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1 INTRODUCTION

1.1 Background

The class hourly load profiles developed in this study are to support Puget Sound Energy’s (PSE
or the Company) electric cost-of-service (COS) study and rate design, integrated resource planning,
and energy efficiency program impact evaluation. The class hourly loads were estimated on the
basis of the 15-minute interval load data collected during the test-year period ending December 31,
2018. PSE collects 15-minute interval load data for the residential, commercial and industrial
customers sampled for its on-going class load research program. Interval load data for all of the
sampled customers are collected by the Company’s automated meter reading (AMR) network.
Interval load data for the whole populations of Rate Schedules 5, 35 and 40 are also collected by
PSE’s AMR network. In addition, interval load data for the populations of large commercial and
industrial (C&I) rate classes, such as Schedules 46, 49, 449PV, 449HV, 459 and Special Contract,
are compiled by the MV-90 metering system. All of the interval load data are assembled and stored
in a Statistical Analysis System (SAS) data file format. The current class load research samples
were established through the sample design and deployment study performed in November 2017."

The class load estimates presented in this report include losses. Therefore, the sum of class load
estimates amounts to the Company’s official system hourly load at the generation, purchased and
intertie (GPI) level. The rate classes covered in this study are listed in Table 1. In its 2019
General Rate Case (GRC) filing, PSE proposes to eliminate Rate Schedule 40 (Campus Rate) and
to move 36 of 129 existing Schedule 40 metering device locations to Rate Schedules 24, 25, 26
and 31, based on their electric usage patterns. Ninety-three Schedule 40 metering device
locations were switched to a special contract on April 1, 2019. The Special Contract device
locations are provided with retail wheeling and distribution service by PSE.

! The historical data analyzed and the statistical analyses and validation performed for 2017 sample design and
selection are discussed in 2017 Class Load Research Sample Design and Deployment report, which is attached to this
report, as Appendix A.

Page 1-1 May 2019
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PSE System Loads
Rate Schedule Description

7 Residential
5 Sales for Resale

8&24 Small General Service <50 kW

11& 25 Medium General Service 50-350 kW

12 & 26 Large General Service >350 kW
29 Seasonal Irrigation

10& 31 Primary Voltage General Service
35 Primary Voltage Seasonal Irrigation
43 Primary Voltage Interruptible Service

For Total Electric Schools

46 High Voltage Interruptible Service
49 High Voltage General Service

50-59 Street & Area Lighting

Non-System Loads
Rate Schedule Description
449HV Retail Wheeling - High Voltage
449PV Retail Wheeling - Primary Voltage
459 Back-up Generation
Special Contract [Retail Wheeling & Distribution Service

Table 1 — Rate Classes®> Analyzed

1.2 Goals

This study is intended to yield the following load research products:

» Validated and edited 15-minute interval load dataset suitable for use in the class load
estimation;
» A dataset containing class hourly load estimates for the following scenarios:
= Class hourly loads without losses and not reconciled to hourly system load,;
= (Class hourly loads with losses and not reconciled to hourly system load; and
= (Class hourly loads with losses and reconciled to hourly system load.
=  Documentation of load research expansion analysis including:
1) General class statistics;
2) Post-stratification statistics;
3) Coincident and non-coincident peak statistics including kW demand, load factor,
and coincident factor.
» A series of tables depicting the class contributions for specific cost-of-service studies
including:
= Monthly coincident peaks by schedule;
= Monthly non-coincident peaks by schedule;

= Top 12, 75 and 200 system peak hours average coincident peak demands and mid-
winter month (Nov. — Feb.) system peak hour average coincident peak demand (4CP)
by schedule;

= Top 12, 75 and 200 non-coincident peaks by schedule;

2 Non-System loads are PSE’s transportation or “Retail Wheeling” class loads.
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1.3 Data

Except for the cases of some primary- or high-voltage large C&I rate classes where 15-minute load
data were available for all of the customers in the class, most of the 15-minute interval load data
were compiled from the samples selected for each rate class. The population characteristics of rate
class loads were estimated using the load study samples, because it is not practical to collect load
profile data for every customer within the class. The load study sample results were translated to
class loads through a load research expansion analysis.

Some large C&lI rate classes, such as 46 and 49, have load profile data for all customers. Customers
in these classes tend to have large loads and their load profile data are also used for billing purposes.
No expansion analysis was necessary for these customers since they form the total class population.
Total class hourly loads for the lighting schedules were estimated on the basis of lighting fixture
inventories and assumed number of daylight hours.

15-minute interval load data were compiled from the customers sampled for the following rate
schedules:
e Residential (07);
Small general service (08 & 24);
Medium general service (11 & 25);
Large general service (12 & 26);
Seasonal irrigation and drainage pumping service (29);
Primary voltage service (10 & 31); and
Interruptible primary voltage service for total electric schools (43).

Hourly load data for the total rate class were available for the following schedules:
e Small resale (05);
e Seasonal primary voltage irrigation (35);

High voltage interruptible service (46);

High voltage general service (49);

Retail wheeling — high voltage (449 HV);

Retail wheeling — primary voltage (449 PV);

Backup generation (459); and

Special contract (SC).

The total class load profiles are referred to in this report as “deemed” profiles since they have
already been calculated for the entire class and were not included in the load research expansion
analysis. Deemed profiles include schedules 05, 35, 46, 49, non-system loads (schedules 449HV,
449PV, 459 and SC),’ and lighting loads.

All load profile data used in this study was for the test-year period of January 1, 2018 to December
31, 2018. Fifteen-minute interval load data were aggregated to hourly loads and were used for all
of the analyses performed. In addition to the interval load data, total system hourly load data were
used for the final reconciliation of the estimated class hourly loads with losses.

3 Since the PSE system load data does not include loads for its transportation customers, those loads are called “non-
system” loads in this report.
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Additional data such as total monthly and annual delivered energy sales by schedule, customer
counts, annual billed kWh by customer, the control area loads and scheduled losses, were used to
validate the customer-level load profiles constructed from the interval load data, and to estimate
monthly loss factors by service voltage and rate schedule.

1.4 Methodology

The load research expansion analysis presented in this report was done on the basis of the Mean-
Per-Unit approach, which has been adopted since 2011 Class Load Research Sample Design.*

The following eight steps were taken to produce the class hourly load profiles and the information
needed for electric cost of service studies:

1. Validated, edited and estimated (VEE) the sampled customers’ 15-minute interval load
data and aggregated them to create hourly load profiles,

2. Identified monthly system peak days and hours and top 12, 75 and 200 system peak hours
using the PSE system hourly load data,

3. Post-stratified sampled customers’ load data using their current billing data to calculate
case weights for use in the expansion analysis,

4. Using the case weights, expanded the test-year load research data to estimate the class
hourly load profiles without losses,

5. Applied loss factors to the load research class expansions;
Reconciled the loss-adjusted load research expansions with the system hourly load data,

7. Developed tables of class monthly non-coincident peaks and contribution to system peaks
to be used for electric cost of service studies, and

8. Documented the process and findings of the analysis.

1.5 Total System Load

Figure 1 shows a vertical EnergyPrint, which was produced by using a load profiling and analysis
software called “EnergyProbe” and illustrates energy use intensity by hour, day and month.’
Figure 1 also presents a two-dimensional time series plot of the PSE system load during the 12-
month period ending December 31, 2018. In the vertical EnergyPrint, the days are measured on
the y-axis and hours of the day on the x-axis. The load is displayed using the color scale shown at
the left of the plot. Figure 1 provides an overview of the system load profile. In this case, the
EnergyPrint shows that the PSE system load is winter peaking with the highest demands in the
early morning (e.g., 6AM to 9AM) and early evening (e.g., 5 PM to 8 PM) periods during the
months of November through March. The PSE system load peaked at 4,206 MW on Friday,
February 23, 2018 at 8 AM. As stated earlier, a major portion of schedule 40 energy requirements
is now served under a special contract and only for retail wheeling and distribution services.
Excluding the special contract customer’s demand from the system demand requirement to serve,
PSE system peak in 2018 would have been 4,144 MW.

4The 2011 Class Load Research Sample Design and Deployment report, attached as Appendix A to PSE’s load research
report filed with 2017 GRC, presents discussions of the procedural efficiency and transparency, and the statistical
justifications of the Mean-Per-Unit approach under PSE’s current meter reading system and data processing
environments.

3 EnergyProbe is proprietary load research software developed by MiloSlick Scientific in Chico, California.
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Figure 1 — PSE System Load

Table 2 summarizes the monthly statistics from the system loads for the twelve months ending
December 31, 2018. The actual monthly system energy and demand figures were adjusted for the
migration of schedule 40 energy sales and demand to other C&I rate schedules and a special
contract. The total monthly peak demand varied from a low of 2,780 MW in September 2018 to
the high of 4,144 MW in February 2018. The monthly load factor of the system varied from 66.9%

to 78.1%.
Monthly System Peak Load
Energy Use Time of Demand Factor

Month (MWh) Date of System Peak System Peak MW) (%)
Jan-18 2,175,835 Tuesday, January 2, 2018 18:00 3,902 75.0%
Feb-18 2,028,194 Friday, February 23, 2018 08:00 4,144 72.8%
Mar-18 2,025,625 Wednesday, March 7, 2018 08:00 3,617 75.3%
Apr-18 1,732,735 Monday, April 2, 2018 08:00 3,358 71.7%
May-18 1,556,549 Monday, May 14, 2018 18:00 2,865 73.0%
Jun-18 1,531,896 Wednesday, June 20, 2018 18:00 3,106 68.5%
Jul-18 1,714,742 Monday, July 30, 2018 18:00 3,352 68.7%
Aug-18 1,677,031 Wednesday, August 8, 2018 18:00 3,370 66.9%
Sep-18 1,514,979 Thursday, September 6, 2018 18:00 2,780 75.7%
Oct-18 1,739,627 Monday, October 22, 2018 08:00 2,995 78.1%
Nov-18 1,906,875 Monday, November 19, 2018 08:00 3,597 73.6%
Dec-18 2,207,589 Thursday, December 6, 2018 08:00 4,082 72.7%
Annual 21,811,677 Friday, February 23, 2018 4,144 60.1%

Table 2 — Monthly System Peaks
Page 1-5 May 2019
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Figure 2 presents monthly system energy requirement, peak demand and load factor in graphics.
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Figure 2 — Monthly System Energy, Demand and Load Factor

Figure 3 shows the 24-hour profile of the total system load on the day when PSE’s system hit its
annual peak load. The annual peak load day happens usually in the winter and is bi-modal with
mid-morning and early evening peaks. Winter is defined as the October through May period with
summer defined as June through September.
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Figure 3 — Hourly Load Profile on Annual Peak Day
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1.6 Annual Sales by Rate Class

Table 3 shows the number of accounts, total annual sales in kWh, and the average annual kWh
sales per account in each rate class for the study period of January 2018 through December 2018.

The Residential class (Schedule 7) contains 1,010,572 accounts (87.9% of all accounts) with a total
annual energy use of 10,497.4 GWh (51.5% of the total system energy use). The average annual
use per residential customer is 10,388 kWh.

The Commercial and Industrial class contains the following rate schedules:
1. Schedules 8 & 24: Secondary Voltage General Service with demands of 50 kW or less,

2. Schedules 11 & 25: Secondary Voltage General Service “Small” demands between 50 kW
and 350 kW,

3. Schedules 12& 26: Secondary Voltage General Service “Large” demands greater than 350
kW,

Schedule 29: Secondary Voltage Seasonal Irrigation & Drainage Pumping Service,
Schedules 10 & 31: Primary Voltage General Service,

Schedule 35: Primary Voltage Seasonal Irrigation & Drainage Pumping Service,
Schedule 43: Primary Voltage Interruptible Service for Total Electric Schools,
Schedule 46: High Voltage Interruptible Service, and

Schedule 49: High Voltage General Service.

A R A

In addition to the Commercial and Industrial customer classes, there is a sale for resale customer
class (Schedule 05 — Small Resale). Also, separate class profiles were developed for Area Lighting
and Street Lighting. Finally, hourly load profiles were developed for four non-system tariff classes,
i.e., 449HV - Retail Wheeling High Voltage, 449PV - Retail Wheeling Primary Voltage, 459 -
Back-up Generation, and Special Contract — Retail Wheeling and Distribution Service.
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No. of Total Annual | Avg. kWh Use | % of Total
Rate Schedule Description Accounts kWh Use per Account | kWh Sales
7 Residential 1,010,572| 10,497,389,421 10,388 51.5%
5 Sales for Resale 8 7,084,150 885,519 0.0%
8&24 Small General Service 121,598| 2,690,721,830 22,128 13.2%
11& 25 Medium General Service 7,561 2,986,356,398 394,968 14.7%
12& 26 Large General Service 842| 1,946,174,476 2,311,371 9.6%
29 Seasonal Irrigation 603 16,475,530 27,323 0.1%
10&31 Primary Voltage General Service 487( 1,408,684,085 2,892,575 6.9%
35 Primary Voltage Seasonal Irrigation 2 4,443,660 2,221,830 0.0%
43 Primary Volt. Interrupt. Total Elec. Schools 155 119,697,408 772,241 0.6%
46 High Voltage Interruptible Service 6 78,351,492 13,058,582 0.4%
49 High Voltage General Service 19 542,259,321 28,539,964 2.7%
50-59 Street & Area Lighting 7,829 69,969,105 8,937 0.3%
System Total 1,149,682| 20,367,606,876) 17,716 100.0%
Non-System Loads

449HV Retail Wheeling - High Voltage 11| 1,690,248,699| 153,658,973 69.6%
449PV Retail Wheeling - Primary Voltage 2 77,694,726 38,847,363 3.2%
459 Back-Up Distribution Service 3 298,207,124 99,402,375 12.3%
Special Contract |Retail Wheeling and Distribution Services 93 361,016,477 3,881,898 14.9%
Non-System Total 109| 2,427,167,026 22,267,587 100.0%

Table 3 — Population Counts® and Consumption’ Data

Figure 4 shows how the total PSE system loads are composed of the class loads during the annual
peak demand week. As shown in the graph, the Residential class contributes to the largest share of
the system peak demand and the Small C&I class is the second largest contributor to the system
peak. Figure 4 also superimposes non-system loads on top of the system loads to illustrate the total
loads transmitted by PSE during its system peak week.

¢ Number of Accounts is average schedule counts for twelve months ended December 2018.
7 Total Annual Energy Use is calendar view energy sales for January 2018 — December 2018.
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System Peak week 02/18/2018 - 02/24/2018
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Figure 4 — Composition of System Load during Annual System Peak Week

2 VERIFICATION AND EDITING OF THE INTERVAL DATA

The first task undertaken for class load profiling was to systematically and thoroughly examine
each interval load data point available from the class load research samples. While the interval
load data collected through the wired MV-90 system were almost perfect, some of the data collected
through the wireless AMR system involved missing observations and erroneous readings. The
objective was to identify and correct anomalous points and missing data. Where appropriate, a
secondary data source was used to derive an estimate to replace erroneous or missing load data.

The first step in this task was to review the interval load data collected from each site, using
“iWave,” a proprietary software designed to visualize and identify anomalous data points, based
on the levels of error tolerance set for various possible causes of data inconsistencies to be examined
and a constraint set by the corresponding customer’s daily total energy use. This process screens
out anomalous data points, such as power outage, meter reading failure, spikes, or changes in
multipliers. The daily energy use is calculated with the daily mid-night meter readings recorded
and verified by “iWave,” the Meter Data Management System (MDMS) software being subscribed
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by PSE.® Primary roles of “iWave” are to receive and audit the daily meter readings and to perform
daily energy use calculations and estimations, if necessary, for customer billings.

For example, Figure 5 shows the load shape for an individual site. For a brief number of intervals,
this site exhibited a spike in demand 10 times larger than the typical demand. This spike was not
supported by the billing data. Accordingly, it was deemed anomalous, and eliminated from the
individual customer profile. Figure 6 shows the same site with the anomalous data omitted.

2006

Figure 5 — Example of an Anomalous Spike

£
Fdoni

Figure 6 — Load Shape with the Spike Corrected

The second step was to correct the anomalies and fill in the missing intervals. The first attempt to
estimate the missing interval loads was made through “iWave,” which uses straight- or flat-line
interpolation technique with the neighboring observations if only a few observations are missing
or uses reference load shapes differentiated by type of day if several or more observations are
missing. The same-day or like-day reference load shapes are developed from the accurate interval
load readings recorded for the non-missing days prior to the missing interval. If the situations of
missing or erroneous intervals are so messy or prolonged that “iWave” cannot produce a reasonable

8 “Wave” and iWave” are proprietary Meter Data Management System (MDMS) software developed by Ecologic
Analytics, which was integrated into Landis and Gyr’s Gridstream Solutions in January 2012.
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estimate to meet the pre-set criteria, then it stops the estimation effort and identifies those intervals
as “Exception.””’

The third step was to examine and produce a reasonable estimate manually for each of the erroneous
or missing intervals designated as “Exception.” The manual review and estimation were a time-
consuming process and were performed in “iWave.” If the interval load data collected from a
certain sample site involve many missing and/or erroneous meter readings and are determined to
be beyond repair, the data collected from that particular sample site was excluded entirely from the
post-stratification and expansion analysis done for the month. In such case, the primary sample
data were replaced by the interval load data collected from a back-up sample meter. In rare cases
the quality of the data collected from the back-up sample was also unacceptable or no substitute
meter data was available.

Table 34 shows the number of sample meters utilized to collect the interval load data by rate
schedule. For the twelve months ending December 31, 2018, 1,598 sample meters were utilized
for data collection. The whole populations of Rate Schedules 5 and 35 metering device locations
and the pre-migration population of Rate Schedule 40 metering device locations were included in
the interval load readings performed by PSE’s wireless AMR network.

# of Sample

Rate Sch. Meters
7 212
8&24 514
11& 25 221
12 & 26 149
29 279
10&31 166
43 57
Total 1,598

Table 4 — Number of Sample Meters Utilized for Class Load Profiling

The last step was to check the edited and filled interval load data against the billing data. This was
to verify that the processed data was estimated accurately, and to verify that the meter multipliers
were correct.

In summary, some of the interval load data were screened out by “iWave” as “Exception” and
had to be edited manually. Various estimation techniques, including linear or flat-line
interpolation, reference load shapes and meter multiplier correction, were used to fill the missing
values or to replace anomalous observations. In extreme cases, the interval load data collected
from a primary sample meter were replaced by a back-up meter reading data or were discarded.
However, impact of those exception intervals on overall accuracy of the interval load data used in
this study was small. As shown in Table 5, percentage of the exceptions to the total number of
interval data points was 3.2% or less for all of the rate schedules. The interval load readings for
Rate Schedules 5, 35 and 40 were much more reliable and the exception percentage was
negligible.

9 If a missing interval is a result of a power outage that lasts more than 48 hours, iWave did not attempt to estimate the
missing loads.
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Total Number
Sample of Intervals Exception %
Rate Sch. Points to Validate Counts Exception

7 212 7,428,480 241,056 3.2%
8&24 514 18,010,560 371,712 2.1%
11 &25 221 7,743,840 105,792 1.4%
12&26 149 5,220,960 77,952 1.5%
29 279 9,776,160 261,024 2.7%
10& 31 166 5,816,640 65,184 1.1%
43 57 1,997,280 18,048 0.9%
Total 1,598 55,993,920 1,140,768 2.0%

Table S — Number of Exception Intervals Edited Manually

3 SYSTEM CLASS LOAD PROFILES
This section highlights the development of class load profiles.

3.1 Analysis Approach
In general, the following process was used to develop the system rate class profiles:

1. The hourly interval load data as verified and improved in Section 2-Verification and
Editing of the Interval Data was organized by rate class;

2. Current billing data was used to develop a distribution of the total annual energy use for
the rate class population of interest;

3. Mean-per-unit statistical sampling techniques outlined in Section 1.4 - Methodology and
Appendix A of PSE’s Load Research Report prepared for its 2017 GRC were used to
construct a post-stratification framework for analyzing the interval load data;

4. Hourly expansions were generated for each rate class using stratified ratio estimation.
These were deemed the population expansions;

5. The population expansions were used to estimate average loss factors for each delivery
voltage and rate class;

6. The loss factors were applied to the class hourly load estimates to produce the class hourly
load estimates with losses;

7. The hourly load estimate with loss for each rate class were summed for all of the system
rate classes and compared with the actual system hourly load. This results in a residual load
known as unaccounted for energy'’ (or UFE); and

8. Finally, the UFE was applied to each rate class based on the proportion of the rate class
contribution to the individual hourly load yielding the reconciled class load. Hourly load
profiles for Rate Schedules 5, 35, 40, 46, 49 and the lighting classes were constructed using
a “deemed” profile which provides actual interval load data for the entire population of the

10 Unaccounted for energy (UFE) refers to the difference between the total of system rate class estimates and the actual
system load data, which is resulted from sampling and estimation errors. In this report, UFE does not refer to the
energy unaccounted due to theft or “lost” meters.

Page 3-12 May 2019

Exh. CKC-3
Page 17 of 91



Puget Sound Energy
Class Load Research

rate classes. Therefore, the UFE allocation was done among only the system rate classes
for which the population expansions were required.

The following sections present the results of the reconciled class load for each of the system
contributing loads. For the non-system rate class loads, the process concluded with step 6.
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3.2 Residential Class (Schedule 7)

The historical sample data was expanded by post-stratifying the residential class. Table 6 presents
the post-stratification done for sample expansion to population, using a case weighting scheme.
The table shows population count, number of sample points and case weight by annual energy
usage bracket. The case weight was calculated by dividing the population count by the number of
sample points and adjusting the population-to-sample ratio for the percentage deviation of sample
mean energy usage from population mean for each bracket.

Annual kWh Range N(h) n(h) N(h)/n(h) W(h) Y(h) y(h) Adi. % Case Wt.
0 - 6,000* 299,411 38 7879.2 0.2947 4,122 4,038 2.1% 8,042.8
6,001 -11,000 393,374 54 7284.7 0.3872 8,250 8,457 -2.4% 7,106.9
11,001 - 17,000 207,618 31 6697.4 0.2044 13,510 13,189 2.4% 6,860.2
17,001 - 28,000 96,633 38 2543.0 0.0951 20,798 20,971 -0.8% 2,522.1
> 28,000 18,921 51 371.0 0.0186 38,522 40,375 -4.6% 354.0

Total 1,015,957 212 4792.3 1.0000 9,866 9,906 -0.4% 4,772.6

Table 6 — Residential Post-Stratification

In the second stage of analysis, the line loss factor of 7.64% estimated for the Residential class was
applied to the hourly load estimated at a premise metering point. The estimated line loss factor is
an annual average loss factor and was applied uniformly to all of the 8,760 hourly loads estimates.
The hourly load estimates including line losses were preliminary estimates of residential class’
contribution to system’s hourly demand. Table 7 lists the estimated average loss factor by rate
schedule.

