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Utah Residential Class (2008)
Load Recorder Study
Sampling Procedures ~

This paper describes the procedures used to develop the 2008 Utah Residential Class
Study. This study will provide load data for use in support of cost studies and price
fiings before the Utah Public Service Commission, and for use in other studies of
residential customer demand characteristics. The goal of this sample design is to provide
relative precision of:i 5% at the 90% confidence level for an estimate of the average of
the twelve monthly system peak hours, dunng twelve consecutive months.

m
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Recorders will be placed in service effective no later than October 1 st, 2008, and will be
monitored on a continuous basis to insure no significant deviation from billing records.

Sampling Plan for Utah

This sampling plans includes several steps:

..:,~l)
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1.

2.
3.
4.
5.
6.
7.

8.

9.

Formalization of the sample parameters;
Specification of the target variable;
Choice of the stratification variable;
Choice of method for estimating kW;
Choice of the number of strata;
Construction of the strata boundares
Allocation of sample points to each stratum;
Selection of primar sample sites;
Selection of alternate sample sites.

D

~

Formalization of the sample parameters

This sample replaces the old Utah residential class sample, which was originally installed
in 1991, and later refreshed in 1999. There is no secondary/primar voltage breakdown
in the tanff and, accordingly, only one load sample is required to provide load estimates
for this group.

Specification of the target variable

Load studies in the state of Utah are used primarily to support cost allocation studies.
Current cost study methods use the average demand at the hours of the PacifiCorp system
peak for twelve consecutive months (l2SYSPK), as well as estimates of distribution and
individual customer maximum demands, each averaged over twelve consecutive months.
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These study designs treat 12SYSPK as the target variable because it is, by far, the most
important peak measure for allocation of demand related costs.

The current Utah residential class study was used to provide estimates of means and
residual variances required in these sample designs. The range of sample data employed
encompassed the twelve month period from January 2007 through December 2007.
Billing data for the twelve months ending February 2008 were used to determine
appropriate stratification.

Choice of the Stratification Variable

A potential stratifying variable, according to Cochran, should meet three criteria!:

1. The population is composed of institutions vGlying widely in size.
2. The principle variables to be measured are closely related to the sizes of the

institutions.
3. A good measure of size is available for setting up the strata.

Average monthly biling kWh (KWH_MNTH), which is the average monthly energy
registered over a twelve consecutive month period, was selected as the best available
variable for this purpose. It is readily available for all customers in this class, with a
range from 0 to 191,500 kWh for any given customer in this group.

Choice of Method for Estimating kW

To estimate a peak demand for a population using MPU, the mean peak demand value
from the sample is multiplied by the number of elements in the entire population. Use of
the MPU method provides an unbiased estimate.

For ratio estimation, the ratio of the target variable (l2SYSPK) over the auxiliary
variable (KWH_ANN) is calculated for the sample. This ratio is then multiplied by the
total anual billed kWh for the population to get the estimated total group peak demand.
Because energy usage and peak demand are correlated, a ratio estimate wil have a
sJ!aller variance than a MPU estimate. However, a ratio estimate may be slightly biased.

With stratified sample designs, ratio estimators can be computed in two ways: separately
for each stratum, or a combined ratio can be computed over all strata. Separate ratio
estimation tends to result in smaller variance. However, the combined ratio method is
rnore appropriate when stratum sample sizes are small, because the risk of bias is
reduced.

Tables C.l shows sample size needed for the Utah Residential Class study using a mean-
per-unit method, assuming a three strata design, with optimal allocation utilizing the
TschprowfNeyman method. Table C.2 details the same information in a four strata
schema. The design as presented in Table C.1 was selected for this sample.

i William G. Cochran, "Sampling Techniques", Third Edition, Wiley, pg.1O i
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Choice of the Number of Strata
~

As the number of strata increases, precision of the estimate of the total contribution to
demand (kW) at system peak also increases. However, the increase in precision per
additional stratum diminishes after a relatively small number of strata2. Desire for
simplicity, and for a reasonable number of sites in each stratum lead to a preference for a
small number of strata. If a minimum number of sites policy is followed (eg. 10 sites
minimum per stratum), then the addition of strata can actually lead to more, rather than
fewer, total sites. If such a policy is not followed, the result can be strata with so few
recorders that confidence in sample estimates is at risk from unexpected data problems,
varance estimates may not be sufficiently precise for future sample design purposes, and
the sample may not be robust enough to be useful when analysis needs change.
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A final decision on the number of strata requires actual cost companson of potential
stratification schemes to evaluate effectiveness versus cost. For this study, a three strata
scheme was employed. The method described below was used to compare stratification
approaches.
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Construction of Strata Boundaries

Various methods might be used for definition of strata boundaries. Cochran found the
"cumulative square root of t,3 rule, as defined by Dalenius and Hodges (1959), to be
superior in a comparative study of such methods applied to actual distributions exhibiting
a range of skewness.

~

Steps in calculating strata boundaries under the "cumulative square root of t' rule are as
follows. First, tabulate frequencies of the stratifying variable. For these studies, average
monthly energy (KWH_MNTI-I) from customer billing records for the twelve months
ending February 2008 were used. All Utah residential customers, whose end of 

yearstatus was active, and whose total annual kWh consumption was greater than 250 kWh
were included in this procedure, and in population figures for the sample design. Second,
multiply the number of customers in each interval by the interval factor. Third, take the
square root of these frequencies. Fourth, cumulatively sum the square roots. The
resulting distribution of adjusted cumulative square roots of frequency is then partitioned
into equal intervals by dividing by the number of strata. The final stratification scheme
of three strata is presented in Table B. i, and shows the optimal boundaries resulting from

==

2 William G. Cochran, "Sampling Techniques", Third Edition, Wiley, Pg. i 32
3 William G. Cochran, "Sampling Techniques", Third Edition, Wiley, Pgs. 129-130
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the above procedure, after adjustments made to accommodate prior cost analysis
requirements (if any).

Allocation of Sample Points to Each Stratum

Once the stratum boundaries have been determined, sample points (i.e., load recorders)
must be assigned to the strata. The Tschprow-Neyman allocation procedure4 allocates an
optimal sampling rate to each stratum. Optimal allocation techniques minimize the
variance of the population estimates by increasing the sample proportion in the strata
having larger vanances. This produces a sampling rate for each stratum which is
proportional to the standard deviation within the stratum. The analogous procedure for a
ratio sampling plan is allocation in proportion to the square root of the residual variance.

Data for estimating the variance of the 12SYSPK measure for each stratum were
available for customers included in the current Utah residential class load study. These
data were used to provide estimates for the new Utah residential class sample design. For
the mean-per-unit method, the variance within each stratum was the ordinar variance of

the mean.

Minimum recorder allocations and data loss adjustments are required for each stratum to
maintain adequate data in case of recorder failure and to provide data for analysis of load
characteristics other than the primar taget variable, should such analysis be necessary.
Minimums ranging from 5 to 15 sites per stratum have been used in past studies. In the
present studies, a minimum of 10 sites was used. A minimum on the high side was
selected, despite improvements in data quality due to solid state recording equipment,
because changing requirements for load research and other areas using this data may
require unanticipated applications, and because overall sample effciencies are bringing
these studies in well below the budgeted number of sites, even with the 10 site minimum.
The final allocation of recorders reflected an additional ten percent data loss adjustment
per stratum over the optimal or minimum allocation.

Because of an existing, ready supply of the types of meters required for a load study such
as this, the decision was made to substantially increase the number of sites to be installed
vs. the sample design. The three strata design selected class for the-nstallation of 158
recorders to meet design standards. This design was supplemented with an additional 12
recorders, which translates to :I 4.64% precision at the 90% confidence leveL.

4 William G. Cochran, "Sampling Techniques", Third Edition, Wiley, pgs. 96-99
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Sample Selection

Systematic sample selections were used for each stratum to ensure a representative
distribution. For practical reasons, inactive customers, customers with no kWh meter
installed (usually certain types oflighting customers with very predictable demand and
consumption, indicated by absence of a kWh meter number), and customers with very
low consumption (-(250 kWh total in the past 12 billing periods) were eliminated from
the sampling frame. Eligible customers were then sorted by stratum and by average
monthly billed energy (KWH _ MNTH) within stratum. The number of customers
available in the sampling frame for each stratum was then divided by the number of
recorders allocated to that stratum (Nh/nh), yielding the sampling interval size. A five
digit random number between 0 and 1 was chosen for each stratum, and multiplied by the
stratum interval size to obtain the starting selection point for each stratum (Table A).
Beginning with this site, additional sites were selected at the given sampling intervals to
obtain the desired number of sample sites. This procedure was repeated four times to
provide a list of alternate selection sites.

The list of primar and alternate selection sites for this sample are contained in Appendix
1. This list was compared against curent Utah profie metering installations to check for
duplicates. Duplicates between the design and production systems were noted and
updated in the Appendix.
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Utah Residential Class Sample Parameters

¡¡

Active Customers with kWh Meters
For the 12 Months Ending February 2008

Stratum 2 3 4 5 6
lf

Sampling 351,800 254,648 53,961
Frame

rt

Sample 68 70 32

Interval 5,173.53 3,637.83 1,686.28

Random Starts

Primary
Random NO.(l) 0.69548 0.18893 0.86783 lI
Start 3598 687 1463

Alternate 1

;~:I. Random No.(l) 0.22927 0.83647 0.60988
E~-

Start 1186 3043 1028

Alternate 2

Random NO(l) 0.37149 0.71481 0.21123
Start 1922 2600 356 ~

Alternate 3

Random No. (1) 0.19601 0.58823 0.98344
Start 1014 2140 1658 ~

Alternate 4
Random No.(l) 0.10190 0.69198 0.17559
Start 527 2517 296

(1) Random numbers from Excel's random function.

