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CAPITAL EXPENDITURES - GREATER THAN 1,000 MW

The results of the regression analysis of CAPEX spending for gas/oil CC plants greater than 1,000 MW are
summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient

(“slope™) is 0.30, which is greater than 0.03, age is not a statistically significant predictor of CAPEX spending.

Table C-7 — Regression Statistics — CC CAPEX > 1,000 MW

t statistic p-value
Observations 177
Simple Average ($/kW) 13.566
Intercept 9.464 2.0308 4.38E-02
Slope 0.507 1.0309 3.04E-01
R?| 0.00604

Figure C-7 — Gas/Oil CC Dataset — CAPEX for Greater than 1,000-MW Plant Size

100

90

80
g - 1 y =0.5066x + 9.4642
U
S ° R? = 0.006
o °
N 60
g ° ° R
% 50 S 5
< °
& 40 -4
= ° ° o ° °
g 30 P > S
o e A 1

20 o * > * . ® : p @ o g—g—o—"

g o o g 8 g = L ° p
10 449 e 18 ¥ —3 { *
8 3 o g 8 8 o 8§ 8 e 9 ® °
0 8 g f} & % § ﬁ g 3 (-3 b4 hd & o
0 5 10 15 20 25
Plant Age
@ Data Points @ Regression Fit Linear (Data Points})

Note: Age coefficient in above regression equation is not statistically significant.

OPERATIONS & MAINTENANCE EXPENDITURES - GREATER THAN 1,000 MW

The results of the regression analysis of O&M spending for gas/oil CC plants greater than 1,000 MW are
summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient

(“slope™) is 0.13, which is greater than 0.03, age is not a statistically significant predictor of O&M spending.
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Table C-8 — Regression Statistics — CC O&M > 1,000 MW

t statistic p-value
Observations 177
Simple Average ($/kW) 11.676
Intercept 16.545 4.4851 1.43E-05
Slope -0.601 -1.5389 1.26E-01
R?| 001335

Figure C-8 — Gas/Qil CC Dataset — O&M for Greater than 1,000 MW Plant Size
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Note: Age coefficient in above regression equation is not statistically significant.

25

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017

$/kW-year, are summarized in the table below.

Data Data
Average | Average | Average Data Points | Points
$KW $KW $/KW | Average | Points (years | (years

(years 1 - |(years 21 -|(years 41 -| $/kW (all | (years 1-| 21 - 40) | 41 - 80) | Data Points
20) = 40) = 80)= |years)=| 20)= = = |(all years) =
>1000 MW, All Capacity Factors
Net Total O&M- 2017 $/kKW 11.85 4.14 - 11.68 173 4 0 177
Net Total Capex - 2017 $/kW 13.37 22.06 = 13.57 173 4 0 177
Net Total O&M and Capex - 2017 $/kW 25.22 26.20 - 25.24 173 4 0 177
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy
developed recommended changes to the existing values used in the EMM. The recommended changes for

existing gas/oil CC plants are described in Section 3.

CAPITAL EXPENDITURES - CAPACITY FACTOR LESS THAN 50%

The results of the regression analysis of CAPEX spending for gas/oil CC plants of all MW sizes (full dataset)
with capacity factors under 50% are summarized in the table below and plotted in the figure below. Since the

p-value for the age coefficient (“slope™) is 0.71, which is greater than 0.05, age is not a statistically significant

predictor of CAPEX spending.

Table C-9 — Regression Statistics — CC CAPEX for Capacity Factor < 50%

t statistic p-value
Observations 844
Simple Average ($/kW) 15.554
Intercept 14.774 5.7075 1.59E-08
Slope 0.041 0.3659 7.15E-01
R?| 0.00016

Figure C-9 — CC Dataset — CAPEX for All Plant Sizes and Avg. Net Capacity Factor < 50%
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Notes: Age coefficient in above regression equation is not statistically significant.
Sequential data points with identical values are forecasted values for the same plant.
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OPERATIONS & MAINTENANCE EXPENDITURES - CAPACITY FACTOR LESS THAN

50%

The results of the regression analysis of O&M spending for gas/oil CC plants of all MW sizes (full dataset) with

capacity factors under 50% are summarized in the table below and plotted in the figure below. Since the p-value

for the age coefficient (“slope™) is less than 0.05, age is a statistically significant predictor of O&M spending (on

a linear trend across all plant ages). However, the outliers before year 20 and relatively low number of data

points after year 40 may distort the regression analysis.

Table C-10 — Regression Statistics — CC O&M for Capacity Factor < 50%

t statistic p-value
Observations 864
Simple Average ($/kW) 10.791
Intercept 12.292 13.9850 3.33E-40
Slope -0.077 -2.0625 3.95E-02
R?| 0.00491

Figure C-10 — CC Dataset — O&M for All Plant Sizes and Avg. Net Capacity Factor < 50%
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Note: Sequential data points with identical values are forecasted values for the same plant.
The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017

$/kW-year, are summarized in the table below.
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Data Data
Average | Average | Average Data Points | Points
$/KW $/KW $/KW Average Points (years | (years
(years 1 - [(years 21 -|(years 41 -| $/kW (all | (years 1- | 21 -40) | 41 - 80) | Data Points
20) = 40) = 80) = years) = 20) = = = (all years) =
All MW, Capacity Factors 0 - 50%
Net Total O&M- 2017 $/kW 11.54 9.65 10.26 10.79 500 298 66 864
Net Total Capex - 2017 $/kW 15.35 15.46 17.56 15.55 501 280 63 844
Net Total O&M and Capex - 2017 $/kKW 26.95 25.41 28.19 26.53 499 280 63 842

Starting with the initial analysis of CAPEX and O&M raw data, as presented above,

Sargent & Lundy

developed recommended changes to the existing values used in the EMM. The recommended changes for

existing gas/oil CC plants are described in Section 3.

CAPITAL EXPENDITURES - CAPACITY FACTOR GREATER THAN 50%

The results of the regression analysis of CAPEX spending for gas/oil CC plants of all MW sizes (full dataset)

with capacity factors greater than 50% are summarized in the table below and plotted in the figure below. Since

the p-value for the age coefficient (“slope™) is 0.37, which is greater than 0.05, age is not a statistically

significant predictor of CAPEX spending.

Table C-11 — Regression Statistics — CC CAPEX for Capacity Factor > 50%

t statistic p-value
Observations 524
Simple Average ($/kW) 16.104
Intercept 14.630 7.3893 5.90E-13
Slope 0.149 0.9054 3.66E-01
R?| 0.00157
1331179 Project 13651-001
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Figure C-11 — CC Dataset — CAPEX for All Plant Sizes and Avg. Net Capacity Factor > 50%
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Notes: Age coefficient in above regression equation is not statistically significant.
Sequential data points with identical values are forecasted values for the same plant.

OPERATIONS & MAINTENANCE EXPENDITURES — CAPACITY FACTOR GREATER
THAN 50%

The results of the linear regression analysis of O&M spending for gas/oil CC plants of all MW sizes (full
dataset) with capacity factors greater than 50% are summarized in the table below. Since the p-value for the age
coefficient (“slope™) is 0.33, which is greater than 0.05, age is not a statistically significant predictor of CAPEX

spending (on a linear trend across all plant ages).

Table C-12 — Regression Statistics — CC O&M for Capacity Factor > 50%

t statistic p-value
Observations 524
Simple Average ($/kW) 16.855
Intercept 17.665 17.5298 1.93E-54
Slope -0.082 -0.9777 3.29E-01
R?*| 000183

Generating Unit Annual Capital and Life Extension Costs Analysis 1341179 Project 13651-001
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Figure C-12 — CC Dataset — O&M for All Plant Sizes and Avg. Net Capacity Factor > 50%
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Notes: Age coefficient in above regression equation is not statistically significant.
Sequential data points with identical values are forecasted values for the same plant.

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017

$/kW-year, are summarized in the table below.