Rate Schedule Loss Factor

5 3.70%

7 7.64%
8&24 7.62%
11&25 7.60%
12 & 26 7.55%
29 7.36%
10&31 3.64%
35 3.58%
40 3.64%
43 3.70%
46 1.77%
49 1.76%
50-59 8.02%
449HV 1.69%
449pV 3.50%
459 1.69%

Table 7 — Estimated Loss Factor by Rate Schedule

Finally, the residential hourly load estimates are reconciled to the system hourly loads by allocating
the unaccounted for energy (UFE) to the Residential class on the basis of preliminary percentage
estimate of its contribution to the system demand for that particular hour.
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Figure 7 presents the results of the reconciled hourly expansion analysis for the Residential class.
The figure displays the EnergyPrint to the left of a more standard two-dimensional x-y plot. The
vertical form of the EnergyPrint displays time on the x-axis, day of the year on the y-axis and the
magnitude of the load on the z-axis. The magnitude of load is displayed as a color gradient with
low levels of load in the black-blue spectrum and high levels of load in the yellow-white spectrum.
The dominance of the winter load is clearly evident with bi-modal peaks occurring in the morning
and early evening periods. The Residential class peak occurred at 7 PM on January 1, 2018 and
was 2,683.9 MW.
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Figure 7 — Residential Class Total Load

Figure 8 presents the Residential class load during the system peak week of Sunday, February 18,
2018 through Saturday, February 24, 2018. The Residential class load at the time of the system
peak was 2,343.4 MW, or 87.3% of its class peak demand of 2,683.9 MW. The system peak
demand occurred at 8 AM on February 23, 2018.
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System Peak Week 02/18/2018 - 02/24/2018
Residential
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Figure 8 — Residential Class: Total Load during System Peak Week

Figure 9 presents the monthly Residential class energy consumption, peak demand and load factor
in graphics.
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Figure 9 — Residential Class: Monthly Energy, Demand and Load Factor

Achieved precision associated with the Residential class analysis can be evaluated in terms of the
deviation of the sum of Residential class hourly loads net of losses estimated for the 12 months
ending December 2018 from the total actual sales to the class in the same 12-month period. The
sum of estimated Residential hourly loads net of losses is 10,445,863 MWh, 0.5% less than the
actual delivered Residential energy sales of 10,497,389 MWh. The implied error percentage is
significantly lower than the maximum error margin of £10% tolerated in a typical load research
practice.
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Table 8 presents summary statistics for the Residential class load after applying losses and
reconciliation to the system load. The table displays class totals and includes monthly energy use,
timing of the class peak demand, magnitude of the class peak demand, average demand, load factor
based on the class peak demand, timing of the system peak and class load at the time of system
peak (i.e., class system-coincident peak load) and coincidence factor calculated as the class
coincident peak divided by the class non-coincident peak demand. In addition, the table displays
other summary characteristics including:

12-month average coincident peak contribution;

Average class demand associated with top 12, 75 and 200 system peak hours;

Average class demand associated with top 12, 75 and 200 class peak hours; and

4 winter-month (Nov. —Feb.) average coincident peak contribution.

Residential monthly class non-coincident peak (NCP) load factors ranged from a low of 54.7% in
August to a high of 67.5% in December. The Residential load coincides heavily with the system
peak displaying a system peak coincidence factor of over 80% for all of the 12 months, with the
minimum of 80.9% occurring in October.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 1,248,864,873 Monday, January 01,2018 19:00 2,683,905 1,678,582 62.5% Tuesday, January 02, 2018 18:00 2,451,659 91.3%
Feb-18 1,141355317 Wednesday, February 21,2018 20:00 2,603,532 1.698.445 65.2% Friday, February 23,2018 08:00 2343428 90.0%
Mar-18 1,120,043,747 Sunday, March 04,2018 19:00 2,270,936 1,505,435 66.3% Wednesday, March 07,2018 08:00 2,008,111 88.4%
Apr-18 900,103,495 Sunday, April 01,2018 21:00 1,994,799 1,250,144 62.7% Monday, April 02,2018 08:00 1,752,781 87.9%
May-18 712,589,488 Monday, May 14,2018 20:00 1478115 957,782 64.8% Monday, May 14,2018 18:00 1,378,717 93.3%
Jun-18 709,016,608 Wednesday, June 20,2018 20:00 1,730,324 984,745 56.9% Wednesday, June 20,2018 18:00 1,692,503 97.8%
Jul-18 792,731,486 Sunday, July 29,2018 20:00 1,898,292 1,065,499 56.1% Monday, July 30,2018 18:00 1,818,838 95.8%
Aug-18 765,341,127 Wednesday, August 08,2018 19:00 1,880,295 1,028,684 54.7% Wednesday, August 08,2018 18:00 1,828,728 97.3%
Sep-18 698,693,941 Sunday, September 16,2018 21:00 1.532,673 970,408 63.3% Thursday, September 06,2018 18:00 1,364,998 89.1%
Oct-18 876,107,608 Sunday, October 21,2018 20:00 1.851,191 1,177,564 63.6% Monday, October 22,2018 08:00 1,496,843 80.9%
Nov-18 1,052,317,676 Tuesday, November 20,2018 19:00 2,278,766 1,461,552 64.1% Monday, November 19,2018 08:00 1933373 84.8%
Dec-18 1,292,777,765 | Wednesday, December 05,2018 20:00 2,573,781 1.737.605 67.5% ‘Thursday, December 06, 2018 08:00 2217437 86.2%
Annual | 11,309,943,131 Annual Class Peak 2,683,905 1,291,089 48.1% Annual System Peak 2,343,428 87.3%
Average 12 Monthly NCPs 2,064,717 62.5% Average 12 Monthly CPs 1,857,285 90.0%
Average Top 12 NCPs 2,568,141 50.3% Average Top 12 CPs 2,272,036 88.5%
Average Top 75 NCPs 2,427,100 532% Average Top 75 CPs 2,254,831 92.9%
Average Top 200 NCPs 2,302,077 56.1% Average Top 200 CPs 2,190,379 95.1%

Average 4CPs * 2236474

* Monthly CPs for November, December, January and February

Table 8 — Residential Class: Summary Statistics (Totals — kW)

Table 9 presents the data on an average-per-customer basis. The average Residential customer
used 11,192 kWh during the 12 months ending December 2018 and had a peak demand of 2.67 kW
in January.
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Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor
Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Timing of System Peak System Peak (kW) (%)
Jan-18 1,243 Monday, January 01,2018 19:00 267 1.67 62.5% Tuesday, January 02, 2018 18:00 244 91.3%
Feb-18 1,134 Wednesday, February 21,2018 20:00 259 1.69 65.2% Friday, February 23,2018 08:00 233 90.0%
Mar-18 L112 Sunday, March 04,2018 19:00 226 1.50 66.3% Wednesday, March 07,2018 08:00 1.99 88.4%
Apr-18 893 Sunday, April 01,2018 21:00 1.98 124 62.7% Monday, April 02,2018 08:00 1.74 87.9%
May-18 707 Monday, May 14,2018 20:00 147 0.95 64.8% Monday, May 14,2018 18:00 137 93.3%
Jun-18 702 Wednesday, June 20, 2018 20:00 171 0.98 56.9% Wednesday, June 20,2018 18:00 1.68 97.8%
Jul-18 785 Sunday, July 29,2018 20:00 1.88 1.05 56.1% Monday, July 30,2018 18:00 1.80 95.8%
Aug-18 751 Wednesday, August 08,2018 19:00 1.86 1.02 54.7% Wednesday, August 08,2018 18:00 181 97.3%
Sep-18 690 Sunday, September 16,2018 21:00 151 0.96 63.3% | Thursday, September 06, 2018 18:00 135 89.1%
Oct-18 864 Sunday, October 21,2018 20:00 1.82 116 63.6% Monday, October 22,2018 08:00 148 80.9%
Nov-18 1,035 Tuesday, November 20,2018 19:00 224 144 64.1% Monday, November 19,2018 08:00 1.90 84.8%
Dec-18 1270 | Wednesday, December 05, 2018 20:00 253 171 67.5% ‘Thursday, December 06, 2018 08:00 218 86.2%
Annual 11,192 Annual Class Peak 267 1.28 47.8% Annual System Peak 233 87.2%
Table 9 — Residential Customer: Summary Statistics (Means — kW)
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3.3 Schedule 05 Sales for Resale

The interval load data were collected from all of the nine resale metering device locations under
Schedule 05. The interval load data were verified, edited and integrated to form an hourly load
shape. Since the interval load data cover the whole population of the sales for resale customers,
there is no need for sample post-stratification and expansion. In the next step, an average loss
factor of 3.70% was applied to the hourly load data to produce the class hourly load profile with
losses. The estimated average loss factor by rate schedule is presented in Table 7.

Figure 10 presents the total load for Schedule 05. The figure displays the EnergyPrint to the left of
a two-dimensional x-y plot. The dominance of the winter load is clearly evident. The Schedule 05
class load peaked on Wednesday, February 21, 2018 at the hour ending midnight. The peak demand
was 1,693 kW.

January 1. December 31, 2018

o

Figure 10 — Schedule 05: Class Total Load

Figure 11 presents Schedule 05 class loads during the system peak week of Sunday, February 18,
2018 through Saturday, February 24, 2018. The total Schedule 05 load at the time of the system
peak was 1,590 kW.

Page 3-19 May 2019

Exh. CKC-3
Page 24 of 91



Puget Sound Energy
Class Load Research

System Peak Week 02/18/2018 - 02/24/2018
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Figure 11 — Schedule 05: Total Load during System Peak Week

Figure 12 presents the monthly Sales for Resale class energy consumption, peak demand and load
factor in graphics.
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Figure 12 — Schedule 05: Class Monthly Energy, Demand and Load Factor

Achieved precision associated with the Sales for Resale class analysis can be evaluated in terms of
the deviation of the sum of the class hourly loads net of losses estimated for the 12 months ending
December 2018 from the total actual delivered sales to the class in the same period. The sum of
estimated hourly loads net of losses was 7,111,572 kWh, only 0.4% higher than the actual Sales
for Resale class sales of 7,084,150 kWh.

Table 10 presents system total summary statistics for the Schedule 05 class load. The table displays
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average
demand, load factor based on the class peak demand, timing of the system peak and class load at
the time of system peak and the coincidence factor calculated as the class system-coincident load
divided by the class peak. In addition, the table displays other summary characteristics, such as
12-month average coincident peak contribution and class peaks, 4 winter-month average coincident
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peak contribution, average values of the top 12, 75 and 200 class peaks and the class loads at the
top 12, 75 and 200 system peak hours. Monthly NCP load factors ranged from a low of 61.1% in
May, 2018 to a high of 82.7% in January 2018. The Schedule 05 load is fairly coincident with the
system peak during the winter season displaying system peak coincidence factors of 89% or higher

for most of the winter months.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of @ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 985,015 Monday, January 01,2018 08:00 1,600 1,324 82.7% Tuesday, January 02, 2018 18:00 1.470 91.8%
Feb-18 911,734 | Wednesday, February 21,2018 24:00 1,693 1,357 80.1% Friday, February 23,2018 08:00 1,590 93.9%
Mar-18 873,792 Saturday, March 03,2018 04:00 1,507 1,174 77.9% Wednesday, March 07,2018 08:00 1,400 92.8%
Apr-18 688,688 Monday, April 16,2018 06:00 1277 957 74.9% Monday, April 02,2018 08:00 1,196 93.7%
May-18 422,135 Tuesday, May 01,2018 06:00 929 567 61.1% Monday, May 14,2018 18:00 449 48.3%
Jun-18 339,070 Friday, June 01,2018 05:00 650 471 72.5% Wednesday, June 20, 2018 18:00 377 58.0%
Jul-18 302,563 Sunday, July 01,2018 23:00 564 407 72.1% Monday, July 30,2018 18:00 388 68.7%
Aug-18 299,073 Saturday, August 25,2018 21:00 596 402 67.5% Wednesday, August 08,2018 18:00 373 62.7%
Sep-18 343,256 | Saturday, September 15,2018 21:00 645 477 73.9% Thursday, September 06, 2018 18:00 428 66.3%
Oct-18 543457 Tuesday, October 30,2018 21:00 1,031 730 70.9% Monday, October 22,2018 08:00 868 84.3%
Nov-18 719,398 Monday, November 12,2018 06:00 1,296 999 77.1% Monday, November 19,2018 08:00 1,157 89.2%
Dec-18 956,630 Friday, December 07,2018 08:00 1565 1,286 82.1% Thursday, December 06, 2018 08:00 1.498 95.7%
Annual 7,384,810 Annual Class Peak 1,693 843 49.8% Annual System Peak 1,590 93.9%
Average 12 Monthly NCPs 1,113 75.8% Average 12 Monthly CPs 933 83.8%
Average Top 12 NCPs 1,654 51.0% Average Top 12 CPs 1,542 93.2%
Average Top 75 NCPs 1,599 52.7% Average Top 75 CPs 1,499 93.8%
Average Top 200 NCPs 1,552 54.3% Average Top 200 CPs 1,454 93.7%

Average 4CPs * 1,428

* Monthly CPs for November, December, January and February

Table 10 — Schedule 05 Class: Summary Statistics (Totals — kW)

Table 11 presents the data on an average-per-customer basis. For Schedule 05, the average
annual use per account is 923,101 kWh with a peak demand of 211.65 kW.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor
Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Timing of System Peak System Peak (kW) (%)
Jan-18 123,127 Monday, January 01,2018 08:00 200.04 16549 82.7% Tuesday, January 02,2018 18:00 183.70 91.8%
Feb-18 113967 | Wednesday, February 21,2018 24:00 211.65 169.59|  80.1% Friday, February 23,2018 08:00 198.69 93.9%
Mar-18 109,224 Saturday, March 03, 2018 04:00 188.43 14681  77.9% Wednesday, March 07, 2018 08:00 174.95 92.8%
Apr-18 86,086 Monday, April 16,2018 06:00 159.59 11956 74.9% Monday, April 02,2018 08:00 14949 93.7%
May-18 52,767 Tuesday, May 01,2018 06:00 116.08 7092|  61.1% Monday, May 14,2018 18:00 56.09 48.3%
Jun-18 42,384 Friday, June 01,2018 05:00 8124 5887 72.5% Wednesday, June 20,2018 18:00 4708 58.0%
Jul-18 37,820 Sunday, July 01,2018 23:00 7054 5083 72.1% Monday, July 30,2018 18:00 4846 68.7%
Aug-18 37384 Saturday, August 25,2018 21:00 7444 5025 67.5% Wednesday, August 08,2018 18:00 46.65 62.7%
Sep-18 42,907 | Saturday, September 15,2018 21:00 80.68 5959 73.9% |  Thursday, September 06,2018 18:00 5347 66.3%
Oct-18 67,932 Tuesday, October 30,2018 21:00 128.84 9131 70.9% Monday, October 22,2018 08:00 108.55 84.3%
Now-18 89925 |  Monday, November 12,2018 06:00 162.05 12490 77.1% Monday, November 19,2018 08:00 14459 89.2%
Dec-18 119,579 Friday, December 07,2018 08:00 195.67 160.72]  82.1% Thursday, December 06, 2018 08:00 187.24 95.7%
Annual 923,101 Annual Class Peak 211.65 10538 49.8% Annual System CP 198.69 93.9%
Table 11 — Schedule 05 Customer: Summary Statistics (Means — kW)
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3.4 Schedules 8 & 24 Small General Service

The historical sample data was expanded by post-stratifying the data available for Schedules 8 &
24 Small General Service class. Table 12 presents the post-stratification used in the sample
expansion analysis. The table shows population count, number of sample points and the case
weight by annual energy usage bracket.

Annual kWh Range N(h) n(h) N(h)/n(h) W(h) Y(h) y(h) Adj. % Case Wt.
0 - 15,000* 80,604 142 567.6 0.6501 4,929 5,313 -7.2% 526.5
15,001 -50,000 29,462 128 230.2 0.2376 27,435 28,538 -3.9% 221.3
50,001 - 120,000 11,158 130 85.8 0.0900 74,944 77,083 -2.8% 83.4
> 120,000 2,754 114 24.2 0.0222 173,818 216,110 -19.6% 19.4
Total 123,978 514 241.2 1.0000 20,330 21,974 -7.5% 223.2

Table 12 — Schedules 8 & 24: Post-Stratification

As stated carlier, PSE proposes elimination of Rate Schedule 40 in its 2019 GRC. Among the
existing 129 Schedule 40 metering device locations, eight locations are going to be served under
Schedule 24. Therefore, the final estimate of Schedule 24 load shape has been produced by adding
the sum of hourly loads metered at those 8 locations to the class hourly load shape estimated for
the existing Schedule 8 & 24 device locations.

In the next step, the average loss factor estimated for Schedules 8 & 24 was applied to the hourly
expansions to produce the class hourly load profile with losses. As shown in Table 7, the average
loss factor estimated for the Small General Service class is 7.62%.

The hourly load estimates including line losses were preliminary estimates of the Small General
Service class’ contribution to system’s hourly demand. In the final stage of the analysis, the UFE
was allocated to the Schedules 8 & 24 based on preliminary percentage estimate of its contribution
to the system demand for that particular hour.

Figure 13 presents the Schedules 8 & 24 class load. The figure displays the EnergyPrint to the left
of a two-dimensional x-y plot. Dominance of mid-winter load is evident. The Small General
Service class peak occurred on Wednesday, January 3, 2018 at I0AM. The peak demand was about
570.0 MW.
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January 1 - December 3, 2018

Figure 13 — Schedules 8 & 24: Class Total Load

Figure 14 presents the Small General Service class load during the system peak week of Sunday,
February 18, 2018 through Saturday, February 24, 2018. The Small General Service class load at
the time of the system peak was 532.2 MW or 93.4% of its class peak demand of 570.0 MW. The
system peak demand occurred at 8 AM, Friday, February 23.
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Figure 14 — Schedules 8 & 24: Total Load during System Peak Week

Figure 15 presents the monthly Small General Service class energy consumption, peak demand and
load factor in graphics.
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Figure 15 — Schedules 8 & 24: Class Monthly Energy, Demand and Load Factor

Achieved precision associated with the Small General Service class analysis can be evaluated in
terms of the deviation of the annual sum of estimated class hourly loads net of losses from the total
actual sales to the class in the same period. The sum of estimated hourly loads net of losses was
2,669,772 MWh, 0.2% higher than the actual class sales of 2,690,722 MWh.

Table 13 presents summary statistics for the Schedules 8 & 24 total class load. The table displays
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average
demand, load factor based on the class peak demand, timing of the system peak and class load at
the time of system peak and the coincidence factor calculated as the class system-coincident load
divided by the class peak. In addition, the table displays other summary characteristics, such as
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12-month and 4-month average coincident peak contributions, and average values of the top 12, 75
and 200 class peaks and the class loads at the top 12, 75 and 200 system peak hours. Monthly NCP
load factors range from a low of 60.0% in July to a high of 67.5% in March. The coincidence of
Schedules 8 & 24 class load to the system peak fluctuates month to month from 73.0% in June to
98.0% in December.

Class Peak Demand (Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Concidence
Energy Use Time of Demand Demand Factor Time of @ System Peak Factor

Month (EWh Date of Class Peak Class Peak (EW (EW (%) Date of System Peak System Peak (EW (%)
Jan-18 81173432 Wednesday, January 3, 2018 10:00 570,046 377921 66.3% Tuesday, January 2, 2018 18:00 471173 82.7%
Feb-18 246718910 Friday, February 23, 2018 10:00 560,664 367,141 63.5% Friday, February 23, 2018 08:00 532,239 049%
Mar-18 262009412 Wednesday, March 7, 2018 10:00 522,045 332,163 67.5% Wednesday, March 7, 2018 08:00 492,201 043%
Apr-18 225078459 Monday, Apsil 2, 2018 10:00 486,316 312,609 64.3% Monday, April 2, 2018 08:00 463,136 93.6%
May-18 220,536,492 Monday, May 14, 2018 1400 480.775 206,420 61.7% Monday, May 14, 2013 18:00 395,969 824%
Tun-18 23263071 Monday. June 18,2018 14:00 481,329 296,199 61.5% Wednesday, June 20, 2018 18:00 366,930 762%
Tul-18 243,006,081 Tuesday, July 17,2018 13:00 543,983 326,621 60.0% Monday, July 30,2018 18:00 397272 T3.0%
Aug-18 243,969,838 Thursday, August 8, 2018 14:00 518413 330,603 63.8% Wednesday, August 8, 2018 18:00 420,740 812%
Sep-18 212284308 | Wednesday, September 3, 2018 15:00 452220 294,840 65.2% Thursday, September 6, 2018 18:00 373,206 82.5%
Oct-18 220.703.253 Monday, October 29, 2018 12:00 461,107 308,741 67.0% Monday, October 22, 2018 03:00 433,591 940%
Nov-18 246,913,861 Monday, November 19, 2018 10:00 534,860 342,036 64.1% Monday, November 19, 2013 08:00 514,089 96.1%
Dec-18 163.331,586 Friday, December 7, 2018 09:00 333,940 Thursday, December 6, 2013 08:00 545,002 98.0%
Annual | 2.889.088.004 Annual Class Peak 329.907 Annual System Peak 332239 93.4%
Average 12 Monthly NCPs Average 12 Monthly CPs 430,637 87.7%
Average Top [2NCPs Average Top 12 CPs 526,004 94.3%
Average Top TINCPs Average Top 75 CPs 481,726 90.0%
Average Top 200 NCPs Average Top 200 CPs 433236 88.0%

Average 4CPs * 313,626

* Monthly CPs for November, December, January and Febrary

Table 13 — Schedules 8 & 24 Class: Summary Statistics (Totals — kW)

Table 14 presents the data on an average-per-customer basis. For Schedules 8 & 24, the average

annual use per customer is 23,769 kWh with peak demand of 4.71 kW.
Class Peak Demand Class Demand at System Peak Hour

Monthly Class Peak Average Load Class Demand Coincidence

Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Timing of System Peak System Peak (kW) (%)

Jan-18 2324 | Wednesday, January 03,2018 10:00 471 312 66.3% Tuesday, January 02, 2018 18:00 390 82.7%
Feb-18 | 2,037 Friday, February 23,2018 10:00 4.63 3.03 65.5% Friday, February 23,2018 08:00 439 94.9%
Mar-18 [ 2,161 Wednesday, March 07, 2018 10:00 430 290 67.5% Wednesday, March 07,2018 08:00 4.06 94.3%
Apr-18 [ 1,856 Monday, April 02,2018 10:00 401 258 64.3% Monday, April 02,2018 08:00 3.84 95.6%
May-18 f 1817 Monday, May 14,2018 14:00 3.96 244 61.7% Monday, May 14,2018 18:00 326 82.4%
s | 1,754 Monday, June 18,2018 14:00 3.96 244 61.5% Wednesday, June 20,2018 18:00 3.02 76.2%
ni18 | 1997 Tuesday, July 17,2018 13:00 447 2.68 60.0% Monday, July 30,2018 18:00 326 73.0%
Aug-18 f 2,019 Thursday, August 09,2018 14:00 425 271 63.8% Wednesday, August 08, 2018 18:00 345 81.2%
Sep-18 f 1,740 | Wednesday, September 05,2018 15:00 371 242 652% | Thursday, September 06,2018 18:00 3.06 82.5%
oct18 | 1,882 Monday, October 29, 2018 12:00 378 253 67.0% Monday, October 22, 2018 08:00 355 94.0%
Nov-18 f 2,024 Monday, November 19,2018 10:00 438 281 64.1% Monday, November 19, 2018 08:00 421 96.1%
Dec-18 f 2,159 Friday, December 07,2018 09:00 456 2.90 63.7% | Thursday, December 06, 2018 08:00 447 98.0%
Annual 23,769 Annual Class Peak 471 271 57.6% Annual System CP 439 93.2%

Table 14 — Schedules 8 & 24 Customer: Summary Statistics (Means — kW)
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3.5 Schedules 11 & 25 Medium General Service

The historical sample data was expanded by post-stratifying the data available for Schedule 11 &
25 Medium General Service class. Table 15 presents the post-stratification used in the sample
expansion analysis. The table shows population count, number of sample points and the case
weight by annual energy usage bracket.