==

Table A



Utah Residential Class DH Worksheet
Three Strata

Customer Interval
Count Factor -- ~

Range f l! "I -o,,1 cum"',,1
0 to 250 45840 1 45840 214.1 214.1

251 to 500 139998 1 139998 374.2 588.3
501 to 750 165962 1 165962 407.4 995.7 351,800
751 to 1000 129682 1 129682 360.1 1,355.8

1001 to 1250 81025 1 81025 284.6 1,640.4
1251 to 1500 43941 1 43941 209.6 1,850.0 254,648
1501 to 1750 22773 1 22773 150.9 2,000.9
1751 to 2000 12264 1 12264 110.7 2.111.7 El

2001 to 2250 6856 1 6856 82.8 2,194.5
2251 to 2500 3998 1 3998 63.2 2,257.7
2501 to 2750 2343 1 2343 48.4 2,306.1
2751 to 3000 1564 1 1564 39.5 2,345.7
3001 to 3250 1026 1 1026 32.0 2,377.7

¡¡3251 to 3500 678 1 678 26.0 2,403.7
3501 to 3750 508 1 508 22.5 2,426.3
3751 to 4000 337 1 337 18.4 2,444.6
4001 to 4250 280 1 280 16.7 2,461.4
4251 to 4500 213 1 213 14.6 2,476.0
4501 to 4750 145 1 145 12.0 2,488.0
4751 to 5000 138 1 138 11.7 2,499.7
5001 to 5250 97 1 97 9.8 2,509.6
5251 to 5500 74 1 74 8.6 2,518.2
5501 to 5750 85 1 85 9.2 2,527.4
5751 to 6000 54 1 54 7.3 2,534.8
6001 to 6250 46 1 46 6.8 2,541.6
6251 to 6500 48 1 48 6.9 2,548.5 ¡;
6501 to 6750 38 1 38 6.2 2,554.6
6751 to 7000 33 1 33 5.7 2,560.4
7001 to 7250 34 1 34 5.8 2,566.2
7251 to 7500 23 1 23 4.8 2,571.0
7501 to 7750 24 1 24 4.9 2,575.9
7751 to 8000 25 1 25 5.0 2,580.9 ~ ~-::::

8001 to 8250 25 1 25 5.0 2,585.9
8251 to 8500 11 1 11 3.3 2,589.2
8501 to 8750 17 1 17 4.1 2,593.4
8751 to 9000 11 1 11 3.3 2,596.7
9001 to 9250 15 1 15 3.9 2,600.5
9251 to 9500 11 1 11 3.3 2,603.9
9501 to 9750 6 1 6 2.4 2,606.3 ~
9751 10 10000 12 1 12 3.5 2,609.8

10001 to 12500 59 10 590 24.3 2,634.1
12501 to 15000 33 10 330 18.2 2,652.2
15001 to 17500 25 10 250 15.8 2,668.0
17501 to 20000 6 10 60 7.7 2,675.8
20001 to 22500 9 10 90 9.5 2,685.3
22501 to 191500 17 676 11492 107.2 2,792.5 53,961

TotalN 660,409 660,409

BOUNDARIES INDICATED FOR STRATA:
3 4

1 930.8 "

2 1,861.6
3

4

5

SAMPLING STJAvg. kWh' Mean kW SI. Dev 2

1 468.827 0.740 0.426
2 1,030.830 1.964 0.585
3 2,100.870 4.150 1.096 ==
4
5

6

, Billng records for MarcJ 2007 through February 2008
2 Load Research dala for January 2007 through December 2007

Table B.1
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Utah Residential Class DH Worksheet

Four Strta

Customer Interval
¡gCount Factor~ Range I " pI .."i cum ""I 

0 to 250 45840 1 45840 214.1 214.1
251 to 500 139998 1 139998 374.2 588.3 185.838
501 to 750 165962 1 165962 407.4 995.7
751 to 1000 129682 1 129682 360.1 1,355.6 295,644

1001 to 1250 81025 1 81025 284.6 1,640.4
1251 to 1500 43941 1 43941 209.6 1,850.0
1501 to 1750 22n3 1 22773 150.9 2,000.9 ii1751 to 2000 12264 1 12264 110.7 2,111.7 160,003
2001 to 2250 6856 1 6856 62.6 2,194.5
2251 to 2500 3998 1 3996 63.2 2,257.7
2501 to 2750 2343 1 2343 4B.4 2,306.1
2751 to 3000 1564 1 1564 39.5 2.345.7
3001 to 3250 1026 1 1026 32.0 2,3777 ~
3251 to 3500 678 1 678 26.0 2,403.7
3501 to 3750 50B 1 SOB 22.5 2,426.3
3751 to 4000 337 1 337 1B.4 2,444.6
4001 to 4250 280 1 280 16.7 2,461.4
4251 to 4500 213 1 213 14.6 2,476.0
4501 to 4750 145 1 145 12.0 2,468.0
4751 to 5000 138 1 138 11.7 2,499.7
5001 to 5250 97 1 97 9.8 2,509.6
5251 to 5500 74 1 74 8.6 2,518.2
5501 to 5750 85 1 85 9.2 2,527.4
5751 10 6000 54 1 54 7.3 2,534.6
6001 to 6250 46 1 46 6.8 2,541.6 S6251 to 6500 48 1 48 6.9 2,548.5
6501 to 6750 38 1 38 6.2 2,554.6
6751 to 7000 33 1 33 5.7 2,560.4
7001 to 7250 34 1 34 5.8 2,566.2
7251 to 7500 23 1 23 4.8 2,571.0
7501 to 7750 24 1 24 4.9 2,575.9 s,,~.'~,
7751 to 8000 25 1 25 5.0 2,580.9
8001 to 8250 25 1 25 5.0 2,585.9
8251 to 8500 11 1 11 3.3 2,589.2
8501 to B750 17 1 17 4.1 2,593.4
8751 to 9000 11 1 11 3.3 2,596.7
9001 to 9250 15 1 15 3.9 2,600.5
9251 to 9500 11 1 11 3.3 2,603.9 ~
9501 to 9750 6 1 6 2.4 2,606.3
9751 to 10000 12 1 12 3.5 2.609.B

10001 to 12500 59 10 590 24.3 2,634.1
12501 to 15000 33 10 330 18.2 2,652.2
15001 to 17500 25 10 250 15.8 2,668.0
17501 to 20000 6 10 60 7.7 2,675.8
20001 to 22500 9 10 90 9.5 2,685.3
22501 to 191500 17 676 11492 107.2 2,792.5 18,924

TotalN 660,409 660,409

1

2
3
4
5

SAMPLING STI Avg. kWh 1 Mean kW2 St. Dev 2
1 330.909 0.531 0.296
2 730.251 1.221 0.448
3 1.309.720 2.751 0.861
4 2,845.460 4.856 0.850
5
6

19'\ó10C4sI"'Ll:och207llFd:20
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Utah Residential Class DH Worksheet
Five Strata

Customer Inteivai
Count Factor ""

Range I Il III ..JJi cum 'Jill
0 to 250 45840 1 45840 214.1 214.1

251 10 500 139998 1 139998 374.2 588.3 185,838
501 to 750 165962 1 165962 407.4 995.7 165,962
751 to 1000 129682 1 129682 360.1 1,355.8

1001 10 1250 81025 1 81025 284.6 1,640.4 210,707
1251 to 1500 43941 1 43941 209.6 1,850.0
1501 to 1750 22773 1 22773 150.9 2,000.9
1751 to 2000 12264 1 12264 110.7 2,111J ~
2001 to 2250 6856 1 6856 82.8 2,194.5
2251 to 2500 3998 1 3998 63.2 2,257.7 89,832
2501 to 2750 2343 1 2343 48.4 2,306.1
2751 to 3000 1564 1 1564 39.5 2,345.7
3001 to 3250 1026 1 1026 32.0 2,377.7 ~
3251 to 3500 678 1 678 26.0 2,403.7
3501 to 3750 508 1 508 22.5 2,426.3
3751 to 4000 337 1 337 18.4 2,444.6
4001 to 4250 280 1 280 16J 2,461.4
4251 to 4500 213 1 213 14.6 2,476.0
4501 to 4750 145 1 145 12.0 2,488.0
4751 to 5000 138 1 138 llJ 2,499.7
5001 to 5250 97 1 97 9.8 2,509.6
5251 to 5500 74 1 74 8.6 2,518.2
5501 to 5750 85 1 85 9.2 2,527.4
5751 to 6000 54 1 54 7.3 2,534.8
6001 to 6250 46 1 46 6.8 2,541.6
6251 to 6500 48 1 48 6.9 2,548.5 R
6501 to 6750 38 1 38 6.2 2,554.6
6751 to 7000 33 1 33 5J 2,560.4
7001 to 7250 34 1 34 5.8 2,566.2
7251 to 7500 23 1 23 4.8 2,571.0
7501 to 7750 24 1 24 4.9 2,575.9
7751 to 8000 25 1 25 5.0 2,580.9 ~ ;'0