Data Data
Average | Average | Average Data Points | Points
$/KW $/KW $/KW Average Points (years | (years
(years 1 - [(years 21 -|(years 41 -| $/kW (all | (years 1- | 21 - 40) | 41 - 80) | Data Points
20) = 40) = 80) = years) = 20) = = = (all years) =
All MW, Capacity Factors 50% - 100%
Net Total O&M- 2017 $/kKW 16.90 16.44 - 16.85 478 46 0 524
Net Total Capex - 2017 $/kW 15.55 21.89 - 16.10 478 46 0 524
Net Total O&M and Capex - 2017 $/kKW 32.46 38.32 - 32.98 477 46 0 523

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy
developed recommended changes to the existing values used in the EMM. The recommended changes for

existing gas/oil CC plants are described in Section 3.
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CAPITAL EXPENDITURES — ALL PLANT SIZES

The results of the regression analysis of CAPEX spending for gas/oil CT plants of all MW sizes (full dataset)
are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient
(“slope™) is 0.09, which is greater than 0.05, dataset does not support age as a statistically significant predictor
of CAPEX spending (on a linear trend across all plant ages).

Table D-1 — Regression Statistics — CT CAPEX for All MW

t statistic p-value
Observations 5065
Simple Average ($/kW) 6.897
Intercept 8.737 7.3087 3.12E-13
Slope -0.068 -1.6948 9.02E-02
R?| 0.00057

Figure D-1 — Gas/Qil CT Dataset — CAPEX for All Plant MW Sizes
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Note: Age coefficient in above regression equation is not statistically significant.

OPERATIONS & MAINTENANCE EXPENDITURES — ALL PLANT SIZES

The results of the regression analysis of O&M spending for gas/oil CT plants of all MW sizes (full dataset) are
summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient
(“slope™) is 0.062, which is greater than 0.05, the dataset does not support age as a statistically significant

predictor of O&M spending (on a linear trend across all plant ages).

Generating Unit Annual Capital and Life Extension Costs Analysis 1371179 Project 13651-001
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Table D-2 — Regression Statistics — CT O&M for All MW
t statistic p-value
Observations 5283
Simple Average ($/kW) 5.331
Intercept 6.641 8.5764 1.27E-17
Slope -0.048 -1.8683 6.18E-02
R?| 0.00066
igure D-2 — Gas/Oi ataset — or an izes
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Notes: Age coefficient in above regression equation is not statistically significant.
Sequential data points with identical values are forecasted values for the same plant.

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017

$/kW-year, are summarized in the table below.

Data Data
Average | Average | Average Data Points | Points
$/kW $/KW $/KW Average Points (years | (years
(years 1 - |(years 21 -|(years 41 -| $/kW (all | (years 1- | 21 - 40) | 41 - 80) | Data Points
20) = 40) = 80) = years) = 20) = = = (all years) =
All MW, All Capacity Factors
Net Total O&M- 2017 $/kW 7.86 3.99 6.11 5.33 1,418 3,118 747 5,283
Net Total Capex - 2017 $/kW 9.17 5.78 7.40 6.90 1,360 3,054 651 5,065
Net Total O&M and Capex - 2017 $/kW 16.43 9.43 10.92 11.49 1,341 3,040 640 5,021
Generating Unit Annual Capital and Life Extension Costs Analysis 138/179 Project 13651-001
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy

developed recommended changes to the existing values used in the EMM. The recommended changes for

existing gas/oil CT plants are described in Section 6.

CAPITAL EXPENDITURES - LESS THAN 100 MW

The results of the regression analysis of CAPEX spending for gas/oil CT plants less than 100 MW are

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient

(“slope™) 1s 0.002, which is less than 0.05, age is a statistically significant predictor of CAPEX spending (on a

linear trend across all plant ages). Therefore, CAPEX spending for this dataset may be estimated by the

regression equation:

Annual CAPEX spending in 2017 $/kW-year = 15.651 + (-0.227 x age)

Table D-3 — Regression Statistics — CT CAPEX < 100 MW

Observations

Simple Average ($/kW)
Intercept

Slope

R2

t statistic p-value
2,911
9.003
15.651 6.6753 2.94E-11
-0.227 -3.0345 2.43E-03
0.00316

Figure D-3 — Gas/Oil CT Dataset — CAPEX for Less than 100-MW Plant Size
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OPERATIONS & MAINTENANCE EXPENDITURES - LESS THAN 100 MW

The results of the regression analysis of O&M spending for gas/oil CT plants less than 100 MW are summarized

in the table below and plotted in the figure below. Since the p-value for the age coefficient (“slope™) is 0.966,

which is greater than 0.05, the dataset does not support age as a statistically significant predictor of O&M

spending (on a linear trend across all plant ages).

O&M (20175/kW)

Table D-4 — Regression Statistics — CT O&M <100 MW

t statistic p-value
Observations 3,062
Simple Average ($/kW) 5.958
Intercept 6.001 5.5008 4.09E-08
Slope -0.001 -0.0423 9.66E-01
R?| 0.00000

Figure D-4 — Gas/Oil CT Dataset — O&M for Less than 100-MW Plant Size
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Notes: Age coefficient in above regression equation is not statistically significant.

Sequential data points with identical values are forecasted values for the same plant.

70

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017

$/kW-year, are summarized in the table below.
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Data Data
Average | Average | Average Data Points | Points
$/KW $/KW $/KW Average Points (years | (years
(years 1 - |(years 21 -|(years 41 - $/kW (all | (years 1 - | 21 -40) | 41 - 80) | Data Points
20) = 40) = 80) = years) = 20) = = = (all years) =
<100 MW, All Capacity Factors
Net Total O&M- 2017 $/kW 8.76 4.93 7.40 5.96 489 2,060 513 3,062
Net Total Capex - 2017 $/kW 15.08 7.98 6.64 9.00 497 1,999 415 2,911
Net Total O&M and Capex - 2017 $/kW 24.04 12.31 10.26 14.02 489 1,978 406 2,873

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy

developed recommended changes to the existing values used in the EMM. The recommended changes for

existing gas/oil CT plants are described in Section 6.

CAPITAL EXPENDITURES - BETWEEN 100 MW AND 300 MW

The results of the regression analysis of CAPEX spending for CT plants between 100 MW and 300 MW are

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient

(“slope™) is 0.939, which is greater than 0.05, age is not a statistically significant predictor of CAPEX spending.

Table D-5 — Regression Statistics — CT CAPEX 100 MW to 300 MW

t statistic p-value
Observations 1,350
Simple Average ($/kW) 6.183
Intercept 6.254 6.0376 2.02E-09
Slope -0.003 -0.0768 9.39E-01
R?| 0.00000
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Figure D-5 — Gas/Qil CT Dataset — CAPEX for Between 100-MW and 300-MW Plant Size
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Note: Age coefficient in above regression equation is not statistically significant.

OPERATIONS & MAINTENANCE EXPENDITURES — BETWEEN 100 MW AND 300 MW

The results of the regression analysis of O&M spending for gas/oil CT plants between 100 MW and 300 MW
are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient
(“slope™) is 0.023, which is less than 0.03, age is a statistically significant predictor of O&M spending (on a
linear trend across all plant ages). Therefore, O&M spending for this dataset may be estimated by the regression

equation:

Annual O&M spending in 2017 $/kW-year = 10.569 + (-0.162 x age)

Table D-6 — Regression Statistics — CT O&M 100 MW to 300 MW

t statistic p-value
Observations 1,416
Simple Average ($/kW) 6.430
Intercept 10.569 5.1759 2.59E-07
Slope -0.162 -2.2723 2.32E-02
R?| 000364

Generating Unit Annual Capital and Life Extension Costs Analysis 1421179 Project 13651-001
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Figure D-6 — Gas/OQil CT Dataset — O&M for Between 100-MW and 300-MW Plant Size

O&M (2017$/kW)

The simple average O&M and CAPEX values for each 20-year
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Note: Sequential data points with identical values are forecasted values for the same plant.