Annual kWh Range N(h) n(h) N(h)/n(h) W(h) Y(h) y(h) Adj. % Case Wt.
0 - 220,000* 3,114 59 52.8 0.3979 132,274 154,311 -14.3% 45.2
220,001 - 450,000 2,736 56 48.9 0.3496 313,994 321,663 -2.4% 47.7
450,001 - 900,000 1,436 59 24.3 0.1835 613,340 636,821 -3.7% 23.4
> 900,000 540 47 11.5 0.0690 1,265,055 1,274,839 -0.8% 11.4
Total 7,826 221 35.4 1.0000 362,238 378,671 -4.3% 33.9

Table 15 — Schedules 11 & 25: Post-Stratification

Among the existing 129 Schedule 40 metering device locations, twelve locations are going to be
served under Schedule 25. The final estimate of Schedule 25 load shape has been produced by
adding the sum of hourly loads metered at those 12 locations to the class hourly load shape
estimated for the existing Schedule 11 & 25 device locations.

In the next step, the average loss factor estimated for the Medium General Service class was applied
to the hourly expansions to produce the class hourly load profile with losses. As listed in Table 7,
the estimated average loss factor for Schedules 11 & 25 is 7.60%.

In the final step, the UFE was allocated to the Schedules 11 & 25 based on preliminary percentage
estimate of its contribution to the system demand for that particular hour.

Figure 16 presents the total load for Schedules 11 & 25. The figure displays the EnergyPrint to the
left of a two-dimensional x-y plot. Due to space heating and cooling loads, the Schedules 11 & 25
load profile shows that its mid-winter and mid-summer loads tend to be higher than other seasonal
loads. The Schedules 11 & 25 class load peaked on Thursday, December 6, 2018 at 10 AM. The
class peak demand was 680.7 MW.

Page 3-26 May 2019

Exh. CKC-3
Page 31 of 91



Puget Sound Energy
Class Load Research

January 1 - December 31, 2018

o

Figure 16 — Schedules 11 & 25: Class Total Load

Figure 17 presents the Schedules 11 & 25 class load during the system peak week of Sunday,
February 18, 2018 through Saturday, February 24, 2018. The system peaked on Friday, February
23 at hour ending 8 AM. At the system peak hour, the class demand was 577.2 MW, or 84.8% of
the class peak demand of 680.7 MW.
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Figure 17 — Schedules 11 & 25: Total Load during System Peak Week

Figure 18 presents the monthly Medium General Service class energy consumption, peak demand
and load factor in graphics. The monthly peak loads in December and July were winter and summer
seasonal peak loads.

MWh Total Consumption MW Maximum Demand % Load Factor
300,000 800 68%
290,000 700 66%
280000 600 W o
X 62%
270,000 500
260,000 60%
400
250,000 58%
240,000 300 56%
230,000 200 4%
220,000 100 52%
210,000 o 50%
Jan-18 Mar-18  May-18 Jul-18 Sep-18 Nov-18 Jan-18 Mar-18 May-18 Jul-18 Sep-18 Nov-18 Jan-18 Mar-18 May-18 Jul-18 Sep-18 Nov-18
Month Month Month

Figure 18 — Schedules 11 & 25: Class Monthly Energy, Demand and Load Factor

Achieved precision associated with the Medium General Service class analysis is evaluated in terms
of the deviation of the annual sum of the class hourly loads net of losses estimated for the study
period from the total actual sales to the class during the same period. The sum of estimated hourly
loads net of losses was 2,959,028 MWh, 0.9% lower than the actual class sales of 2,986,356 MWh.
The percentage of error is much less than the maximum error margin of £10% tolerated in a
typical load research practice.
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Table 16 presents summary statistics for the Schedules 11 & 25 class load. The table displays
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average
demand, load factor based on the class peak demand, timing of the system peak and class load at
the time of system peak and the coincidence factor calculated as the class system-coincident load
divided by the class peak. In addition, the table displays other summary characteristics, such as
12-month and 4-month average coincident peak contributions, and average values of the top 12, 75
and 200 class peaks and the class loads at the top 12, 75 and 200 system peak hours. Monthly NCP
load factors are relatively stable with a low of 55.5% in December to a high of 65.4% in August.
Monthly system coincidence factor of Schedule 11 & 25 load fluctuates form 69.7% in January to
94.8% in December.

Monthly Class Peak Average Load Class Demand Coincidence

Energy Use Time of Demand Demand Factor Time of (@ SystemPeak Factor

Month (kWh) Date of Class Peak Class Peak kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 286,050,273 Wednesday, January 17, 2018 12:00 628,833 384,476 61.1% Tuesday, January 2, 2018 18:00 438,465 69.7%
Feb-18 265,783,246 | Wednesday, February 21,2018 | 09:00 638,556 95501 |  619% Friday, February 23,2018 08:00 577,209 904%
Mar-18 282,302,084 Wednesday, March 7,2018 10:00 590,677 379,438 64.2% Wednesday, March 7,2018 08:00 526,061 89.1%
Apr-18 256,384,100 Tuesday, April 17,2018 10:00 563,558 356,089 63.2% Monday, April 2, 2018 08:00 528,042 93.7%
May-18 261212572 Monday, May 14,2018 | 1400 579931 351092|  605% Monday, May 14,2018 1800 481,010 82.9%
Jun-18 24413551 Monday, June 18, 2018 13:00 558,503 30077|  60.7% Wednesday, June 20, 2018 18:00 48937 76.8%
Jul18 288,049,859 Tuesday, July 17,2018 | 13:00 660,827 I/TI64 | 586% Monday, July 30,2018 18:00 494406 %4.8%
Aug-18 274,719,012 Wednesday, August 8, 2018 11:00 564,771 369,327 654% Wednesday, August 8, 2018 18:00 484735 85.8%
Sep-18 241,970,287 Wednesday, September 5, 2018 14:00 553,308 336,070 60.7% Thursday, September 6, 2018 18:00 433344 78.3%
Oct-18 258,382,881 Monday, October29,2018 | 11:00 543,246 M8 | 639% Monday, October 22, 2018 0800 475343 87.5%
Nov-18 262,181,805 Tuesday, November 20, 2018 10:00 588,820 364,141 61.8% Monday, November 19,2018 08:00 544,794 92.5%
Dec-18 281179971 Thursday, December 6,2018 | 1000 680,657 377930|  555% | Thursday, December 6,201 08:00 645,064 94.8%
Annual 3,202,411,340 Annual Class Peak 680,657 365,572 53.7% Annual System Peak 577,209 84.8%
Average 12 Monthly NCPs 595,974 61.3% Average 12 Monthly CPs 504,801 84.7%
Average Top 12NCPs 653,087 56.0% Average Top 12 CPs 590,938 90.5%
Average Top 75 NCPs 609,314 60.0% Average Top 75 CPs 525811 86.3%
Average Top 200 NCPs 587,763 62.2% Average Top 200 CPs 486,753 82.8%

Average 4CPs * 551433
Table 16 — Schedules 11 & 25 Class: Summary Statistics (Totals — kW)
Table 17 presents the data on an average-per-customer basis. For Schedule 25, the average
annual use per customer is 423,756 kWh with peak demand of 88.82 kW.
Class Peak Demand Class Demand at System Peak Hour

Monthly Class Peak Average Load Class Demand Coincidence

Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Timing of System Peak System Peak (kW) (%)
Jan-18 39,206 |  Wednesday, January 17,2018 12:00 86.19 52.70(  61.1% Tuesday, January 02, 2018 18:00 60.10 69.7%
Feb-18 35,931 | Wednesday, February 21,2018 09:00 86.33 5347 619% Friday, February 23, 2018 08:00 78.03 904%
Mar-18 37,545 Wednesday, March 07,2018 10:00 78.56 5046 64.2% Wednesday, March 07,2018 08:00 69.96 89.1%
Apr-18 33,585 Tuesday, April 17,2018 10:00 73.82 46.65|  632% Monday, April 02,2018 08:00 69.17 93.7%
May-18 33972 Monday, May 14,2018 14:00 7542 45.66]  60.5% Monday, May 14,2018 18:00 62.56 82.9%
Jun-18 32,165 Monday, June 18,2018 13:00 73.58 4467 60.7% Wednesday, June 20,2018 18:00 56.51 76.8%
Jul-18 38,102 Tuesday, July 17,2018 13:00 8741 51.21 58.6% Monday, July 30,2018 18:00 65.40 74.8%
Aug-18 36,342 | Wednesday, August 08, 2018 11:00 74.70 4885 654% |  Wednesday, August 08,2018 18:00 64.11 85.8%
Sep-18 31,990 | Wednesday, September 05, 2018 14:00 73.15 4443 60.7% | Thursday, September 06,2018 18:00 5729 78.3%
Oct-18 33,975 Monday, October 29,2018 11:00 7143 45.67|  63.9% Monday, October 22,2018 08:00 62.50 87.5%
Nov-18 34250 | Tuesday, November 20,2018 10:00 76.92 4757|  61.8% | Monday, November 19,2018 08:00 7117 92.5%
Dec-18 36,093 | Thursday, December 06, 2018 10:00 88.82 4932  55.5% | Thursday, December 06,2018 08:00 84.21 94.8%
Annual 423,756 Annual Class Peak 88.82 4837]  545% Annual System CP 78.03 87.9%
Table 17 — Schedules 11 & 25 Customer: Summary Statistics (Means — kW)
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3.6 Schedules 12 & 26 Large General Service

The historical sample data was expanded by post-stratifying the data available for Schedules 12 &
26 Large General Service class. Table 18 presents the post-stratification used in the sample
expansion analysis. The table shows population count, number of sample points and the case
weight by annual energy usage bracket.

Annual kWh Range N(h) n(h) N(h)/n(h) W(h) Y(h) y(h) Adi. % Case Wt.
0 - 2,000,000* 444 70 6.3 0.5324 1,238,963 1,286,818 -3.7% 6.1
2,000,001 -4,000,000 332 52 6.4 0.3981 2,715,198 2,915,360 -6.9% 59
> 4,000,000 58 27 2.1 0.0695 5,451,965 5,485,098 -0.6% 2.1
Total 834 149 5.6 1.0000 2,119,615 2,227,077 -4.8% 53

Table 18 — Schedules 12 & 26: Post-Stratification

Eleven of 129 existing schedule 40 metering device locations are going to be served under Schedule
26. The final estimate of load shape has been produced by adding the sum of hourly loads metered
at those 11 locations to the class hourly load shape estimated for the existing Schedule 12 & 26
device locations.

In the second step, the average loss factor estimated for Schedules 12 & 26 was applied to the
hourly expansions to produce the class hourly load profile with losses. As seen in Table 7, the
estimated average loss factor for the Large General Service class is 7.55%.

In the final step, the UFE was allocated to the Schedules 12 & 26 based on preliminary percentage
estimate of its contribution to the system demand for that particular hour.

Figure 19 presents the total load for the Schedules 12 & 26 class. The figure displays the
EnergyPrint to the left of a two-dimensional x-y plot. The Schedules 12 & 26 class load is fairly
stable and shows little seasonality. The Large General Service class load peaked on Tuesday, July
17,2018 at 1 PM. The class peak demand was 386.1 MW.
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Figure 19 — Schedules 12 & 26: Class Total Load

Figure 20 presents the Schedule 12 & 26 class loads during the system peak week of Sunday,
February 18, 2018 through Saturday, February 24, 2018. The system peaked on Friday, February
23,2018 at hour ending 8 AM. The class had a system peak hour load of 337.6 MW or 87.4% of
the July class peak demand of 386.1 MW.
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Figure 20 — Schedules 12 & 26: Total Load during System Peak Week

Figure 21 presents monthly Schedules 12 & 26 class energy consumption, peak demand and load

factor in graphics.

Summer and winter weather sensitivities are evident with higher monthly

energy consumption and maximum loads occurred in February, July, August and December.
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Figure 21 —Schedules 12 & 26: Class Monthly Energy, Demand and Load Factor

Achieved precision of the Large General Service class analysis is evaluated in terms of the
deviation of the sum of the estimated class hourly loads net of losses from the total actual sales to
the class during the 12-month study period. The sum of estimated hourly loads net of losses was
1,934,042 MWh, 0.6% lower than the actual class sales of 1,946,174 MWh. The percentage of
error is much less than the maximum tolerable error margin of £10% set for a typical load
research practice.

Table 19 presents summary statistics for the Schedules 12 & 26 class load. The table displays
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average
demand, load factor based on the class peak demand, timing of the system peak and class load at
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the time of system peak and the coincidence factor calculated as the class system-coincident load
divided by the class peak. In addition, the table displays other summary characteristics, such as
12-month and 4-month average coincident peak contributions, and average values of the top 12, 75
and 200 class peaks and the class loads at the top 12, 75 and 200 system peak hours. Monthly NCP
load factors do not fluctuate much with a low of 68.3% in July and a high of 76.2% in March. The
Schedules 12 & 26 load is fairly coincident with the system peak displaying a system peak
coincidence factor of over 90% for 8§ of the 12 months.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of @ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 154,288,106 Tuesday, January 2, 2018 12:00 284,095 207,376 73.0% Tuesday, January 2, 2018 18:00 238,160 83.8%
Feb-18 183,297427 Tuesday, February 13,2018 08:00 358,690 272,764 | 76.0% Friday, February 23,2018 08:00 337,597 94.1%
Mar-18 165448609 | Wednesday, March 28,2018 09:00 291,873 22377 762% Wednesday, March 7, 2018 08:00 266,038 91.1%
Apr-18 161,703,400 Thursday, April 26,2018 16:00 320,704 224,588 70.0% Monday, April 2, 2018 08:00 280,935 87.6%
May-18 171,875,772 Monday, May 14,2018 14:00 334,180 21016|  69.1% Monday, May 14,2018 18:00 318,700 95.4%
Jun-18 173,011,484 Monday, June 18,2018 13:00 345,146 240,294 69.6% Wednesday, June 20, 2018 18:00 311,833 90.3%
Juk-18 196,276,590 Tuesday, July 17,2018 13:00 386,131 263,813 68.3% Monday, July 30,2018 18:00 346,921 89.8%
Aug-18 197,357,675 Thursday, August 9, 2018 14:00 358,445 265266 | 74.0% Wednesday, August 8, 2018 18:00 341,196 95.2%
Sep-18 174328998 | Tuesday, September 4, 2018 13:00 339,155 22124 714% Thursday, September 6,2018 18:00 305,222 90.0%
Oct-18 179,669,306 Monday, October 1,2018 16:00 317,802 241,491 76.0% Monday, October 22,2018 08:00 275,861 86.8%
Nov-18 160,963,852 Tuesday, November 20, 2018 10:00 297,932 223,561 75.0% Monday, November 19,2018 08:00 277,230 93.1%
Dec-18 173,765,731 | Thursday, December 6, 2018 10:00 326,245 233,55 | 71.6% Thursday, December 6, 2018 08:00 306,913 94.1%
Annual 2,091,986,948 Annual Class Peak 386,131 238,811 61.8% Annual System Peak 337,597 87.4%
Average 12 Monthly NCPs 330,033 724% Average 12 Monthly CPs 300,550 91.1%
Average Top 12NCPs 366,739 65.1% Average Top 12 CPs 324,847 88.6%
Average Top 75 NCPs 354,178 67.4% Average Top 75 CPs 306,905 86.7%
Average Top 200 NCPs 344,501 69.3% Average Top 200 CPs 286,173 83.1%

Average 4CPs * 289,975

* Monthly CPs for November, December, January and February

Table 19 — Schedules 12 & 26 Class: Summary Statistics (Totals -kW)

Table 20 presents the data on an average-per-customer basis. For Schedules 12 & 26, the average
annual use per customer is 2,483,172 kWh with peak demand of 443.83 kW.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor
Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Timing of System Peak System Peak (kW) (%)
Jan-18 189,543 Tuesday, January 02,2018 12:00 349.01 254.76]  73.0% Tuesday, January 02,2018 18:00 29258 83.8%
Feb-18 226,573 Tuesday, February 13,2018 08:00 44337 337.16)  76.0% Friday, February 23,2018 08:00 417.30 94.1%
Mar-18 204258 | Wednesday, March 28,2018 09:00 360.34 274.54]  76.2% Wednesday, March 07,2018 08:00 328.44 91.1%
Apr-18 198,653 Thursday, April 26,2018 16:00 393.99 27591 70.0% Monday, April 02,2018 08:00 345.13 87.6%
May-18 203,886 Monday, May 14,2018 14:00 396.42 274.04]  69.1% Monday, May 14,2018 18:00 378.05 95.4%
Jun-18 198,408 Monday, June 18,2018 13:00 395.81 27557 69.6% Wednesday, June 20, 2018 18:00 357.61 90.3%
Jul-18 225,605 Tuesday, July 17,2018 13:00 44383 30323 683% Monday, July 30,2018 18:00 398.76 89.8%
Aug-18 225810 Thursday, August 09,2018 14:00 410.12 30351 74.0% Wednesday, August 08,2018 18:00 39038 95.2%
Sep-18 199,461 |  Tuesday, September 04,2018 13:00 388.05 277.03 71.4% | Thursday, September 06,2018 18:00 34922 90.0%
Qct-18 208,675 Monday, October 01,2018 16:00 369.11 28048 76.0% Monday, October 22,2018 08:00 32040 86.8%
Now-18 193,699 |  Tuesday, November 20, 2018 10:00 35852 269.03|  75.0% |  Monday, November 19,2018 08:00 33361 93.1%
Dec-18 208,602 [ Thursday, December 06, 2018 10:00 391.65 280.38 71.6% | Thursday, December 06, 2018 08:00 368.44 94.1%
Annual 2,483,172 Annual Class Peak 44383 28347 63.9% Annual System CP 417.30 94.0%

Table 20 — Schedules 12 & 26 Customer: Summary Statistics (Means — kW)
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3.7 Schedule 29 Seasonal Irrigation

The historical sample data was expanded to the population level by post-stratifying the data
available for Schedule 29 Seasonal Irrigation and Pumping Service class. Table 21 presents the
post-stratification used in the sample expansion analysis.

Annual kWh Range N(h) n(h) N(h)/n(h) W(h) Y(h) y(h) Adi. % Case Wt.
0 - 35,000* 627 192 3.3 0.8207 11,432 11,962 -4.4% 3.1
> 35,000 137 87 1.6 0.1793 69,324 76,173 -9.0% 1.4
Total 764 279 27 1.0000 21,814 23,476 -71% 25

Table 21 — Schedule 29: Post-Stratification

In the next step, the average loss factor estimated for Schedule 29 was applied to the hourly
expansions to produce the class hourly load profile. Table 7 indicates that the estimated average
loss factor for the irrigation rate schedule is 7.36%.

In the final step, the UFE was allocated to the Schedule 29 in proportion to preliminary estimate of
its contribution to the system demand for hour by hour.

Figure 22 presents the total load for the Seasonal Irrigation and Pumping Service class. The figure
displays the EnergyPrint to the left of a two-dimensional x-y plot. Dominance of the summer
seasonal load is clearly evident. The Seasonal Irrigation and Pumping Service class peak occurred
on Friday, July 20, 2018 at 7 PM. The class peak demand was 7.5 MW.

E
25

January 1 - December 31, 2018

M»\
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Figure 22 — Schedule 29: Class Total Load
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Figure 23 presents the total Seasonal Irrigation Rate Schedule 29 loads during the system peak
week of Sunday, February 18, 2018 through Saturday, February 24, 2018. The system peaked on
Friday, February 23, 2018 at hour ending 8 AM. The class had a system peak hour load of about
382 kW or 5.1% of'its July peak of 7.5 MW.

System Peak Week 02/18/2018 - 02/24/2018
Rate 29

1
n A ‘
System Peak

: ) VV"

1 02/23/2018

0
02/18/2018 Hour0l 02/19/2018 Hour01 02/20/2018 Hour0l 02/21/2018 HourDl 02/22/2018 HourD1l 02/23/2018 HourD1 02/24/2018 Hour01

Figure 23 — Schedule 29: Total Load during System Peak Week

Figure 24 shows the monthly Schedule 29 class energy consumption, peak demand and load factor
in graphics. The Seasonal Irrigation and Pumping Service load is highest during the summer
months.

Load Factor
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Figure 24 —Schedule 29: Class Monthly Energy, Demand and Load Factor

For Schedule 29, the sum of estimated hourly loads net of losses for the 12 months ending
December 2018 was 13,513 MWh, 18.0% lower than the actual class sales of 16,476 MWh. The
percentage of error is much higher than any other rate schedule’s. The irrigation load is extremely
volatile. There are many accounts showing no usage or inactive, even during the crop growing
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season. A significant number of the irrigation service customers close their accounts during the
winter months and re-open the accounts in spring or early summer months. Therefore, population
expansion of the sampled hourly loads is a real challenge and error margins are expected to be
higher than other rate classes’.