8001 to 8250 25 1 25 5.0 2,585.9
8251 to 8500 11 1 11 3.3 2,589.2
8501 to 8750 17 1 17 4.1 2,593.4
8751 to 9000 11 1 11 3.3 2,596.7
9001 to 9250 15 1 15 3.9 2,600.5
9251 to 9500 11 1 11 3.3 2,603.9
9501 to 9750 6 1 6 2.4 2,606.3 ~
9751 to 10000 12 1 12 3.5 2,609.8

10001 to 12500 59 10 590 24.3 2,634.1
12501 to 15000 33 10 330 18.2 2,652.2
15001 to 17500 25 10 250 15.8 2,668.0
17501 to 20000 6 10 60 7.7 2,675.8
20001 to 22500 9 10 90 9.5 2,685.3
22501 to 191500 17 676 11492 107.2 2,792.5 8,070

TotalN 660,409 660,409

BOUNDARIES INDICATED FOR STRATA:
3 4

1

2
3
4
5

SAMPLING STlAvg. kWh' Mean kW' Sl. Dev '
1 330.909 0.531 0.296
2 623.263 1.037 0.407
3 961.824 1.816 0.511 ==
4 1,595.290 3.082 0.936
5 3,704.130 4.856 0.850
6

t ßò~_dsfl'l,:wch2007itouFclf~OO
:2 loõl R~;id' d3b ta J~ 2001 tI Oobe 2007

Table 8.3
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Utah Residential Class DH Worksheet
Six Slrata

Customer Inlerval
Counl Faclor

Range I "iil cum"iil :i
ii iil

0 to 250 45840 1 45840 214.1 214.1
251 10 500 139998 1 139998 374.2 588.3 185,838
501 to 750 165962 1 165962 407.4 995.7 165,962
751 10 1000 129682 1 129682 360.1 1,355.8 129,682

1001 10 1250 81025 1 81025 284.6 1,640.4
1251 to 1500 43941 1 43941 209.6 1,850.0 124,966
1501 to 1750 22773 1 22773 150.9 2,000.9
1751 to 2000 12284 1 12264 110.7 2,111.7 is
2001 to 2250 6856 1 6856 82.8 2,194.5
2251 to 2500 3998 1 3998 63.2 2,257.7
2501 to 2750 2343 1 2343 48.4 2,306.1
2751 to 3000 1564 1 1564 39.5 2,345.7 49,798
3001 to 3250 1026 1 1026 32.0 2,377.7
3251 to 3500 678 1 678 26.0 2,403.7 ä
3501 to 3750 508 1 508 22.5 2,426.3
3751 to 4000 337 1 337 18.4 2,444.6
4001 to 4250 280 1 280 16.7 2.461.4
4251 10 4500 213 1 213 14.6 2.476.0
4501 to 4750 145 1 145 12.0 2.488.0
...751 10 5000 138 1 138 11.7 2.499.7
5001 10 5250 97 1 97 9.8 2,509.6
5251 10 5500 74 1 74 8.6 2,518.2
5501 10 5750 85 1 85 9.2 2,527.4
5751 to 6000 54 1 54 7.3 2,534.8
6001 10 6250 46 1 46 6.8 2,541.6
6251 10 6500 48 1 48 6.9 2,548.5 ~
6501 to 6750 38 1 38 6.2 2,554.6
6751 10 7000 33 1 33 5.7 2,560.4
7001 to 7250 34 1 34 5.8 2,566.2
7251 to 7500 23 1 23 4.8 2,571.0
7501 to 7750 24 1 24 4.9 2,575.9,-~ 7751 10 8000 25 1 25 5.0 2,580.9 fZ-_.--.,..,-)

8001 to 8250 25 1 25 5.0 2,585.9
8251 to 8500 11 1 11 3.3 2,589.2
8501 to 8750 17 1 17 4.1 2,593.4
875. to 9000 11 1 11 3.3 2,596.7
9001 10 9250 15 1 15 3.9 2,600.5
9251 to 9500 11 1 11 3.3 2,603.9
9501 to 9750 6 1 6 2.4 2,606.3 ~
9751 to 10000 12 1 12 3.5 2,609.8

10001 to 12500 59 10 590 24.3 2,634.1
12501 to 15000 33 10 330 18.2 2,652.2
15001 to 17500 25 10 250 15.8 2,668.0
17501 to 20000 6 10 60 7.7 2,675.8
20001 to 22500 9 10 90 9.5 2,685.3
22501 10 191500 17 676 11492 107.2 2,792.5 4,163

TotalN 660,409 660,409

BOUNDARIES INDICATED FOR STRATA:
3 4 5 6

1 465.4
2 930.8
3 1,396.2
4 1,861.6
5 2,327.1

SAMPLING STJAvg. kWh' Mean kW St. Dev 2
1 330.909 0.531 0.296
2 623.263 1.037 0.407
3 867.171 1.536 0.330 ==
4 1,200.660 2.372 0.473
5 1,889.330 3.885 0.959
6 4,631.280 5.475 0.769

1 ailr.recdslf;lhlct70¡~1'el2O
2 l..R=chd2foJ~207t1OOOe~io7

Tabi'e B.4
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Utah Residential Class kWh Summary
For the Twelve months Ended December2007

N MIN

20.9167

MEAN

818.882

03APR08

MA

191500

"'

540796854.04

SUM

12: 42

"'

~

¡;

§t

~



..

Utah Residential Class Bill Frequency Worksheet
Average Monthly kWh

_E
STRATUM n KWH

o - 250 kWh 45840 7509948.49
251 - 500 kWh 139998 53985586.66
501 - 750 kWh 165962 103437896.36
751 - 1000 kWh 129682 112456520.23 "'

1001 - 1250 kWh 81025 90206547.53
1251 - 1500 kWh 43941 59835563.13
1501 - 1750 kWh 22773 36686977.15
1751 - 2000 kWh 12264 22830329.69 ~2001 - 2250 kWh 6856 144 92072.30
2251 - 2500 kWh 3998 9463095.36
2501 - 2750 kWti 2343 6125608.02
2751 - 3000 kWh 1564 4486683.57
3001 - 3250 kWh 1026 3202038.35
3251 - 3500 kWh 678 2281935.09
3501 - 3750 kWh 508 1836899.27
3751 - 4000 kWh 337 1303927.13
4001 - 4250 kWh 280 1155249.81
4251 - 4500 kWh 213 932379.14 rn
4501 - 4750 kWh 145 669736.20
4751 - 5000 kWh 138 673522.79
5001 - 5250 kWh 97 495987.23
5251 - 5500 kWh 74 397539.55

E~':!5501 - 5750 kWh 85 477757.11 ~
5751 - 6000 kWh 54 317909.17
6001 - 6250 kWh 46 281581.05
6251 6500 kWh 48 305877.22
6501 - 6750 kWh 38 251518.36
6751 - 7000 kWh 33 227053.26 ~
7001 7250 kWh 34 242173.67
7251 - 7500 kWh 23 169887.46
7501 - 7750 kWh 24 183252.58
7751 - 8000 kWh 25 196815.58
8001 - 8250 kWh 25 202818.18
8251 - 8500 kWh 11 92142.44
8501 - 8750 kWh 17 146845.17
8751 - 9000 kWh 11 97612.48
9001 - 9250 kWh 15 136756.35
9251 - 9500 kWh 11 103161.21
9501 - 9750 kWh 6 57812.95
9751 - 10000 kWh 12 11914 1. 10

10001 - 12500 kWh 59 662486.64
12501 - 15000 kWh 33 450447.31
15001 - 17500 kWh 25 402011.56
17501 - 20000 kWh 6 112065.00
20001 - 22500 kWh 9 194625.69

GT 22501 kWh 17 899059.42 -

02APR08 11: 32
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Utah Residential Class Billing Statistics
Mean kWh - Three Strata

:¡

N

- ---- --- -- --- - - -- - -- - -------- ----- STRATUM= i - - -- ---- - - - - - - --______ _______ ___ ___

KWH MEAN

351800 468.827
..

N

- --- - - -- - - ---- - -- -- ------------ --- STRA TUM=2 --- ---- - - - --- --_ _ _____ _ _ _ _____ _____

KWH MEAN

254648
;i

1030 _ 83

N

- - -- - - ---- -- -- - - - ----- ----- - - - - --- STRATUM=3 --- ------ - ------_ ____ ___ _ ____ __ ____

KWH MEAN

53961

03APR08

2100.87
m
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Utah Residential Class Billing Statistics
Mean kWh - Four Strata

_11

--- --------- - ----- - - - - --- - - -- -- --- STRATUM= 1 - - - ---- - - - - - -- - - - -------- - - - - ------

N KWH MEAN

185838 330.909
"'

-- - - - --- --------- -- - - - --- - -- ------ STRATUM= 2 --- - - -- - - ----- - -- -- --- -- --- -- -- - ---

N KWH MEAN ~
295644 730.251

-- --------- - - -- ------- --- - - - - -- - -- STRATUM= 3 - -- --- ---- - ----- - ---- - --- - ----- ----

N KWH MEAN

160003 1309.72
¡i

----- ------ - - --- - ---- - - - - - -- --- --- S TRATUM= 4 - - -- - ------ --- - -- -- - -- ---- ----- ---_

N KWH MEAN
_::::~

18924 2845.46

~

03APR08 12: 42
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Utah Residential Class Billing Statistics
Mean kWh - Five Strata

i;

----- --- - -- -- - - --- --- -- -- --- -- ---- STRATUM= 1 -- - - - - - --- - -- --- - -- - - - --- --- - - - ----

N KWH MEAN

185838 330.909
c

- -- ------ -- --- - -- -- ------- - - - - - - -- ST RA TUM= 2 -- - - --- --- - --- --- - --------- -- - -____

N KWH MEAN
~

165962 623.263

-- - -- --- - ---- -- - --- --- --- - - -- - - --- STRATUM= 3 -- - ------------ - -- -- ------- _ _ _ _ ____

N KWH MEAN

210707 961.824
E?

