peak hour with}

does not cause the the emergency load added
should not be exceeded at any .
time conductor temperature to in the 24-hour load cycle
— L exceed its design value causes a cumulative (24
[ LOEE IO IEEi s 100-300 over several consecutive 1-300 hour) 3.0% | f
LTE 24 Hours ampacity for operating at an ) ) our) 3.0%1085 0
pacity . . Hours 24-hour load cycles. Hours Transformer life, or

elevated temperature during
emergency conditions limited to a

N . N ampacities are based on exceeds 130°C, or
24 hour period is 194°F/90°C for ; . . .
both bari_ and spacer cable, tree 130" insulation operating the Hot Spot Copper

wire, & covered conductors temperature. temperature exceeds 180°C

* Emergency cable the Top Oil Temperature

The one hour operation of

*  Maximum loading that the transformer at thatlevel}
does not cause the forthe peak hourin the 24
conductor temperature to hour load cycle causes a
* Estimated conservatively using sass el sie TR hour)_3.0%
crsr sl E i (R T E T e.mergen.g[ value at any ) loss of Transformer Life, or
STE As Needed S o - 1-24 Hours time during a 24-hour load| 15 minutes |+ a hot spot copper
circuit specific information by the i
e cycle. temperature exceeding
* Emergency cable 180°C.
ampacities are based on * Maximum STE ratingis
130" insulation operating limited to twice the
temperature. transformer's “nameplate”
rating (200%).

5.0 DISTRIBUTION SUBSTATION TRANSFORMER LOADING CRITERIA

The ratings of transformers are calculated from their thermal heat transfer characteristics and the expected
electric loading experience over a 24-hour cycle. All distribution substation transformer bank ratings are
evaluated seasonally for their summer and winter values.

5.1 Normal Operation Design Criteria

Normal operation is the condition under which all-electric infrastructure equipment is fully functional. A
substation transformer will not be loaded above 75% of its Normal rating during non-contingency operating
periods.

5.2  First Contingency Emergency Design Criteria
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First contingency operation is the condition under which a single element (feeder circuit or
distribution substation transformer) is out of service. For first contingency emergency conditions
involving the loss of one distribution substation transformer in an existing two-bank or more
configuration, the following system design criteria applies:

e In cases where a first contingency situation causes the LTE rating of the remaining
transformer to be exceeded, all load above the LTE rating of the remaining transformers
must be transferred to neighboring facilities or shed 15 minutes without exceeding the LTE
rating of the substation transformers or distribution circuits receiving the load.

e In cases where a first contingency situation will cause the STE rating of a remaining
transformer to be exceeded, load must be immediately reduced (dropped/shed) to a level
within the STE. All load between the LTE and STE ratings, and any load that was initially
shed to get the remaining transformer below its STE rating, must be transferred to
peripheral facilities without exceeding the LTE rating of the substation transformers or the
distribution circuits receiving the load.

e Repairs or the installation of mobile equipment are expected to require at least a 24 hour
implementation.

e For a typical Liberty owned substation consisting of 9.375 MVA transformers, the quantity
of load at risk of being out of service following post contingency switching should be
limited to 2.5 MW. If more than 60MWhrs of load is at risk at peak load periods for a
transformer or substation bus fault, alternatives to eliminate or significantly reduce this
risk shall be evaluated and prioritized considering the load at risk, reliability impacts and
the cost to mitigate.

5.3 Automatic Transfer of Load
Locations with two or more transformers at a substation utilize automatic bus transfers. Based on the
loading limitations on Section 5.2, it may be necessary to block the automatic transfer on either the main
bus tie or one of the feeder bus tie breakers to avoid exceeding the STE limit during a first contingency.
Cases where automatic restoration is disabled will be communicated with Electric Control as part of an
annual summer preparedness review. Disabling of automatic bus transfer schemes will not be considered as
a permanent solution to a criteria violation.

6.0 DISTRIBUTION CIRCUIT LOADING CRITERIA

6.1 Normal Operation Design Criteria

A feeder circuit should be loaded to no more than 75% of capacity during normal conditions. This loading
level provides reserve capacity that can be used to carry the load of adjacent feeders during first
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contingency N-1 conditions and/or provides capacity to serve new business or commercial applications in a
timely manner.

After 75% loading is reached, unacceptable voltage levels are often experienced on tap lines and at the end
of the feeder.

6.2  First Contingency Emergency Design Criteria

For first contingency emergency conditions on a distribution circuit, the worst of which is the loss of the
circuit's getaway cable or circuit breaker. For the loss of a distribution feeder, the following criterion applies:

e Feeders shall tie to neighboring feeders as much as practical as the flexibility to reconfigure
feeders has a positive reliability impact for a wide range of possible contingencies. In
general, and whenever practical, each feeder should have three feeder ties to neighboring
feeders.

e Distribution feeders should be limited to 2,500 customers and sectionalized such that the
number of customers does not exceed 500 or 2,000kVA of load between disconnecting
devices.

e After transfers, all resultant components must be below the emergency ratings as defined
by the appropriate loading guides. All adjoining tie feeders can be loaded to their
maximum LTE rating.

e Feeder ties and cascading of load within the area can be utilized to the emergency limits of
feeders to offload adjoining feeders.

e If more than 16 MWh of load is at risk at peak load periods for a single feeder fault,
alternatives to eliminate or significantly reduce this risk shall be evaluated and prioritized
considering the load at risk, reliability impacts, and the cost to mitigate.

e For atypical Liberty owned 10 MW feeder, approximately 8 MW would need to be
restored via switching within one hour. The remaining 2 MW would be restored after
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repairs within 4 hours. Where longer repair times are needed such as for a cable getaway
fault, the load out of service should be reduced to 1 MW.

6.3 Automatic transfer on feeders

In some cases it will be necessary to adjust a feeder rating to below normal summer or winter thermal rating
due to automatic backup or Second Feeder Service commitments to certain customers or due to automatic
reclosing loop schemes in the distribution lines.

6.4 Primary Circuit Voltage Criteria

The normal and emergency voltage to all customers shall be in line with limits specified by the state of NH
and within the limits of ANSI C84.1-2006.