Table 22 presents summary statistics for the Seasonal Irrigation and Pumping Service load. The
table displays monthly energy use, timing of the class peak demand, magnitude of the class peak
demand, average demand, load factor based on the class peak demand, timing of the system peak
and class load at the time of system peak and the coincidence factor calculated as the class system-
coincident load divided by the class peak. In addition, the table displays other summary
characteristics, such as 12-month and 4-month average coincident peak contributions, and average
values of the top 12, 75 and 200 class peaks and the class loads at the top 12, 75 and 200 system
peak hours. Monthly load factors are low during the winter months while being much higher in the
summer months. Monthly load factors range from a low of 25.9% in December to a high of 70.1%
in July. Except in the mid-summer months of July and August, the Seasonal Irrigation load is
hardly coincident with the system peak displaying a system peak coincidence factor as low as
15.4% in October and 24.7% in April.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 320,841 Monday, January 29,2018 14:00 675 431 63.9% Tuesday, January 02,2018 18:00 457 67.6%
Feb-18 301,756 Monday, February 19,2018 10:00 942 449 47.7% Friday, February 23,2018 08:00 382 40.6%
Mar-18 283,075 Monday, March 05,2018 19:00 660 380 57.7% Wednesday, March 07,2018 08:00 463 70.2%
Apr-18 448,627 Thursday, April 26,2018 16:00 1,880 623 33.1% Monday, April 02,2018 08:00 465 24.7%
May-18 1,635,524 Thursday, May 31,2018 15:00 4,391 2,198 50.1% Monday, May 14,2018 18:00 3,122 71.1%
Jun-18 2,508,500 Saturday, June 23,2018 14:00 5,860 3484 59.5% Wednesday, June 20,2018 18:00 4,240 T24%
Jul-18 3,896,276 Friday, July 20,2018 19:00 7,468 5237 70.1% Monday, July 30,2018 18:00 6,257 83.8%
Aug-18 3,148,675 Thursday, August 09,2018 19:00 6,276 4232 67.4% Wednesday, August 08,2018 18:00 5,822 92.8%
Sep-18 1,174,834 | Wednesday, September 05,2018 20:00 4299 1,632 38.0% | Thursday, September 06, 2018 18:00 3,722 86.6%
Oct-18 376,728 Thursday, October 18,2018 18:00 1,648 506 30.7% Monday, October 22, 2018 08:00 256 15.5%
Nov-18 240,085 Friday, November 09, 2018 03:00 780 333 42.8% Monday, November 19,2018 08:00 660 84.7%
Dec-18 251,709 Sunday, December 23,2018 21:00 1,309 338 25.9% Thursday, December 06, 2018 08:00 345 26.3%
Annual 14,586,630 Annual Class Peak 7468 1,665 22.3% Annual System Peak 382 5.1%
Average 12 Monthly NCPs 3,016 552% Average 12 Monthly CPs 2,183 72.4%
Average Top 12 NCPs 7,017 23.7% Average Top 12 CPs 364 52%
Average Top 75 NCPs 6,618 252% Average Top 75 CPs 394 6.0%
Average Top 200 NCPs 6,313 26.4% Average Top 200 CPs 401 6.4%

Average 4CPs * 461

* Monthly CPs for November, December, January and February

Table 22 — Schedule 29 Class: Summary Statistics (Totals — kW)

Table 23 presents the data on an average-per-customer basis. The average annual use per customer

in Rate Schedule 29 is 22,302 kWh with annual peak demand of 10.87 kW.
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Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor
Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Timing of System Peak System Peak (kW) (%)
Jan-18 602 Monday, January 29, 2018 14:00 127 0.81 63.9% Tuesday, January 02, 2018 18:00 0.86 67.6%
Feb-18 579 Monday, February 19,2018 10:00 181 086  47.7% Friday, February 23,2018 08:00 0.73 40.6%
Mar-18 535 Monday, March 05,2018 19:00 125 072 57.7% Wednesday, March 07,2018 08:00 0.88 70.2%
Apr-18 795 Thursday, April 26,2018 16:00 333 110]  33.1% Monday, April 02,2018 08:00 0.82 24.7%
May-18 2,600 Thursday, May 31,2018 15:00 6.98 349 50.1% Monday, May 14,2018 18:00 496 71.1%
Jun-18 37172 Saturday, June 23,2018 14:00 8.81 524 59.5% Wednesday, June 20,2018 18:00 6.38 724%
Jul-18 5,671 Friday, July 20,2018 19:00 10.87 762 70.1% Monday, July 30,2018 18:00 9.11 83.8%
Aug-18 4,530 Thursday, August 09, 2018 19:00 9.03 6.09]  674% Wednesday, August 08,2018 18:00 8.38 92.8%
Sep-18 1,720 | Wednesday, September 05, 2018 20:00 6.30 239 38.0% | Thursday, September 06,2018 18:00 545 86.6%
Oct-18 595 Thursday, October 18,2018 18:00 260 0.80[  30.7% Monday, October 22,2018 08:00 0.40 15.5%
Nov-18 433 Friday, November 09,2018 03:00 141 0.60|  42.8% Monday, November 19, 2018 08:00 119 84.7%
Dec-18 467 Sunday, December 23,2018 21:00 243 0.63|  25.9% | Thursday, December 06,2018 08:00 0.64 263%
Annual 22302 Annual Class Peak 10.87 2.55 234% Annual System CP 0.73 6.8%
Table 23 — Schedule 29 Customer: Summary Statistics (Means — kW)
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3.8 Schedules 10 & 31 Primary General Service

The historical sample data was expanded to the population level by post-stratifying the data
available for Schedules 10 & 31 Large Primary General Service class. Table 24 presents the post-
stratification used in the sample expansion analysis.

Annual kWh Range N(h) n(h) N(h)/n(h) W(h) Y(h) y(h) Adi. % Case Wt.
0 - 2,000,000% 314 59 5.3 0.6528 641,668 780,862 -17.8% 4.4
2,000,001 - 8,000,000 133 78 1.7 0.2765 4,127,757 4,176,326 -1.2% 17
> 8,000,000 34 29 1.2 0.0707 13,210,931 13,194,071 0.1% 1.2
Total 481 166 29 1.0000 2,494,069 2,597,173 -4.0% 2.8

Table 24 — Schedules 10 & 31: Post-Stratification

Five existing Schedule 40 device locations are going to be served under Schedule 31. The final
estimate of hourly load shape has been produced by adding the sum of hourly loads metered at
those 5 locations to the class hourly load shape estimated for the existing Schedule 10 & 31 device
locations.

In the next step, the average loss factor estimated for the primary voltage general service class was
applied to the hourly expansions to produce the class hourly load profile. According to Table 7,
the estimated average loss factor for Schedules 10 & 31 is 3.64%.

Finally, the UFE was allocated to the Schedules 10 & 31 in proportion to preliminary estimate of
its contribution to the system demand on an hourly basis.

Figure 25 presents the total load for the Schedules 10 & 31 class. The figure displays the
EnergyPrint to the left of two-dimensional x-y plot. An overall consistency of the load throughout
the year is clearly visible in the EnergyPrint. The Schedules 10 & 31 class peak occurred on
Wednesday, January 17,2018 at 2 PM. The class peak demand was 289.5 MW.
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e January 1 . December 31, 2018

Figure 25 — Schedules 10 & 31 Class Total Load

Figure 26 presents Schedules 10 & 31 class load during the system peak week of Sunday, February
18, 2018 through Saturday, February 24, 2018. The system peaked on Friday, February 23, 2018
at hour ending 8 AM. The class had a system peak hour load of 214.7 MW or 74.2% of the January
class peak demand of 289.5 MW.
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System Peak Week 02/18/2018 - 02/24/2018
Rate 31
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Figure 26 — Schedules 10 & 31: Total Load during System Peak Week

Figure 27 presents the monthly Schedules 10 & 31 class energy consumption, peak demand and
load factor in graphics. Except the case of June 2016 when weather was abnormally warm on the
annual class peak day, the class load is quite stable month to month and the ranges of fluctuations
in monthly energy consumption, peak demand and load factor are fairly narrow.
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Figure 27 — Schedules 10 & 31: Class Monthly Energy, Demand and Load Factor

Achieved precision of the Large General Service class analysis is reflected in the difference
between the sum of the estimated class hourly loads net of losses and the total actual sales to the
class in the study period. The sum of estimated hourly loads net of losses was 1,401,225 MWh,
8.0% higher than the actual class sales of 1,297,585 MWh. The percentage of error is less than the
maximum error margin of £10% accepted in a typical load research practice.
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Table 25 presents summary statistics for the Schedules 10 & 31 class load. The table displays
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average
demand, load factor based on the class peak demand, timing of the system peak and class load at
the time of system peak and the coincidence factor calculated as the class system-coincident load
divided by the class peak. In addition, the table displays other summary characteristics, such as
12-month and 4-month average coincident peak contributions, and average values of the top 12, 75
and 200 class peaks and the class loads at the top 12, 75 and 200 system peak hours. Monthly NCP
load factors range from a low of 60.3% in January to a high of 75.9% in October. The Schedules
10 & 31 load is fairly coincident with the system peak displaying a system peak coincidence factor
of over 80% for 10 of the 12 months.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor
Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 129,854,121 Wednesday, January 17,2018 14:00 289,468 174,535 60.3% Tuesday, January 02,2018 18:00 193,014 66.7%
Feb-18 118,003,920 Tuesday, February 13,2018 08:00 240,007 175,601 73.2% Friday, February 23,2018 08:00 214,695 89.5%
Mar-18 121,143,256 Wednesday, March 07,2018 10:00 221,571 162,827 73.5% Wednesday, March 07,2018 08:00 202,112 91.2%
Apr-18 120,319,257 Tuesday, April 17,2018 10:00 225,097 167,110 74.2% Monday, April 02,2018 08:00 207,666 92.3%
May-18 119,410,813 Monday, May 14,2018 14:00 219,365 160,498 73.2% Monday, May 14,2018 18:00 196,914 89.8%
hn-18 | 122296597 Friday, June 08,2018 | 10:00 262,544 169.856 | 64.7% Wednesday, June 20,2018 18:00 200,795 76.5%
Jul-18 122,346,319 Tuesday, July 17,2018 13:00 236,778 164444 | 69.5% Monday, July 30,2018 18:00 195,859 82.7%
Aug-18 122,396,631 ‘Wednesday, August 15,2018 14:00 219,039 164,512 75.1% ‘Wednesday, August 08,2018 18:00 195,866 89.4%
Sep-18 120,241,252 Thursday, September 06,2018 14:00 224,230 167,002 74.5% | Thursday, September 06,2018 18:00 203,806 90.9%
Oct-18 124,124,014 Tuesday, October 23,2018 14:00 219,775 166,833 75.9% Monday, October 22,2018 08:00 193,221 87.9%
Nov-18 113,283,703 Thursday, November 08, 2018 09:00 213,543 157,338 73.7% Monday, November 19,2018 08:00 193,183 90.5%
Dec-18 120,736,689 Friday, December 14,2018 14:00 245,962 162,280 66.0% Thursday, December 06, 2018 08:00 218,487 88.8%
Annual 1,454,156,572 Annual Class Peak 289,468 166,000 57.3% Annual System Peak 214,695 74.2%
Average 12 Monthly NCPs 234781 70.7% Average 12 Monthly CPs 201,301 85.7%
Average Top 12 NCPs 245292 67.7% Average Top 12 CPs 218,845 89.2%
Average Top 75 NCPs 229,270 72.4% Average Top 75 CPs 207,465 90.5%
Average Top 200 NCPs 222,948 74.5% Average Top 200 CPs 197,738 88.7%
Average 4CPs * 204,845
* Monthly CPs for November, December, January and February
Table 25 — Schedules 10 & 31 Class: Summary Statistics (Totals — kW)
Table 26 presents the data on an average-per-customer basis. For a Schedules 10 & 31, the
average use per customer is 2,986,909 kWh with a peak demand of 594.39 kW.
Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor
Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Timing of System Peak System Peak (kW) (%)
Jan-18 266,641 Wednesday, January 17,2018 14:00 59439 358.39 60.3% Tuesday, January 02, 2018 18:00 396.33 66.7%
Feb-18 | 242,806 Tuesday, February 13,2018 08:00 493.84 36132)  732% Friday, February 23,2018 08:00 441.76 89.5%
Mar-18 r 249,780 Wednesday, March 07, 2018 10:00 456.85 33573 73.5% Wednesday, March 07,2018 08:00 416.72 91.2%
Apr-18 f 246,556 Tuesday, April 17,2018 10:00 461.26 342441 742% Monday, April 02,2018 08:00 42555 92.3%
May-18 f 245,197 Monday, May 14,2018 14:00 450.44 329.57 73.2% Monday, May 14,2018 18:00 404.34 89.8%
Tunis | 251,639 Friday, June 08,2018 10:00 54021 349500 64.7% Wednesday, June 20,2018 18:00 413.16 76.5%
s | 249,686 Tuesday, July 17,2018 13:00 483.22 335.60]  69.5% Monday, July 30,2018 18:00 399.71 82.7%
Aug-18 f 251,328 Wednesday, August 15,2018 14:00 449.77 33781 75.1% Wednesday, August 08, 2018 18:00 402.19 89.4%
Sep-18 f 247920 | Thursday, September 06,2018 14:00 46233 34433 74.5% | Thursday, September 06,2018 18:00 42022 90.9%
oet18 | 253,832 Tuesday, October 23,2018 14:00 449.44 341170 75.9% Monday, October 22,2018 08:00 395.13 87.9%
Nowls | 233,094 | Thursday, November 08,2018 09:00 439.39 323.74]  73.7% | Monday, November 19,2018 08:00 39750 90.5%
Dec-18_| 248429 Friday, December 14,2018 14:00 506.09 33391 66.0% [ Thursday, December 06,2018 08:00 449.56 88.8%
Annual 2,986,909 Annual Class Peak 59439 340.97 574% Annual System CP 441.76 74.3%
Table 26 — Schedules 10 & 31 Customer: Summary Statistics (Means — kW)
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3.9 Schedule 35 Primary Seasonal Irrigation

Since there is only one customer in this rate class, the Schedule 35 Primary Seasonal Irrigation
class hourly loads were determined on the basis of the actual 15-minute interval data collected for
this customer. In the next step, the average loss factor estimated for the primary voltage seasonal
irrigation service was applied to the hourly loads. The estimated average loss factor is 3.58%,
according to Table 7.

Figure 28 presents the total load for the Schedule 35 class. The figure displays the EnergyPrint to
the left of a two-dimensional x-y plot. The dominance of the summer seasonal load is obvious.
The Schedule 35 class peak occurred on Saturday, July 21, 2018 at 3 PM. The class peak demand
was 1.551 MW.

X January 1 - December 31, 2018

Figure 28 — Schedule 35: Class Total Load

There was almost no demand during the system peak week of February 18 — February 24, 2018.

Figure 29 presents the monthly Schedule 35 class energy consumption, peak demand and load
factor in graphics. As shown in the graphs, Schedule 35 load is highly summer seasonal with
virtually no load during the winter period.
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Figure 29 — Schedule 35: Class Monthly Energy, Demand and Load Factors

The achieved precision was perfect since the data for the entire Schedule 35 class was available
for the full twelve-month period examined.

Table 27 presents summary statistics for the Schedule 35 class. The table displays monthly energy
use, timing of the class peak demand, magnitude of the class peak demand, average demand, load
factor based on the class peak demand, timing of the system peak and class load at the time of
system peak and the coincidence factor calculated as the class system-coincident load divided by
the class peak. In addition, the table displays other summary characteristics, such as 12-month and
4-month average coincident peak contributions, and average values of the top 12, 75 and 200 class
peaks and the class loads at the top 12, 75 and 200 system peak hours. The class displays virtually

no load in the winter months.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 5873 Monday, January 01,2018 02:00 9 8 90.6% Tuesday, January 02,2018 18:00 8 92.9%
Feb-18 4305 Thursday, February 01,2018 01:00 8 6 79.2% Friday, February 23,2018 08:00 6 76.9%
Mar-18 4,966 Thursday, March 01, 2018 01:00 8 7 82.5% Wednesday, March 07,2018 08:00 7 84.6%
Apr-18 310,235 Tuesday, April 24,2018 08:00 1,026 431 42.0% Monday, April 02,2018 08:00 7 0.7%
May-18 674,293 Saturday, May 19,2018 09:00 1,262 906 71.8% Monday, May 14,2018 18:00 1,006 79.7%
Jun-18 721,673 Thursday, June 28,2018 05:00 1,522 1,002 65.9% Wednesday, June 20,2018 18:00 1,001 65.8%
Jul-18 994,695 Saturday, July 21,2018 03:00 1,551 1337 86.2% Monday, July 30,2018 18:00 1,031 66.5%
Aug-18 803,391 Friday, August 17,2018 04:00 1,268 1,080 852% Wednesday, August 08, 2018 18:00 993 78.4%
Sep-18 773,234 | Thursday, September 06,2018 08:00 1,286 1,074 83.5% | Thursday, September 06, 2018 18:00 1,279 99.5%
Oct-18 243,728 Monday, October 01,2018 09:00 994 328 329% Monday, October 22,2018 08:00 4 0.4%
Nov-18 4522 Thursday, November 01,2018 02:00 7 6 84.1% Monday, November 19, 2018 08:00 7 91.7%
Dec-18 4,732 Sunday, December 02,2018 03:00 7 6 85.2% | Thursday, December 06,2018 08:00 7 91.7%
Annual 4,545,647 Annual Class Peak 1,551 519 33.5% Annual System Peak 6 0.4%
Average 12 Monthly NCPs 746 69.6% Average 12 Monthly CPs 446 59.9%
Average Top 12 NCPs 1,550 33.5% Average Top 12 CPs 6 0.4%
Average Top 75 NCPs 1,548 33.5% Average Top 75 CPs 7 0.4%
Average Top 200 NCPs 1,542 33.6% Average Top 200 CPs 7 0.4%

Average 4CPs * 7

* Monthly CPs for November, December, January and February

Table 27 — Schedule 35 Class: Summary Statistics (Totals — kW)

Since only one customer is served under the Primary Seasonal Irrigation class, no summary table

is presented on a per-customer basis.
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3.10 Schedule 43 Interruptible Primary Service for Electric
Schools
The historical sample data was expanded to the population level by post-stratifying the data

available for the Schedule 43 Interruptible Primary Service for Electric Schools class. Table 28
presents the post-stratification used in the sample expansion analysis.

Annual kWh Range N(h) n(h) N(h)/n(h) W(h) Y(h) y(h) Adj. % Case Wt.
0 - 1,000,000* 129 38 3.4 0.8377 521,965 558,141 -6.5% 3.2
> 1,000,000 25 19 1.3 0.1623 1,848,798 2,026,940 -8.8% 1.2
Total 154 57 2.7 1.0000 737,360 796,583 -7.4% 25

Table 28 — Schedule 43: Post-Stratification

In the second step, the average loss factor estimated for Schedule 43 was applied to the hourly
expansion. As stated in Table 7, the estimated average loss factor is 3.70%.

Figure 30 presents the total load for the Schedule 43 class. The figure displays the EnergyPrint to
the left of a two-dimensional x-y plot. The dominance of the winter seasonal load and the summer
shut-down of schools are clearly evident. The Schedule 43 class peak occurred on Monday,
February 13,2018 at 8 AM. The class peak demand was 62.7 MW.
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Figure 30 — Schedule 43: Class Total Load

Figure 31 presents the total Schedule 43 load during the system peak week of Sunday, February
18, 2018 through Saturday, February 24, 2018. The system peak demand occurred at 8 PM on
Friday, February 23, 2018. The class had a system peak hour load of 52.6 MW or 84.0% of the
class peak demand of 62.7 MW occurred at 8 AM on February 13.
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System Peak Week 02/18/2018 - 02/24/2018
Rate 43
60

System Peak
day
02/23/2018

10

0
02/18/2018 Hour0l 02/19/2018 Hour0l 02/20/2018 HourDl 02/21/2018 Hour01 02/22/2018 Hour0l 02/23/2018 Hour0l 02/24/2018 Hour0l

Figure 31 — Schedule 43: Total Load during System Peak Week

Figure 32 presents the monthly Schedule 43 class energy consumption, peak demand and load
factor in graphics. As shown in the graphs, the Interruptible Primary Service load of all-electric
schools is highly seasonal with electric space-heating load in the winter months. The loads in July
and August are substantially lower, reflecting the annual summer break at schools.
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Figure 32 — Schedule 43: Class Monthly Energy, Demand and Load Factor

Achieved precision of the Interruptible Primary Service class analysis can be evaluated in terms of
the difference between the sum of the estimated class hourly loads net of losses for the study period
and the total actual sales to the class in the same period. The sum of estimated hourly loads net of
losses was 117,821 MWh, 1.6% lower than the actual class sales of 119,697 MWh. The percentage
of error is substantially lower than the maximum tolerable error margin of £10% allowed in a
typical load research practice.
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Table 29 presents summary statistics for the Schedule 43 class load. The table displays monthly
energy use, timing of the class peak demand, magnitude of the class peak demand, average demand,
load factor based on the class peak demand, timing of the system peak and class load at the time of
system peak and the coincidence factor calculated as the class system-coincident load divided by
the class peak. In addition, the table displays other summary characteristics, such as 12-month and
4-month average coincident peak contributions, and average values of the top 12, 75 and 200 class
peaks and the class loads at the top 12, 75 and 200 system peak hours. The monthly NCP load
factor tends to be low and ranges from a low of 33.1% in April to a high of 49.4% in July. Due to
summer and winter breaks at schools, the system coincidence factors fluctuate from 36.9% to

100.0%
Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of @ System Peak Factor
Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 13,067,264 Tuesday, January 02,2018 08:00 45,049 17,564 39.0% Tuesday, January 02,2018 18:00 19,555 43.4%
Feb-18 15825219 Tuesday, February 13,2018 08:00 62,653 23,549 37.6% Friday, February 23,2018 08:00 52,646 84.0%
Mar-18 13,274,215 Monday, March 05,2018 09:00 48919 17,842 36.5% Wednesday, March 07,2018 08:00 42,140 86.1%
Apr-18 10,218,774 Monday, April 16,2018 08:00 42,849 14,193 33.1% Monday, April 02,2018 08:00 41,019 95.7%
May-18 8428818 Tuesday, May 01,2018 |~ 09:00 28,355 11329 40.0% Monday, May 14,2018 18:00 11914 42.0%
Jun-18 7,017,949 Monday, June 11,2018 08:00 25311 9,747 38.5% Wednesday, June 20, 2018 18:00 9,341 36.9%
Jul-18 5,373,037 Tuesday, July 17,2018 13:00 14,633 7222 49.4% Monday, July 30,2018 18:00 8,033 54.9%
Aug-18 6,194,788 Thursday, August 30, 2018 12:00 17,623 8326 47.2% Wednesday, August 08,2018 18:00 8,346 474%
Sep-18 7,200,873 Tuesday, September 25,2018 09:00 25,150 10,001 39.8% | Thursday, September 06,2018 18:00 9,627 38.3%
Oct-18 10,042,676 Monday, October 22,2018 08:00 36,987 13,498 36.5% Monday, October 22,2018 08:00 36,987 100.0%
Nov-18 11,676,276 Monday, November 19, 2018 08:00 48,161 16217 33.7% Monday, November 19,2018 08:00 48,161 100.0%
Dec-18 14,027,804 | Thursday, December 06,2018 09:00 54,873 18,855 34.4% | Thursday, December 06,2018 08:00 53323 97.2%
Annual | 122,347,692 Annual Class Peak 62,653 13967 | 22.3% Annual System Peak 52,646 84.0%
Average 12 Monthly NCPs 37,547 37.2% Average 12 Monthly CPs 28424 75.7%
Average Top 12 NCPs 57,795 242% Average Top 12 CPs 48,496 83.9%
Average Top 75 NCPs 49,801 28.0% Average Top 75 CPs 38310 76.9%
Average Top 200 NCPs 44529 31.4% Average Top 200 CPs 32,008 71.9%
Average 4CPs * 43421
* Monthly CPs for November, December, January and February
Table 29 — Schedule 43 Class: Summary Statistics (Totals — kW)
Table 30 presents the data on an average-per-customer basis. The average use per customer for
Schedule 43 is estimated to be 790,638 kWh with a peak demand of 401.62 kW.
Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Awerage Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor
Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Timing of System Peak System Peak (kW) (%)
Jan-18 83,231 Tuesday, January 02,2018 08:00 286.93 111.87)  39.0% Tuesday, January 02,2018 18:00 12455 434%
Feb-18 101,444 Tuesday, February 13,2018 08:00 401.62 15096 37.6% Friday, February 23,2018 08:00 33747 84.0%
Mar-18 85,091 Monday, March 05,2018 09:00 313.58 11437 36.5% Wednesday, March 07,2018 08:00 270.13 86.1%
Apr-18 65,928 Monday, April 16,2018 08:00 27645 9157|  33.1% Monday, April 02,2018 08:00 264.64 95.7%
May-18 54379 Tuesday, May 01,2018 09:00 182.94 73.09]  40.0% Monday, May 14, 2018 18:00 76.86 42.0%
Jun-18 45277 Monday, June 11,2018 08:00 163.29 62.88 38.5% Wednesday, June 20,2018 18:00 60.26 36.9%
Jul-18 34,665 Tuesday, July 17,2018 13:00 9441 46.59|  494% Monday, July 30,2018 18:00 5183 54.9%
Aug-18 40,226 Thursday, August 30,2018 12:00 11443 5407 472% |  Wednesday, August 08, 2018 18:00 54.19 474%
Sep-18 46,759 Tuesday, September 25,2018 09:00 163.31 64.94|  39.8% [ Thursday, September 06,2018 18:00 6251 383%
Oct-18 65,038 Monday, October 22,2018 08:00 24175 8822 36.5% Monday, October 22, 2018 08:00 24175 100.0%
Nov-18 76,316 Monday, November 19,2018 08:00 31477 105.99|  33.7% | Monday, November 19, 2018 08:00 31477 100.0%
Dec-18 91,685 | Thursday, December 06,2018 09:00 358.65 123.23 34.4% | Thursday, December 06,2018 08:00 348.51 97.2%
Annual 790,638 Annual Class Peak 401.62 90.26]  22.5% Annual System CP 33747 84.0%
Table 30 — Schedule 43 Customer: Summary Statistics (Means — kW)
Page 3-46 May 2019
Exh. CKC-3

Page 51 of 91



Puget Sound Energy
Class Load Research

3.11 Schedule 46 High Voltage Interruptible Service

Since the 15-minute interval load data are available for all of the loads on Schedule 46, the Schedule
46 High Voltage Interruptible Service class hourly loads were calculated on the basis of the actual
interval load data collected for population. Finally, the average loss factor estimated for the high
voltage interruptible service was applied to the hourly loads. Table 7 shows that the estimated
average loss factor is 1.77%.