STRATUM= 4 ----------------- ----------- _______

N KWH MEAN
B£

89832 1595.29

- - - - -- - - - - --- - - -- -- - ---- - ---- ----- STRATUM= 5 - --- - -- - -- - - --- - --- - -- ----- - - -_ _ ___
~

N KWH MEAN

8070 3704.13

03APR08 12: 36
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Utah Residential Class Billing Statistics
Mean kWh - Six Strata

i¡

-------------- -------------------- STRATUM= 1 ----------- ------------- ----______

N KWH MEAN

185838 330.909
;æ

--------------------------------- - STRATUM=2 -- ------------------------___ _____

N KWH MEAN
~

165962 623.263

- - - --- --- - ----- -- -- --- ----- -- - --- - STRATUM= 3 - - ---------------- - - --- ----- -_ ____

N KWH MEAN

129682 867.171
ii

----------- --- - ------------------- STRATUM= 4 --------------------------___

N KWH MEAN
~;-,:.

124966 1200.66

------- ------- - ------------------- STRATUM= 5 --------------------- --------_____

f§
N KWH MEAN

49798 1889.33

----- - --------- --------- - - -------- STRATUM= 6 ----------- ------- ---- ----- _______

N KWH MEAN

4163 4631.28

=

03APR08 12: 36



=

Utah Residential Class Eligible Sample Point Summary
Annual kWh GT 250, Agreement Status=ACT

¡¡

--------------------------- STRATUM=O - 750 kWh -------------------_________

The MEANS Procedure

Analysis Variable KWH MNTH Billed Usage
"'

N Mean

351800 468.8272641

~

-------------------------- STRATUM=751 - 1,500 kWh ~------------______________

Analysis Variable KWH MNTH Billed Usage

N Mean
254648 1030.83

i;

---------------------------- STRATUM=GT 1,500 kWh -------------------_________

:-;; Analysis Variable KWH MNTH Billed Usage

N Mean~ -- -- ---- -- ----- - - - ---
53961 2100.87

~

=

03APR08 13: 22
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Utah Schedule 006 (2008)
Load Recorder Study
Sampling Procedures

õ:

This paper describes the procedures used to develop the 2008 Utah Schedule 006 sample.
This study will provide load data for use in support of cost studies and price filings before
the Utah Public Service Commission, and for use in other studies of schedule 006
customer demand characteristics. The goal of the sample design is to provide relative
precision of:i 10% at the 90% confidence level for an estimate of the average of the
system peak hours, during twelve consecutive months.

..

~

Recorders will be placed in service effective no later than December 3151 2008, and wil
be monitored on a continuous basis to insure no significant deviation from billing
records.

Sampling Plan for Utah

The sampling plan includes several steps:
:!

1.

2.
3.

4.
5.

6.

7.

8.

9.

Formalization of the sample parameters;
Specification of the target variable;
Choice of the stratification variable;
Choice of method for estimating k W;
Choice of the number of strata;
Construction of the strata boundaries
Allocation of sample points to each stratum;
Selection of primary sample sites;
Selection of alternate sample sites.

~

i:

Formalization of the sample parameters

This sample replaces the old Utah Schedule 006 sample, which has been in the field since
1991. There is no secondary/primary voltage breakdown in the tariff and, accordingly,
only one load sample is requÌred to provide load estimates for this group.

Specification of the target variable

Load studies in the state of Utah are used primarily to support cost allocation studies.
Current cost study methods use the average demand at the hours of the PacifiCorp system
peak for twelve consecutive months (i 2SYSPK), as well as estimates of distribution and
individual customer maximum demands, each averaged over twelve consecutive months.



These study designs treat 12SYSPK as the targct variable becausc it is, by far, the most
important peak measure for allocation of demand related costs.

The current Utah Schedule 006 study was used to provide estimates of means and
residual variances required in these sample designs. Billing data for the 12 months
ending April 2008 was used to determine appropriate stratification.

Choice of the Stratification Variable

A potential stratifying variable, according to Cochran, should meet three criteria i:

1. The population is composed of institutions varying widely in size.
2. The principle variables to be measured are closely related (0 the sizes afthe

institutions.
3. A good measure of size is available/or setting up the strata.

Peak monthly billing kW (KW _MNTH), which is the maximum demand registered for a
given year, was selected as the best available variable for this purpose. This is a fairly
stable variable within the schedule 006, and will result in a minimum amount of strata
migration among the sample customers. It is accessible for all schedule 006 customers
and can range from 0 to 999 k W for this customer group.

Choice of Method for Estimating kW

To estimate a peak demand for a population using MPU, the mean peak demand value
from the sample is multiplied by the number of elements in the entire population. Use of
the MPU method provides an unbiased estimate.

For ratio estimation, the ratio of the target variable (l2SYSPK) over the auxiliary
variable (KWH_ANN) is calculated for the sample. This ratio is then multiplied by the
total annual billed kWh for the population to get the estimated total group peak demand.
Because energy usage and peak demand are correlated, a ratio estimate wil have a
smaller variance than a MPU estimate. However, a ratio estimate may be slightly biased.

With stratified sample designs, ratio estimators can be computed in two ways: separately
for each stratum, or a combined ratio can be computed over all strata. Separate ratio
estimation tends to result in smaller variance. However, the combined ratio method is
more appropriate when stratum sample sizes are small, because the risk of bias is
reduced.

Table C shows sample size needed for the Utah Schedule 006 study using a mean-per-
unit method, assuming a three strata design. All sample designs assumc optimal
allocation utilizing the Tschprow/Neyman method. The design as presented in Table B
was selected for this sample.

i William G. Cochran, "Sampling Techniques", Third Edition, Wiley, pg. i 0 i

2



Choice of the Num ber of Strata

As the number of strata increases, precision of the estimate of the total contribution to
demand (kW) at system peak also increases. However, the increase in precision per
additional stratum diminishes after a relatively small number of strati. Desire for
simplicity and for a reasonable number of sites in each stratum lead to a preference for a
small number of strata. If a minimum number of sites policy is followed (eg. 10 sites
minimum per stratum), then the addition of strata can actually lead to more, rather than
fewer, total sites. If such a policy is not followed, the result can be strata with so few
recorders that confidence in sample estimates is at risk from unexpected data problems,
variance estimates may not be sufficiently precise for future sample design purposes, and
the sample may not be robust enough to be useful when analysis needs change.

A final decision on the number of strata requires actual cost comparison of potential
stratification schemes to evaluate effectiveness versus cost. For this study, a three strata
scheme was employed (Table B). The method described below was used to compare
stratification approaches.

Construction of Strata Boundaries

Various methods might be used for definition of strata boundaries. Cochran found the
"cumulative square root of f,3 rule, as defined by Dalenius and Hodges (i 959), to be
superior in a comparative study of such methods applied to actual distributions exhibiting
a range of skewness.

Steps in calculating strata boundaries under the "cumulative square root of f' rule are as
follows. First, tabulate frequencies of the stratifying variable. For these studies, peak
monthly demand (K W _ MNTH) from customer billing records 12 months ending April
2008 were used. All Utah Schedule 006 customers, regardless of end of year status

(active/iQactive) or annual consumption were included in this procedure, and in
population figures for the sample design. Second, multiply the number of customers in
each interval by the interval factor. Third, take the square root of these frequencies.

Fourth, cumulatively sum the square roots. The resulting distribution of adjusted
cumulative square roots of frequency is then partitioned into equal intervals by dividing
by the number of strata. The final stratification scheme of three strata is presented in
Table B, and shows the optimal boundaries resulting from the above procedure, after
adjustments made to accommodate prior cost analysis requirements.

2 William G. Cochran, "Sampling Techniques", Third Edition, Wiley, Pg. 132
3 William G. Cochran, "Sampling Techniques", Third Edition, Wiley, Pgs. 129-130

3



Allocation of Sample Points to Each Stratum

Once the stratum boundaries have been determined, sample points (i.e., load recorders)
must be assigned to the strata. The Tschprow-Neyman allocation procedure4 allocates an
optimal sampling rate to each stratum. Optimal allocation techniques minimize the
variance of the population estimates by increasing the sample proportion in the strata
having larger variances. This produces a sampling rate for each stratum which is
proportional to the standard deviation within the stratum. The analogous procedure for a
ratio sampling plan is allocation in proportion to the square root of the residual variance.

Data for estimating the variance of the 12SYSPK rneasure for each stratum were
available for customers included in the current Utah Schedule 006 load study. These data

were used to provide estimates for the new Utah Schedule 006 sample design. For the
mean-per-unit method, the variaflce within each stratum was the ordinary variance of 

the

mean.