$/kW-year, are summarized in the table below.

age band, expressed in constant 2017

Data Data
Average | Average | Average Data Points | Points
$/KW $/KW $/KW Average Points (years | (years
(years 1 - |(years 21 -|(years 41 - $/kW (all | (years 1 - | 21 -40) | 41 - 80) | Data Points
20) = 40) = 80) = years) = 20) = = = (all years) =
100 MW - 300 MW, All Capacity Factors
Net Total O&M- 2017 $/kW 9.97 5.18 3.24 6.43 442 794 180 1,416
Net Total Capex - 2017 $/kW 6.32 6.07 6.38 6.18 407 762 181 1,350
Net Total O&M and Capex - 2017 $/kW 15.14 9.09 9.66 10.98 402 759 180 1,341

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy

developed recommended changes to the existing values used in the EMM. The recommended changes for

existing gas/oil CT plants are described in Section 6.
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CAPITAL EXPENDITURES - GREATER THAN 300 MW

The results of the regression analysis of CAPEX spending for gas/oil CT plants greater than 300 MW are

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient

(“slope™) 1s 0.010, which is less than 0.05, age is a statistically significant predictor of CAPEX spending (on a

linear trend across all plant ages). Therefore, CAPEX spending for this dataset may be estimated by the

regression equation:

Annual CAPEX spending in 2017 $/kW-year = 2.945 + (0.193 x age)

Table D-7 — Regression Statistics — CT CAPEX > 300 MW

Observations

Simple Average ($/kW)
Intercept

Slope

R2

t statistic p-value
909
6.952
2.945 1.6382 1.017E-01
0.193 2.5842 0.010
0.00731

Figure D-7 — Gas/Qil CT Dataset — CAPEX for Greater than 300-MW Plant Size
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OPERATIONS & MAINTENANCE EXPENDITURES — GREATER THAN 300 MW

The results of the regression analysis of O&M spending for CT plants greater than 300 MW are summarized in
the table below and plotted in the figure below. Since the p-value for the age coefficient (“slope™) is
significantly less than 0.05, age is a statistically significant predictor of O&M spending (on a linear trend across

all plant ages). Therefore, O&M spending for this dataset may be estimated by the regression equation:

Annual O&M spending in 2017 $/kW-year = 5.474 + (-0.072 x age)

Table D-8 — Regression Statistics — CT O&M > 300 MW

t Statistic p-value
Observations 938
Simple Average ($/kW) 3.994
Intercept 5.474 12.8980 3.75E-35
Slope -0.072 -4.0612 5.29E-05
R? 0.01732

Figure D-8 — Gas/Qil CT Dataset — O&M for Greater than 300-MW Plant Size
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The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017

$/kW-year, are summarized in the table below.
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Data Data
Average | Average | Average Data Points | Points
$KW $KW $/KN | Average | Points (years | (years
(years 1 - |(years 21 -|(years 41 -| $/kKW (all | (years 1 - [ 21 - 40) | 41 - 80) | Data Points
20) = 40) = 80) = years) = 20) = = = (all years) =
> 300 MW, All Capacity Factors
Net Total O&M- 2017 $/kW 5.03 2.78 3.46 3.99 488 396 54 938
Net Total Capex - 2017 $/kW 5.26 7.58 1650 6.95 457 397 55 909
Net Total O&M and Capex - 2017 $/kW 9.30 10.38 20.11 10.42 451 3% 54 901

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy

developed recommended changes to the existing values used in the EMM. The recommended changes for

existing gas/oil CT plants are described in Section 6.
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Appendix E. Regression Analysis — Conventional Hydroelectric
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CAPITAL EXPENDITURES — ALL PLANT SIZES

The results of the linear regression analysis of CAPEX spending for conventional hydroelectric plants of all

MW sizes (full dataset) are summarized in the table below and plotted in the figure below. Since the p-value for

the age coefficient (“slope”™) is significantly less than 0.05, age is a statistically significant predictor of CAPEX

spending (on a linear trend across all plant ages). Therefore, CAPEX spending for this dataset may be estimated

by the regression equation:

Annual CAPEX spending in 2017 $/kW-year = 7.269 + (0.296 x age)

Table E-1 — Regression Statistics — Hydroelectric CAPEX for All MW

Observations

Simple Average ($/kW)
Intercept

Slope

R2

t statistic p-value
2180
21.999
7.269 1.4681 1.42E-01
0.296 3.1441 1.69E-03
0.00452

Figure E-1 — Conventional Hydroelectric Dataset — CAPEX for All MW Plant Sizes
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OPERATIONS & MAINTENANCE EXPENDITURES - ALL PLANT SIZES

The results of the linear regression analysis of O&M spending for conventional hydroelectric plants of all MW

sizes (full dataset) are summarized in the table below and plotted in the figure below. Since the p-value for the

age coefficient (“slope”) is significantly less than 0.05, age is a statistically significant predictor of O&M

spending (on a linear trend across all plant ages). Therefore, O&M spending for this dataset may be estimated by

the regression equation:

Annual O&M spending in 2017 $/kW-year = 22.360 + (0.073 x age)

Table E-2 — Regression Statistics — Hydroelectric O&M for All MW

Simple Average ($/kW)

t statistic p-value
Observations 1,272
24.473
Intercept 22.360 13.7360 3.92E-40
Slope 0.073 2.5053 1.24E-02
R?| 0.00492

Figure E-2 — Conventional Hydroelectric — O&M for All MW Plant Sizes
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Appendix F. Regression Analysis — Pumped Hydroelectric Storage
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CAPITAL EXPENDITURES — ALL PLANT SIZES

The results of the linear regression analysis of CAPEX spending for pumped hydroelectric storage plants of all

MW sizes (full dataset) are summarized in the table below and plotted in the figure below. Since the p-value for

the age coefficient (“slope™) is greater than 0.05, the dataset does not support age as a statistically significant

predictor of CAPEX spending (on a linear trend across all plant ages). The dataset was not divided by unit

capacity due to the limited number of data points.

Table F-1 — Regression Statistics — Pumped Hydroelectric CAPEX for All MW

Observations

Simple Average ($/kW)
Intercept

Slope

R2

t statistic p-value
227
11.398
-6.907 -0.4501 6.53E-01
0.743 1.2723 2.06E-01
0.01278

Figure F-1 — Pumped Hydroelectric Dataset — CAPEX for All MW Plant Sizes
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OPERATIONS & MAINTENANCE EXPENDITURES - ALL PLANT SIZES

The results of the lincar regression analysis of O&M spending for pumped hydroelectric storage plants of all
MW sizes (full dataset) are summarized in the table below and plotted in the figure below. Since the p-value for
the age coefficient (“slope™) is greater than 0.05, the dataset does not support age as a statistically significant
predictor of O&M spending (on a linear trend across all plant ages). The dataset was not divided by unit

capacity due to the limited number of data points.

Table F-2 — Regression Statistics — Pumped Hydroelectric O&M for All MW

t statistic p-value
Observations 226
Simple Average ($/kW) 23.634
Intercept 15.296 2.9021 4.08E-03
Slope 0.288 1.7010 9.03E-02
R*| 001275

Figure F-2 — Pumped Hydroelectric — O&M for All Plant MW Sizes
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Note: Age coefficient in above regression equation is not statistically significant.

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017

$/kW-year, are summarized in the table below.
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Average Average Average Data Data
$IkW $IkW $IkW Data Points| Points Points
(years 1- | (years 21 - | (years 41 - | Average $/kW | (years 1- |(years 21 - |(years 41 - | Data Points
20) = 40) = 80) = (all years) = 20) = 40) = 80) = (all years) =
AIlMW, All Capacity Factors
Net Total O&M- 2017 $/KW 18.97 23.41 31.00 23.63 50 140 36 226
Net Total Capex - 2017 $/kW 2294 11.93 14.92 14.83 50 141 36 227
Net Total O&M and Capex - 2017 $/kW 41.91 35.34 45.92 38.46

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy

developed recommended changes to the existing values used in the EMM. The recommended changes for

existing pumped hydroelectric storage plants are described in Section 8.
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Appendix G. Regression Analysis — Solar Photovoltaic
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CAPITAL EXPENDITURES

Annual CAPEX, labeled in FERC Form 1 as TCP, are broken down into subcategories, including:
e Land & Land Rights
e Structures & Improvements
e Reservoirs, Dams & Waterways
e  Water Wheels
e Turbines & Generators
e Accessory Electric Equipment
e Equipment
e Assct Retirement Costs

e Roads, and Railroads & Bridges

These subcategories are based on traditional power generation technologies and have minimal applicability to
solar PV. Expected CAPEX for solar PV, such as inverter replacement and repair or module replacement, are

clearly not applicable to any of the categories listed in FERC Form 1.

In the FERC Form 1 data, only 10 of the solar PV sites had a breakdown of TCP into the above subcategories,
with even fewer providing such a breakdown for more than one year. As discussed in Section 9, the year-over-
year change in TCP is the sole source of annual CAPEX information in FERC Form 1. Of this data, Sargent &
Lundy determined that a significant portion of it needed to be filtered out due to the following reasons:

e A negative change in the TCP between two consecutive years

e A change in the capacity of the plant greater than 20%

e A significant increase in TCP without a capacity increase

e Large unexplained fluctuations (¢.g., negative to positive) in TCP from year to year

e Large gaps in annual data

After filtering out clearly suspect data, about one-third of the remaining data was for plants having only three
years of data or less. In addition, many of the plants reported no changes in TCP, suggesting that most annual

expenditures at those sites were being reported as O&M rather than being capitalized.