Figure 33 presents the total load for the Schedule 46 class. The figure displays the EnergyPrint to
the left of a two-dimensional x-y plot. No significant seasonality is observed with this class load.
The Schedule 46 class peak occurred on Friday, June 1, 2018 at 10 AM. The class peak demand
was 23.5 MW.
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28750

January 1. December 31, 2018

Figure 33 — Schedule 46: Class Total Load

Figure 34 presents the total Schedule 46 class load for the system peak week of Sunday, February
18, 2018 through Saturday, February 24, 2018. The class had a system peak hour load of 14.3 MW,
or 60.8% of the June class peak demand of 23.5 MW.
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System Peak Week 02/18/2018 - 02/24/2018
Rate 46
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Figure 34 — Schedule 46: Total Load during System Peak Week

Figure 35 shows the monthly energy consumption, peak demand and load factor of the Schedule
46 class in graphics. As illustrated in the graphs, the interruptible high voltage service load of
Schedule 46 tends to have monthly class peak demand fluctuate from 13.8 MW in April to 23.5
MW in June.
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Figure 35 — Schedule 46: Class Monthly Energy, Demand and Load Factor

The achieved precision is expected to be perfect since the interval load data for all of the customers
in this rate class were available for the full twelve-month period examined.

Table 31 presents summary statistics for the Schedule 46 class load. The table displays monthly
energy use, timing of the class peak demand, magnitude of the class peak demand, average demand,
load factor based on the class peak demand, timing of the system peak and class load at the time of
system peak and the coincidence factor calculated as the class system-coincident load divided by
the class peak. In addition, the table displays other summary characteristics, such as 12-month and
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4-month average coincident peak contributions, and average values of the top 12, 75 and 200 class
peaks and the class loads at the top 12, 75 and 200 system peak hours. The class displays some
volatility in its monthly energy use and peak demand. The monthly class load factors range from
a low of 49.6% in January to a high of 69.1% in February. The load is rarely coincident with the
system peak with a coincidence factor over 70% for only 3 of the 12 months.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of @ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 5,214,429 | Wednesday, January 31,2018 16:00 14,126 7,009 49.6% Tuesday, January 02, 2018 18:00 6,440 45.6%
Feb-18 6,834,765 | Thursday, February 22,2018 07:00 14,714 10,171 69.1% Friday, February 23,2018 08:00 14277 97.0%
Mar-18 7,777,853 Thursday, March 15,2018 12:00 20,031 10,454 522% Wednesday, March 07,2018 08:00 9.619 48.0%
Apr-18 5,786,605 Saturday, April 28,2018 01:00 13,764 8,037 58.4% Monday, April 02,2018 08:00 8,922 64.8%
May-18 7,016,013 Thursday, May 31,2018 14:00 15,177 9.430 62.1% Monday, May 14,2018 18:00 5,104 33.6%
Jun-18 9,088,375 Friday, June 01,2018 10:00 23483 12,623 53.8% Wednesday, June 20, 2018 18:00 15,966 68.0%
Jul-18 7,636,594 Thursday, July 19,2018 02:00 16,746 10,264 61.3% Monday, July 30,2018 18:00 11,043 65.9%
Aug-18 6,768,867 Friday, August 24,2018 13:00 15,625 9,098 582% Wednesday, August 08,2018 18:00 9217 59.0%
Sep-18 6,286,494 | Friday, September 07,2018 20:00 14,578 8,731 59.9% | Thursday, September 06, 2018 18:00 13,747 94.3%
Oct-18 6,047,538 Tuesday, October 16,2018 10:00 15,283 8,128 53.2% Monday, October 22,2018 08:00 5,062 33.1%
Nov-18 5,039,305 [ Friday, November 30,2018 11:00 14,026 6,999 49.9% Monday, November 19, 2018 08:00 7442 53.1%
Dec-18 5,772,476 | Saturday, December 01,2018 03:00 15171 7,759 51.1% Thursday, December 06, 2018 08:00 11430 75.3%
Annual 79.269.313 Annual Class Peak 23483 9.049 385% Annual System Peak 14277 60.8%
Average 12 Monthly NCPs 16,060 56.3% Average 12 Monthly CPs 9.856 61.4%
Average Top 12 NCPs 22,359 40.5% Average Top 12 CPs 11,338 50.7%
Average Top 75 NCPs 19.872 45.5% Average Top 75 CPs 11,099 55.9%
Average Top 200 NCPs 17,754 51.0% Average Top 200 CPs 10,130 57.1%

Average 4CPs * 9.897
* Monthly CPs for November, December, January and February
Table 31 — Schedule 46 Class: Summary Statistics (Totals — kW)
Since only six customers are served under the Interruptible High Voltage Service rate, no
summary table is presented on a per-customer basis.
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3.12 Schedule 49 High Voltage General Service

Since all of the customers in the High Voltage General Service class are metered with interval load
readings, the entire load data for the class was used for the class hourly load profiling. The average
loss factor estimated for the class was applied to the hourly loads. Table 7 shows that the estimated

average loss factor is 1.76%.

Figure 36 presents the results for the Schedule 49 class. The figure displays the EnergyPrint to the
left of a two-dimensional x-y plot. The Schedule 49 class peak occurred on Thursday, July 26,
2018 at 1 PM. The class peak demand was 83.6 MW. While mid-summer loads tend to be slightly
higher than the loads in other months, no seasonality was apparent.
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Figure 36 — Schedule 49: Class Total Load

Figure 37 presents the total Schedule 49 class load for the system peak week of Sunday, February
18, 2018 through Saturday, February 24, 2018. The class had a system peak hour load of 69.4 MW
or 83.0% of the July class peak demand of 83.6 MW.
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System Peak Week 02/18/2018 - 02/24/2018
Rate 49
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Figure 37 — Schedule 49: Total Load during System Peak Week

Figure 38 presents the monthly energy consumption, peak demand and load factors of the Schedule
49 class in charts. As shown in the charts, the High Voltage General Service loads were stable
throughout the year and the percentage difference between the highest monthly peak of 83.6 MW
and the lowest monthly peak load of 76.2 MW was only 8.9%.
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Figure 38 — Schedule 49: Class Monthly Energy, Demand and Load Factor

The achieved precision for this class was perfect since the interval load data for all of the customers
in this rate class were available for the full twelve-month period examined.

Table 32 presents summary statistics for the Schedule 49 class load. The table displays monthly
energy use, timing of the class peak demand, magnitude of the class peak demand, average demand,
load factor based on the class peak demand, timing of the system peak and class load at the time of
system peak and the coincidence factor calculated as the class system-coincident load divided by
the class peak. In addition, the table displays other summary characteristics, such as 12-month and
4-month average coincident peak contributions, and average values of the top 12, 75 and 200 class
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peaks and the class loads at the top 12, 75 and 200 system peak hours. The monthly class NCP load
factors are high and stable, ranging from a low of 78.8% in December to a high of 83.5% in January.
The load is highly coincident with the system peak with a coincidence factor over 83% for all of

the 12 months.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Avwerage Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 47,807,448 | Wednesday, January 31,2018 13:00 76,951 64,257 83.5% Tuesday, January 02,2018 18:00 64,001 83.2%
Feb-18 42,377,045 Thursday, February 22,2018 12:00 76.956 63,061 81.9% Friday, February 23,2018 08:00 69.414 90.2%
Mar-18 45,844,061 Monday, March 26, 2018 12:00 76,794 61618 80.2% Wednesday, March 07,2018 08:00 68,598 89.3%
Apr-18 46,152,692 Tuesday, April 24,2018 14:00 79357 64,101 80.8% Monday, April 02,2018 08:00 71485 90.1%
May-18 47,807,303 Wednesday, May 23,2018 14:00 78364 64,257 82.0% Monday, May 14,2018 18:00 71,800 91.6%
Jun-18 46,114,461 Wednesday, June 20,2018 11:00 78,857 64,048 81.2% Wednesday, June 20,2018 18:00 73,143 92.8%
Jul-18 49,395,998 Thursday, July 26, 2018 13:00 83,617 66392 794% Monday, July 30,2018 18:00 71,784 85.8%
Aug-18 48,549,345 | Wednesday, August 15,2018 14:00 79.488 65254 82.1% | Wednesday, August 08,2018 18:00 73,607 92.6%
Sep-18 45,588,810 | Thursday, September 06, 2018 14:00 71,754 63318 81.4% | Thursday, September 06,2018 18:00 70,300 90.4%
Oct-18 47,187,830 | Wednesday, October 10,2018 12:00 76.207 63425 83.2% Monday, October 22, 2018 08:00 68,232 89.5%
Nov-18 45,789,374 | Thursday, November 29,2018 13:00 78,040 63.596 81.5% | Monday, November 19,2018 08:00 72482 92.9%
Dec-18 46,351,956 Tuesday, December 11,2018 12:00 79,089 62,301 78.8% | Thursday, December 06,2018 08:00 72412 91.6%
Annual 558,966,522 Annual Class Peak 83,017 63,809 76.3% Annual System Peak 69,414 83.0%
Average 12 Monthly NCPs 78,456 81.3% Average 12 Monthly CPs 70,605 90.0%
Average Top 12 NCPs 80,941 788% Average Top 12 CPs 69,469 85.8%
Average Top 75 NCPs 78353 81.4% Average Top 75 CPs 68,124 86.9%
Average Top 200 NCPs 76,935 0.0% Average Top 200 CPs 67414 87.6%

Average 4CPs * 69,577

* Monthly CPs for November, December, January and February

Table 32 — Schedule 49 Class:

Summary Statistics (Totals — MW)

Table 30 presents the data on an average-per-customer basis. There were 19 customers under
Schedule 49 during the study period. The average use per customer in the class is estimated to be
29,419,291 kWh with a peak demand of 4,401 kW.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor
Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Timing of System Peak System Peak (kW) (%)

Jan-18 2,516,181 | Wednesday, January 31,2018 13:00 4,050 3382 83.5% Tuesday, January 02, 2018 18:00 3368 83.2%
Feb-18 | 2,230,381 Thursday, February 22,2018 12:00 4,050 3319]  81.9% Friday, February 23,2018 08:00 3,653 90.2%
Mar18 | 2412845 Monday, March 26, 2018 12:00 4,042 32431 80.2% Wednesday, March 07,2018 08:00 3610 89.3%
Apr-18 [ 2,429,089 Tuesday, April 24,2018 14:00 4177 3374 80.8% Monday, April 02,2018 08:00 3,762 90.1%
May-18 [ 2,516,174 Wednesday, May 23, 2018 14:00 4,124 3382 82.0% Monday, May 14,2018 18:00 3,119 91.6%
Jur1s | 2427017 Wednesday, June 20,2018 11:00 4,150 3371 81.2% Wednesday, June 20,2018 18:00 3,850 92.8%
s | 2,599,789 Thursday, July 26,2018 13:00 4401 34941 794% Monday, July 30,2018 18:00 3,778 85.8%

Aug-18 [ 2555229 | Wednesday, August 15,2018 14:00 4,184 3434 821% | Wednesday, August 08,2018 18:00 3874 92.6%
Sep-18 [ 2399411 | Thursday, September 06, 2018 14:00 4092 3333]  814% | Thursday, September 06,2018 18:00 3,700 90.4%
oct-18 | 24835570 | Wednesday, October 10,2018 12:00 4011 3338)  832% Monday, October 22, 2018 08:00 3,591 89.5%
NovI18 | 2,409,967 | Thursday, November 29, 2018 13:00 4,107 3347 81.5% | Monday, November 19,2018 08:00 3815 92.9%
Dec-18 [ 2439577 | Tuesday, December 11,2018 12:00 4,163 3279]  78.8% | Thursday, December 06,2018 08:00 3811 91.6%
Annual 29419291 Annual Class Peak 4401 3358]  763% Annual System CP 3,653 83.0%

Table 33 — Schedule 49 Customer: Summary Statistics (Means — kW)
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3.13 Schedules 50-59 Area and Street Lighting

The Area and Street Lighting hourly load profiles were produced by allocating the energy sales to
those customer classes billed during the study period to each day and hour, based on the daily and
hourly lighting energy requirements calculated with the lighting fixture and capacity data and the
daily sunset and sunrise times. The Street Lighting class energy sales also includes the traffic
lighting energy use. The portion of traffic lighting energy use was estimated with the traffic lighting
fixture and wattage data for the study period. The estimated annual energy use of traffic lights was
separated from the Street Lighting class energy sales and was distributed evenly to all of the hours
in the study period. The Street Lighting class hourly load shape was then constructed by
aggregating the street and traffic lighting hourly load estimates.

Average loss factor estimated for the Area and Street Lighting classes as combined was applied to
the hourly load estimates. The estimated loss factor is 8.02%.

Figure 39 and Figure 40 present the class total load results for the two lighting classes. The figure
displays the EnergyPrint to the left of a two-dimensional x-y plot. The lighting loads track the
nighttime hours. Both the Area Lighting class load and the Street Lighting class load reach their
peaks after the sunset and stay at the peak levels during the nighttime hours. The Area Lighting
class peak was 1.6 MW, while the Street Lighting class peak was 16.0 MW.
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Figure 39 — Area Lighting: Class Total Load
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Figure 40 — Street Lighting: Class Total Load

Figure 41 and Figure 42 present the total loads of the lighting classes for the system peak week of
Sunday, February 18, 2018 through Saturday, February 24, 2018. The system peak occurred on

Friday, February 23, 2018 at 8 AM. The Area Lighting class imposed no load at the time of the
system coincident peak and the Street Lighting class reached a system-coincident peak of 556 kW.
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System Peak Week 02/18/2018 - 02/24/2018
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Figure 41 — Area Lighting: Total Load during System Peak Week
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Street Lighting

System Peak
day
02/23/2018

UuUuuuUyuuy

0
02/18/2018 Hour01 ~ 02/19/2018 Hour01 ~ 02/20/2018 Hour01 ~ 02/21/2018 Hour01 ~ 02/22/2018 HourO1  02/23/2018 Hour01 ~ 02/24/2018 Hour01

Figure 42 — Street Lighting: Total Load during System Peak Week

Figure 43 and Figure 44 present the monthly energy consumption, peak demand and load factors
of the lighting classes in charts. As reflected in the monthly energy consumption and maximum
demand charts, the lighting classes consume more electricity in the winter months due to a longer
lighting period, while the maximum demand stays about the same with the number of lighting
fixtures and their wattage requirements changing rarely month to month.
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Figure 43 — Area Lighting: Class Monthly Energy, Demand and Load Factor

Mwh Total Consumption MW Maximum Demand % Load Factor
5,000 18 o
A,000 16 R
7.000 1
%
6000 1
2,000 1o e
a,000 B =
1,000 6
s
2,000 4
1,000 ] 1%
o Lol
han- 18 Mar-18 My -18 hi-1R Sep-18 MNew-18 lan-18 Mar-18 May-1R 1R Sep-1R Mewi-18 lan-18 Mar.18 May-18 TR} SrplR Now-18
Manth Month Munth

Figure 44 — Street Lighting: Class Monthly Energy, Demand and Load Factor

Table 34 and Table 35 present summary statistics for the lighting classes. Each table displays
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average
demand, load factor based on the class peak demand, timing of the system peak and class load at
the time of system peak and the coincidence factor calculated as the class system-coincident load
divided by the class peak. In addition, the table displays other summary characteristics, such as
12-month and 4-month average coincident peak contributions, and average values of the top 12, 75
and 200 class peaks and the class loads at the top 12, 75 and 200 system peak hours. The lighting
class load factors tend to be higher in the winter months reflecting more lighting hours in the winter
but the monthly maximum demand staying about the same. Monthly system coincidence factors
are 100% in January, over 50% in October and December, about 20% in November, and zero or
close to zero for rest of the year.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 716,090 Monday, January 01,2018 01:00 1,562 962 61.6% Tuesday, January 02,2018 18:00 1,562 100.0%
Feb-18 588,868 Thursday, February 01,2018 01:00 1,562 876 56.1% Friday, February 23,2018 08:00 - 0.0%
Mar-18 570,519 Thursday, March 01, 2018 01:00 1,562 767 49.1% Wednesday, March 07,2018 08:00 - 0.0%
Apr-18 472,552 Sunday, April 01,2018 01:00 1,562 656 42.0% Monday, April 02,2018 08:00 - 0.0%
May-18 416,047 Tuesday, May 01,2018 01:00 1,562 559 35.8% Monday, May 14,2018 18:00 - 0.0%
Jun-18 366,127 Friday, June 01,2018 01:00 1,562 509 32.6% Wednesday, June 20, 2018 18:00 - 0.0%
Jul-18 396,969 Sunday, July 01,2018 01:00 1,562 534 34.2% Monday, July 30,2018 18:00 - 0.0%
Aug-18 460,398 Wednesday, August 01,2018 01:00 1,562 619 39.6% Wednesday, August 08,2018 18:00 - 0.0%
Sep-18 523,202 Saturday, September 01, 2018 01:00 1,562 727 46.5% | Thursday, September 06,2018 18:00 - 0.0%
Oct-18 623,667 Monday, October 01,2018 01:00 1,562 838 53.7% Monday, October 22,2018 08:00 781 50.0%
Nov-18 675,149 Thursday, November 01, 2018 01:00 1,562 938 60.0% Monday, November 19, 2018 08:00 312 20.0%
Dec-18 737,094 Saturday, December 01, 2018 01:00 1,562 991 63.4% Thursday, December 06,2018 08:00 885 56.7%
Annual 6,546,682 Annual Class Peak 1,562 747 47.9% Annual System Peak - 0.0%
Average 12 Monthly NCPs 1,562 47.9% Average 12 Monthly CPs 295 18.9%
Average Top 12 NCPs 1,562 47.9% Average Top 12 CPs 482 30.8%
Average Top 75 NCPs 1,562 47.9% Average Top 75 CPs 740 47.4%
Average Top 200 NCPs 1,562 47.9% Average Top 200 CPs 883 56.6%

Average 4CPs * 690
* Monthly CPs for November, December, January and February
Table 34 — Area Lighting Class: Summary Statistics (Totals — kW)
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Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor
Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 7487643 Monday, January 01,2018 01:00 15,983 10,064 63.0% Tuesday, January 02, 2018 18:00 15,983 100.0%
Feb-18 6,190,843 Thursday, February 01,2018 01:00 15,983 9213 57.6% Friday, February 23,2018 08:00 556 3.5%
Mar-18 6,049,061 Thursday, March 01,2018 01:00 15,983 8,130 50.9% Wednesday, March 07,2018 08:00 556 3.5%
Apr-18 5,068,503 Sunday, April 01,2018 01:00 15,983 7,040 44.0% Monday, April 02,2018 08:00 556 3.5%
May-18 4,523,660 Tuesday, May 01,2018 01:00 15,983 6,080 38.0% Monday, May 14,2018 18:00 556 3.5%
Jun-18 4,017,173 Friday, June 01,2018 01:00 15,983 5,579 34.9% Wednesday, June 20,2018 18:00 556 3.5%
Jul-18 4,335,197 Sunday, July 01,2018 01:00 15,983 5827 36.5% Monday, July 30,2018 18:00 556 3.5%
Aug-18 4961778 | Wednesday, August 01,2018 01:00 15,983 6,669 41.7% Wednesday, August 08, 2018 18:00 556 3.5%
Sep-18 5,568,842 | Saturday, September 01,2018 01:00 15,983 7,735 484% | Thursday, September 06,2018 18:00 556 3.5%
Oct-18 6,574,640 Monday, October 01,2018 01:00 15,983 8,837 55.3% Monday, October 22,2018 08:00 8,269 51.7%
Nov-18 7,069,860 | Thursday, November 01,2018 01:00 15,983 9,819 61.4% Monday, November 19,2018 08:00 3,641 22.8%
Dec-18 7,695,132 Saturday, December 01,2018 01:00 15,983 10,343 64.7% | Thursday, December 06, 2018 08:00 9,298 582%
Annual 69,542,333 Annual Class Peak 15,983 7,939 49.7% Annual System Peak 556 3.5%
Average 12 Monthly NCPs 15,983 49.7% Average 12 Monthly CPs 3470 21.7%
Average Top 12 NCPs 15,983 49.7% Average Top 12 CPs 5313 33.2%
Average Top 75 NCPs 15,983 49.7% Average Top 75 CPs 7861 49.2%
Average Top 200 NCPs 15,983 49.7% Average Top 200 CPs 9,282 58.1%
Average 4CPs * 7370
* Monthly CPs for November, December, January and February
Table 35 — Street Lighting Class: Summary Statistics (Totals — kW)
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4 NON-SYSTEM CLASS LOAD PROFILES

There are four classes that are termed “non-system loads” and are included in the cost-of-service
analysis. These classes are considered non-system because they are transportation customers and
are not included in PSE’s measurement of system load. These classes include:

e Rate 449PV — Retail Wheeling Service Primary Voltage;

e Rate 449HV — Retail Wheeling Service High Voltage;

e Rate 459 — Back-Up Generation; and

e Special Contract — Retail Wheeling and Distribution Service.

4.1 Schedule 449 Primary Voltage Retail Wheeling Service

Since all of the customers under the Schedule 449 Primary Voltage (PV) are metered with interval
load readings, the class hourly load profile was constructed by integrating their interval load data.
The average loss factor estimated for the class was applied to the hourly loads. As listed in Table
7, the estimated average loss factor is 3.50%.

Figure 45 presents the total load for the Schedule 449PV class. The figure displays the EnergyPrint
to the left of a two-dimensional x-y plot. This class displays a fairly flat load profile with a high
load factor, except several cases of abrupt drop in energy usage mostly on seasonal holidays like
New Year’s, Thanksgiving and Christmas holidays. The Schedule 449PV class peak occurred on
Wednesday, June 6, 2018 at 4 PM. The class peak demand was 11.6 MW.

January 1- December 31, 2018

Figure 45 — Schedule 449PV: Class Total Load
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Figure 46 presents the total Schedule 449PV class load for the system peak week of Sunday,
February 18, 2018 through Saturday, February 24, 2018. The class total load was about 8.7 MW
at the time of the system coincident peak occurred on February 23, 2018.

System Peak Week 02/18/2018 - 02/24/2018
i Rate 449 PV
System Peak

day
02/23/2018

o
02/18/2018 Hour0l 02/19/2018 Hour0l 02/20/2018 Hour0l 02/21/2018 Hour0l 02/22/2018 HourOl 02/23/2018 Hour0l 02/24/2018 Hour0l

Figure 46 — Schedule 449PV: Total Load during System Peak Week

Figure 47 presents the monthly energy consumption, peak demand and load factor of the Schedule
449-PV class in charts. As reflected in the monthly energy and maximum demand charts, electric
energy uses of the retail wheeling primary voltage customers has declined significantly since
September 2018. This class also shows its monthly load factors above 80% for the first eight
months of the test year.