These upper and lower voltage ANSI limits, as measured at the customer’s meter, are listed below in Table 6:

Table 6. Voltage Requirements for LU

For 120 V - 600 V Systems
Service Voltage (V)
Range A Range B
Nominal Voltage

(V) Max Min Max Min
120 126 114 127 110
240 252 228 254 220
480 504 456 508 440

Source: ANSI

Voltage at the customer meter will be maintained within 5% of nominal voltage (120V). Voltage on the
feeders is controlled by the station load tap changer or station regulators on feeders, the application of
distribution capacitor banks, and the application of pole or pad mounted line regulators.

Voltage regulation of the feeders and supply lines must be adequate to ensure the voltage requirements in
Table 7 above are maintained. The ultimate goal is to keep all customers’ service voltages within accepted
limits. From a supply point of view, the acceptability of voltage regulation is determined at the distribution
substation buses. At substations with feeder or bus regulating equipment, the regulation (the extreme range
of voltages expressed as a percentage of normal peak load voltage) should be no greater than 10 percent for
normal and 15 percent for emergency conditions on the source side of the regulating equipment. Most
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substation regulating equipment has a range of 20 percent. Under normal conditions, therefore, half the
regulator range can compensate for variations in supply voltage, leaving the other half available for voltage
drops on the distribution feeders. The substation transformer taps are chosen to allow this control.

6.5 Distribution Circuit Phase Imbalance Criteria

Adding new customer loads to the distribution circuit must be done in the manner to minimize phase
imbalance on the distribution system. This criterion is established to limit the load imbalance among the
three phases of a primary distribution circuit. Such an imbalance gives rise to return current through the
neutral conductor which contributes towards additional losses and voltage drop. Heavily loaded phases
overstress the conductors reducing their life and can also lead to their eventual burn down or connector
overheating, even at low loadings of the circuit. A high imbalance could also lead to the ground relay
operating on the feeder breaker. These criteria call for the correction of phase imbalances of existing and
new distribution circuits. Phase imbalance is defined on the basis of connected KVA (CKVA) load for that
circuit as:

) (phase load — average phase load)
%imbalance = X 100
average phase load

Two criteria should be met for the circuit to be considered for corrective action:
1. The calculated neutral current should not exceed 30% of the feeder ground relay pickup setting.
2. The loading between the low and high phase should not exceed 100A

Any circuit violating these criteria will be monitored to get actual loading data, and will be corrected if the
imbalance is verified. Any new load addition to a circuit should adhere to these criteria.

For all new single phase load additions, the new installation is connected to the phase with the least
connected KVA, if it is available, to maintain a balanced circuit.

7.0 SUB-TRANSMISSION LINE LOADING CRITERIA

7.1 Normal Operation Design Criteria

A sub transmission line should be loaded to no more than 90% of capacity during normal conditions. This
loading level provides reserve capacity that can be used to carry the load of adjacent supply lines during first
contingency N-1 conditions.

7.2  First Contingency Emergency Design Criteria

For first contingency emergency conditions on a supply circuit, the worst of which is the loss of the circuit's
getaway cable or circuit breaker. After transfers, all resultant components must be below the emergency
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ratings as defined by the appropriate loading guides. For the loss of a supply line, the following criterion

applies:

e The initial load increase at the remaining sub-transmission supply lines within the area
must not exceed the summer or winter LTE rating.

e Every effort must be made to return the failed sub-transmission line to service within 24
hours.

e Feeder ties and cascading of load within the area can be utilized to the emergency limits of
feeders to offload a sub-transmission line.

e For a typical LU owned sub-transmission supply line consisting of either 13.8 kV or 23 kV,
the quantity of load at risk of being out of service following post contingency switching
should be limited to 1.5 MW. If more than 36MWh of load is at risk at peak load periods
for a single fault, alternatives to eliminate or significantly reduce this risk shall be
evaluated and prioritized considering the load at risk, reliability impacts and the cost to
mitigate.

7.3 Automatic Transfer of Load

Auto transfer of load on the sub-transmission may be employed, but may not exceed the LTE ratings of the
remaining supply lines. When available, EMS control of sub-transmission lines will be utilized to block auto
transfers and avoid overloading of lines as needed.

8.0 PLANNING STUDIES

A planning study area (“PSA”) within Liberty Utilities is a grouping of distribution substations, feeders,
transformers, and sub-transmission lines within a specific geographic area that are interconnected and can
be studied as a group. PSA’s in Liberty’s service territory are totally independent from each other. A listing
of the planning study areas that exist in the LU service territory are presented in Attachment A.

Liberty conducts an annual capacity planning process covering a 5 year period with inputs from various
stakeholders that is intended to meet future customer demands, identify thermal capacity constraints,
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ensure adequate delivery voltage, and assess the capability of the system to respond to contingencies that
might occur. The distribution planning process is illustrated in Figure 1 below:

Electric Planning Criteria

Figure 1. Distribution Planning Process Map and Timeline
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As shown in Figure 1 above, the planning process for designing the Distribution System begins with the load
forecast. The PSA load forecast is updated annually. The load forecast at the system level is based on
econometric models, and is developed on both a weather-normalized and weather-probabilistic basis.
Currently, the Liberty distribution system is modeled for a “peak hour” load level that has a 5% probability of
occurrence such that those weather conditions are expected to occur once in 20 years. Specific major
known or planned load additions are factored into the load forecast. Historical DSM and DG along with
specific DSM/DG installations are also factored into the forecast. The resultant load forecasts are utilized in
two types of planning studies which assess the ability of the distribution system to meet future customer
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load requirements. These studies include (1) Area Studies, and (2) Interconnection Studies, and are
described below.

Load flow analyses are used to determine expected circuit overloads and to evaluate alternatives for system
reinforcements. Liberty Utilities utilizes the Synergee computer application to model load flows in the
distribution system.

Substation circuit breakers are modeled using their rated interrupting capability in the ASPEN™ short circuit
analysis computer program. Any breaker that meets or exceeds its rated interrupting capability is targeted
for replacement.