Minimum recorder allocations and data loss adjustments are required for each stratum to
maintain adequate data in case of recorder failure and to provide data for analysis of load
characteristics other than the primary target variable, should such analysis be necessary.
Minimums ranging from 5 to 15 sites per stratum have been used in past studies. In the
present studies, a minimum of 10 sites was used. A minimum on the high side was
selected, despite improvements in data quality due to solid state recording equipment,
because changing requirements for load research and other areas using this data may
require unanticipated applications, and because overall sample effciencies are bringing
these studies in well below the budgeted number of sites, even with the 10 site minimum.
The final allocation of recorders reflected an additional twelve percent data loss
adjustment per stratum over the optimal or minimum allocation.

The three strata design selected the installation of 83 recorders to meet PURP A design
standards. This design was supplemented with an additional 25 recorders, which
translates to :I 8.83% precision at the 90% confidence leveL.

Sample Selection

Systematic sample selections were used for each stratum to ensure a representative
distribution. For practical reasons, inactive customers, customers with no kWh meter
installed (usually certain types of lighting customers with very predictable demand and
consumption, indicated by absence of a kWh meter number), and customers with very

Ii

4 William G. Cochran, "Sampling Techniques", Third Edition, Wiley, pgs. 96-99

4



low consumption (0:250 kWh in the past 12 billing periods) were eliminated from the
sampling frame. Eligible customers were then sorted by stratum and by peak monthly
billed demand (KW MNTH) within stratum. The number of customers available in the
sampling frame for each stratum was then divided by the number of recorders allocated to
that stratum, yielding the sampling interval size. A five digit random number between 0
and 1 was chosen for each stratum, and multiplied by the stratum interval size to obtain
the starting selection point for each stratum (Table A). Beginning with this site,
additional sites were selected at the given intervals to obtain the desired number of
sample sites. This procedure was repeated four times to provide a list of alternate
selection sites.

The list of primary and alternate selection sites for this sample are contained in Appendix
1. This list was compared against current Utah profile metering installations to check for
duplicates. Duplicates between the design and production systems were noted and
updated in the Appendix.

5



Utah Schedule 006 Sample Parameters

Active Customers with kW Meters
12 Months Ending April 2008 History

Stratum 2 3 4 5

Sampling 9,349 4,140 1,232
Frame

Sample 29 36 43

Interval 322.38 115.00 28.65

Random Starts

Primary
Random No(1) 0.973457 0.190079 0.935239
Start 314 22 27

Alternate 1

Random NoP) 0.599504 0.937419 0.388758
Start 193 108 11

Alternate 2

Random No.(1) 0.665786 0.251345 0.769783
Start 215 29 22

Alternate 3

Random NoP) 0.869928 0.226317 0.661234
Start 280 26 19

Alternate 4
Random NoP) 0.394018 0.896363 0.174696
Start 127 103 5

(1) Random numbers from Excel's random function.

Table A



Utah Schedule 006
Three Strata

Customer Interval
Count Factor

Range I II pI ..i'f cum "¡pl

0 to 5 238 1 238 15.4 15.4

6 to 10 183 1 183 13.5 29.0
11 to 15 247 1 247 15.7 44.7

16 to 20 318 1 318 17.8 62.5
21 to 25 428 1 428 20.7 83.2
26 to 30 890 1 890 29.8 113.0
31 to 35 1416 1 1416 37.6 150.7

36 to 40 1217 1 1217 34.9 185.5

41 to 45 1143 1 1143 33.8 219.3
46 10 50 987 1 987 31.4 250.8
51 to 55 800 1 800 28.3 279.0
56 to 60 591 1 591 24.3 303.4
61 to 65 468 1 468 21.6 325.0
66 to 70 423 1 423 20.6 345.6 9.349

71 to 75 328 1 328 18.1 363.7
76 to 80 315 1 315 17.7 381.4

81 to 85 273 1 273 16.5 397.9
86 to 90 252 1 252 15.9 413.8
91 \0 95 225 1 225 15.0 428.8
96 \0 100 222 1 222 14.9 443.7

101 to 110 378 2 756 27.5 471.2
111 to 120 273 2 546 23.4 494.6
121 10 130 238 2 476 21.8 516.4
131 to 140 237 2 474 21.8 538.2
141 to 150 178 2 356 18.9 557.0
151 to 160 178 2 356 18.9 575.9
161 to 170 156 2 312 17.7 593.6 I
171 to 180 148 2 296 17.2 610.8
181 to 190 120 2 240 15.5 626.3
191 to 200 119 2 238 15.4 641.7
201 \0 225 277 5 1385 37.2 678.9
226 \0 250 223 5 1115 33.4 712.3 4.140

251 \0 275 176 5 880 29.7 742.0
276 to 300 150 5 750 27.4 769.3

E

301 to 325 115 5 575 24.0 793.3
326 to 350 105 5 525 22.9 816.2
351 to 375 101 5 505 22.5 838.7
376 to 400 67 5 335 18.3 857.0
401 to 450 107 10 1070 32.7 889.7
451 to 500 98 10 980 31.3 921.0
501 to 550 76 10 760 27.6 948.6 i¡

551 to 600 57 10 570 23.9 972.5
601 to 650 45 10 450 21.2 993.7
651 to 700 45 10 450 21.2 1,014.9
701 to 750 29 10 290 17.0 1,031.9
751 to 800 34 10 340 18.4 1,050.4
801 \0 850 14 10 140 11.8 1,062.2 r
851 to 900 10 10 100 10.0 1,072.2
901 to 950 3 10 30 5.5 1,077.7
951 to 1000 0 10 0 0.0 1,077.7 1,232

Total N 14,721 14.721

BOUNDARIES INDICATED FOR STRATA
3 4 6

1 359.2 . '269:, im'p
2 718.5...j:"sii

.";;~l~~i~'.'3 ','å'
4 .;L!Y~~~;~..
5

SAMPLING STIAvg. kWh' Mean kW2 St. Dev 2

1 7.963.3 19.9 16.6
2 45.274.7 75.8 47.4
3 162.858.9 402.4 180.5 ::

4

5
6

1 Billing records for 12 monihs ending Apnl 200B.

2 Load Research data lor 12 monlhs ending December 2007.

Table B
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Utah Schedule 023 (2008)
Load Recorder Study
Sampling Procedures

E

This paper describes the procedures used to develop the 2008 Utah Schedule 023 Load
Study. This study will provide load data for use in support of cost studies and price
fiings before the Utah Public Service Commission, and for use in other studies of
commercial customer demand characteristics. The goal of this sample design is to
provide relative precision of:i 10% at the 90% confidence level for an estimate of the
average of the twelve monthly system peak hours, during twelve consecutive months.

"'

;;

Recorders wil be placed in service effective no later than October 1 s" 2008, and will be
monitored on a continuous basis to insure no significant deviation from billing records.

Sampling Plan for Utah

This sampling plan includes several steps:

c"'.o,,',,,)

¡¡

1.

2.
3.
4.
5.
6.
7.
8.
9.

Formalization of the sample parameters;
Specification of the target variable;
Choice of the stratification variable;
Choice of method for estimating kW;
Choice of the number of strata;
Construction of the strata boundaries
Allocation of sample points to each stratum;
Selection of primary sample sites;
Selection of alternate sample sites.

~

~

Formalization of the sample parameters

This sample replaces the old Utah Commercial schedule 023 sample, which was
originally installed in 1991, and later refreshed in 2003. There is no secondary/pnmary
voltage breakdown in the tanff and, accordingly, only one load sample is required to
provide load estimates for this group.

Specification of the target variable

Load studies in the state of Utah are used primarily to support cost allocation studies.
Current cost study methods use the average demand at the hours of the PacifiCorp system
peak for twelve consecutive months (12SYSPK), as well as estimates of distribution and
individual customer maximum demands, each averaged over twelve consecutive months.



These study designs treat i 2SYSPK as the target variable because it is, by far, the most
important peak measure for allocation of demand related costs.

!E

The current Utah schedule 023 study was used to provide estimates of means and residual
variances required in these sample designs. The range of sample data employed
encompassed the twelve month period from January 2007 through December 2007.
Billing data for the twelve months ending February 2008 were used to determine
appropriate stratification. ..

Choice of the Stratification Variable

A potential stratifYing variable, according to Cochran, should meet three cnteriaI: ¡¡

1. The population is composed of institutions varying widely in size.
2. The principle variables to be measured are closely related to the sizes of the

institutions.
3. A good measure of size is available for setting up the strata.

Average monthly billing kWh (KWH_MNTH), which is the average monthly energy
registered over a twelve consecutive month period, was selected as the best available
variable for this purpose. It is readily available for all customers in this class, with a
range from 0 to 46,040 kWh for any given customer in this group.

8i

Choice of Method for Estimating kW ~m

To estimate a peak demand for a population using MPU, the mean peak demand value
from the sample is multiplied by the number of elements in the entire population. Use of
the MPU method provides an unbiased estimate. ~

For ratio estimation, the ratio of the target variable (12SYSPK) over the auxiliary
variable (KWH_ANN) is calculated for the sample. This ratio is then multiplied by the
total annual billed kWh for the population to get the estimated total group peak demand.
Because energy usage and peak demand are correlated, a ratio estimate will have a
smaller variance than a MPU estimate. However, a ratio estimate may be slightly biased.

""~

With stratified sample designs, ratio esti¡nators can be computed in two ways: separately
for each stratum, or a combined ratio can be computed over all strata. Separate ratio
estimation tends to result in smaller vanance. However, the combined ratio method is
more appropriate when stratum sample sizes are small, because the risk of bias is
reduced.