MwWh Total Consumption MW Maximum Demand % Load Factor
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Figure 47 — Schedule 449PV: Class Monthly Energy, Demand and Load Factor

The achieved precision was perfect since the data for every customer in the class was available
for the whole twelve-month period examined.
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Table 36 presents summary statistics for the Schedule 449PV class load. The table displays
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average
demand, load factor based on the class peak demand, timing of the system peak and class load at
the time of system peak and the coincidence factor calculated as the class system-coincident load
divided by the class peak. In addition, the table displays other summary characteristics, such as
12-month and 4-month average coincident peak contributions, and average values of the top 12, 75
and 200 class peaks and the class loads at the top 12, 75 and 200 system peak hours. The monthly
NCP load factor ranges from a low of 69.5% for December to a high of 86.2% in July. The load is
fairly coincident with the system peak as shown by the system coincidence factors of over 80% in

8 of the 12 months in the study period.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of @ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 7,004,602 Thursday, January 18,2018 06:00 11,590 9415 81.2% Tuesday, January 02, 2018 18:00 8,682 74.9%
Feb-18 6,505,500 Tuesday, February 13,2018 09:00 11,514 9,681 84.1% Friday, February 23,2018 08:00 8,674 75.3%
Mar-18 6,876,859 Friday, March 23,2018 07:00 11,058 9,243 83.6% Wednesday, March 07,2018 08:00 10,119 91.5%
Apr-18 6,543,362 Tuesday, April 17,2018 08:00 11,160 9,088 81.4% Monday, April 02,2018 08:00 8453 75.7%
May-18 6,886,455 Tuesday, May 22,2018 15:00 11,123 9,256 83.2% Monday, May 14,2018 18:00 10,431 93.8%
Jun-18 7,064,902 Wednesday, June 06,2018 16:00 11,624 9,812 84.4% Wednesday, June 20,2018 18:00 11,008 94.7%
Jul-18 7,128,952 Tuesday, July 17,2018 16:00 11,122 9,582 86.2% Monday, July 30,2018 18:00 9,965 89.6%
Aug-18 7,096,665 Tuesday, August 07,2018 16:00 11,359 9,539 84.0% ‘Wednesday, August 08,2018 18:00 10,032 88.3%
Sep-18 6,067,331 Friday, September 07,2018 15:00 10,601 8,427 79.5% | Thursday, September 06,2018 18:00 10,358 97.7%
Oct-18 5,516,496 [ Wednesday, October 24,2018 14:00 10,070 7415 73.6% Monday, October 22,2018 08:00 9,188 91.2%
Nov-18 5,224,732 | Wednesday, November 07,2018 06:00 10,417 7,257 69.7% Monday, November 19,2018 08:00 5,092 48.9%
Dec-18 5,778,871 | Wednesday, December 12,2018 07:00 11,175 7,767 69.5% | Thursday, December 06,2018 08:00 9.166 82.0%
Annual 77,694,726 Annual Class Peak 11,624 8,869 76.3% Annual System Peak 8,674 74.6%
Average 12 Monthly NCPs 11,068 80.1% Average 12 Monthly CPs 9,264 83.7%
Average Top 12 NCPs 11472 71.3% Average Top 12 CPs 9315 812%
Average Top 75 NCPs 11,190 79.3% Average Top 75 CPs 9,394 84.0%
Average Top 200 NCPs 10,952 81.0% Average Top 200 CPs 9,376 85.6%

Average 4CPs * 7,903

* Monthly CPs for November, December, January and February

Table 36 — Schedule 449PV Class: Summary Statistics (Totals — kW)

Since only two customers are served under Schedule 449PV, no summary table is presented on a

per-customer basis.
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4.2 Schedule 449 High Voltage Retail Wheeling Service

All of the customers under the Schedule 449 High Voltage (HV) are metered with interval load
readings. Therefore, the class hourly load profile is based on the population’s actual load data.
The average loss factor estimated for the class was applied to the hourly loads. As shown in Table
7, the estimated average loss factor is 1.69%.

Figure 48 presents the total load for the Schedule 449HYV class. The figure displays the EnergyPrint
to the left of a two-dimensional x-y plot. Except the sudden drops in mid-April and May, this class
load profile shows a fairly stable profile like 449PV’s but at much higher loads. The Schedule
449HV class peak occurred on Wednesday, July 25, 2018 at 10 AM. The class peak demand was
216.6 MW.

January 1 - December 31, 2018

Figure 48 — Schedule 449HV: Class Total Load

Figure 49 presents the total Schedule 449HV class load for the system peak week of Sunday,
February 18, 2018 through Saturday, February 24, 2018. The total class demand was 206.2 MW
at the time of the system peak.
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System Peak Week 02/18/2018 - 02/24/2018
Rate 449 HV
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Figure 49 — Schedule 449HV: Total Load during System Peak Week

Figure 50 presents the monthly energy consumption, peak demand and load factors of the Schedule
449HV class in charts. As indicated by the monthly energy and maximum demand charts, the retail
wheeling high voltage customer class load is slightly higher in the mid-summer and mid-winter
months. Monthly load factors are significantly higher than the Schedule 449PV’s with 90% or
higher for 10 of the 12 months.
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Figure 50 — Schedule 449HV: Class Monthly Energy, Demand and Load Factors

The achieved precision was perfect since the interval load data for the entire customer class was
available for the full twelve-month period examined.

Table 37 presents summary statistics for the Retail Wheeling High Voltage class load. The table
displays monthly energy use, timing of the class peak demand, magnitude of the class peak demand,

Page 4-5 May 2019

Exh. CKC-3
Page 67 of 91



Puget Sound Energy
Class Load Research

average demand, load factor based on the class peak demand, timing of the system peak and class
load at the time of system peak and the coincidence factor calculated as the class system-coincident
load divided by the class peak. In addition, the table displays other summary characteristics, such
as 12-month and 4-month average coincident peak contribution, and average values of the top 12,
75 and 200 class peaks and the class loads at the top 12, 75 and 200 system peak hours. The class
displays very high monthly NCP load factors ranging from a low of 83.0% in May to a high of
94.4% in August. The class load is highly coincident with the system peak with the monthly system
coincident factors of over 95% for 11 of the 12 months in the study period.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 146,534,868 Wednesday, January 17,2018 09:00 210,263 196,955 93.7% Tuesday, January 02,2018 18:00 201,978 96.1%
Feb-18 131,469,326 Thursday, February 22,2018 10:00 207,860 195,639 94.1% Friday, February 23,2018 08:00 206,183 99.2%
Mar-18 145,098,229 Tuesday, March 27,2018 13:00 210,096 195,025 92.8% Wednesday, March 07,2018 08:00 200,231 95.3%
Apr-18 129,465,553 Thursday, April 05,2018 09:00 208,628 179.813 86.2% Monday, April 02,2018 08:00 206,768 99.1%
May-18 115,822,821 Thursday, May 31,2018 14:00 187,660 155,676 83.0% Monday, May 14,2018 18:00 155,480 82.9%
Jun-18 143,990,381 Wednesday, June 20,2018 13:00 214,805 199,987 93.1% ‘Wednesday, June 20,2018 18:00 210,154 97.8%
Jul-18 151,308,018 Wednesday, July 25,2018 10:00 216,608 203,371 93.9% Monday, July 30,2018 18:00 208,754 96.4%
Aug-18 150,574,483 Wednesday, August 22,2018 17:00 214,433 202,385 94.4% Wednesday, August 08,2018 18:00 210,908 98.4%
Sep-18 140,948,731 | Wednesday, September 26,2018 17:00 210,309 195,762 93.1% | Thursday, September 06,2018 18:00 200,932 95.5%
Oct-18 146,538,320 Monday, October 08,2018 10:00 209,802 196,960 93.9% Monday, October 22,2018 08:00 205,802 98.1%
Nov-18 142,789,981 Thursday, November 15,2018 10:00 213,942 198,319 92.7% Monday, November 19,2018 08:00 209,961 98.1%
Dec-18 145,707,989 Monday, December 03, 2018 13:00 214,535 195,844 91.3% | Thursday, December 06,2018 08:00 210,712 98.2%
Annual 1,690,248.699 Annual Class Peak 216,608 192,951 89.1% Annual System Peak 206,183 95.2%
Average 12 Monthly NCPs 209,912 91.9% Average 12 Monthly CPs 202,322 96.4%
Average Top 12 NCPs 215,206 89.7% Average Top 12 CPs 207,185 96.3%
Average Top 75 NCPs 213297 90.5% Average Top 75 CPs 205,707 96.4%
Average Top 200 NCPs 211,896 91.1% Average Top 200 CPs 202,838 95.7%

Average 4CPs * 207,208
* Monthly CPs for November, December, January and February
Table 37 — Schedule 449HYV Class: Summary Statistics (Totals — kW)
Since only eleven customers are served under Schedule 449HV, no summary table is presented
on a per-customer basis.
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4.3 Schedule 459 — Back-Up Generation

Schedule 459 Back-Up Generation class hourly loads were calculated by integrating the class
customers’ interval load data. There were only three customers under Schedule 459. The average
loss factor estimated for the class was applied to the hourly loads. As listed in Table 7, the estimated
average loss factor is 1.69%.

Figure 51 presents the total load for the Schedule 459 class. The figure displays the EnergyPrint
to the left of a two-dimensional x-y plot. The class energy use tends to be a little higher in the mid-

summer months and substantially low in April and May. The Schedule 459 class peak occurred on
Wednesday, September 26, 2018 at 3 PM. The class peak demand was 54.6 MW.

January 1 - December 31, 2018
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Figure 51 — Schedule 459: Class Total Load

Figure 52 presents the total Schedule 459 class load for the system peak week of Sunday, February
18, 2018 through Saturday, February 24, 2018. The system peak happened on Friday, February
23,2018 at 8 AM. The class demand was 36.4 MW at the time of the system peak.
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System Peak Week 02/18/2018 - 02/24/2018
Rate 459
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Figure 52 — Schedule 459: Total Load during System Peak Week

Figure 53 illustrates the monthly energy consumption, peak demand and load factor of the Schedule
459 class. The monthly energy consumption and demand charts show a slight summer-seasonality
of the class load.
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Figure 53 — Schedule 459: Class Monthly Energy, Demand and Load Factor

The achieved precision was perfect since the interval load data for all of the customers in the
class were available for the full twelve-month period examined.

Table 38 presents summary statistics for the Schedule 459 class load. The table displays monthly
energy use, timing of the class peak demand, magnitude of the class peak demand, average demand,
load factor based on the class peak demand, timing of the system peak and class load at the time of
system peak and the coincidence factor calculated as the class system-coincident load divided by
the class peak. In addition, the table displays other summary characteristics, such as 12-month and
4-month average coincident peak contribution, and average values of the top 12, 75 and 200 class
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peaks and the class loads at the top 12, 75 and 200 system peak hours. The monthly NCP load
factors range from a low of 50.2% in April to a high of 94.2% in August. The monthly system-
coincidence factors of class load are 89% or higher for 10 of 12 months in the study period.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of @ System Peak Factor

Month (kWh) Date of Class Peak Class Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 27,106,621 Tuesday, January 30, 2018 17:00 38,844 36,434 93.8% Tuesday, January 02,2018 18:00 36,321 93.5%
Feb-18 24,842,005 Wednesday, February 07, 2018 11:00 39,492 36,967 93.6% Friday, February 23,2018 08:00 36,446 92.3%
Mar-18 27,011,221 Friday, March 23,2018 11:00 39442 36,305 92.0% Wednesday, March 07,2018 08:00 36,031 91.4%
Apr-18 12,310,108 Monday, April 02,2018 10:00 34075 17,097 502% Monday, April 02,2018 08:00 33,142 97.3%
May-18 17,085,474 Thursday, May 31,2018 23:00 37,721 22,964 60.9% Monday, May 14,2018 18:00 17,922 47.5%
Jun-18 25,990,901 Tuesday, June 26,2018 16:00 38,889 36,098 92.8% Wednesday, June 20,2018 18:00 38471 98.9%
Jul-18 28,320,571 Monday, July 16,2018 15:00 41,349 38,065 92.1% Monday, July 30,2018 18:00 38961 94.2%
Aug-18 28,371,821 Tuesday, August 14,2018 23:00 40,463 38,134 94.2% Wednesday, August 08,2018 18:00 39451 97.5%
Sep-18 26,609,269 | Wednesday, September 26, 2018 15:00 54,564 36,957 67.7% | Thursday, September 06,2018 18:00 38,465 70.5%
Oct-18 27,330,439 Monday, October 15,2018 09:00 41382 36,734 88.8% Monday, October 22,2018 08:00 36,769 88.9%
Nov-18 26,555,376 | Wednesday, November 07,2018 13:00 40,023 36,882 922% Monday, November 19,2018 08:00 38272 95.6%
Dec-18 26,673,319 | Wednesday, December 19,2018 16:00 40,086 35.851 89.4% | Thursday, December 06,2018 08:00 35873 89.5%
Annual 298,207,124 Annual Class Peak 54,564 34,042 62.4% Annual System Peak 36,446 66.8%
Average 12 Monthly NCPs 40,527 84.0% Average 12 Monthly CPs 35510 87.6%
Average Top 12 NCPs 42,833 79.5% Average Top 12 CPs 36,486 852%
Average Top 75 NCPs 40,626 83.8% Average Top 75 CPs 36,762 90.5%
Average Top 200 NCPs 40,055 85.0% Average Top 200 CPs 36,610 91.4%

Average 4CPs * 36,728

* Monthly CPs for November, December, January and February

Since only three customers are served under Schedule 459, no summary table is presented on a

Table 38 — Schedule 459 Class: Summary Statistics (Totals — kW)

per-customer basis.
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4.4 Special Contract — Retail Wheeling and Distribution
Service

Special Contract class hourly loads were calculated by integrating the interval load data collected
from 93 metering device locations belonging to the Special Contract customer.''  Since all 93
device locations were served as Schedule 40 customers before being placed in a special contract,
the average loss factor estimated for the existing Schedule 40 customers was applied to the Special
Contract hourly loads. As listed in Table 7, the estimated average loss factor is 3.64%.

Figure 54 presents the total load for the Special Contract class. The figure displays the EnergyPrint
to the left of two-dimensional x-y plot. The class energy use tends to be higher in the winter months
but is also sensitive to summer weather. The Special Contract class peak occurred on Monday,
February 12,2018 at 9 AM. The class peak demand was 76.7 MW.
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Figure 54 — Special Contract: Class Total Load

Figure 55 presents the Special Contract class load for the system peak week of Sunday, February
18, 2018 through Saturday, February 24, 2018. The system peak happened on Friday, February
23,2018 at 8 AM. The class demand was 62.0 MW at the time of the system peak.

! Only one customer is served under a special contract since April 1, 2019.
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System Peak Week 02/18/2018 - 02/24/2018
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Figure 55 — Special Contract: Total Load during System Peak Week

Figure 56 illustrates the monthly energy consumption, peak demand and load factor of the Special
Contract class. The monthly energy consumption and demand charts show some summer and
winter seasonality of the class load.
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Figure 56 — Special Contract: Class Monthly Energy, Demand and Load Factor
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The achieved precision was perfect since the interval load data for all of the metering device
locations in the class were available for the full twelve-month period examined.

Table 389 presents summary statistics for the Special Contract class load. The table displays
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average
demand, load factor based on the class peak demand, timing of the system peak and class load at
the time of system peak and the coincidence factor calculated as the class system-coincident load
divided by the class peak. In addition, the table displays other summary characteristics, such as
12-month and 4-month average coincident peak contribution, and average values of the top 12, 75
and 200 class peaks and the class loads at the top 12, 75 and 200 system peak hours. The monthly
NCP load factors range from a low of 57.6% in February to a high of 77.8% in November. The
monthly system-coincidence factors of class load are high at 80% or higher for all of the 12 months
in the study year.

Class Peak Demand Class Demand at System Peak Hour
Monthly Class Peak Average Load (Class Demand Coincidence
Energy Use Time of Demand Demand Factor Time of (@ System Peak Factor
Month (kWh) Date of Class Peak (lass Peak (kW) (kW) (%) Date of System Peak System Peak (kW) (%)
Jan-18 32,369,593 Tuesday, January 2, 2018 09:00 62,336 £3508]  698% Tuesday, January 2, 2018 18:00 52,055 83.5%
Feb-18 29,6045 Monday, February 12,2018 09:00 76,703 4182 57.6% Friday, February 23, 2018 0800 61,962 80.8%
Mar-18 31,044,350 Wednesday, March 7,2018 |~ 08:00 57,604 a6 724% Wednesday, March 7, 2018 08:00 57,604 100.0%
Apr-18 29390614 Thursday, April 26,2018 | 1500 5734 080]  712% Monday, April 2, 2018 08:00 54,790 95.5%
May-18 30,502,071 Monday, May 14, 2018 15:00 59,687 4097 687% Monday, May 14, 2018 18:00 52,740 88.4%
Jun-18 29,482,662 Wednesday, June 20,2018 14:00 59,729 40,948 68.6% Wednesday, June 20,2018 18:00 55379 902.7%
JukI8 3209337 Tuesday, July 24,208 | 1500 62410 B00|  690% Monday, Tuly 30,2018 1800 54612 §15%
Aug-18 31,292404]  Wednesday, August 8, 2018 15:00 60,081 2060 700% Wednesday, August 8, 2018 18:00 52,821 87.9%
Sep-18 21671470 Thursday, September 6, 2018 13:00 54216 38433 709% | Thursday, September 6, 2018 1300 47,766 88.1%
Oct-18 1898673 | Wednesday, October 17,2018 15:00 50352 38954 | 774% Monday, October 22, 2018 08:00 44680 88.7%
Nov-18 28657,133 Friday, November 9, 2018 12:00 SLI81 30802  77.8% Monday, November 19,2018 08:00 47468 92.7%
Dec-18 29904725 Wednesday, December 5, 2018 14:00 53,994 40,195 T44% Thursday, December 6, 2018 08:00 49,700 92.0%
Annual 361,016477 Annual Class Peak 76,703 41212 53.7% Annual System Peak 61,962 80.8%
Average 12 Monthly NCPs 58,803 70.1% Average 12 Monthly CPs 52,631 89.5%
Average Top 12NCPs 69,766 59.1% Average Top 12 CPs 54,736 78.5%
Average Top 75 NCPs 61475 67.0% Average Top 75 CPs 53,549 87.1%
Average Top 200 NCPs 58,6065 702% Average Top 200 CPs 50,731 86.5%
Average 4CPs * 52,796
*Monthly CPs for November, December, January and February
Table 39 — Special Contract Class: Summary Statistics (Totals — kW)
Since only one customer is served under Special Contract, no summary table is presented on a
per-customer basis.
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2017 Class Load Research Sample Design and Deployment
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2017 Class Load Research Sample Design and Deployment

Puget Sound Energy (PSE) selected and deployed its new class load research samples in
November 2017. The new samples replaced the old samples deployed in March 2011. In total,
3,605 device locations were sampled from PSE electric service population to collect 15-minute
interval load data for Residential, Small, Medium and Large Commercial and Industrial (C&I),
Seasonal Irrigation, and Total-Electric Schools rate class customers.! Out of 3,605 sampled
device locations, 1,674 device locations are “Primary” samples, 1,374 device locations are the
“First Backup” samples, and 557 device locations are the “Second Backup” samples. The new
Primary and Backup samples have been producing interval load data since November 11, 2017
and are being monitored regularly for their reliability. The following sections discuss the billing
and interval load data analyzed for sampling, the statistical methods and analyses performed for
sample design and the initial sampling results. The sample design methodology also leveraged
some existing sampled meters from other studies for their statistical substitutability and interval

load reading performance which is discussed below as well.

Data

The following three databases were used to analyze and evaluate the population and the old
sample data and to develop a new sample design:
1. Annualized kWh use data by active location device and rate schedule at the end of
December 2016;
2. 15-minute interval load data collected from the old load research samples and the energy
efficiency and conservation program samples for September 2016 through February
2017; and
3. Individual sample location device and class hourly load profiles developed for the twelve

months ending September 2016.

The 15-minute interval load data were collected from PSE’s wireless automatic meter reading

(AMR) system, which relies on Landis & Gyr’s Cellnet® technology.

Statistical Methods and Analyses

1 Since the sampling unit is a device location and the population billing data are compiled by device location, all of the
use-per-customer calculations and the customer usage stratifications are performed on the basis of electric device
locations. Therefore, the terms, ““device location™ and ““customer”” are being used interchangeably in this report.
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One of the main purposes of class load research is to support the cost of service study and rate
design analyses, which are included as parts of PSE’s general rate case filings. In PSE’s cost-of-
service study, demand-related production and transmission costs are allocated on the basis of the
average of class loads coincident with system monthly peaks in four mid-winter months.
Distribution substation and feeder costs are allocated to each rate class based on a 12-month
average of the class’ contribution to the monthly peak loads of individual substations. Each class’
contribution to a substation’s monthly peak load is calculated by dividing an estimate of the
average hourly load of the class on the substation by an estimate of the class’ non-coincident peak

load factor for the month.

When developing a sample design for class load research, a major problem we encounter is that
actual population data is not available for class hourly loads, the target variable. In search for a
surrogate variable, the correlation between annual energy use and the average of monthly system-
coincident loads for four mid-winter months (4 CP) was evaluated for each rate class using the
sampled customers’ hourly load profiles developed for October 2015 - September2016 with the
2011 load research sample data. The correlation between annual energy use and the average of
12 monthly non-coincident peaks (12 NCP) was also analyzed for each rate class. The correlation
coefficients presented in Table 1 provide a measure of how closely a customer’s system-
coincident peak loads (4CP) are correlated with the same customer’s annual use and separately,
how closely a customer’s average monthly class-coincident peak load (12 NCP) is correlated with
the same customer’s annual energy use. Except the irrigation rate class (Schedule 29) in which
number of active customers and energy sales are highly seasonal, most of the rate classes
demonstrate consistently a strong positive correlation between the peak loads and the energy use,
with the correlation coefficients of 0.85 or higher. Even in the case of irrigation rate class a high
correlation is detected for annual energy use and average of their class non-coincident peaks (12

NCP) with a correlation coefficient higher than 0.91.

Table 1

2017 Correlation coefficient by Rate Class

4 CP Avg. vs. 12 NCP Avg. vs.
Rate Class Ann. kWh Use Ann. kWh Use
07 0.8514 0.9512
24 0.9134 0.9404
25 0.9122 0.9466
26 0.8577 0.9466
29 0.6406 0.9149
31 0.9767 0.9837
43 0.9590 0.9910
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A stratified Mean per Unit (MPU) estimation approach was used for 2017 load research sample
design. The MPU approach assumes a close correlation between class hourly loads and annual
kWh across the customers in each rate class. Based on the correlation analysis discussed above, it
is reasonable to adopt annual kWh energy use as an instrumental (or a surrogate) variable. The
class load research sample design was developed by analyzing the population statistics of electric
energy use and customers for a twelve month period ending December 31, 2016. The population

statistics were calculated only for the active customers at the end of 2016.

By using the additional information regarding the relationship between system-coincident (or
non-coincident) peaks (“Y” variable) and annual energy use (“X” variable) obtained from a no-
intercept linear (ratio) model coefficients and the model’s error ratio estimated with the previous
load research sample data, a Model-Based Statistical Sampling (MBSS) sample design tends to
require a smaller sample size than an MPU sample design to meet a given error margin and
confidence limit criteria. However, complexity of the modeling and estimation procedures
involved in an MBSS approach makes the monitoring and load research routines impractical. On
the other hand, MPU sample design and class load estimation procedures are quite simple and
easy to maintain. In an MPU approach, the analytical process and working assumptions are fairly

straightforward and transparent.