Area studies

Are generally 15-year forecast time frames and address specific load areas, including the area supply system,
substations, and distribution feeders.

Interconnection studies

System interconnection studies are designed to determine the interconnection facilities and system
reinforcements required for specific generation and distribution growth projects to enable them to be
effective over the life of the project.

9.0 SYSTEM RELIABILITY

The supply and distribution system in the Liberty Utilities system are designed to limit the interruption of
energy delivery for a loss of any single element.

The indices of service reliability are the System Average Interruption Duration Index (SAIDI) and the System
Average Interruption Frequency Index (SAIFI). The SAIDI measures the total duration of an interruption for
the average customer during a given time period. The SAIFI measures the average number of times that a
customer experiences an outage during a given time period.

The supply and distribution systems shall be designed so that the annual SAIDI and SAIFI do not exceed the
five-year rolling averages, excluding severe weather related events and support a nominal improving five-
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year reliability trend. When an exceedance does occur, efforts shall be made in the subsequent year(s) to
further improve reliability performance to an improving trend level.

10.0 OTHER CONSIDERATIONS
The planning engineer must consider the effect of each plan on all aspects of system design. These include:

e Protection: Protection or Coordination studies are performed when it is needed to adjust relay
settings at substations to increase rating of the facility. Settings are carefully selected to avoid
miss-coordination and trips due to load imbalance.

e Operation and Maintenance (“O&M”): O&M is taken into account when ranking different project

alternatives.
e System Power Factor: Liberty will strive to maintain a 95% power factor at the substations to
provide quality power to its customers and limit system losses via the addition of new capacitor

banks. In addition, annual Surveys for system power factor will allow Liberty Utilities to properly
manage reactive support by adjusting settings from capacitor bank controls.

e Short Circuit Duty: Substation circuit breakers are modeled using their rated interrupting
capability in the ASPEN™ short circuit analysis computer program. Any breaker that meets or
exceeds its rated interrupting capability is targeted for replacement.

11.0 BENEFITS OF PLANNING CRITERIA STRATEGY

The principal benefits to the planning criteria are improved reliability performance, customer service and
efficiency.

11.1 Safety and Environmental

In the long term, the planning criteria will result in overall lower equipment loading. This will translate into
improved safety and environmental performance for equipment overload related problems.

11.2 Reliability

The planning criteria will increase operating flexibility and reduce equipment loading. Both of these items
support improved reliability performance due to smaller customer interruptions, faster service restoration
times and fewer load related interruptions. Additionally, lower feeder loading will support future
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distribution automation to further improve reliability. The increased operating flexibility will allow for
better response to weather related events and major storms.

11.3 Customer and Regulatory

The customer benefit associated with planning criteria is significant. Improved system reliability and lower
equipment loading provide greater flexibility in serving both existing and new customers. This increased
flexibility creates an opportunity to better meet our obligations to both customers and regulators.
Additionally, this planning strategy provides a documented approach to managing our system. This will
better support the investment plans needed to implement the loading guidelines outlined in the strategy.

11.4 Efficiency

The planning strategy provides a consistent approach for feeder/substation/supply line and PSA loading
analysis across Liberty. All studies being conducted under one new criterion will make way for a consistent
reference for ranking studies as part of the budgeting process. Both of these improvements will result in a
more efficient organization and a streamlined flow of information from the planning study results into the
budgeting process.

12.0 COST ESTIMATES

Application of these criteria will result in somewhat less load at risk than previous criteria which generally
limited load at risk to between 4 and 20 MW pending the installation of a mobile device. Therefore it is
expected that the Load Relief budgets will increase from historic levels for a given load growth rate. The
capital cost associated with meeting the new criteria for both normal and N-1 contingency conditions are
shown in Table 7:

Table 7. Estimated Capital Costs of New Criteria

15 Year Annualized

($ Millions)

($Millions)?
Total Substation Scope $6.5 $0.98
Other Distribution Line Scope $7.5 $1.13
Total Cost over 15 Years $14.0 S2.10

L Assumes 15% carrying cost

The new criteria may result in an increase in capital requirements up to $2.10 million per year over the
existing criteria for the 15-year period studied.
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Attachment A - Liberty Utilities Planning Study Area Map

B - Bellows Falis

A% - Halam

Electric Planning Criteria

Ef

Liberty Utilities Study Area Map

<
—_— Lebanon=41
It CORNISH ‘
/
Lebanon-41 Z b
'.M‘l

Salem-42(' -~

- x.wﬂl

\

0166




4

Liberty Utilities

WATER GAS  ELECTRIC

Liberty Utilities
15 Buttrick Rd

Docket No. DE 19-__
Attachment 2
Page 29 of 31

Londonderry, NH 03053

Description:

Electric Distribution Planning Criteria

Revision #:

2.0

Page 29 of
31

Attachment B - Summary of Planning Criteria Changes

Electric Planning Criteria

0167




Docket No. DE 19-__
Attachment 2
Page 30 of 31

Liberty Utilities
15 Buttrick Rd
Londonderry, NH 03053

Utilities

<, Liberty

Page 30 of

2.0 31

Description: Electric Distribution Planning Criteria Revision #:

New Criteria

Previous Criteria

Reason for Change

- Alowsforadequate capacityon

During normal operation, all
distribution feeders to remain
within 75% of normal ratings.

During normal operation, all sub-
transmission lines to remain
within 90% of normal ratings.

During normal operation, all
transformers to remain within
75% of normal ratings.

For the loss of a distribution
feeder, if more than 16MWhrs of
load at risk results for a single
feeder fault evaluate alternatives
to mitigate.

For the loss of a sub-transmission
supply line, the quantity of load at
risk of being out of service
following post contingency
switching should be limited to
1.5MW combined. If more than
36MWhrs of load at risk results for
a single line fault evaluate
alternatives to mitigate.

For the loss of a transformer, the
quantity of load at risk of being
out of service following post
contingency switching should be
limited to 2.5MW combined. If
more than 60MWhrs of load at
risk results for a single line fault
evaluate alternatives to mitigate.