Thus, Sargent & Lundy had to rely on a limited dataset for solar PV consisting of 15 sites. The average change
in TCP for these sites was approximately $26/kW-year. Based on the available FERC Form 1 information, it
cannot be determined whether this change in TCP was due to typical CAPEX for solar PV, such as inverter or

module replacement, or other factors.
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The results of the linear regression analysis of CAPEX spending for solar PV plants of all MW sizes (full
dataset) are summarized in the table below and plotted in the figure below. Since the p-value for the age
coefficient (“slope™) is 0.16, which is greater than 0.05, the dataset does not support age as a statistically
significant predictor of CAPEX spending (on a linear trend across all plant ages). In addition, as indicated in the
table below, there are a relatively small number of data points for CAPEX (less than 60 points). The average
CAPEX across all years is approximately $26/kW-year (2017 dollars).

Table G-1 — Regression Statistics — Solar PV CAPEX for All MW

t statistic p-value

Observations 57
Simple Average ($/kW) | 26.026
Intercept | 42.978 3.2248 2.12E-03
Slope -5.618 -1.4387 1.56E-01
R? | 0.03627

Figure G-1 — Solar PV Dataset — CAPEX for All MW Plant Sizes
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Note: Age coefficient in above regression equation is not statistically significant.
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OPERATIONS & MAINTENANCE EXPENDITURES

Solar PV O&M activities include a variety of work scopes, including administrative work, monitoring, cleaning,
preventative maintenance, and corrective maintenance. Some specific examples of O&M activities may include
cleaning modules, monitoring system voltage and current, inspecting and cleaning electrical equipment,
inspecting modules for damage, inspecting mounting systems, and checking invertor settings. The cost of O&M
is dependent on several factors, including the number of components, the type of system (e.g., roof, tracking,
ground mount, fixed, etc.), warranty coverage, and location. Environmental conditions, such as hail, sand/dust,
snow, salt in air, high winds, etc., also play a significant role in O&M costs. For these reasons, a higher level of

variation is expected when compared to traditional generating technologies.

The total production cost, which is the sum of the total operating expense and total maintenance expense, was
reported for slightly over half of the sites. Of the sites reporting, several sites only reported this data in certain
years, leaving gaps in the data. Subcategories for operating costs and maintenance cost were provided in the

FERC Form 1 data, but rarely was the reported data broken into subcategories.

Sargent & Lundy organized the FERC Form 1 data into two presentation formats. In the first format, the annual
O&M cost was averaged across all years of the reported data to obtain the average annual O&M cost per plant.
This resulted in approximately 60 data points. In the second format, the annual O&M cost was averaged across
cach year of operation. This resulted in approximately 200 data points. The average O&M cost results are not
equal between the two presentation formats. Table G-2 provides a simple example of these differing results,

using FERC Form 1 O&M data from three plants.

Table G-2 — Example of Calculation Method Differences

O&M Cost ($/kW-year)

7 8 9 10 1M 12 13 Plant
Average

Efnrpﬁ"e 12278 | 00 [ 01 o0 | - | - |- |-|-|-|-|-1|-1]-1- 2.0

Efnrpg'e 00 | 00 | 00 | 00[00|00[00][00|00|00]|00]|00|00]|00]00 0.0

EfnTg'e 22 | 153 (248 - | - | -|-|-|-1--1-1-1-]- 24.1
Example Average 91
(All Data Points) ’
Example Average 187
(of Plant Averages) )
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In the example above, a single plant with more data points is able to sway the average O&M cost across the
three plants. The values calculated below are based on averaged data points (i.e., a data point is the average

annual O&M cost across the reported data for a given plant).

Figure G-2 and Figure G-3 show the average site O&M cost, expressed in $/MWh, for sites with a capacity less
than 5 MW and greater than 5 MW, respectively. In general, these figures show a high level of variability across
sites, with smaller sites having a higher O&M cost per MWh produced. Several data points were for sites having
very low capacity factors (less than 5%), which also results in higher O&M costs per MWh. For the sites greater
than 5 MW, the average O&M cost was $8.5/MWh. When expressed on the basis of cost per kW of capacity
(see Figure G-4 and Figure G-5), the average O&M for sites greater than 5 MW was $15/kW-year.

Figure G-2 — Average Site O&M Cost per MWh Generated vs. Project Nameplate Capacity
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Figure G-3 — Average Site O&M Cost per MWh Generated vs. Project Nameplate Capacity
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Figure G-4 — Average Site O&M Cost per kW-Year Capacity vs. Project Nameplate Capacity
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Figure G-5 — Average Site O&M Cost per kW-Year Capacity vs. Project Nameplate Capacity
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The figures below show the annual site O&M cost (in $/MWh and $/kW-year) versus the age of the project. In

general, little correlation can be seen between age and O&M cost.

Figure G-6 — Annual Site O&M Cost per MWh vs. Age of Project
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Figure G-7 — Annual Site O&M Cost per kW-Year Capacity vs. Age of Project
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Sargent & Lundy compiled O&M data from other sources in Table G-3 below for comparison against the FERC

data. In general, the O&M costs in $/kW-year capacity are in the same range as the FERC data for sites over

5-MW capacity.

Table G-3 — Summary of Industry O&M Cost Data for Solar PV

O&M Cost Sources og;anv\ﬁ ;)rSt Notes Relg:g ?c‘;::ce

NREL & Sunshot 15 Fixed 2015

NREL & Sunshot 18 Single-Axis Tracking 2015

Sunshot + NREL 20.5 Good O&M 2016

Sunshot + NREL 25.0 Optimal O&M 2016

IRENA Power to Change 10 Minimum 2015

IRENA Power to Change 18 Maximum 2015

Utility Scale Solar 17 Overall 2014

Utility Scale Solar 2016 7 Minimum 2016

Utility Scale Solar 2016 27 Maximum 2016

Utility Scale Solar 2016 18 Mean 2016

NRE'-C%SSt'Bi‘;\'i;gg‘:ﬁ?‘g’fg&iyﬁem 154 Fixed LCOE Assumption 2017

NRE'-C%SSt'Bi‘;\'i;gg‘:ﬁ?‘g’fggéyﬁem 185 SAT LCOE Assumption 2017
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e

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy
developed recommended changes to the existing values used in the EMM. The recommended changes for

existing solar PV plants are described in Section 9.
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Appendix H. Regression Analysis — Solar Thermal
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There are no solar thermal power plants that report operating data in FERC Form 1. Industry-wide, there are a
limited number of solar thermal projects; a majority of which have been constructed within the last 10 years—

the exception being small test facilities and the Solar Energy Generating Systems (SEGS) plants built in the
1980s.
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CAPITAL EXPENDITURES

The results of the linear regression analysis of CAPEX spending for geothermal plants of all MW sizes (full

dataset) are summarized in the table below and plotted in the figure below. Although the p-value is less than

0.05, the dataset is inconclusive because the intercept is negative due to no plants reporting data between ages

and 0 and 10.
Table I-1 — Regression Statistics — Geothermal CAPEX for All MW
t statistic  p-value
Observations 36
Simple Average ($/kW) | 40.948
Intercept | -150.830 | -1.7907 | 8.23E-02
Slope | 10.006 2.3736 2.34E-02
R? | 0.14215
Figure I-1 — Geothermal Dataset — CAPEX for All MW Plant Sizes
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OPERATIONS & MAINTENANCE EXPENDITURES

The results of the linear regression analysis of O&M spending for geothermal plants of all MW sizes (full
dataset) are summarized in the table below and plotted in the figure below. Since the p-value for the age
coefficient is 0.071, which is greater than 0.05, the dataset does not support age as a statistically significant

predictor of O&M spending (on a linear trend across all plant ages).

Table I-2 — Regression Statistics — Geothermal O&M for All MW

t Statistic  p-value

Observations 36
Simple Average ($/kW) | 157.103
Intercept | 175.369 | 2.6984 1.08E-02
Slope | -0.953 -0.2930 | 7.71E-01
R? | 0.00252

Figure I-2 — Geothermal Dataset — O&M for All MW Plant Sizes
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Note: Age coefficient in above regression equation is not statistically significant.