An MBSS approach is also bound by its assumption of the estimation errors (residuals) of the
ratio model to be positively correlated (“heteroscedastic”) with the “X” variable (annual energy
use). However, it is easily conceivable that this assumption of heteroscedastic residuals may be
not applicable to some of the customers in the population or even to a rate class in general. On
the other hand, an MPU approach uses the population statistics of actual energy use and
customers and is free of the estimation bias or error. The only assumption made for this approach
is a close correlation between the coincident (or non-coincident) peaks and the annual energy use,
which is proven through the correlation analysis presented above. Considering that the interval-
load reading cost gets lower with the wireless technology being used by PSE and in order to keep
the load research process practical and manageable, a stratified MPU approach was chosen since
2011 for new sample design and load profiling over a Model-Based Statistical Sampling (MBSS)

approach used for 2005 load research sample design.

To perform a stratified sampling, population data of customers and their annual kWh use by rate

schedule were sorted by size of their kWh use. A frequency table was created by assigning the
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customers into appropriate usage brackets. The number and ranges of usage brackets were pre-
defined on the basis of population size and density of its usage distribution. The frequency table
was then stratified by 2 to 5 groups by combining the usage brackets and their frequencies. For
efficiency and practicality, the most popular numbers of strata being used for a stratified sampling
are 2 to 5. For the number of strata set for each of the rate classes, strata boundaries were
determined following the Dalenius-Hodges (DH) procedure, also known as the cumulative square
root (uf) procedure where “u” denotes kWh, width of a given usage bracket and “f” stands for
frequency of the usage bracket. In the DH procedure, strata boundaries are set to have each of the
strata yield a similar sum of square-rooted kWh values of (uf). The Neyman Optimum Allocation
formula was then used to calculate total number of sample units for each rate class and the strata
sample sizes. The Neyman Allocation formula estimates total and strata sample sizes required for
a given error margin and confidence limit on the basis of the population statistics of number of
customers and their kWh use. For each rate class, total and strata sample sizes were determined

by using the following formulae:

n = (X WnSn)((d/t)*+1/N*Y WSh?)
nh= n*(Wh*Sh)/Z(Wh*Sh)

Where N = Total Population size
Ni = Stratum population size
n = Total sample size
ny = Stratum sample size
Wi =Ny/N
Sy = Stratum standard deviation of annual kWh use
d = Tolerable error margin; and

t = t-statistic value for pre-set confidence limit

The examples presented below illustrate how the stratified sample sizes were determined for the
residential rate class (RC 07) through the two-step procedure explained above. The first step was
to set strata boundaries through the DH procedure. At the beginning, all of the electric usage
points under the residential rate schedules were sorted by sizes of their annual energy usage, A
frequency table was created by counting the number of usage points (f) sorted to each of the
usage brackets ascending with an increment (u) of 1,000 kWh for the annual usage of 20,000
kWh or lower, 2,000 kWh for the annual usage of 20,001 kWh through 30,000 kWh, 5,000 kWh
for 30,001 kWh to 50,000 kWh, 10,000 kWh for 50,001 kWh to 60,000 kWh, 20,000 kWh for
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60,001 kWh to 100,000 kWh and 300,000 kWh for the annual usage over 100,000 kWh. The

sum of square rooted value of (uf) for all of the usage brackets was 186,068 kWh. The number of

strata set for residential sampling was 5. The strata boundaries were then determined by making

the cut-offs so that all of the five strata yield a sum of square rooted (uf) close to one fifth of

193,166 kWh (38,633 kWh). The strata boundaries set for residential sample design were 0 —

6,000 kWh for the first stratum, 6001 — 10,000 kWh for the second, 10,001 — 17,000 kWh for the
third, 17,001 — 30,000 kWh for the fourth, and all of the customers with annual usage over 30,000

kWh assigned to the fifth stratum.

Step 1

Dalenius-Hodges Procedure (Based on Annualized Sales Data for 2016)

The second step was to calculate the minimum number of samples required to meet the sample
design criteria of 3% error margin with 95% confidence limit for each residential rate schedule
and to allocate the total number of samples to each stratum. The example provided below
illustrates how the population statistics of customers and their annual energy usage were used in

the Neyman Optimum Allocation formula to determine the residential rate-schedule total and

Bracket Frequency (f u uf sart(uf) Cum sqrt(uf) % Distribution by Stratum
0-1,000 11,561 1,000 11,561,000 3,400 3,400
1,001-2,000 14,533 1,000 14,533,000 3,812 7,212
2,001-3,000 29,454 1,000 29,454,000 5,427 12,640
3,001-4,000 51,372 1,000 51,372,000 7,167 19,807
4,001-5,000 72,482 1,000 72,482,000 8,514 28,321
5,001-6,000 86,724 1,000 86,724,000 9,313 37,633 38,633 26.6%)
6,001-7,000 90,854 1,000 90,854,000 9,532 47,165
7,001-8,000 87,939 1,000 87,939,000 9,378 56,542
8,001-9,000 80,463 1,000 80,463,000 8,970 65,513
9,001-10,000 70,797 1,000 70,797,000 8,414 73,927 77,266 33.0%
10,001-11,000 60,534 1,000 60,534,000 7,780 81,707
11,001-12,000 51,930 1,000 51,930,000 7,206 88,913
12,001-13,000 44,298 1,000 44,298,000 6,656 95,569
13,001-14,000 37,962 1,000 37,962,000 6,161 101,730
14,001-15,000 32,232 1,000 32,232,000 5,677 107,408
15,001-16,000 27,375 1,000 27,375,000 5,232 112,640
16,001-17,000 23,228 1,000 23,228,000 4,820 117,459 115,899 27.7%
17,001-18,000 19,828 1,000 19,828,000 4,453 121,912
18,001-19,000 16,622 1,000 16,622,000 4,077 125,989
19,001-20,000 14,018 1,000 14,018,000 3,744 129,733
20,001-22,000 21,689 2,000 43,378,000 6,586 136,319
22,001-24,000 15,176 2,000 30,352,000 5,509 141,829
24,001-26,000 10,596 2,000 21,192,000 4,603 146,432
26,001-28,000 7,408 2,000 14,816,000 3,849 150,281
28,001-30,000 5,374 2,000 10,748,000 3,278 153,560 154,533 11.1%]
30,001-35,000 7,669 5,000 38,345,000 6,192 159,752
35,001-40,000 3,457 5,000 17,285,000 4,158 163,910
40,001-45,000 1,863 5,000 9,315,000 3,052 166,962
45,001-50,000 1,105 5,000 5,525,000 2,351 169,312
50,001-60,000 1,120 10,000 11,200,000 3,347 172,659
60,001-80,000 974 20,000 19,480,000 4,414 177,072
80,001-100,000 389 20,000 7,780,000 2,789 179,862
over 100,000 590 300,000 177,000,000 13,304 193,166 193,166 1.7%)
Total 1,001,616 100.0%
38,633 5 =Number of Strata
38,633 1 Stratum 1
77,266 2 Stratum 2
115,899 3 Stratum 3
154,533 4 Stratum 4
193,166 5 Stratum 5
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strata sample sizes. The components of the formula calculated with the population statistics are
shown in columns of the rate-schedule tables provided below. The final results for rate-schedule

total and strata sample sizes are presented in column “n(h).”

Step 2
Neyman Allocation for Stratified Sampling
(Total Sample Size Required for 3% Error Margin @ 95% Confidence Limit)
RC 7

Annual kWh Range Max N(h) W(h) Y(h) S(h) W(h)*S(h) n(h) S(h)*2 W(h)*S(h)*2
0 - 6,000* 6,000 266,125 0.2657 4,094 1,435 381 35 2,058,488 546,931
6,001 -10,000 10,000 330,052 0.3295 7,892 1,136 374 35 1,291,314 425,513
11,001 - 17,000 17,000 277,561 0.2771 12,864 1,957 542 50 3,829,260 1,061,139
17,001 - 30,000 30,000 110,710 0.1105 21,218 3,324 367 34 11,048,030 1,221,154
> 30,000 >30,000 17,168 0.0171 44,129 38,510 660 61 1,483,029,064 25,419,565

Total 1,001,616 1.0000 10,355 2,325 215 28,674,302
*The accounts not active as of December 31, 2016 were excluded from the analysis. Total sample size required = 77

(@ 5% error margin w/ 95% confidence limit)

Total sample size required =
(@ 3% error margin w/ 95% confidence limit)

Sample Design

As illustrated above for the case of residential rate schedules, use of the Dalenius-Hodges

procedure and the Neyman Optimum Allocation method produced the following sample designs

for non-residential rate classes:

RC 24C RC 241

Annual kWh Range  N(h) n(h) Annual kWh Range  N(h) n(h)

0 - 16,000* 90,438 116 0 - 16,000* 1,676 31

16,001 -60,000 30,150 103 16,001 -60,000 1,060 51

60,001 - 180,000 10,756 92 60,001 - 180,000 424 50

> 180,000 1,333 115 > 180,000 34 34
Total 132,677 426 Total 3,194 166

RC 25C RC 251

Annual kWh Range  N(h) n(h) Annual kWh Range ~ N(h) n(h)

0 - 220,000* 2,605 22 0 - 220,000* 210 18

220,001 - 450,000 2,578 24 220,001 - 450,000 159 15

450,001 - 1,000,000 1,498 32 450,001 - 1,000,000 109 25

> 1,000,000 451 25 > 1,000,000 30 26
Total 7,132 103 Total 508 84

RC 26C RC 261

Annual kWh Range N(h) n(h) Annual kWh Range N(h) n(h)

0 - 2,000,000* 369 39 0 - 2,000,000* 58 24

2,000,001 -4,000,000 303 34 2,000,001 -4,000,000 27 11

> 4,000,000 76 27 > 4,000,000 14 13
Total 748 100 Total 99 48
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RC 29
Annual kWh Range N(h) n(h)
0 - 50,000* 639 190
> 50,000 105 105
Total 744 295
RC 31C RC 311
Annual kWh Range N(h) n(h) Annual kWh Range N(h) n(h)
0 - 2,000,000* 248 44 0 - 2,000,000* 71 12
2,000,001 - 8,000,000 100 63 2,000,001 - 8,000,000 42 25
> 8,000,000 19 19 > 8,000,000 17 17
Total 367 126 Total 130 54
RC43
Annual kWh Range  N(h) n(h)
0 - 1,000,000* 133 37
> 1,000,000 28 28
Total 161 65

The residential class (RC 07) sample size was determined to meet a 3% error margin with 95%
confidence limit, while all the other rate class sample sizes were estimated to satisfy a 5% error
margin with 95% confidence limit requirement. Since the variances of electric energy usage of
the irrigation (RC 29) and the large C&I rate class (RC 261, RC 31C, RC 311 and RC 43)
customers were so high, it requires big sample sizes and takes up a third or even a higher portion
of population to meet the criteria of 5% error margin. Total number of samples required for all of
the rate classes was 1,682. Since all of the customers in the primary voltage seasonal irrigation
(RC 35), the Campus Rate (RC 40), the high voltage interruptible service (RC 46) and the high
voltage general service (RC 49) classes are metered with 15-minute interval load readings, no
sampling was necessary for those rate classes. All of the non-system loads under the primary and
high voltage retail wheeling services (RC 449PV and 449HV) and the back-up generation service

(RC 459) class rates, are also metered with interval load readings.

Sample Drawing and Retention

A systematic sampling technique was used to draw the samples for each rate class stratum. The
following procedures were followed to select the samples from the population list of active device
locations by rate class and their annual billing data as of December 31, 2016:
1) Sort the rate class population in ascending order of annual kWh usage and stratify the
sorted data by the same usage strata as was determined in the sample design.
2) Count the number of customers in each usage bracket (or stratum).
3) Calculate K = Nu/n, where Ny = population number of customers in stratum h and n, =

number of samples as required by the sample design for stratum h.
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4) Draw stratum samples by taking the (K/2)" customer from the top of the stratum

population list as the first sample and every k™ customer from the first and the samples

drawn in sequence until the total number of samples drawn reaches the number of

sampling units determined in the sample design.

5) Repeat 3) and 4) to draw the samples for the remaining strata.

To be able to replace the primary samples in case of poor metering quality or service

termination/changes, two backup samples were also drawn using an approach similar to the one

used for the primary samples. The numbers of the first backup and the second backup samples

were set equal to the number of primary samples. The backup samples for each stratum were

drawn by taking every K" device location from the same population list used for the primary

sampling after selecting the (K/2-1)™ device location to be the first backup sample and the

(K/2+1)™ device location as the second backup sample. For some of the high usage brackets in

the irrigation and the large C&lI classes, such as RC 29, RC 31 and RC 43, the whole population

was selected as the primary sample. In such cases, there is no backup sample. Taking the

residential class sampling as an example, Table 2 and Table 3 illustrate how the primary, first

backup and second backup samples were selected for each of the rate class strata:

Table 2
Primary Sample Selection
Obs. #for  Obs. # for
Annual kWh Range N(h) n(h) N(h)/n(h) 1st Sample 1st Sample Last Sample
0 - 6,000* 266,125 35 7,604 3,802 3,802 262,323
6,001 -10,000 330,052 35 9,430 4,715 275,555 596,177
11,001 - 17,000 277,561 50 5,551 2,776 598,953 870,963
17,001 - 30,000 110,710 34 3,256 1,628 875,366 982,820
> 30,000 17,168 61 281 141 984,589 1,001,476
Total 1,001,616 215
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2017 Load Research Sample Drawing

Primary Sample for RC 07 (P)

Table 3

First Backup Sample for RCO7 (FB)

Second Backup Sample for RCO7 (SB)

Device Annualized Device Annualized Device Annualized
Sample # Obs. Location KWH Sample # Obs. Location KWH Sample # Obs. Location KWH
1 3,802 6001675281 70 1 3,801 6001164538 70 1 3,803 6001413042 70
2 11,406 6000293318 985 2 11,405 6000343503 985 2 11,407 6000749822 986
3 19,009 6000082914 1,603 3 19,008 6001012606 1,603 3 19,010 6002051331 1,603
4 26,613 6000942730 2,025 4 26,612 6001818064 2,025 4 26,614 6001600983 2,025
5 34,216 6000425303 2,347 5 34,215 6001466089 2,347 5 34,217 6000803648 2,347
6 41,820 6000943789 2,612 6 41,819 6001481887 2,612 6 41,821 6000719061 2,612
7 49,423 6001915047 2,839 7 49,422 6000349354 2,839 7 49,424 6001982622 2,839
8 57,027 6000191623 3,037 8 57,026 6000578038 3,037 8 57,028 6001129701 3,037
9 64,631 6000959519 3,215 9 64,630 6001053869 3,215 9 64,632 6000048682 3,216
10 72,234 6001134702 3,378 10 72,233 6001412153 3,378 10 72,235 6000919383 3,378
11 79,838 6001237416 3,530 11 79,837 6000466213 3,530 11 79,839 6001567528 3,530
12 87,441 6002015711 3,671 12 87,440 6001452858 3,671 12 87,442 6001086120 3,671
13 95,045 6001742346 3,804 13 95,044 6000243136 3,804 13 95,046 6001340612 3,804
14 102,648 6000852353 3,931 14 102,647 6000853578 3,931 14 102,649 6000776693 3,931
15 110,252 6000731799 4,054 15 110,251 6000619200 4,054 15 110,253 6001906051 4,054
16 117,856 6001515525 4,168 16 117,855 6000776335 4,168 16 117,857 6000995381 4,168
17 125,459 6001025963 4,282 17 125,458 6001515981 4,282 17 125,460 6000980176 4,282
18 133,063 6001229231 4,392 18 133,062 6001148839 4,392 18 133,064 6001435959 4,392
19 140,666 6001313554 4,500 19 140,665 6000865262 4,500 19 140,667 6000667269 4,500
20 148,270 6001152572 4,603 20 148,269 6001354155 4,603 20 148,271 6000071641 4,603
21 155,873 6001937577 4,701 21 155,872 6000755985 4,701 21 155,874 6001302031 4,701
22 163,477 6001849463 4,799 22 163,476 6001594829 4,799 22 163,478 6000449876 4,799
23 171,081 6001001932 4,896 23 171,080 6001822294 4,896 23 171,082 6001478317 4,896
24 178,684 6000455082 4,991 24 178,683 6001110125 4,991 24 178,685 6000028558 4,991
25 186,288 6000709115 5,084 25 186,287 6001741734 5,084 25 186,289 6001909162 5,084
26 193,891 6000512224 5,175 26 193,890 6000722737 5,175 26 193,892 6000935160 5,175
27 201,495 6000826080 5,265 27 201,494 6000491741 5,265 27 201,496 6000389790 5,265
28 209,098 6000117423 5,355 28 209,097 6000944605 5,355 28 209,099 6000059574 5,355
29 216,702 6000125295 5,443 29 216,701 6000024332 5,443 29 216,703 6001298620 5,443
30 224,306 6001749434 5,530 30 224,305 6000696358 5,530 30 224,307 6001616883 5,530
31 231,909 6000879591 5,618 31 231,908 6001660293 5,618 31 231,910 6000647237 5,618
32 239,513 6000649420 5,704 32 239,512 6001661879 5,704 32 239,514 6001301724 5,704
33 247,116 6001306392 5,789 33 247,115 6000253227 5,789 33 247,117 6001803817 5,789
34 254,720 6000114553 5,874 34 254,719 6000336617 5,874 34 254,721 6000195242 5,874
35 262,323 6001120864 5,958 35 262,322 6001140316 5,958 35 262,324 6000798946 5,958
36 275,555 6001135520 6,105 36 275,554 6000343427 6,105 36 275,556 6000008274 6,105
37 284,985 6000414645 6,210 37 284,984 6000345238 6,210 37 284,986 6000838291 6,210
38 294,415 6000688475 6,313 38 294,414 6000637408 6,313 38 294,416 6000725737 6,313
39 303,845 6001647381 6,417 39 303,844 6001740421 6,417 39 303,846 6000393104 6,417
40 313,275 6001747532 6,520 40 313,274 6001795988 6,520 40 313,276 6001764549 6,520
41 322,705 6001812721 6,624 41 322,704 6000596946 6,624 41 322,706 6000603520 6,624
42 332,135 6000313311 6,727 42 332,134 6001954512 6,727 42 332,136 6001459264 6,727
43 341,565 6000050436 6,831 43 341,564 6001883098 6,831 43 341,566 6000825726 6,831
44 350,996 6000900439 6,934 a4 350,995 6000948758 6,934 a4 350,997 6000604174 6,934
45 360,426 6001351184 7,038 45 360,425 6001681141 7,038 45 360,427 6001355360 7,038
46 369,856 6001474939 7,144 46 369,855 6000316946 7,144 46 369,857 6000713599 7,144
a7 379,286 6000387521 7,252 a7 379,285 6001760032 7,252 a7 379,287 6001997307 7,252
48 388,716 6001188994 7,357 48 388,715 6001007852 7,357 48 388,717 6001090477 7,358
49 398,146 6001032029 7,462 49 398,145 6000331934 7,462 49 398,147 6000448030 7,462
50 407,576 6000403712 7,569 50 407,575 6000305218 7,569 50 407,577 6001593316 7,569
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Primary Sample for RC 07 (P)

First Backup Sample for RCO7 (FB)

Second Backup Sample for RCO7 (SB)

Device Annualized Device Annualized Device Annualized
Sample #  Obs. Location KWH Sample #  Obs. Location KWH Sample #  Obs. Location KWH
51 417,006 6000913439 7,675 51 417,005 6000590301 7,675 51 417,007 6000741927 7,675
52 426,436 6001227437 7,785 52 426,435 6001764154 7,785 52 426,437 6001714929 7,785
53 435,866 6001870965 7,894 53 435,865 6000771050 7,894 53 435,867 6000136620 7,894
54 445,296 6001811101 8,005 54 445,295 6000168905 8,005 54 445,297 6001976064 8,005
55 454,726 6000798528 8,117 55 454,725 6000744179 8,117 55 454,727 6000331584 8,117
56 464,156 6000184434 8,229 56 464,155 6000115297 8,229 56 464,157 6000006831 8,229
57 473,586 6001507702 8,345 57 473,585 6000111094 8,345 57 473,587 6001524333 8,345
58 483,016 6000169346 8,459 58 483,015 6000007016 8,459 58 483,017 6001399748 8,459
59 492,446 6000825914 8,576 59 492,445 6000425865 8,576 59 492,447 6000949051 8,576
60 501,876 6001584061 8,694 60 501,875 6000105474 8,694 60 501,877 6000239350 8,694
61 511,306 6001481636 8,816 61 511,305 6001334666 8,816 61 511,307 6001292448 8,816
62 520,737 6000707345 8,939 62 520,736 6001821635 8,939 62 520,738 6000569887 8,939
63 530,167 6000586492 9,063 63 530,166 6001397272 9,063 63 530,168 6000355227 9,063
64 539,597 6001761082 9,191 64 539,596 6001671750 9,191 64 539,598 6000844832 9,191
65 549,027 6001335921 9,320 65 549,026 6000650658 9,320 65 549,028 6000860240 9,320
66 558,457 6001686250 9,451 66 558,456 6001216619 9,451 66 558,458 6000703980 9,451
67 567,887 6000383831 9,583 67 567,886 6000319194 9,583 67 567,888 6001592668 9,583
68 577,317 6000235850 9,719 68 577,316 6000367938 9,719 68 577,318 6000592204 9,719
69 586,747 6001371705 9,859 69 586,746 6001027625 9,859 69 586,748 6000559757 9,859
70 596,177 6000285514 10,000 70 596,176 6000077386 10,000 70 596,178 6000877294 10,000
71 598,953 6001197780 10,044 71 598,952 6000238665 10,043 71 598,954 6001643878 10,044
72 604,504 6000276929 10,129 72 604,503 6000471076 10,129 72 604,505 6000277775 10,129
73 610,055 6000151806 10,218 73 610,054 6000070340 10,218 73 610,056 6000646603 10,218
74 615,607 6001696359 10,306 74 615,606 6001253198 10,306 74 615,608 6000629261 10,306
75 621,158 6001780098 10,394 75 621,157 6000298719 10,394 75 621,159 6001631408 10,394
76 626,709 6001015284 10,483 76 626,708 6001763336 10,483 76 626,710 6001590805 10,483
77 632,260 6000861084 10,576 77 632,259 6000968116 10,576 77 632,261 6001863074 10,576
78 637,812 6000591775 10,670 78 637,811 6000634675 10,670 78 637,813 6001711413 10,670
79 643,363 6000030223 10,765 79 643,362 6000264975 10,765 79 643,364 6001547717 10,765
80 648,914 6001472143 10,863 80 648,913 6000349092 10,863 80 648,915 6000276539 10,863
81 654,465 6000813048 10,960 81 654,464 6001412584 10,960 81 654,466 6001250183 10,960
82 660,016 6000895369 11,059 82 660,015 6000251981 11,059 82 660,017 6000736163 11,059
83 665,568 6001650056 11,162 83 665,567 6001978852 11,162 83 665,569 6000748089 11,162
84 671,119 6000273434 11,264 84 671,118 6001548024 11,264 84 671,120 6001583571 11,264
85 676,670 6001674895 11,369 85 676,669 6001836621 11,369 85 676,671 6000950509 11,369
86 682,221 6000123442 11,475 86 682,220 6001193965 11,474 86 682,222 6001394726 11,475
87 687,773 6000496817 11,585 87 687,772 6000175285 11,585 87 687,774 6001074386 11,585
88 693,324 6001332931 11,693 88 693,323 6001438951 11,693 88 693,325 6001440381 11,693
89 698,875 6001085993 11,805 89 698,874 6000772355 11,805 89 698,876 6000594112 11,805
90 704,426 6001077033 11,914 90 704,425 6000701989 11,914 90 704,427 6000667665 11,914
91 709,977 6000891623 12,028 91 709,976 6000630217 12,028 91 709,978 6000818741 12,028
92 715,529 6000016818 12,145 92 715,528 6000355801 12,145 92 715,530 6001131881 12,145
93 721,080 6000281392 12,265 93 721,079 6000814603 12,265 93 721,081 6000690596 12,265
94 726,631 6001559282 12,386 94 726,630 6000885375 12,386 94 726,632 6001611393 12,386
95 732,182 6001021795 12,511 95 732,181 6000566548 12,511 95 732,183 6001572589 12,511
96 737,733 6001506802 12,636 96 737,732 6000079000 12,636 96 737,734 6001298577 12,636
97 743,285 6001131238 12,768 97 743,284 6000272136 12,767 97 743,286 6001096997 12,768
98 748,836 6001660780 12,901 98 748,835 6001457771 12,901 98 748,837 6000693440 12,901
99 754,387 6001310642 13,035 99 754,386 6000034271 13,035 99 754,388 6001126574 13,035
100 759,938 6001666247 13,173 100 759,937 6001522277 13,173 100 759,939 6001468278 13,173
101 765,490 6001014411 13,310 101 765,489 6001123817 13,310 101 765,491 6001142390 13,310
102 771,041 6001776251 13,454 102 771,040 6000424023 13,454 102 771,042 6001103024 13,454
103 776,592 6000059696 13,602 103 776,591 6000786585 13,602 103 776,593 6000694395 13,602
104 782,143 6001573923 13,755 104 782,142 6000064726 13,755 104 782,144 6001502721 13,755
105 787,694 6000430609 13,910 105 787,693 6000126657 13,910 105 787,695 6000620609 13,910
106 793,246 6000006917 14,070 106 793,245 6000837188 14,070 106 793,247 6001145625 14,070
107 798,797 6000928953 14,233 107 798,796 6000490157 14,233 107 798,798 6001508904 14,233
108 804,348 6001637318 14,402 108 804,347 6001619638 14,402 108 804,349 6001656985 14,402
109 809,899 6000009449 14,574 109 809,898 6001630249 14,574 109 809,900 6000271147 14,574
110 815,451 6001442227 14,751 110 815,450 6001604304 14,751 110 815,452 6001364941 14,751
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Primary Sample for RC 07 (P)