Tables C.l shows sample size needed for the Utah Schedule 023 study using a mean-per-
unit method, assuming a three strata design, with optimal allocation utilizing the
TschprowlNeyman method. Table C.2 details the same information in a four strata
schema. The design as presented in Table C.1 was selected for this sample.

==

i Wiliam G. Cochran, "Sampling Techniques", Third Edition, Wiley, pg.10l
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Choice of the Number of Strata
Æ;

As the number of strata increases, precision of the estimate of the total contribution to
demand (kW) at system peak also increases. However, the increase in precision per
additional stratum diminishes after a relatively small number of strata2. Desire for
simplicity, and for a reasonable number of sites in each stratum lead to a preference for a
small number of strata. If a minimum number of sites policy is followed (eg. 10 sites
minimum per stratum), then the addition of strata can actually lead to more, rather than
fewer, total sites. If such a policy is not followed, the result can be strata with so few
recorders that confidence in sample estimates is at risk from unexpected data problems,
variance estimates may not be sufficiently precise for future sample design purposes, and
the sample may not be robust enough to be useful when analysis needs change.

"'

f¡

A final decision on the number of strata requires actual cost comparison of potential
stratification schemes to evaluate effectiveness versus cost. For this study, a three strata
scheme was employed. The method described below was used to compare stratification
approaches.

ra

..EA IT

Construction of Strata Boundaries

Various methods might be used for definition of strata boundaries. Cochran found the
"cumulative square root off,3 rule, as defined by Dalenius and Hodges (1959), to be
superior in a comparative study of such methods applied to actual distributions exhibiting
a range of skewness.

~

Steps in calculating strata boundaries under the "cumulative square root of f' rule are as
follows. First, tabuiâte frequencies of the stratifying variable. For these studies, average

monthly energy (KWH_MNTH) from customer billing records for the twelve months
ending February 2008 were used. All Utah schedule 023 customers, whose end of year
status was active, and whose total annual kWh consumption was greater than 250 kWh
were included in this procedure, and in population figures for the sample design. Second,
multiply the number of customers in each interval by the interval factor. Third, take the
square root of these frequencies. Fourth, cumulatively sum the square roots. The
resulting distribution of adjusted cumulative square roots of frequency is then partitioned
into equal intervals by dividing by the number of strata. The final stratification scheme
of three strata is presented in Table B.1, and shows the optimal boundaries resulting from ==

2 William G. Cochran, "Sampling Techniques", Third Edition, Wiley, Pg. i 32
3 William G. Cochran, "Sampling Techniques", Third Edition, Wiley, Pgs. 129-130
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the above procedure, after adjustments made to accommodate prior cost analysis
requirements (if any).

Allocation of Sample Points to Each Stratum

Once the stratum boundaries have been determined, sample points (i.e., load recorders)
must be assigned to the strata. The Tschprow-Neyman allocation procedure4 allocates an
optimal sampling rate to each stratum. Optimal allocation techniques minimize the
variance of the population estimates by increasing the sample proportion in the strata
having larger variances. This produces a sampling rate for each stratum which is
proportional to the standard deviation within the stratum. The analogous procedure for a
ratio sampling plan is allocation in proportion to the square root of the residual variance.

Data for estimating the variance of the 12SYSPK measure for each stratum were
available for customers included in the current Utah schedule 023 load study. These data
were used to provide estimates for the new Utah schedule 023 sample design. For the
mean-per-unit method, the variance within each stratum was the ordinary variance of 

the
mean.

Minimum recorder allocations and data loss adjustments are required for each stratum to
maintain adequate data in case of recorder failure and to provide data for analysis of load
characteristics other than the primary target variable, should such analysis be necessary.
Minimums ranging from 5 to 15 sites per straturn have been used in past studies. In the
present studies, a minimum of 10 sites was used. A minimum on the high side was
selected, despite improvements in data quality due to solid state recording equipment,
because changing requirements for load research and other areas using this data may
require unanticipated applications, and because overall sample efficiencies are bringing
these studies in well below the budgeted number of sites, even with the 10 site minimum.
The final allocation of recorders reflected an additional ten percent data loss adjustment
per stratum over the optimal or minimurn allocation.

Because of a desire to materially reduce the desired precision target level, the decision
was made to substantially increase the number of sites to be installed vs. the sample
design. The three strata design requires the installation of 68 recorders to meet design
standards. This design was supplemented with an additional 7 recorders, which translates
to:l 9.67% precision at the 90% confidence leveL.

4 William G. Cochran, "Sampling Techniques", Third Edition, Wiley, pgs. 96-99
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Sample Selection

Systematic sample selections were used for each stratum to ensure a representative
distribution. For practical reasons, inactive customers, customers with no kWh meter
installed (usually certain types of lighting customers with very predictable demand and
consumption, indicated by absence of a kWh meter number), and customers with very
low consumption (-c50 kWh total in the past 12 billing periods) were eliminated from
the sampling frame. Eligible customers were then sorted by stratum and by average
monthly biled energy (KWH_MNTH) within stratum. The number of customers
available in the sampling frame for each stratum was then divided by the number of
recorders allocated to that stratum (N h/nh), yielding the sampling interval size. A five
digit random number between 0 and 1 was chosen for each stratum, and multiplied by the
stratum interval size to obtain the starting selection point for each stratum (Table A).
Beginning with this site, additional sites were selected at the given sampling intervals to
obtain the desired number of sample sites. This procedure was repeated four times to
provide a list of alternate selection sites.

~

2

~

The list of primary and alternate selection sites for this sample are contained in Appendix
1. This list was compared against current Utah profie metering installations to check for
duplicates. Duplicates between the design and production systems if any, were noted and

updated in the Appendix.

;;
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Utah Commercial 023 Sample Parameters
¡¡

Active Customers with kWh Meters
For the 12 Months Ending February 2008

1f

Stratum 2 3 4 5 6

Sampling 38,769 17,360 4,792
Frame ~'"~

Sample 29 33 13

Interval 1,336.86 526.06 368.62

Random Starts

Primary
Random No.(1) 0.77058 0.74693 0.87889 E!

Start 1030 393 324

Alternate 1

"~ Random No. (1) 0.73299 0.42598 0.99982 ::¡

Start 980 224 369

Alternate 2

Random No. (1) 0.66732 0.29197 0.35048
Start 892 154 129 ~

Alternate 3

Random No.(1) 0.24683 0.49639 0.16335
Start 330 261 60

Alternate 4
Random No(1) 0.92241 0.86882 0.06259
Start 1233 457 23

(1) Random numbers from Excel's random function.

==

Table A
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Utah 023 DH Worksheet
Three Strata

Cuslomer Interval
i£Count Factor

Range I ¡i ¡il ..¡il cumv¡il
0 to 250 12176 1 12176 110.3 110.3251 to 500 8590 1 8590 92.7 203.0501 to 750 6295 1 6295 79.3 282.4751 to 1000 4660 1 4660 68.3 350.61001 to 1250 3895 1 3895 62.4 413.01251 10 1500 3153 1 3153 56.2 469.2 38,7691501 to 1750 2625 1 2625 51.2 520.4 e1751 to 2000 2283 1 2283 47.8 568.22001 to 2250 1938 1 193B 44.0 612.2

2251 to 2500 1648 1 1648 40.6 652.82501 to 2750 1397 1 1397 37.4 690.22751 to 3000 1253 1 1253 35.4 725.6
~3001 to 3250 1151 1 1151 33.9 759.53251 to 3500 946 1 946 30.8 790.33501 to 3750 839 1 839 29.0 819.33751 to 4000 808 1 808 28.4 847.74001 to 4250 714 1 714 26.7 874.44251 to 4500 641 1 641 25.3 899.74501 to 4750 619 1 619 24.9 924.64751 to 5000 49B 1 49B 22.3 946.9 17,3605001 to 5250 477 1 477 21.8 968.85251 to 5500 414 1 414 20.3 989.1

5501 to 5750 404 1 404 20.1 1,009.25751 to 6000 373 1 373 19.3 1,028.56001 to 6250 353 1 353 18.8 1,047.3 ¡¡6251 to 6500 301 1 301 17.3 1,064.66501 to 6750 253 1 253 15.9 1,080.66751 10 7000 237 1 237 15.4 1,095.97001 to 7250 202 1 202 14.2 1,110.27251 to 7500 217 1 217 14.7 1,124.97501 to 7750 151 1 151 12.3 1,137.2 .''''' £s:7751 to 8000 175 1 175 13.2 1,150.48001 to 8250 144 1 144 12.0 1,162.48251 to 8500 155 1 155 12.4 1,174.98501 to 8750 123 1 123 11.1 1,186.08751 to 9000 103 1 103 10.1 1,196.19001 to 9250 80 1 80 8.9 1,205.09251 to 9500 82 1 82 9.1 1,214.1 .,9501 to 9750 63 1 63 7.9 1,222.09751 to 10000 52 1 52 7.2 1,229.210001 to 11000 203 4 812 28.5 1,257.711001 to 12000 97 4 38B 19.7 1,277.412001 to 13000 62 4 248 15.7 1,293.2
13001 to 14000 29 4 116 10.8 1,304.0
14001 to 15000 15 4 60 7.7 1,311.715001 to 143600 27 514.4 13888.8 117.9 1,429.6 4,792

Total N 60,921 60,921

BOUNDARIES INDICATED FOR STRATA:

3 4 5 6
1 476.5
2 953.0
3
4
5

SAMPLING STI Avg. kWh 1 Mean kW Sl. Dev 2
1 549.051 1.365 1.205
2 2,753.970 6.753 3.065

=3 7.153.640 14.814 4.271
4
5
6

1 Biling records for March 2007 Ihrough February 2008

:7i Load Research data for January 2007 through December 2007

Table B.l
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Utah 023 DH Worksheet
Four Strata

Customer Interval
Count Factor i¡

Range I Il III .,ill cum "Ill
0 to 250 12176 1 12176 110.3 110.3

251 to 500 8590 1 8590 92.7 203.0
501 to 750 6295 1 6295 79.3 282.4
751 to 1000 4660 1 4660 68.3 350.6 31,721

1001 to 1250 3895 1 3895 62.4 413.0
1251 to 1500 3153 1 3153 56.2 469.2
1501 to 1750 2625 1 2625 51.2 520.4 e
1751 10 2000 2283 1 2283 47.8 568.2
2001 to 2250 1938 1 1938 44.0 612.2
2251 to 2500 1648 1 1648 40.6 652.8
2501 10 2750 1397 1 1397 37.4 690.2 16,939
2751 to 3000 1253 1 1253 35.4 725.6
3001 to 3250 1151 1 1151 33.9 759.5 ~
3251 to 3500 946 1 946 30.8 790.3
3501 to 3750 839 1 839 29.0 819.3
3751 to 4000 808 1 808 28.4 847.7
4001 to 4250 714 1 714 26.7 874.4
4251 to 4500 641 1 641 25.3 899.7
4501 to 4750 619 1 619 24.9 924.6
4751 to 5000 498 1 498 22.3 946.9
5001 to 5250 477 1 477 21.8 968.8
5251 to 5500 414 1 414 20.3 989.1
5501 to 5750 404 1 404 20.1 1,009.2
5751 to 6000 373 1 373 19.3 1,028.5
6001 to 6250 353 1 353 18.8 1,047.3

1m6251 to 6500 301 1 301 17.3 1,064.6 9,791
6501 to 6750 253 1 253 15.9 1,080.6
6751 to 7000 237 1 237 15.4 1,095.9
7001 10 7250 202 1 202 14.2 1,110.2
7251 to 7500 217 1 217 14.7 1,124.9.=: 7501 to 7750 151 1 151 12.3 1,137.2

gb
7751 to 8000 175 1 175 13.2 1,150.4
8001 to 8250 144 1 144 12.0 1,162.4
8251 to 8500 155 1 155 12.4 1,174.9
8501 to 8750 123 1 123 11.1 1,186.0
8751 to 9000 103 1 103 10.1 1,196.1
9001 to 9250 80 1 80 8.9 1.205.0
9251 to 9500 82 1 82 9.1 1,214.1 ~9501 to 9750 63 1 63 7.9 1,222.0
9751 to 10000 52 1 52 7.2 1,229.2

10001 to 11000 203 4 812 28.5 1,257.7
11001 to 12000 97 4 388 19.7 1,277.4
12001 to 13000 62 4 248 15.7 1,293.2
13001 to 14000 29 4 116 10.8 1,304.0 ='
14001 to 15000 15 4 60 7.7 1,311.7

~;'i

15001 to 143600 27 514.4 13888.8 117.9 1,429.6 2,470

Total N 60,921 60,921

1

2
3
4
5

SAMPLING STJAvg. kWh' Mean kW2 Sf. Dev 2
1 396.862 0.662 0.788
2 1,707.240 2.913 0.796
3 4,167.170 9.330 3.202
4 8,529.070 16.309 3.705
5
6

==

, ~lecdilolbch201tlooF~:oioo
:2 Li:Re.~tlib'OfJat\A:ZOO7!ltlOc::1

Table B.2



Utah 023 DH Worksheet
Five Strata

Customer Interval
~Count Factor

Range 1 " "I -Jpl cum'!,,1
0 to 250 12176 1 12176 110.3 110.3251 to 500 8590 1 8590 92.7 203.0501 to 750 6295 1 6295 79.3 282.4 27,061751 10 1000 4660 1 4660 68.3 350.61001 to 1250 3895 1 3895 62.4 413.01251 to 1500 3153 1 3153 56.2 469.2

=
1501 to 1750 2625 1 2625 51.2 520.41751 to 2000 2283 1 2283 47.8 568.2 16,6162001 to 2250 1938 1 1938 44.0 612.22251 to 2500 1648 1 1648 40.6 652.82501 to 2750 1397 1 1397 37.4 690.22751 to 3000 1253 1 1253 35.4 725.6

23001 to 3250 1151 1 1151 33.9 759.53251 to 3500 946 1 946 30.8 790.33501 to 3750 839 1 839 29.0 819.33751 to 4000 808 1 808 28.4 847.7 9,9804001 to 4250 714 1 714 26.7 874.44251 to 4500 641 1 641 25.3 899.74501 to 4750 619 1 619 24.9 924.64751 to 5000 498 1 498 22.3 946.95001 to 5250 477 1 477 21.8 968.85251 to 5500 414 1 414 20.3 989.15501 to 5750 404 1 404 20.1 1,009.25751 to 6000 373 1 373 19.3 1,028.5
~6001 to 6250 353 1 353 18.8 1,047.36251 to 6500 301 1 301 17.3 1,064.66501 to 6750 253 1 253 15.9 1,080.66751 to 7000 237 1 237 15.4 1,095.97001 to 7250 202 1 202 14.2 1,110.27251 to 7500 217 1 217 14.7 1,124.9 ~~7501 to 7750 151 1 151 12.3 1,137.2 5,8547751 to 8000 175 1 175 13.2 1,150.48001 to 8250 144 1 144 12.0 1,162.48251 10 8500 155 1 155 12.4 1,174.98501 to 8750 123 1 123 11.1 1,186.08751 to 9000 103 1 103 10.1 1,196.19001 to 9250 80 1 80 8.9 1,205.0
i;9251 to 9500 82 1 82 9.1 1,214.19501 to 9750 63 1 63 7.9 1,222.09751 to 10000 52 1 52 7.2 1,229.210001 to 11000 203 4 812 28.5 1,257.711001 to 12000 97 4 388 19.7 1,277.412001 to 13000 62 4 248 15.7 1,293.2
::':13001 to 14000 29 4 116 10.8 1,304.0 ¡;-:14001 to 15000 15 4 60 7.7 1,311.715001 to 143600 27 514.4 13888.8 117.9 1,429.6 1,410

Total N 60,921
60,921

BOUNDARIES INDICATED FOR STRATA:

3 4
1.

~¡
2
3
4
5

SAMPLING STI Avg. kWh 1 Mean kW Sl. Dev 2
1 315.437 0.385 0.334
2 1,280.920 2.699 0.816