Electric Planning Criteria

During normal operation, all
distribution feeders to remain
within 100% of normal ratings.

During normal operation, all sub-
transmission lines to remain within
100% of normal ratings.

During normal operation, all
transformers to remain within
100% of normal ratings.

No Change.

For the loss of a sub-transmission
supply line, the quantity of load at
risk of being out of service
following post contingency
switching should be limited to
20MW combined. If more than
240MWhrs of load at risk results
for a single line fault evaluate
alternatives to mitigate.

For the loss of a transformer, the
quantity of load at risk of being out
of service following post
contingency switching should be
limited to 10MW combined. If
more than 240MWhrs of load at
risk results for a single line fault
evaluate alternatives to mitigate.

adjacent lines to restore load post-
contingency and reflects Liberty’s
strategy to proactively plan for
sufficient capacity to meet changes
in demand.

Allows for adequate capacity on
adjacent lines to restore load post-
contingency and reflects Liberty’s
strategy to proactively plan for
sufficient capacity to meet changes
in demand.

Reflects Liberty’s strategy to
proactively plan for sufficient
capacity to meet changes in
demand.

Existing targets are adequate given

size of a typical Liberty distribution
feeder.

Reflects Liberty’s strategy and scale
of facilities.

Reflects Liberty’s strategy and scale
of facilities.
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Every effort must be made to
return the failed sub-transmission
line to service within 12 hours.

Every effort must be made to
return the failed sub-transmission
line to service within 24 hours.

Establishes a new limit for repairing
feeder faults on Liberty’s
distribution feeders.

N/A

Every effort must be made to
return the failed distribution
feeder to service within 24 hours.

In general, and whenever N/A
practical, each feeder should have

three feeder ties to neighboring

feeders.

Distribution feeders should be N/A

limited to 2,500 customers and
sectionalized such that the
number of customers does not
exceed 500 or 2,000kVA of load
between disconnecting devices.

Approved by:

Establishes a new limit for repairing
feeder faults on Liberty’s
distribution feeders.

Reflects Liberty’s strategy to
increase operating flexibility and
support improved reliability
performance due to faster service
restoration times and future
implementation of distribution
automation.

Reflects Liberty’s strategy to
increase operating flexibility and
support improved reliability
performance due to faster service
restoration times and future
implementation of distribution
automation.

Date:

Christian Brouillard
Director of Engineering
Liberty Utilities

Electric Planning Criteria
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Summary of Results

The weather adjusted actual seasonal peaks appear in Table 1 below for Liberty Utilities New
Hampshire (LUNH). Note that the peak load series reflects the historic impacts of both energy
efficiency programs and distributed generation activities in the LUNH service territory. Since the
forecast is based on normal weather conditions, weather adjusting actual peaks enhances

comparisons between historic and forecasted peaks.

Table 1
Historic Weather Adjusted Peaks
Summer  Wthr Adj Winter Wthr Adj
year month Peak Mw Growth  month Peak Mw Growth
2004 7 184.555 12 151.111
2005 7 193.986 5.11% 12 162.349 7.44%
2006 7 186.673 -3.77% 1 152.805 -5.88%
2007 7 187.153 0.26% 12 152.433 -0.24%
2008 7 194.86 4.12% 12 146.156 -4.12%
2009 7 190.024 -2.48% 12 153.679 5.15%
2010 7 188.816 -0.64% 12 148.528 -3.35%
2011 8 200.696 6.29% 2 151.769 2.18%
2012 8 189.021 -5.82% 1 152.708 0.62%
2013 7 194.125 2.70% 12 155.566 1.87%
2014 7 200.63 3.35% 1 158.976 2.19%
2015 7 184.56 -8.01% 1 148.31 -6.71%
2016 7 187.134 1.39% 1 144578 -2.52%
2017 8 185.065 -1.11% 12 144.559 -0.01%
2013-2017 Avg -0.42% -1.07%

The summer peak has dropped .42% per year over the past five years compared to the winter

peak declining 1.07% annually over the same period.

Table 2 displays the LUNH 2018-2034 seasonal peak forecasts under normal peak day weather
conditions. The forecasted peak values include the historic impacts from both energy efficiency
programs and distributed generation activities in the LUNH service territory. The 2018 growth

is based on the 2017 weather adjusted actual shown in Table 1.
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Summer
year month
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2020-2024 Avg

NN N N NN NN N NN N Y NN NN

Table 2

Forecasted Peaks Normal Weather

Peak Mw
193.324
194.168
194.898
195.572

196.27
196.994
197.702
198.396
199.093
199.797
200.508
201.228
201.957
202.693
203.433
204.177
204.927

Growth
4.46%
0.44%
0.38%
0.35%
0.36%
0.37%
0.36%
0.35%
0.35%
0.35%
0.36%
0.36%
0.36%
0.36%
0.37%
0.37%
0.37%
0.36%

Winter
month

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

Peak Mw Growth

149.036
149.322
149.483
149.636
149.836
150.047
150.223
150.4
150.583
150.771
150.969
151.175
151.39
151.61
151.834
152.063
152.298

3.10%
0.19%
0.11%
0.10%
0.13%
0.14%
0.12%
0.12%
0.12%
0.12%
0.13%
0.14%
0.14%
0.15%
0.15%
0.15%
0.15%
0.12%
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The average annual summer growth rate in peak for 2020-2024 is .36% while the winter average

annual growth rate is .12% over the same period.

Table 3 provides the LUNH 2018-2034 seasonal peak forecasts under extreme weather.