First Backup Sample for RCO7 (FB)

Second Backup Sample for RCO7 (SB)

Device Annualized Device Annualized Device Annualized
Sample #  Obs. Location KWH Sample #  Obs. Location KWH Sample #  Obs. Location KWH
111 821,002 6000268274 14,929 111 821,001 6001771831 14,929 111 821,003 6001834448 14,929
112 826,553 6001954975 15,115 112 826,552 6001429329 15,115 112 826,554 6000170628 15,115
113 832,104 6000487709 15,307 113 832,103 6000298057 15,307 113 832,105 6001016720 15,307
114 837,655 6001779777 15,508 114 837,654 6000211828 15,508 114 837,656 6000352771 15,508
115 843,207 6001358619 15,715 115 843,206 6000995047 15,715 115 843,208 6001624799 15,715
116 848,758 6001553993 15,932 116 848,757 6001691770 15,932 116 848,759 6001135024 15,932
117 854,309 6001405768 16,158 117 854,308 6001327750 16,158 117 854,310 6000457433 16,158
118 859,860 6001824900 16,390 118 859,859 6000700976 16,390 118 859,861 6000139941 16,390
119 865,412 6000043883 16,624 119 865,411 6001042912 16,624 119 865,413 6001190371 16,624
120 870,963 6000797308 16,872 120 870,962 6001824338 16,872 120 870,964 6000635082 16,872
121 875,366 6001876937 17,079 121 875,365 6000726162 17,078 121 875,367 6000930642 17,079
122 878,622 6000090911 17,235 122 878,621 6000467904 17,235 122 878,623 6000321567 17,235
123 881,878 6001198571 17,395 123 881,877 6001077762 17,395 123 881,879 6001001884 17,395
124 885,135 6000985709 17,559 124 885,134 6000869973 17,559 124 885,136 6000789409 17,559
125 888,391 6000351451 17,725 125 888,390 6000760170 17,725 125 888,392 6001029538 17,725
126 891,647 6000320517 17,894 126 891,646 6001288371 17,894 126 891,648 6001628339 17,894
127 894,903 6000855995 18,077 127 894,902 6001087309 18,077 127 894,904 6000888679 18,077
128 898,159 6000341168 18,265 128 898,158 6001753584 18,265 128 898,160 6000847795 18,265
129 901,415 6000645542 18,459 129 901,414 6001697562 18,459 129 901,416 6001085341 18,459
130 904,672 6001041240 18,653 130 904,671 6001443155 18,653 130 904,673 6001275026 18,653
131 907,928 6001719366 18,855 131 907,927 6001629409 18,855 131 907,929 6001621890 18,855
132 911,184 6001223080 19,065 132 911,183 6000526635 19,065 132 911,185 6000610850 19,065
133 914,440 6000685235 19,287 133 914,439 6001110295 19,287 133 914,441 6001968988 19,287
134 917,696 6001276676 19,520 134 917,695 6001103741 19,520 134 917,697 6000527036 19,520
135 920,952 6001459617 19,759 135 920,951 6000032323 19,759 135 920,953 6001687211 19,759
136 924,209 6001401279 20,000 136 924,208 6001512946 20,000 136 924,210 6000453778 20,000
137 927,465 6001438719 20,256 137 927,464 6001100976 20,256 137 927,466 6001653377 20,256
138 930,721 6001193004 20,530 138 930,720 6000412878 20,530 138 930,722 6000060654 20,530
139 933,977 6001053297 20,820 139 933,976 6001860290 20,820 139 933,978 6000018244 20,820
140 937,233 6000254855 21,117 140 937,232 6000705407 21,117 140 937,234 6001794596 21,118
141 940,490 6000536948 21,432 141 940,489 6001176665 21,431 141 940,491 6001311083 21,432
142 943,746 6000744275 21,772 142 943,745 6001342687 21,772 142 943,747 6001302641 21,773
143 947,002 6001869085 22,124 143 947,001 6000463355 22,123 143 947,003 6000401187 22,124
144 950,258 6001763150 22,498 144 950,257 6001354954 22,498 144 950,259 6001867539 22,498
145 953,514 6000932422 22,905 145 953,513 6001109983 22,905 145 953,515 6001024573 22,905
146 956,770 6002040257 23,346 146 956,769 6001208199 23,346 146 956,771 6001454549 23,346
147 960,027 6001659363 23,835 147 960,026 6001009227 23,835 147 960,028 6000326111 23,835
148 963,283 6000608222 24,375 148 963,282 6001819958 24,375 148 963,284 6001889693 24,376
149 966,539 6001520252 24,956 149 966,538 6001013679 24,956 149 966,540 6000723722 24,957
150 969,795 6000112729 25,586 150 969,794 6001703609 25,586 150 969,796 6000534229 25,586
151 973,051 6001799826 26,321 151 973,050 6001509983 26,321 151 973,052 6001122693 26,321
152 976,307 6000726978 27,172 152 976,306 6001372642 27,171 152 976,308 6000645822 27,172
153 979,564 6000603582 28,155 153 979,563 6000545347 28,155 153 979,565 6000936383 28,156
154 982,820 6001234794 29,328 154 982,819 6001827396 29,328 154 982,821 6000004473 29,328
155 984,589 6000326601 30,069 155 984,588 6001060492 30,067 155 984,590 6001475141 30,069
156 984,870 6001043596 30,190 156 984,869 6000380928 30,189 156 984,871 6000261610 30,190
157 985,152 6001491937 30,304 157 985,151 6000148033 30,304 157 985,153 6000956895 30,305
158 985,433 6001098618 30,444 158 985,432 6001235872 30,443 158 985,434 6000364116 30,444
159 985,715 6000440051 30,592 159 985,714 6001425693 30,592 159 985,716 6000389078 30,592
160 985,996 6000983154 30,724 160 985,995 6000671094 30,723 160 985,997 6001969557 30,724
161 986,278 6000035055 30,860 161 986,277 6001390577 30,860 161 986,279 6000103157 30,860
162 986,559 6000529936 30,985 162 986,558 6000100425 30,985 162 986,560 6000146589 30,985
163 986,841 6001852897 31,147 163 986,840 6001513793 31,146 163 986,842 6000290021 31,147
164 987,122 6000186507 31,284 164 987,121 6001554903 31,284 164 987,123 6000132819 31,284
165 987,403 6000064776 31,449 165 987,402 6000490510 31,449 165 987,404 6000571801 31,450
166 987,685 6000024298 31,622 166 987,684 6001594343 31,621 166 987,686 6001211487 31,623
167 987,966 6000194343 31,775 167 987,965 6000942618 31,775 167 987,967 6001258302 31,775
168 988,248 6001504834 31,948 168 988,247 6000346962 31,948 168 988,249 6001238712 31,949
169 988,529 6000913361 32,110 169 988,528 6001053468 32,108 169 988,530 6000479238 32,111
170 988,811 6000946578 32,270 170 988,810 6000243601 32,268 170 988,812 6001240387 32,272
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Primary Sample for RC 07 (P)
Device
Sample#  Obs. Location
171 989,092 6001791199
172 989,374 6001317832
173 989,655 6000100901
174 989,936 6001407252
175 990,218 6001696468
176 990,499 6001299277
177 990,781 6001767992
178 991,062 6000132854
179 991,344 6000779443
180 991,625 6001531238
181 991,907 6000946534
182 992,188 6001211593
183 992,469 6001784313
184 992,751 6001644291
185 993,032 6000482949
186 993,314 6001766336
187 993,595 6000500151
188 993,877 6000016899
189 994,158 6000788745
190 994,439 6000031211
191 994,721 6000663669
192 995,002 6000242577
193 995,284 6000048839
194 995,565 6001085365
195 995,847 6000215850
196 996,128 6000804143
197 996,410 6000944138
198 996,691 6000245258
199 996,972 6000268583
200 997,254 6000304826
201 997,535 6001138244
202 997,817 6001375948
203 998,098 6000733428
204 998,380 6001371810
205 998,661 6000005542
206 998,943 6001315850
207 999,224 6000122971
208 999,505 6000588958
209 999,787 6001219324
210 1,000,068 6001664677
211 1,000,350 6001485851
212 1,000,631 6002049626
213 1,000,913 6002017180
214 1,001,194 6001067513
215 1,001,476 6000882908

Annualized
KWH
32,447
32,644
32,844
33,055
33,296
33,520
33,735
33,971
34,217
34,488
34,775
35,089
35,373
35,692
36,000
36,362
36,738
37,106
37,537
37,983
38,431
38,909
39,451
39,988
40,609
41,205
41,878
42,578
43,431
44,345
45,270
46,398
47,683
49,130
50,880
52,804
55,211
57,781
61,708
65,953
71,743
79,751
92,159
113,963
160,428

First Backup Sample for RCO7 (FB)

Sample #

171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215

Obs.
989,091
989,373
989,654
989,935
990,217
990,498
990,780
991,061
991,343
991,624
991,906
992,187
992,468
992,750
993,031
993,313
993,594
993,876
994,157
994,438
994,720
995,001
995,283
995,564
995,846
996,127
996,409
996,690
996,971
997,253
997,534
997,816
998,097
998,379
998,660
998,942
999,223
999,504
999,786

1,000,067
1,000,349
1,000,630
1,000,912
1,001,193
1,001,475

Device
Location
6001256927
6000162897
6001780870
6001632926
6000890144
6001996073
6001072054
6001898804
6000064856
6000447050
6001115788
6000728773
6001818932
6000964622
6001582501
6001649915
6000555865
6000176250
6001557052
6001804773
6001675625
6001108076
6001238213
6001051334
6000609015
6000275881
6000828140
6000144807
6000604417
6000940497
6000720849
6001536942
6000739766
6000643418
6000761894
6001801646
6001012562
6000872212
6000389048
6001774893
6001798484
6000394744
6001585194
6001905902
6000091994

Annualized
KWH
32,446
32,643
32,844
33,055
33,294
33,518
33,735
33,971
34,217
34,488
34,773
35,088
35,373
35,691
36,000
36,361
36,738
37,104
37,535
37,982
38,428
38,908
39,450
39,984
40,608
41,204
41,877
42,577
43,430
44,341
45,266
46,398
47,679
49,129
50,873
52,799
55,193
57,777
61,697
65,923
71,733
79,704
92,124
113,927
160,033

Second Backup Sample for RC07 (SB)

Sample #
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215

Obs.
989,093
989,375
989,656
989,937
990,219
990,500
990,782
991,063
991,345
991,626
991,908
992,189
992,470
992,752
993,033
993,315
993,596
993,878
994,159
994,440
994,722
995,003
995,285
995,566
995,848
996,129
996,411
996,692
996,973
997,255
997,536
997,818
998,099
998,381
998,662
998,944
999,225
999,506
999,788
1,000,069
1,000,351
1,000,632
1,000,914
1,001,195
1,001,477

Reuse of the Existing Sample Meters with High Performance Records

Device
Location
6001294953
6001072751
6000466197
6001774656
6001477203
6001467411
6001185903
6001328136
6001471855
6000886683
6000106805
6000273700
6001816812
6000800116
6001346843
6001536058
6001254290
6000815150
6000519377
6001733879
6000362759
6000318270
6000294805
6000588391
6001756967
6001429184
6001841503
6001016958
6001328859
6000854982
6001481660
6001664394
6001230689
6001454821
6000240025
6001415689
6000325917
6000985685
6000622841
6000944606
6000723309
6000408583
6000444254
6000974443
6000845957

Annualized
KWH
32,448
32,645
32,847
33,055
33,296
33,520
33,735
33,972
34,217
34,488
34,775
35,089
35,375
35,695
36,001
36,363
36,739
37,106
37,538
37,983
38,431
38,910
39,456
39,988
40,611
41,205
41,883
42,582
43,433
44,347
45,272
46,398
47,691
49,130
50,888
52,808
55,219
57,781
61,716
65,966
71,759
79,770
92,166
114,007
160,734

In order to improve the performance of the sampled meters, other existing sampled metered data

were evaluated. This includes existing load research sample meters, which were deployed in

March 2011 and the 15-minute interval meter readings maintained by the Energy Efficiency

Group for their program impact study. These existing meter data were evaluated for availability

and quality of their interval load readings from September 2016 to February 2017. In total, 543

existing residential sample meters and 5,188 existing non-residential sample meters were

examined. Through the meter reading performance evaluation, it was discovered that 329
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residential meters and 3,757 non-residential meters have been producing accurate interval load

readings for 99 or higher percent of time.

Since these meters have been verified for their high performance, we would save a good amount
of time and effort spent previously for verifying, editing and estimating (VEE) the interval load
readings, if we reuse those existing sample meters in place of the newly drawn samples whenever
they are compatible with the new samples drawn. For each rate class, those high performing
meters were checked against the new samples for their compatibility in annual energy usage.
Whenever the difference between the annual energy usage of an existing high-performance
sample and a newly-drawn sample is within 5 percent, the existing sample replaced the new
sample. This process resulted in a final list of primary samples made of 477 from the existing
load research sample meters, 792 from the interval load meters being maintained by the Energy
Efficiency Group, and 405 from the new samples drawn in accordance with the 2017 Load
Research Sample Design. Since the number of interval load reading meters is limited by a budget
constraint, the secondary backup samples were selected from only the existing sample meters.
Table 4 below lists sources and sizes of the final primary, first backup and second backup

samples by rate class:
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Table 4

2017 Load Research Samples by Rate Schedule and Source

Schedule 07 Schedule 24
Sources of Samples Sources of Samples
Existing Samples Existing Samples
L.R. Other New Total L.R. Other New Total
Primary Samples 119 44 51 214 172 290 127 589
First Backup Samples 66 37 111 214 92 264 196 552
Second Backup Samples 30 15 0 45 62 218 0 280
Total 215 96 162 473 326 772 323 1421
Schedule 25 Schedule 26
Sources of Samples Sources of Samples
Existing Samples Existing Samples
L.R. Other New Total L.R. Other New Total
Primary Samples 46 102 38 186 19 107 21 147
First Backup Samples 23 96 46 165 8 75 46 129
Second Backup Samples 21 75 0 96 2 62 0 64
Total 90 273 84 447 29 244 67 340
Schedule 29 Schedule 31
Sources of Samples Sources of Samples
Existing Samples Existing Samples
L.R. Other New Total L.R. Other New Total
Primary Samples 50 137 106 293 50 79 51 180
First Backup Samples 10 66 115 191 11 42 34 87
Second Backup Samples 2 21 0 23 4 29 0 33
Total 62 224 221 507 65 150 85 300
Schedule 43 Total
Sources of Samples Sources of Samples
Existing Samples Existing Samples
L.R. Other New Total L.R. Other New Total
Primary Samples 21 33 11 65 477 792 405 1,674
First Backup Samples 8 23 5 36 218 603 553 1,374
Second Backup Samples 4 12 0 16 125 432 0 557
Total 33 68 16 117 820 1,827 958 3,605

Validation of the Final Samples

The main goal of sample design is to obtain unbiased samples to represent statistical properties of

the target population within a pre-determined level of error tolerance. The maximum level of

error tolerance with a 95 percent confidence limit set for the sample design was 3 percent for the

residential rate class and 5 percent for all other rate classes. Validity of the samples selected for

each usage bracket was evaluated comparing the mean value of the selected sample customers’

annual energy usage with the population mean calculated for the rate-class usage brackets

involved. There were 37 usage brackets to evaluate. As shown in Table 5 below, all the usage

bracket samples selected for the “Primary” sample group perform significantly better than the
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pre-set error margin criteria, except the highest usage bracket samples selected for Rate Class 25I.
Difference between the sample mean and the population mean for this rate class usage bracket is
5.1 percent, slightly over the 5 percent criteria. This usage bracket has only 30 large industrial
customers with a high usage variance. Out of 24 samples required to meet the sample design
criteria, 4 samples were selected from the existing Load Research Program samples and 3
samples were recruited from the current Energy Efficiency Program samples. Considering the
benefit of reusing the existing samples with proven records, an error margin slightly above the 5

percent limit was deemed reasonable.

Future Plan

The interval load data to be collected from the new samples will be examined regularly for
service changes and metering performance. The interval load readings will be verified, estimated
and edited, and be post-stratified and expanded to develop class hourly load profiles as needed for
electric cost of service study. Through the continuous monitoring and verification process, the
load research meters with missing or erroneous readings for more than 5% of times will be sorted
out. If a sub-performing meter is a primary sample, performance of its first backup meter will be
evaluated. If the backup meter’s performance rate is 95% or above, it will replace the primary
meter for interval load data processing and hourly load profiling for the current and future
months. If both the primary and the first backup meters fail the performance test, the second
backup will be evaluated as a substitute. The large C&I customers whose interval loads are being
read and stored in the MV-90 system will also be evaluated as a replacement for the failing

samples. PSE plans to update its class load research sample design and selection every five years.
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Table 5

Validity Test Results of the Final Primary Samples by Rate Class

RC7
Annual kWh Range W(h) Y(h) y(h) % Diff.

0-6,000* 0.2657 4,094 4,102 0.20%

6,001 -10,000 0.3295 7,892 7,946 0.68%

11,001 - 17,000 0.2771 12,864 12,857  -0.05%

17,001 - 30,000 0.1105 21,218 21,218 0.00%

> 30,000 0.0171 44,129 43,514  -1.40%
Total 1.0000 10,355 10,362 0.07%

Where W (h) = Usage bracket weight; Y(h) = Population Mean; y(h) = Sample Mean

RC 24C RC 241
Annual kWh Range W(h) Y(h) y(h) % Diff. Annual kWh Range W(h) Y(h) y(h) % Diff.
0 - 16,000* 0.6816 4,666 4,664  -0.04% 0-16,000* 0.5247 6,433 6,441 0.13%
16,001 -60,000 0.2272 30,999 30,921  -0.25% 16,001 -60,000 0.3319 31,130 31,546 1.34%
60,001 - 180,000 0.0811 96,188 95,822  -0.38% 60,001 - 180,000 0.1327 95,842 95,497  -0.36%
> 180,000 0.0100 303,750 297,478  -2.06% > 180,000 0.0106 397,576 397,576 0.00%
Total 1.0000 21,075 20,963  -0.53% Total 1.0000 30,662 30,759 0.31%
RC 25C RC 251
Annual kWh Range W(h) Y(h) y(h) % Diff. Annual kWh Range W(h) Y(h) y(h) % Diff.
0 - 220,000* 0.4134 130,478 130,368  -0.08% 0 - 220,000* 0.4134 126,733 127,262 0.42%
220,001 - 450,000 0.3130 315,447 315,311 -0.04% 220,001 - 450,000 0.3130 307,881 303,510  -1.42%
450,001 - 1,000,000 0.2146 644,594 644,371  -0.03% 450,001 - 1,000,000 0.2146 667,491 662,662  -0.72%
> 1,000,000 0.0591 1,377,211 1,356,396  -1.51% > 1,000,000 0.0591 1,436,845 1,363,165 -5.13%
Total 1.0000 372,310 370,945  -0.37% Total 1.0000 376,829 370,292  -1.73%
RC 26C RC 261
Annual kWh Range W(h) Y(h) y(h) % Diff. Annual kWh Range W(h) Y(h) y(h) % Diff.
0 - 2,000,000* 0.4933 1,242,556 1,237,622  -0.40% 0 - 2,000,000* 0.5859 1,213,976 1,177,192  -3.03%
2,000,001 -4,000,000 0.4051 2,775,802 2,800,977 0.91% 2,000,001 -4,000,000 0.2727 2,783,103 2,720,446  -2.25%
> 4,000,000 0.1016 5,391,478 5,287,760  -1.92% > 4,000,000 0.1414 5,340,681 5,166,295  -3.27%
Total 1.0000 2,285,192 2,282,418 -0.12% Total 1.0000 2,268,889 2,207,644  -2.70%
RC 29
Annual kWh Range W(h) Y(h) y(h) % Diff.
0 - 50,000* 0.8589 13,692 13,643  -0.35%
> 50,000 0.1411 91,757 91,757 0.00%
Total 1.0000 24,709 24,667  -0.17%
RC31C RC 311
Annual kWh Range W(h) Y(h) y(h) % Diff. Annual kWh Range W(h) Y(h) y(h) % Diff.
0 - 2,000,000* 0.6757 593,843 584,823  -1.52% 0 - 2,000,000* 0.5462 636,363 605,158  -4.90%
2,000,001 - 8,000,000 0.2725 3,984,168 3,939,590 -1.12% 2,000,001 - 8,000,000 0.3231 4,846,963 4,747,255  -2.06%
> 8,000,000 0.0518 13,371,056 13,371,056 0.00% > 8,000,000 0.1308 13,829,097 13,829,097 0.00%
Total 1.0000 2,179,128 2,160,886  -0.84% Total 1.0000 2,466,668 2,418,413 -1.96%
RC 43
Annual kWh Range W(h) Y(h) y(h) % Diff.
0 - 1,000,000* 0.8261 506,784 501,626  -1.02%
> 1,000,000 0.1739 1,734,804 1,734,804 0.00%
Total 1.0000 720,353 716,092  -0.59%
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