==3 2,829.430 6.270 1.932
4 5,422.430 11.775 3.423
5 9,627.600 13.821 5.747
6

'~.~c.IOfU:lclI~OO7thOUFeb:¡oo

~~~.:.1
i l~ RC";\ctcbtlfOtJan2001""ouy. 00~",be207
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Utah 023 DH Worksheet
Six Strata

Customer Interval
Count Factor æ;

Range f ii iif v¡if cum ~iif

0 to 250 12176 1 12176 110.3 110.3
251 to 500 8590 1 8590 92.7 203.0 20,766
501 to 750 6295 1 6295 79.3 282.4
751 to 1000 4660 1 4660 68.3 350.6

1001 to 1250 3895 1 3895 62.4 413.0
1251 to 1500 3153 1 3153 56.2 469.2 18,003

1501 to 1750 2625 1 2625 51.2 520.4 IE

1751 to 2000 2283 1 2283 47.8 568.2
2001 to 2250 1938 1 1938 44.0 612.2
2251 to 2500 1648 1 1648 40.6 652.8
2501 to 2750 1397 1 1397 37.4 690.2 9,891

2751 to 3000 1253 1 1253 35.4 725.6
3001 to 3250 1151 1 1151 33.9 759.5 g
3251 to 3500 946 1 946 30.8 790.3
3501 to 3750 839 1 839 29.0 819.3
3751 to 4000 808 1 808 28.4 647.7
4001 to 4250 714 1 714 26.7 874.4
4251 to 4500 641 1 641 25.3 899.7
4501 to 4750 619 1 619 24.9 924.6
4751 to 5000 498 1 498 22.3 946.9 7,469
5001 to 5250 477 1 477 21.8 968.8
5251 to 5500 414 1 414 20.3 989.1

5501 to 5750 404 1 404 20.1 1,009.2
5751 to 6000 373 1 373 19.3 1,028.5
6001 to 6250 353 1 353 18.8 1,047.3 E
6251 to 6500 301 1 301 17.3 1.064.6
6501 to 6750 253 1 253 15.9 1,080.6
6751 to 7000 237 1 237 15.4 1,095.9
7001 to 7250 202 1 202 14.2 1,110.2
7251 to 7500 217 1 217 14.7 1,124.9

C7\ 7501 to 7750 151 1 151 12.3 1,137.2 z':
=~

7751 to 8000 175 1 175 13.2 1,150.4
8001 to 8250 144 1 144 12.0 1,162.4
8251 to 8500 155 1 155 12.4 1,174.9
8501 to 8750 123 1 123 11.1 1,186.0 3,979

8751 to 9000 103 1 103 10.1 1,196.1
9001 to 9250 80 1 80 8.9 1,205.0
9251 to 9500 82 1 82 9.1 1,214.1 li
9501 to 9750 63 1 63 7.9 1.222.0
9751 to 10000 52 1 52 7.2 1,229.2

10001 to 11000 203 4 812 28.5 1,257.7
11001 to 12000 97 4 388 19.7 1,277.4
12001 to 13000 62 4 248 15.7 1,293.2
13001 to 14000 29 4 116 10.8 1,304.0
14001 to 15000 15 4 60 7.7 1,311.7
15001 to 143600 27 514.4 13888.8 117.9 1,429.6 813

TotalN 60.921 60,921

BOUNDARIES INDICATEÐFOR STRATA:
3 4 6

1 238.3
2 476.5
3 714.8
4 953.0
5 1,191.3

SAMPLING STJAvg. kWh' Mean kW' Sl. Dev 2
1 223.916 0.385 0.334
2 924.085 2.453 0.781
3 2.044.450 3.394 0.663

-
4 3,693.570 8.433 2.240
5 6,436.950 13.734 3.224
6 10,661.300 14.072 5.740

i 6o"' letO'it fo i.Vtll iool' tt.rDU F~~ 200

2 lC3 RcÙ\ dll:i rOl J;a~ 20011t Oe~mb 2001

Table 8.4
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Utah Schedule 023 kWh Summary
For the Twelve months Ended December 2007

N MIN

20.9167

MEAN

1696.88
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MA SUM

46040 103375338.88
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Utah Schedule 023 Bill Frequency Worksheet

~ E
STRATUM n KWH

o - 250 kWh 12176 1479353.46251 - 500 kWh 8590 3170489.41501 - 750 kWh 6295 3886196.34751 - 1000 kWh 4660 4052828.97 .,1001 - 1250 kWh 3895 4370999.22
1251 1500 kWh 3153 4326279.09
1501 - 1750 kWh 2625 4259747.281751 - 2000 kWh 2283 4273871.73
2001 2250 kWh 1938 4115525.01 ~
2251 - 2500 kWh 1648 3910701.292501 - 2750 kWh 1397 3661782.092751 - 3-00 kWh 1253 3596897.753001 - 3250 kWh 1151 3593109.813251 - 3500 kWh 946 3194257.273501 - 3750 kWh 839 3036260.463751 - 4000 kWh 808 3129214.85
4001 - 4250 kWh 714 2945360.594251 - 4500 kWh 641 2803785.01

rn4501 - 4750 kWh 619 2862282.094751 - 5000 kWh 498 2426138.25
5001 - 5250 kWh 477 2444556.145251 - 5500 kWh 414 2225808.51
5501 5750 kWh 404 2269200.04 Ei5751 - 6000 kWh 373 2192661.42
6001 - 6250 kWh 353 2162867.266251 - 6500 kWh 301 1918363.82
6501 - 6750 kWh 253 1675808.86
6751 - 7000 kWh 237 1627743.02

E§7001 - 7250 kWh 202 1438834.15
7251 - 7500 kWh 217 1598485.46
7501 - 7750 kWh 151 1151014.55
7751 - 8000 kWh 175 1377131.82
8001 - 8250 kWh 144 1169241.34 G'8251 - 8500 kWh 155 1299826.07
8501 - 8750 kWh 123 1061078.63
8751 - 9000 kWh 103 913453.75
9001 - 9250 kWh 80 730909.44
9251 - 9500 kç.¡h 82 767551.45
9501 - 9750 kWh 63 606506.15
9751 - 10000 kWh 52 514000.70

10001 - 11000 kWh 203 2121667.36
11001 - 12000 kWh 97 1106727.59
12001 - 13000 klrlh 62 773889.25
13001 - 14000 kWh 29 387809.08
14001 - 15000 kWh 15 216264.62

GT 15001 kWh 27 528858.43
-

08APR08 11: 54 ::-"



Utah 023 Billing Statistics
Mean kWh - Th re e Strata

_____________________________ ----- STRATUM= i - ---- ------- -----------------------

N KWH MEAN

38769 549.051

--- -- ------ - -------- - - - - - - - --- ---- STRA TUM= 2 - -- - - - - - -- - - -- -- - --- -- --- -- - - - -- ---

N KWH MEAN

i 7360 2753.97

_ __ _ __ ____ _ ______ __ ____ __ ---- ----- STRATUM= 3 - ---- --- - -- -- ------ ---------- ------

N KWH MEAN

4792 7153.64

08APR08 11: 54
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Utah 023 Billing Statistics
Mean kWh - Four Strata

18

------------- ------ --------- -- ---- STRATUM=l ------____________________ _________

N KWH MEAN

31721 396.862
"'

--- - ---- -------------- - - ---------- STRATUM=2 -------____________________________

N KWH MEAN E

16939 1707.24

--- -- - --- - ----- -- - -- - -- -- ---- - -- -- STRA TUM= 3 - - --- - --_ _____ _ ___ __ _______________

N KWH MEAN

9791 4167.17
~

---- --------- ----------- ---------- STRATUM= 4 ------- --_______________ ___________

N KWH MEAN
;..:

2470 8529.07

g
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Utah 023 Billing Statistics
Mean kWh - Five Strata ~

_____ -- ---------------- ------- ---- STRATUM= i -- -------------- - - ---- - -- ----------

N KWH MEAN

27061 315.437
Il

__ __ _______ - - --- - -- - - --- - -- - - - ---- STRATUM= 2 -- - - -- - -- -- - - - - - - - - -- - - -- - ----- - ---

N KWH MEAN ~

16616 1280.92

____ _____ - - -- ----------- ------ -- -- STRATUM= 3 - - -- ----- - --- - -- - - - -- - ---- --- --- ---

N KWH MEAN

9980 2829.43
~

______ ____________________________ STRATUM= 4 --------------- ------ ------ --------

N KWH MEAN.... :L;;

5854 5422.43

___ _____ _ ________ -------------- --- STRATUM=5 ------------------ -- ------- - - - -----
~

N KWH MEAN

1410 9627.60

08APR08 11: 54
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Utah 023 Billing Statistics
Mean kWh - Six Strata -~ ¡g

-- -------- ---------------- -------- STRATUM=l - ------- --________ _________ ________

N KWH MEAN

20766 223.916
1!

-- - -- - - ---- - -- - - -- - - - ----- --- - -- -- STRA TUM=2 -- --------___ _ _ _ _ __ _ ___ ___ _ _ _ _ __ ___

N KWH MEAN ~

18003 924.085

-- - --- --- - ----- ------ - - ------ ----- STRA T UM=3 - ----------_ _ ___ ___ ___ __ _ ____ ___ ___

N KWH MEAN

9891 2044.45
ri

--- ------- ------------------------ STRATUM=4 -- -------______________________ ____

N KWH MEAN

7469 3693.57

--- - --------- ----- - --- ------------ STRATUM=5 -- ----------_______ _____________ ___
lj

N KWH MEAN

3979 6436.95

-- - - -- ------------- --- - -------- - -- STRATUM= 6 ------ -------____ _____________ _ ____ .

N KWH MEAN

813 10661.30

08APR08 11: 54 -------,'



""

Utah Schedule 023 ~ligible Sample Point Summary 1
Annual kWh GT 250, Agreement Status=ACT

13: 55 Thursday, April 10, 2008 ~

--------------------------- STRATUM=O - 1,500 kWh ----------------------------

The MEANS Procedure

Analysis Variabl e KWH MNTH Billed Usage
m

N Mean

38146 548.6611961
~

------------------------- STRATUM=l, 501 - 5,000 kWh --------------------------

~nalysis Variable KWH MNTH Billed Usage

N Mean

17138 2756.40
e;

---------------------------- STRATUM=GT 5,000 kWh ----------------------------~.. l§;
Analysis Variable KWH MNTH Billed Usage

N Mean
4748 7157.49

~

==

10APR08 13: 55



Utah Schedule 023 Eligible Sample Point Summary 2
Annual kWh GT 250, Agreement Status=ACT

13: 55 Thursday, April 10, 20~s
--------------------------- STRATUM=O - 1,500 kWh --------------______________

The MEANS Procedure

Analysis Variable KWH MNTH Billed Usage
~

N Mean

38146 548.6611961-------------- ------- ~

------------------------- STRATUM=1,SOl - 5,000 kWh ------------______________

Analysis Variable KWH MNTH BIlled Usage

N Mean

17138 2756.40
m

---------------------------- STRATUM=GT 5,000 kWh -----------_________________

Analysis Variable
§

KWH MNTH Billed Usage

N Mean

4748 7157.49
~

=

10APROB 13: 55
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Utah Schedule 023 Eligible Sample Point Summary 3
Annual kWh GT 250, Agreement Status=ACT

13: 55 Thursday, April 10, 200B ~

--------------------------- STRATUM=O - 1,500 kWh ----------------------------

The MEANS Procedure

Analysis Variable KWH MNTH Billed Usage
~

N Mean

3B769 549.0506975
~

-----------------~------- STRATUM=1,50l - 5,000 kWh --------------------------

Analysis Variable KWH MNTH Billed Usage

N Mean

17360 2753.97
E

---------------------------- STRATUM=GT 5,000 kWh ----------------------------

Analysis Variable KWH MNTH Billed Usage
Ë

N Mean

4792 7153.64
5

=

10APROB 13: 55
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