The simple average O&M and CAPEX values for each five-year age band, expressed in constant 2017

$/kW-year, are summarized in the table below.
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Table I-3 — Geothermal All MW Summary of Results
Average Average Average Average Average Average Average Data Data Data Data Data
$/KW-yr $/KW-yr $/KW-yr $/KW-yr $/KW-yr $IKW-yr $/KW-yr Points Points Points Points Points
(Years (Years (Years (Years (Years (Years (All (Years (Years (Years (Years (Years
1-5) 6-10) 11-15) 16-20) 21-25) 26-30) Years) 1-5) 6-10) 11-15) 16-20) 21-25)
All MW, All Capacity Factors
Net Total
0286“1/|7_ - 300.62 170.44 124.24 149.97 166.77 157.10 - 1 12 10 6 7 36
$/KW-yr
Net Total
CAZF(;E;(_ - - 72.05 30.16 27.64 114.45 40.94 - 1 12 10 6 7 36
$/KW-yr

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy

developed recommended changes to the existing values used in the EMM. The recommended changes for
existing geothermal plants are described in Section 11.
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CAPITAL EXPENDITURES

Full Dataset

The results of the linear regression analysis of CAPEX spending for wind plants of all MW sizes (full dataset)
are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is
0.224, which is greater than 0.05, the dataset does not support age as a statistically significant predictor of
CAPEX spending (on a linear trend across all plant ages).

Table J-1 — Regression Statistics — Wind CAPEX for All MW

t Statistic p-value

Observations 310
Simple Average ($/kW) | 18.285
Intercept | 22.241 5.7807 1.82E-08
Slope -0.686 -1.2194 2.24E-01
R? | 0.00480

Figure J-1 — Wind Dataset — CAPEX for All MW Plant Sizes
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Note: Age coefficient in above regression equation is not statistically significant.

The simple average O&M and CAPEX values for each five-year age band, expressed in constant 2017

$/kW-year, are summarized in the table below.
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Table J-2 — Wind All MW Summary of Results

Average Average Average Average Average Data Data Data Data Data
S/kW-yr  $/kW-yr  $/kW-yr $/kW-yr $/kW-yr Points Points Points Points Points

(Years (Years (Years (Years (All (Years (Years (Years (Years (All
1-5) 6-10) 11-15) 16-20) Years) 1-5) 6-10) 11-15) 16-20) Years)

All MW, All Capacity Factors

Net Total CAPEX — 2017 $/kW-yr 21.06 10.97 32.62 21.60 18.29 168 112 23 7 310

Starting with the initial analysis of CAPEX raw data, as presented above, Sargent & Lundy developed
recommended changes to the existing values used in the EMM. The recommended changes for existing wind

plants are described in Section 12.

0-100 MW

The results of the linear regression analysis of CAPEX spending for wind plants between 0 MW and 100 MW
are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is
0.706, which is greater than 0.05, the dataset does not support age as a statistically significant predictor of
CAPEX spending (on a linear trend across all plant ages). Therefore, a more appropriate predictor of CAPEX

spending for this dataset is a simple average by plant age band, as discussed in Section 12.

Table J-3 — Regression Statistics — Wind CAPEX for 0-100 MW

t Statistic p-value

Observations 174
Simple Average ($/kW) | 20.483
Intercept | 22.342 3.7750 2.20E-04
Slope -0.297 -0.3779 7.06E-01
R? | 0.00083

Generating Unit Annual Capital and Life Extension Costs Analysis 171179 Project 13651-001
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Figure J-2 — Wind Dataset — CAPEX for 0-100-MW Plant Sizes
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Note: Age coefficient in above regression equation is not statistically significant.

The simple average CAPEX values for each five-year age band, expressed in constant 2017 $/kW-year, are

summarized in the table below.

Table J-4 — Wind < 100-MW Summary of Results

Average Average Average Average Average Data Data Data Data
S/KW-yr  $/kW-yr  $/kW-yr  $/kW-yr  $/kKW-yr Points Points Points Points

(Years (Years (Years (Years (All (Years (Years (Years (Years
1-5) 6-10) 11-15) 16-20) Years) 1-5) 6-10) 11-15) 16-20)

<100 MW, All Capacity Factors

Net Total CAPEX —

2017 $/kW-yr 22.83 11.62 35.35 21.60 20.48 89 58 20 7 174

Starting with the initial analysis of CAPEX raw data, as presented above, Sargent & Lundy developed
recommended changes to the existing values used in the EMM. The recommended changes for existing wind

plants are described in Section 12.
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The results of the linear regression analysis of CAPEX spending for wind plants between 100 MW and 200 MW
are summarized in the table below. Since the p-value for the age coefficient is 0.224, which is greater than 0.05,
the dataset does not support age as a statistically significant predictor of CAPEX spending (on a linear trend

across all plant ages).

Table J-5 — Regression Statistics — Wind CAPEX for 100-200 MW

t Statistic  p-value

Observations 310
Simple Average ($/kW) | 16.935
Intercept | 22.241 5.7807 1.82E-08
Slope | -0.686 -1.2194 2.24E-01
R? | 0.00480

Figure J-3 — Wind Dataset — CAPEX for 100-200-MW Plant Sizes
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Note: Age coefficient in above regression equation is not statistically significant.

The simple average CAPEX values for each five-year age band, expressed in constant 2017 $/kW-year, are

summarized in the table below.
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Table J-6 — Wind 100-200-MW Summary of Results

verage Average Average Average Average Data Data Data Data Data
g $/kW-yr $/kW-yr  $/kW-yr $/kW-yr Points Points Points Points Points

$/KW-yr

(Years 1-5) (Years NGETES (Years (All (Years (Years (Years (Years (A

6-10) 11-15)  16-20)  Years) 1-5)  6-10) 11-15) 16-20) Years)

100 - 200 MW, All Capacity Factors

Net Total CAPEX — 2017 $/kW-yr 20.36 12.20 14.41 - 16.93 52 36 3 - 91

Starting with the initial analysis of CAPEX raw data, as presented above, Sargent & Lundy developed
recommended changes to the existing values used in the EMM. The recommended changes for existing wind

plants are described in Section 12.
Greater than 200 MW

The results of the linear regression analysis of CAPEX spending for wind plants greater than 200 MW are
summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is 0.006,
which is less than 0.05, the dataset does support age as a statistically significant predictor of CAPEX spending
(on a linear trend across all plant ages). However, a visual inspection of the data in the graph below shows that

there are a limited number of data points over 10 years, which may be skewing the regression.

Table J-7 — Regression Statistics — Wind CAPEX for Greater than 200 MW

t Statistic p-value

Observations 91
Simple Average ($/kW) | 16.935
Intercept 29.387 5.6538 1.87E-07
Slope 2474 -2.7612 6.99E-03
R? | 0.07891

Generating Unit Annual Capital and Life Extension Costs Analysis 1741179 Project 13651-001
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Figure J-4 — Wind Dataset — CAPEX for Greater than 200-MW Plant Sizes
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The simple average CAPEX values for each five-year age band, expressed in constant 2017 $/kW-year, are

summarized in the table below.

Table J-8 — Wind Greater than 200-MW Summary of Results

Average $/kW-yr Average $/kW-yr Average $/kW-yr Data Points Data Points Data Points

(Years 1-5) (Years 6-10) (All Years) (Years 1-5) (Years 6-10) (All Years)

> 200 MW, All Capacity Factors

Net Total CAPEX — 2017 $/kW-yr 16.61 8.65 13.48 31 20 51

Starting with the initial analysis of CAPEX raw data, as presented above, Sargent & Lundy developed
recommended changes to the existing values used in the EMM. The recommended changes for existing wind

plants are described in Section 12.
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Full Dataset

The results of the linear regression analysis of O&M spending for wind plants of all MW sizes (full dataset) are

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is

significantly less than 0.05, age is a statistically significant predictor of O&M spending (on a linear trend across

all plant ages). Therefore, O&M spending for the dataset may be estimated by the regression equation:

Annual O&M spending in 2017 $/kW-year = 31.661 + (1.222 x age)

Table J-9 — Regression Statistics — Wind O&M for All MW

Observations

Simple Average ($/kW)
Intercept

Slope

R2

t statistic p-value
580
42.680
31.661 12.7763 4.24E-33
1.222 5.3515 1.26E-07
0.04721

Figure J-5 — Wind Dataset — O&M for All MW Plant Sizes
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0-100 MW