Although the peaks are higher, the annual growth rates for 2020-2024 are just less than the

growth rates using normal weather.
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Summer
year month
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2020-2024 Avg

NN N N NN NN N NN N Y NN NN

Table 3

Forecasted Peaks Extreme Weather

Peak Mw

212.317

213.19

213.95
214.653

215.38
216.133

216.87
217.593

218.32
219.052
219.793
220.542
221.299
222.064
222.833
223.607
224.386

Growth

0.41%
0.36%
0.33%
0.34%
0.35%
0.34%
0.33%
0.33%
0.34%
0.34%
0.34%
0.34%
0.35%
0.35%
0.35%
0.35%
0.35%

Winter
month

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

Peak Mw Growth

155.069
155.355
155.516
155.669

155.87

156.08
156.256
156.433
156.616
156.804
157.002
157.208
157.423
157.644
157.867
158.096
158.331

0.18%
0.10%
0.10%
0.13%
0.13%
0.11%
0.11%
0.12%
0.12%
0.13%
0.13%
0.14%
0.14%
0.14%
0.15%
0.15%
0.12%
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In previous peak day studies performed by National Grid, Eastern PSA and Western PSA hourly

data was the source of historic peak day analysis and subsequent forecasts. In this study, LUNH

system hourly data was the only source of historic peak day analysis. Once the LUNH system

seasonal peak day forecasts were developed in this analysis, Eastern PSA and Western PSA

forecasts were derived by using the average summer coincident peak Eastern and Western PSA

percent contributions for 2014 through 2018 and the average winter coincident peak Eastern and

Western PSA percent contributions for 2015 through 2018. Table 4 below reveals the Eastern

PSA seasonal forecasts under normal weather conditions.
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Summer
year month
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2020-2024 Avg

Table 4

Eastern PSA Peaks Normal Weather

Peak Mw
97.8993
98.3267
98.6964
99.0377

99.391
99.7577
100.1162
100.4677
100.8208
101.1773
101.5373
101.9018
102.271
102.6437
103.0185
103.3952
103.775

Growth

0.44%
0.38%
0.35%
0.36%
0.37%
0.36%
0.35%
0.35%
0.35%
0.36%
0.36%
0.36%
0.36%
0.37%
0.37%
0.37%
0.36%

Winter
month

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

Peak Mw Growth

71.0305
71.1669
71.2435
71.3165
71.4118
71.5125
71.5963
71.6807
71.7679
71.8575
71.9518

72.05
72.1524
72.2574
72.3641
72.4733
72.5852

0.19%
0.11%
0.10%
0.13%
0.14%
0.12%
0.12%
0.12%
0.12%
0.13%
0.14%
0.14%
0.15%
0.15%
0.15%
0.15%
0.12%
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Table 5 lists the Western PSA seasonal forecasts under normal weather conditions. The Eastern

PSA numbers are slightly higher than the Western peak day values in the summer but somewhat

lower in the winter months.
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Summer
year month
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2020-2024 Avg

NN N N NN NN N NN N Y NN NN

Table 5

Western PSA Peaks Normal Weather

Peak Mw
95.4248
95.8414
96.2016
96.5343
96.8789
97.2362
97.5858
97.9284
98.2723
98.6199
98.9709
99.3262
99.6859

100.0491
100.4148
100.7816
101.1519

Growth

0.44%
0.38%
0.35%
0.36%
0.37%
0.36%
0.35%
0.35%
0.35%
0.36%
0.36%
0.36%
0.36%
0.37%
0.37%
0.37%
0.36%

Winter
month

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

Peak Mw Growth

78.0054
78.1554
78.2394
78.3194
78.4242
78.5347
78.6266
78.7195
78.8148
78.9135
79.0173
79.1251
79.2376
79.3526
79.4698
79.5897
79.7129

0.19%
0.11%
0.10%
0.13%
0.14%
0.12%
0.12%
0.12%
0.13%
0.13%
0.14%
0.14%
0.15%
0.15%
0.15%
0.15%
0.12%
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Tables 6 and 7 provide the Eastern PSA and Western PSA seasonal forecasts under extreme

weather conditions. As the case with the normal weather forecasts, The Eastern PSA values are

higher than the Western PSA numbers in the summer but lower during the winter period.

Summer
year month
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2020-2024 Avg

Table 6

Eastern PSA Peaks Extreme Weather

Peak Mw
107.5173
107.9595
108.3443
108.7002
109.0684
109.4498

109.823

110.189
110.5572
110.9279
111.3032
111.6825
112.0658
112.4532
112.8427
113.2346

113.629

Growth

0.41%
0.36%
0.33%
0.34%
0.35%
0.34%
0.33%
0.33%
0.34%
0.34%
0.34%
0.34%
0.35%
0.35%
0.35%
0.35%
0.35%

Winter
month

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

Peak Mw Growth

73.9059
74.0422

74.119
74.1918
74.2877
74.3876
74.4716

74.556
74.6433
74.7328
74.8272
74.9254
75.0278
75.1331
75.2394
75.3486
75.4606

0.18%
0.10%
0.10%
0.13%
0.13%
0.11%
0.11%
0.12%
0.12%
0.13%
0.13%
0.14%
0.14%
0.14%
0.15%
0.15%
0.12%
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Summer
year month
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2020-2024 Avg

NN N N NN NN N NN N Y NN NN

Table 7

Western PSA Peaks Extreme Weather

Peak Mw
104.7997
105.2306
105.6058
105.9527
106.3115
106.6833

107.047
107.4041
107.7628
108.1243
108.4899
108.8596
109.2332
109.6111
109.9904
110.3723
110.7569

Growth

0.41%
0.36%
0.33%
0.34%
0.35%
0.34%
0.33%
0.33%
0.34%
0.34%
0.34%
0.34%
0.35%
0.35%
0.35%
0.35%
0.35%

Winter
month

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

Peak Mw Growth

81.1631
81.3128
81.3971
81.4771
81.5821
81.6922
81.7843
81.8771
81.9728
82.0713

82.175
82.2826
82.3951
82.5109
82.6275
82.7473
82.8704

0.18%
0.10%
0.10%
0.13%
0.13%
0.11%
0.11%
0.12%
0.12%
0.13%
0.13%
0.14%
0.14%
0.14%
0.14%
0.15%
0.12%
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The report describes the analytical approach employed in developing the seasonal LUNH

forecasts and details the data available for the analysis.
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Introduction

This report presents the Liberty Utilities New Hampshire (LUNH) seasonal peak forecasts for
2018-2034 under both normal and extreme weather. Regression analysis was used to estimate
the LUNH historic monthly peak day model. The historic monthly peaks were net of all energy
efficiency and distributed generation load impacts. The monthly peak day model coefficients
were then employed to develop seasonal peak forecasts at the LUNH system level. The LUNH
system seasonal peak forecasts were then split into Eastern and Western jurisdictions using
LUNH township sales information as well the average summer coincident peak Eastern and
Western PSA percent contributions for 2014 through 2018 and the average winter coincident

peak Eastern and Western PSA percent contributions for 2015 through 2018.