The results of the linear regression analysis of O&M spending for wind plants between 0 MW and 100 MW are
summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is 0.003,
which is less than 0.05, the dataset age is a statistically significant predictor of O&M spending (on a linear trend
across all plant ages). Therefore, O&M spending for the dataset may be estimated by the regression equation:

Annual O&M spending in 2017 $/kW-year = 39.083 + (1.119 x age)

Table J-10 — Regression Statistics — Wind O&M for 0-100 MW

t Statistic  p-value

Observations 339
Simple Average ($/kW) | 49.888
Intercept | 39.083 9.0574 1.10E-17
Slope 1.119 2.9310 3.61E-03
R? | 0.02486

Figure J-6 — Wind Dataset — O&M for 0-100-MW Plant Sizes
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The results of the linear regression analysis of O&M spending for wind plants between 100 MW and 200 MW
are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is
significantly less than 0.05, age is a statistically significant predictor of O&M spending (on a linear trend across

all plant ages). Therefore, O&M spending for the dataset may be estimated by the regression equation:

Annual O&M spending in 2017 $/kW-year = 23.797 + (1.174 x age)

Table J-11 — Regression Statistics — Wind O&M for 100-200 MW

t Statistic  p-value

Observations 147
Simple Average ($/kW) | 35.645
Intercept | 23.797 14.1919 | 3.27E-29
Slope 1.174 6.5971 7.33E-10
R? | 0.23086

Figure J-7 — Wind Dataset — O&M for 100-200-MW Plant Sizes
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The results of the linear regression analysis of O&M spending for wind plants greater than 200 MW are

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is

significantly less than 0.05, age is a statistically significant predictor of O&M spending (on a linear trend across

all plant ages). Therefore, O&M spending for the dataset may be estimated by the regression equation:

Annual O&M spending in 2017 $/kW-year = 26.783 + (0.925 x age)

Table J-12 — Regression Statistics — Wind O&M Greater than 200 MW

Observations

Simple Average ($/kW)
Intercept

Slope

R2

Figure J-8 — Wind Dataset — O&M for Plant Sizes Greater than 200 MW

t statistic  p-value
124
35.645
26.783 17.5334 | 3.90E-35
0.925 7.0885 | 9.55E-11
0.29171
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Southwestern Public Service Company

Capital Additions

April 1, 2018 through March 31, 2019

Exhibit DG-7

Additions to Plant-in-Service
(April 1, 2018 - March 31, 2019)

Additions to Plant-in-Service
(April 1, 2018 - March 31, 2019)

Asset Class Total Company NM Retail
Steam Production 39,843,569 11,029,215
Other Production 1,210,856 335,181
Electric Transmission 256,772,854 52,507,979
Electric Distribution 100,309,251 35,534,299
Electric General 42,013,242 11,663,475
Electric Intangible 18,371,298 5,101,149
Grand Total 458,521,070 116,171,298

Additions to Plant-in-Service (April 1, Additions to Plant-in-Service (April 1,
2018 - March 31,2019) 2018 - March 31, 2019)

Witness Total Company NM Retail
Harkness 27,021,325 7,502,520
Bick 8,221,359 2,282,366
Lytal 42,028,513 11,634,816
Meeks 111,597,408 38,668,052
Cooley 269,652,466 56,083,543
| Grand Total 458,521,070 116,171,298

Production Assets allocated using 12CP-PROD (27.68%).
Transmission Assets primarily allocated using 12CP-TRAN (20.45%). Radial Line assets direct assigned.
Distribution Assets direct assigned according to location.
General Plant allocated using LABXAG (27.76%).

Intangible Plant primarily allocated using LABXAG (27.76%) with one project allocated by CUST-RET (31.08%).
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BEFORE THE NEW MEXICO PUBLIC REGULATION COMMISSION

IN THE MATTER OF SOUTHWESTERN
PUBLIC SERVICE COMPANY’S
APPLICATION 1) TO AMEND ITS
CERTIFICATES OF PUBLIC
CONVENIENCE AND NECESSITY TO
CONVERT HARRINGTON
GENERATION STATION FROM COAL
TO NATURAL GAS, 2) FOR
AUTHORIZATION TO ACCRUE
ALLOWANCE FOR FUNDS USED IN
CONSTRUCTION, AND 3) FOR OTHER
ASSOCIATED RELIEF

CASE NO. 21-00200-UT

N N St ' ' ' ' ' ' ' ' ' “mr'

SOUTHWESTERN PUBLIC SERVICE
COMPANY,

APPLICANT.

SOUTHWESTERN PUBLIC SERVICE COMPANY’S RESPONSE
TO SIERRA CLUB’S FIRST SET OF INTERROGATORIES AND
REQUESTS FOR PRODUCTION OF DOCUMENTS
Southwestern Public Service Company (“SPS”) hereby responds to and answers the Sierra

Club (“SC”) First Set of Interrogatories and Requests for Production as set forth below.

PRELIMINARY MATTERS-GENERAL OBJECTION

SPS objects to the instructions and directions in SC’s First Set of Interrogatories and
Requests for Production to the extent that SC improperly seeks to: (1) expand or establish more
burdensome requirements for discovery than the requirements of the New Mexico Public
Regulation Commission’s Rules and Procedures (i.e., 1.2.2.25 NMAC) and the New Mexico Rules
of Civil Procedure for the District Courts (i.e., NMRA Rules 1-026 through 1-037); and (2) require

disclosure of privileged communications and information pursuant to the attorney-client privilege

Case No. 21-00200-UT

Southwestern Public Service Company’s Response to
SC’s First Set of Interrogatories

Page 1 of 41
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or disclosure of communications and information protected from discovery under the attorney
work product doctrine. Subject to this general objection, SPS responds to SC’s First Set of
Interrogatories and expressly reserves all evidentiary objections concerning any of SPS’s answers
or related documents that SC may seek to offer into evidence at the hearing in this case. Relating
to SC’s discovery requests that seek disclosure of confidential/proprietary information, SPS will
provide a copy of confidential/proprietary information to SC and other parties who sign the
approved confidentiality agreement. Confidential/proprietary documents responsive to specific

discovery requests have been identified with the designation “(CONF).”

Case No. 21-00200-UT

Southwestern Public Service Company’s Response to
SC’s First Set of Interrogatories

Page 2 of 41
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QUESTION NO. SC 1-5:

For the Harrington units:

a.

b.

Please produce any unit replacement studies done by the Company.

Identify any transmission grid updates or changes that would be needed to allow for
the retirement of any of the units.

Produce any analysis or assessment of the need for the continued operations of each
unit.

Provide the remaining book value (plant balance) at the start of 2021,

Identify the current undepreciated book value, and the expected undepreciated book
value for each year of the remaining operation life of the unit.

Produce any analysis or assessment of the impact that retirement of each unit would
have on capacity adequacy, transmission grid stability, transmission grid support,
voltage support, or transmission system reliability.

RESPONSE:

Please refer to Exhibit SPS-SC 1-3(1)(CONF) and Exhibit SPS-SC 1-3(ii) for the
unit replacement studies SPS conducted in 2021 and 2019, respectively.

Transmission grid updates or changes will be studied and identified by the
Southwest Power Pool, pursuant to Attachment AB "Generator Retirement
Process" of the Open Access Tariff. During this process, Southwest Power Pool
will perform a study to identify any updates or changes, if required, within a year
of filing the retirement request. Retirement requests are required to be filed with
Southwest Power Pool no less than one year from the expected retirement date. SPS
does not conduct this process.

Please refer to SPS’s responses to subpart (a) and subpart (f).
Please refer to Exhibit SPS-SC 1-5(d).
Please refer to SPS’s response to subpart (d).

Please refer to subpart (a) and Exhibit SPS-SC 1-5(f)(CONF).

Case No. 21-00200-UT

Southwestern Public Service Company’s Response to
SC’s First Set of Interrogatories

Page 9 of 41
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Preparers: Ben R. Elsey, Jarred Cooley, Sean Young
Sponsors: Ben R. Elsey, William A. Grant

Case No. 21-00200-UT

Southwestern Public Service Company’s Response to
SC’s First Set of Interrogatories
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@ Xcel Energy-

Harrington Station
Fuel Repowering System Impact Study

SPS Study #190311

Potter County, Texas

Xcel Energy Services, Inc.
Transmission Planning, South

July 19, 2019



Exhibit SPS-SC it sdNF)
Page 2 of 24
Case No. 21-00200-UT

Executive Summary

Transmission Planning has completed a study to assess reliability based impacts to the Southwestern Public
Service Company (SPS) transmission system, as a result of the Harrington Station fuel repowering from coal
to natural gas. The work completed was for both transient stability analysis and post transient stability, steady
state power flow analysis. Contingencies assessed were taken from the list of events studied during the yearly
North American Electric Reliability Corporation (NERC) TPL-001-4 analysis. These events were chosen due

to the compliance obligations that SPS is required to meet during its yearly assessment.

The results of this study have determined several key factors that could result as concerns once the Harrington
units are converted to natural gas fuel. Prior to outlining these concerns, it should be noted that the generation
dispatch for the different model scenarios were developed based on an economic dispatch using the software
tool PROMOD to reflect a market based dispatch. As such, new generation was added to these scenario
models as part of the PROMOD dispatch without the required transmission system upgrades needed for
interconnection, since the interconnection is being studied by the Southwest Power Pool (SPP). Therefore

the validity of many of the impacts had to be carefully scrutinized.

Key notable concerns for this study include the dispatch of Harrington. It is concerning that the Harrington
units did not make it into the economic dispatch used in the models for this study, leading us to believe that
these units may not be dispatched when converted. As for impacts associated with outages, some of the key
outages include those related to tie-line outages, which impact power imports into the SPS system. The outage
of tie-lines was also identified as concern. Most impactful are the Category P3 outages for the EHV'!
transmission system. The outages of generators coupled with EHV outages of 345kV tie-lines, produced a
large number of non-convergent results alluding to transmission system collapse due to the insufficiency of
generation in the SPS area and import limitations caused by the outage of tie-lines. These types of violations
mandate a Corrective Action Plan, per the requirements of the NERC TPL-001-4 reliability standard. Similar
outages producing concerns are the combination of tie-line outages. During the outage of two EHV tie-lines
(Category P6) and lines across the North-South interface and a tie-line, also produces a large number of non-
convergent results. The violations produced by these types of outages will only become worse by the

additional oil and gas growth in the southeast New Mexico as additional generation is retired.

As a result of the wide range of NERC TPL-001-4 disturbances assessed as part of the study, this study
recommends the conversion of the Harrington units to synchronous condensers, in lieu of retiring the units.

In addition, the MW capacity from the Harrington generation should be replaced and relocated to the south

1 Extra High Voltage (>300kV)
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west part of the SPS transmission system to serve the growing load pocket in the area. Equally important is
the construction of a new 345kV transmission path from Potter County to Tolk Station, to alleviate flow-
through across the Amarillo Metro HV? network and the North-South interface. This will provide an EHV
transmission path from the Texas Panhandle during the outage of tie-lines south of the North-South interface.

There is also a need for the addition of a second Potter 345/230kV transformer, due to high power-flows from

the Texas Panhandle.

2 High Voltage (<300kV)
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Introduction

The objective of this study is to assess impacts to the transmission system of Southwestern Public Service
Company (SPS), for both system-intact and during contingency events consistent with the NERC TPL-001-4
reliability standard. The study is required to determine if the repowering of the Harrington Station from its
present fuel source, coal, to its proposed fuel source, natural gas, will cause additional impacts to the

transmission system of SPS.

It is Transmission Planning’s understanding that the main driver for this fuel repoweriﬁg ié‘the Clean Air Act®,
which was last amended in 1990, requires EPA to set National Ambient Air Quality Standards (40 CFR part
50) for pollutants considered harmful to public health and the environment. The Clean Air Act identifies two
types of national ambient air quality standards. Primary standards provi,de/public health protection, including
protecting the health of "sensitive" populations such as asthmatics, ‘children, and the elderly. Secondary
standards provide public welfare protection, including protection against decreased visibility and damage to

animals, crops, vegetation, and buildings.

The study considered options for the coal fired genergtofé at Haﬁington station, as a result of a mandate from
the Clean Air Act calling for the reduction of SO2 '/emiSsibn required by the National Ambient Air Quality
Requirement (NAAQS4). The scenario models developed fbr this study were developed with guidance from
the Resource Planning group at Xcel Energ3;, in addition to assistance from the Reginal Reliability Planning
group, which provided the market be}se'dl economic generation dispatches for the different scenario models.
Details specific to the different s/(;eﬁ/ério_‘models used for this study are noted in the Modeling Assumptions

section of this report.

Study Methodology

The study analysis was performed using the Power Technologies, Inc. (PTI) Power System Simulator for
Engineering (PSS\TME)“program and contains a steady-state analysis using the AC Contingency Calculation
(ACCC) with a Fixed Slope Decoupled Newton-Raphson (FDNS) solution. The study was conducted
ensuring that current SPS/SPP/NERC criteria are fulfilled for voltage and thermal performance of the
transmission system elements. As applicable, the criteria used for system intact conditions mandates that bus
voltages must be maintained between 0.95 - 1.05 per-unit of their nominal voltage value and thermal system-
intact conditions must not exceed their designated normal rating, or A-rating. During transmission system

contingencies, bus voltages on the SPS transmission system are allowed to deviate between 0.90 - 1.05 per-

3 hitps://www.epa.gov/clean-air-act-overview
4 hitps://www.epa.gov/criteria-air-pollutants/naags-table
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unit of their nominal voltage values and thermal loading on transmission system equipment cannot exceed

100% of the emergency B-rating.

Additionally as part of this study, the events specific to Table 1 of the NERC TPL-001-4 reliability standard
are evaluated, and impacts associated with this standard are discussed and called-out in this report. Impacts
specific to the fuel repowering of the generators are also discussed, along with concerns from Transmission

Planning.

Modeling Assumptions
The models used for this analysis were derived from the SPP 2019 ITPNT? Lubbock Power and Light (LPL)

sensitivity models, where a portion of the LPL load is no longer in SPP. The transmission projects initially
not added by SPP in the development of these ITP models were also added to these models. The transmission
projects added were the Eddy — Kiowa 345kV line and China Draw — Phantom — Roadrunner 345kV lines,
along with the 350 MW in southeast New Mexico. The significant differences considered as impacting to the
various scenario models, is the generation dispatch specific to the seéson. The generator dispatch in each of
the seasonal models comes from an economic dispat/(/:h;/'/using PROMODG. The PROMOD dispatch applied
to each of the scenarios was provided by the Regionai P‘lkann'ing Analytics group. The seasonal models created
are the 2024 Light Load, 2024 Summer Peak/and’ a 2024/25 Winter Peak.

The modeling assumptions for the Harriﬁgtoh“ generators in this study include fuel-repowering, generator
conversion to synchronous condens/eré; and the addition of new gas fired generation to the SPS transmission

system. The differences in the scéharios ‘considered as part of this study are discussed below.

1. Retirement of all Harringtoh“generation, without replacement of the MW capacity.

2. Harrington generafors at the present location are repowered from coal to direct firing of the boiler with
natural gas.

3. Repowering of two Harrington units to natural gas and replacing MW capacity at the Gaines Plant
location in Andrews County, Texas.
Conversion of all three existing Harrington generators to synchronous condensers.

5. Retirement of all three Harrington Station generators by converting them to synchronous condensers
and adding MW capacity at the Gaines Plant in Andrews County, Texas.

Contingency Events

Power Flow contingency events considered as important for this study were chosen from Table 1 of the NERC

reliability standard TPL-001-4. These events were selected for this study due the compliance obligations SPS

5 Integrated Transmission Plan, Near Term
6 ABB software
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must meet for this reliability standard, and include a wide range of events from simple single-element type

events, to those having a lower probability of occurring yet a much higher impact to the transmission system.