The remainder of this report is organized as follows. First, the data used in the analysis is
described. Second, the regression model specifications are provided. Third, the results from the

regression models are discussed. Finally, the 2018-2034 seasonal forecast process is detailed.

Data

There were three data sources employed to perform the historic peak day modeling. These
sources include LUNH hourly load and annual township sales, economic drivers for the LUNH

service area, and daily weather information.

Hourly system load for LUNH from October 2000 through April 2014 was supplied by National
Grid while historic system loads from May 2014 through October 2018 was provided by LUNH
staff. LUNH also supplied hourly Eastern and Western PSA loads for March 2014 through
October 2018. The historic peak load data includes the impacts of energy efficiency programs as
well as distributed generation activities. Also, National Grid supplied annual sales data for 21
townships from 1996 through 2013 and 2014-2017 township volumes came from LUNH. The
2014-2017 township volumes collapsed 2 small townships into larger ones so the 1996 through

2013 data was aggregated as well down to 19 townships.
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The system load and annual township sales information was utilized to create the dependent
variables for the various regression models estimated. For the monthly peak day analysis, the
maximum hourly load for each month from October 2000 through October 2018 was identified
as the dependent variable (LUNH staff requested not using 2002-2003 peak day values). A total
of 193 months of peaks are used in the peak day analysis. Each of the 19 townships has 22 years
of annual sales in the annual usage analysis. Appendix A contains the historic monthly peak

values for LUNH.

Annual employment and number of households for Rockingham and Grafton counties from 1970
through 2043 was purchased from Moody’s Economy.com to develop an economic variable for
the monthly peak model. Employment and household values were summed across the two
counties. Each series was then divided by the 2017 employment and household value to create
annual ratios. The annual ratios were then combined using a 60% weight for employment and
40% weight for households based on previous work performed by National Grid. The annual
ratios were converted to monthly numbers over the historic and forecast period by spreading the
annual growth rate into 12 equal parts. Appendix B reveals the annual total employment and
total households for Rockingham and Grafton counties from 2000 to 2034 along with the

development of the annual employment/household ratio term.

Weather information came from NOAA. Daily high temperature, low temperature, and dew
point temperature information from the Concord New Hampshire Airport (WBAN #14745) was
obtained for March 1994 through October 2018. Using the above mentioned weather elements,
the temperature humidity index (THI) and heating degree days (HDD) were used in the peak day
modeling analysis while annual cooling degree days (CDD) was used when modeling annual
township sales. The discussion of how each specific weather element is computed resides in the

model specification section of this report.
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Specification of Models

This section first provides the specification of the peak day model followed by a description of

the annual township sales models.

Peak Day Model Specification
The monthly peak day usage was primarily driven by weather conditions. The most important
weather term was the temperature humidity index (THI). The daily THI was defined as follows:

THI = .55 * maximum temperature + .2 * average dew point temperature + 17.5
A weighted THI variable (WTHI) was used in the model to account for the heat buildup impact
on energy usage. The WTHI equaled:

WTHI = .7 * THI on the peak day + .2 * THI day before + .1 * THI two days before
In addition to the WTHI term, a summer period (June through September) indicator was
interacted with the WTHI as follows:

WTHI_SUMMER = WTHI * summer period
To account for the increased saturation of air conditioning in the service territory, the
WTHI_SUMMER term defined above was also interacted with a time trend term (the value of
the trend started at 1 in year 2000 and increased to 19 in year 2018) as described below:

WTHI_SUMMER T = WTHI SUMMER * time trend

The coefficient values of three THI terms defined above are expected to be positive in the
regression model based on the assumption that the higher the WTHI value, the higher the peak
day value will be. To account for peaks during the winter period, a heating degree day (HDD)
term was added based on the maximum daily temperature on the peak day, the day before the
peak, and two days prior to the peak (WTMAX). WTMAX equaled:

WTMAX = .7*max temp on peak day + 2*max temp day before +.1*max temp 2 days before
The term HDD was defined as

HDD = (55 - WTMAX), or 0 if the value of WTMAX was greater than or equal to 55
The expected value of the HDD coefficient in the regression equation is greater than zero which

suggests the peak day use rises as the temperature becomes colder. The economic variable
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included in the peak day model was the weighted employment and household (EMP_HH) index
variable discussed in the previous section of this report. EMP HH was defined as
EMP_HH = .6 * employment index + .4 * household index
The index portion of this variable was computed by dividing the actual employment and
household count variables by the 2017 values. It is expected that a positive relationship exists
between peak day use and the value of the index. The remaining variables included in the peak
day model were monthly indicators. These indicators take the value of one for a particular
month, zero otherwise. The monthly indicators included are as follows:
FEB = one if month is February, zero otherwise
MAR = one if month is March, zero otherwise
APR = one if month is April, zero otherwise
MAY = one if month is May, zero otherwise
JUN = one if month is June, zero otherwise
JUL = one if month is July, zero otherwise
AUG = one if month is August, zero otherwise
SEP = one if month is September, zero otherwise
OCT = one if month is October, zero otherwise
NOV = one if month is November, zero otherwise
DEC = one if month is December, zero otherwise
The final LUNH peak day model expressed in mathematical terms is as follows:
PeakDay Mw =a+b * WTHI + ¢ * WTHI SUMMER +d * WTHI SUMMER T
+e*HDD+ f* EMP HH + g * FEB+h * MAR +1i* APR +j * MAY
+k *JUN+1*JUL+m* AUG +n * SEP +0 * OCT + p * NOV
+q * DEC
Values of the estimated coefficients (a, b ..., q) will be presented and discussed in the next

section of the report.
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Annual Township Sales Model Specification

The principal factor that influences annual sales at the township level has been a time trend that
takes the value of one in 1996 and increases to twenty two in 2017. In order to flatten the change
in township usage over the historic period, the time trend variable was expressed as a log
function. The trend term variable was expressed as follows:

TIME = log(time trend value + 1)
The value of TIME is expected to have a positive coefficient value if the township experienced
sales growth from 1996 through 2017 and a negative value if township sales declined from 1996
through 2017. The other term included in the annual township sales models was annual cooling
degree days (CDD). CDD was based on the average daily temperature (daily maximum
temperature plus daily minimum temperature divided by two). Daily cooling degree days was
defined as:

CDD = (average temp — 60), or 0 if the average temp was less than or equal to 60.
The daily CDD values were then summed for the entire calendar year for final inclusion into the
township models. It was expected that a positive relationship existed between CDD and annual
sales. Township regression models that generated a negative coefficient for CDD had that
variable removed from the analysis. The final LUNH annual township models expressed in
mathematical terms are as follows:

Annual kWh=a+b * TIME + ¢ * CDD
Values of the estimated coefficients (a, b, and c¢) will be presented and discussed in the next

section of the report.
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Regression Results

This section provides the overall model statistics as well as estimated coefficient values for the
peak day and annual township models. The peak day model adjusted R-Squared value was .8750
which means that almost 88% of the monthly historic peak day variation was explained by the

model coefficients. The monthly peak day Mw model coefficients are as follows:

Parameter Standard

Variable Estimate Error t Value Pr> |t|
INTERCEPT 64.86846 23.20202 2.8 0.0058
WTHI 0.85693  0.20588 4.16 <.0001
WTHI_SUMMER 3.1535 0.46812 6.74 <.0001
WTHI_SUMMER_T 0.00632 0.00306 2.06 0.0406
HDD 0.96711 0.23931 4.04 <.0001
EMP_HH 24.462 21.59604 1.13 0.2589
FEB -4.66736  2.84739 -1.64 0.103
MAR -8.22188  3.20446 -2.57 0.0111
APR -17.97462  4.53312 -3.97 0.0001
MAY -2.41446 5.41104 -0.45 0.656
JUN -239.189 36.00799 -6.64 <.0001
JUL -234.42314 36.64564 -6.4 <.0001
AUG -234.567 36.24369 -6.47 <.0001
SEP -241.3816 35.23254 -6.85 <.0001
OoCT -13.51145 4.82839 -2.8 0.0057
NOV -5.35602  4.05034 -1.32 0.1878
DEC 2.16819 2.96977 0.73 0.4663

The values of the WTHI terms have the expected positive coefficient signs and significant. The
HDD term also has a significant expected positive coefficient sign. Likewise, the EMP_HH term
has an insignificant expected positive coefficient sign and the coefficient value is smaller than in
previous models. Only the MAY, NOV and DEC monthly terms are not significant at the 80%
level. The JUN through SEP indicators have large negative values to offset the impact of the
WTHI SUMMER and WTHI SUMMER T terms.
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The Eastern area annual kWh models by township appear as follows:

Variable

Town=Derry
INTERCEPT
TIME

CDD

Town=Pelham
INTERCEPT
TIME

CDD

Town=Salem, NH
Intercept

TIME

CDD

YEAR 2005

Town=Windham
INTERCEPT
TIME

CDD

Eastern Township Regression Results

Parameter
Estimate

-1835369
693431
2451.71302

23190627
12696638
16722

260455731
4661243
23524
27801238

8359128
1749608
2533.59809

Standard
Error

2055463
390994
2090.285

7417272
1410926
7542.929

18672477
3489929
19167
10711572

1308965
248994
1331.141

t Value

Pr> |t|
-0.89 0.3831
1.77 0.0922
1.17 0.2553
3.13 0.0056
9 <.0001
2.22 0.039
13.95 <.0001
1.34 0.1983
1.23 0.2355
2.6 0.0183
6.39 <.0001
7.03 <.0001
1.9 0.0723

R-Square

R-Square

R-Square

R-Square
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0.1887

0.843

0.3481

0.7684

Note that the Salem Township had a year 2005 indicator variable added to capture a spike in

annual usage for that year. All the CDD terms were significant at the 75% confidence level

which is reasonable for a twenty two year historic series.

Western area annual kWh models by township are displayed below. The Grafton Township had

a year 2002 indicator variable to capture a spike in usage for that year and Monroe Township had

inserted a year 2015 indicator variable to capture a sharp decline in usage for that year.
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Variable
Town=Acworth
INTERCEPT
TIME

Town=Alstead
INTERCEPT
TIME

Town=Bath
INTERCEPT
TIME

CDD

Town=Canaan
INTERCEPT
TIME

CDD

Town=Charlestown, NH
INTERCEPT

TIME

CDD

Town=Cornish
INTERCEPT
TIME

CDD

Western Township Regression Results #1

Parameter
Estimate

1138893
51619

9911652
339631

-24230
16396
34.64262

10109160
939189
626.87929

1341700
7708582
7084.15717

737101
60214
106.30368

Standard
Error

40922
16782

279550
114640

18148
3452.176
18.45562

992313
188760
1009.124

7090630
1348792
7210.754

125034
23784
127.1522

t Value

Pr> |t|
R-Square
27.83 <.0001
3.08 0.006
R-Square
35.46 <.0001
2.96 0.0077
R-Square
-1.34 0.1976
4.75 0.0001
1.88 0.0759
R-Square
10.19 <.0001
4.98 <.0001
0.62 0.5418
R-Square
0.19 0.8519
5.72 <.0001
0.98 0.3382
R-Square
5.9 <.0001
2.53 0.0203
0.84 0.4135
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0.2872

0.2703

0.6263

0.5829

0.662

0.2728
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Western Township Regression Results #2

Parameter Standard

Variable Estimate Error t Value Pr> |t|

Town=Enfield R-Square 0.696
INTERCEPT 14777186 1182050 12.5 <.0001

TIME 1424926 224852 6.34 <.0001

CDD 816.14872 1202.076 0.68 0.5054

Town=Grafton, NH R-Square 0.2885
INTERCEPT 58659 6089.404 9.63 <.0001

TIME 1831.8423 2481.113 0.74 0.4693

YEAR 2002 25472 7934.861 3.21 0.0046

Town=Hanover, NH R-Square 0.7912
INTERCEPT 71690818 10136017 7.07 <.0001

TIME 15531554 1928091 8.06 <.0001

CDD 9687.25295 10308 0.94 0.3591

Town=Lebanon R-Square 0.8205
INTERCEPT 75964275 26385845 2.88 0.0096

TIME 41806548 5019161 8.33 <.0001

CDbD 54227 26833 2.02 0.0576

Town=Marlow R-Square 0.1333
INTERCEPT 27954 7196.082 3.88 0.001

TIME 2734.8391 1368.851 2 0.0602

CDD 2.38771  7.31799 0.33 0.7478
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Variable

Town=Monroe, NH

INTERCEPT
TIME
YEAR 2015

Town=Plainfield
INTERCEPT
TIME

CDD

Town=Surry
INTERCEPT
TIME

CDbD

Town=Walpole
INTERCEPT
TIME

CDD

Western Township Regression Results #3

Parameter
Estimate

1749590
10203
-112537

4730329
417108
691.89342

126126
44633
18.33472

22018299
1065108
1156.39317

Standard
Error

49783
20693
66177

569497
108331
579.1449

47772
9087.18
48.58082

1526600
290392
1552.462

t Value

Pr> |t|

35.14 <.0001
0.49 0.6276
-1.7 0.1053

8.31 <.0001
3.85 0.0011
1.19 0.2469
2.64 0.0161

4.91 <.0001
0.38 0.7101

14.42 <.0001
3.67 0.0016
0.74 0.4655

R-Square

R-Square

R-Square

R-Square
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0.0412

0.4926

0.5655

0.4369

Except for Grafton, all the western area townships had significant time trend coefficients at the

90% confidence level. All of the larger usage Western Townships had CDD coefficients

significant at the 70% confidence level.

An explanation of how the peak day and township model coefficients are employed to generate

seasonal peak day forecasts appears in the next section.
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Seasonal Forecast Development for 2018-2034

The peak day model coefficients detailed in the previous section of the report are used along with
the economic driver forecast (shown in Appendix B) and normal/extreme weather to estimate
seasonal peak forecasts for 2018 through 2034. The normal monthly WTHI and HDD values
were computed by taking the average values for those terms during the October 2000 through
September 2018 LUNH system monthly peak days. The extreme monthly WTHI and HDD
values were extracted by taking the maximum values for those monthly terms during the October
2000 through September 2018 LUNH system monthly peak days. The normal and extreme
monthly WTHI and HDD values appear below.

Weather Values Used in Forecast

Month Normal Extreme Normal Extreme
WTHI WTHI HDD HDD

January 30.315 21.9 34.7444 45
February 34.0047 26.995 29.9167 38.1
March 39.7611 30.86 22.3111 32.6
April 62.9111 78.18 5.0389 25.1
May 75.9147 81.925 0 0
June 80.3658 84.525 0 0
July 81.8786 86.475 0 0
August 80.9872 84.61 0 0
September 78.1219 82.16 0 0
October 67.4789 75.035 1.3737 10.7
November 48.2356 37.26 12.0667 23.8

December 37.5533 21.37 25.8222 46.4
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The normal and extreme LUNH system seasonal peak day forecasts appear in Tables 2 and 3 in
the Summary of Results section of the report. The system peak day values were allocated to the
Eastern and Western PSA regions by using the average summer coincident peak Eastern and
Western PSA percent contributions for 2014 through 2018 and the average winter coincident
peak Eastern and Western PSA percent contributions for 2015 through 2018. The summer
Eastern coincident peak proportion was 50.64% while the Western proportion was 49.36%. The
winter Eastern coincident peak contribution was 46.66% compared to the Western value of
53.34%. Appendix C lists the Eastern and Western coincident peak contributions for March
2014 through October 2018.

The individual township peaks were then calculated by utilizing the annual township sales
regression models. For townships with CDD in the model, normal CDD value equaled 1057 and
the extreme CDD took the value of 1265 which were computed based upon 1998 through 2017
Concord weather data. Once the annual township forecasts were completed, they were totaled so
that individual township annual proportions under normal and extreme weather could be applied

to the area peak values.

The Derry township results are shown below. The annual growth rates for 2020-2024 are much

larger than the overall system average.
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Summer
Normal

year Peak Mw Growth
2018 0.7228
2019 0.7314 1.19%
2020 0.7394 1.09%
2021 0.747 1.03%
2022 0.7545 1.00%
2023 0.762 0.99%
2024 0.7693 0.96%
2025 0.7764 0.92%
2026 0.7834 0.90%
2027 0.7903 0.88%
2028 0.7971 0.86%
2029 0.8038 0.84%
2030 0.8105 0.83%
2031 0.8172 0.83%
2032 0.8238 0.81%
2033 0.8303 0.79%
2034 0.8367 0.77%

2020-2024 Avg 1.04%

Derry Township Peaks

Winter
Normal

Peak Mw Growth

0.5244
0.5294
0.5337
0.5379
0.5421
0.5463
0.5502
0.5539
0.5576
0.5613
0.5648
0.5684
0.5718
0.5753
0.5786

0.582
0.5853

0.95%
0.81%
0.79%
0.78%
0.77%
0.71%
0.67%
0.67%
0.66%
0.62%
0.64%
0.60%
0.61%
0.57%
0.59%
0.57%
0.79%

Summer
Extreme

Peak Mw Growth

0.9092
0.9186
0.9273
0.9355
0.9437
0.9519
0.9598
0.9675
0.9751
0.9827
0.9901
0.9975
1.0048
1.0121
1.0193
1.0264
1.0335

1.03%
0.95%
0.88%
0.88%
0.87%
0.83%
0.80%
0.79%
0.78%
0.75%
0.75%
0.73%
0.73%
0.71%
0.70%
0.69%
0.90%
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Peak Mw Growth

0.625
0.63
0.6344