The events chosen include NERC TPL-001-4 Category P1 events consisting of single element outages. These
events although only evaluate the outage of a single element, do not allow for the curtailment of non-sequential
load for events taking place on the EHV and HV transmission elements. Category P2 events result in bus
faults utilizing normal bus-differential clearing times to isolate the fault. Category P3 events are faults where
the initial event is the outage of a generator, followed by an additional generator outage;"ér_the outage of some
other transmission system element. These other elements could include transformers, shunt devices, bus
sections or transmission lines, including tie-lines to entities outside of the SPS legacy BA’. These events,
similar to Category P1 events, do not allow for the curtailment of non-sequ’éﬁtial load//for events taking place
on both the EHV and HV transmission system. The mechanical failures of breakers resulting in the inability
of the breaker to isolate faults are evaluated under Category P4 events. These events are impactful since not
all breakers on the SPS transmission system have breaker failure felaying, which can trigger a much larger
system outage as a result of the time it takes for the remaining relayé, local to the event, to recognize and
isolate the fault. The Category PS5 events analyze/th"e& fa’ilure,‘kcjf primary relaying on those transmission
elements that do not have secondary or redundancy in thé‘rei‘aying.; In the absence of secondary relaying fault
isolation is left to the remaining uncoordinate/dfelays, which at times cannot isolate the fault quickly enough,
triggering a much larger than expected Qut~a;gé;“and in some instances these faults are not isolated with the
remaining relaying. Category P6 ever}ts; similar to“the P3 events, are meant to consider the impact of outages
on the transmission system due tq.tﬁé outage of twb transmission elements, with the first event allowing for
system adjustments prior to the s/écbnd event. These Category P6 events were studied as an N-2 event (double
contingency), disavowing system adjﬁstments that are permitted for the first event and concentrating on a
Corrective Action Plan (CAP) for the final state of the system following the outage of both elements. Finally
Category P7 events consider the effects to the transmission system during the outage of two adjacent
transmission circuits built on common transmission structures. Extreme events from the NERC Table 1

resulting in the loss of gas supply to some of the power plants were considered in this study.

Among the conﬁngencies above, it should be noted that violations triggered by Category P1 events do not
allow for the curtailment of load following the event. Violations from Category P3 events share the same fate
and solutions to violations identified by both of these types of events require a CAP to mitigate the violations.
As for the other type of event Categories, curtailment of load may be allowed; however for violations

occurring on the EHV system these are not allowed and require a CAP.

7 Balancing Authority
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NERC Category P1 Event Results

The 2024 Light Load scenario 1 model has all the Harrington units retired; this resulted in high imports
(1750MW, 299MVar) on SPS tie lines to meet the generation deficiency. Consequently the critical
contingency for Light Load scenario 1 steady state analysis is the loss of Tuco to OKU 345kV Tie line
(with import of 400MW, 87Mvar), which resulted in non-convergence due to localized voltage collapse
in the SPS area. 2024 Light Load scenario 2 and 3 which modeled the Harrington generation converted
from coal to natural gas did not dispatch the Harrington units due to the economié ‘generation dispatch
used in these models (based on economics of fuel used for the generation), which resulted in the similar
issues in scenario 2 and 3 as that of scenario 1 model for category P1 events. Whereas in’2‘024 Light Load
scenario 4 model with all the Harrington units converted to synchronouséondense’fé generated a combined
reactive capability of at least 389 MVars providing voltage support to the SPS system resulted in
mitigating the issues caused in 2024 Light Load scenario 1, 2 and 3 for the loss of Tuco to OKU 345kV

Tie line.

Potter 345/230 transformer was found to be overloaded in all 2024 Light Load Scenario 1, 2, 3, 4 and 5
models due to high import on the SPS tie lines,/,aﬁa can be ‘fr‘yli,tigated by adding second Potter 345/230
transformer. Also in 2024 Light Load scenario 1, 23 and 4 models thermal violation at Bushland —
Deafsmith 230kV (K11) and Deafsmith/—flslantX 230kV (K21) lines were observed due to the north to
south flow to meet the load demand in the,southjern part of SPS system, which can be mitigated by
upgrading transmission line termiﬁa\ls on K11 k“and K21 circuits or adding generation in southern part of

SPS system (scenario 5).

2024 Winter Peak scenario 1, 2,‘ 3, 4 and 5 models observed thermal violation at Potter 345/230
transformer and Spearfnan to Hansford 115kV (T87) line due to high import on the SPS tie lines and can
be mitigated by adding second Potter 345/230 transformer and/or upgrading transmission terminal on T87

line.

It is also observed that by the addition of Potter to Pleasant Hill 345kV line or Potter to Tolk 345kV line
to the system mitigates all the above mentioned P1 violations in 2024 Light Load and 2024 Winter Peak

scenar1o models.

2024 Summer Peak scenario 1, 2 and 4 observed thermal violation at Allen to Lubbock South 115kV for
the loss of Lubbock S to Wolfforth 230kV line. The violation is not related to Harrington generation
retirement since turning on all the Harrington generation to full capacity, did not fix this thermal violation.
This violation was mitigated in scenario 3 and scenario 5 models with the addition of Gaines generation
of about 186MW and 700MW respectively.
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The scenario 5 model has the addition of Gaines combined cycle generation (~700MW) to the system
without modelling the transmission upgrades required for the generation interconnection. This resulted in
thermal and voltage violation near generation interconnection location at Gaines, Hobbs and Andrews
which are not related to Harrington generation retirement but due to the lack of transmission upgrades at

generation interconnection.
Transient Stability P1 results:

The 2024 Light Load scenario 1 model has all the Harrington units retired; this fésulted in high imports
on SPS tie lines to meet the generation deficiency. Consequently the critical contingen(‘:‘ies for the Light
Load scenario 1 transient stability analysis are the loss of Tuco to OKU 345kV orTuco to Border 345kV
Tie lines resulting in system instability generation at Hobbs, Tolk and Mustang losing synchronism and
trip. 2024 Light Load scenario 2 and 3 which modeled the Harrington generatioh converted from coal to
natural gas did not dispatch the Harrington units due to the economic generation dispatch used in these
models (based on economics of fuel used for the generation)‘,“ which resulted in the similar issues in

scenario 2 and 3 as that of scenario 1 model for category Pi*events.

In 2024 Light Load scenario 4 model with the “(‘:onyyversi'oﬁ of all Harrington units to synchronous
condensers and in 2024 Light Load scepa’rib 5 mode‘,l“ with the conversion of all Harrington units to
synchronous condensers and addition/of /Gains generation (700MW) provided voltage and inertia support
to the SPS system resulted in miti/gat/ing the i‘s“Sues caused in 2024 Light Load scenario 1, 2 and 3 for the

loss of the Tie lines.

It is also observed that by the édd‘ition of Potter to Pleasant Hill 345kV line or Potter to Tolk 345kV line
to the system mitigateé/the P1 transient stability issues in 2024 Light Load scenario 1, 2 and 3 models.

Based on the steady state and transient stability results retiring or converting (scenario 1,2,3) all
Harrington units to gas powered generation would result in steady state and transient stability issues in
Light Load off peak season, since the gas units are not dispatched due to the economics of running the
units in Light load. The ideal scenario would be to convert 1 or 2 Harrington units to gas powered
generation and the remaining unit/s to synchronous condensers. Also, due to the huge load growth in South
East New Mexico adding generation in South East New Mexico (preferably south of the SPS area) would
help the SPS system. It is also observed that by the addition of Potter to Pleasant Hill 345kV line or Potter
to Tolk 345kV line to the system mitigates P1 violations in 2024 Light Load and 2024 Winter Peak

scenarlo models.

NERC Category P2 Event Results
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NERC TPL-001-4 Category P2 events that were assessed consisted of a single line-to-ground bus fault
occurring on BES? substations having a straight bus or main and transfer bus design. A single line-to-
ground bus fault at these substations results in the loss of the entire substation which could cause voltage
violations and thermal overloads at other locations of the transmission system. There were 105 Category
P2 events evaluated across five specific Harrington scenario models for both steady state and stability

implications.

For the steady state analysis, with the exception of the Lubbock South 230 kV streifght bus outage in the
2024 Summer Peak scenarios, all steady state violations were none persistent, meaning the violations did
not occur across all of the scenarios and seasons. The greatest impact to the transmission system occurs
in the scenario 1 model when all three Harrington units are retired. For these sCénarios the transmission
system experiences a deficiency in VAR® support and a greater occurrence of low bus voltages along with
thermal overloads. The converse is also evident in scenarios 4 and 5, with Harrington going to
synchronous condensers in scenario 4 and with the addition of new gener’étion in southeast New Mexico
in scenario 5. For these two scenarios, steady state violations océurred less frequently in comparison to

the scenario 1 model.

Additionally, thermal violations are evident on the Lubbock South to Lubbock East 115kV line (V34) as
a result of a bus fault outage of the Lubbé?;k South 230 kV straight bus in the 2024 Summer Peak. This
“persistence” implies that the dispa‘;(\:h/c/iurihg this season of the scenarios would cause a violation whether
the Harrington generators were/,,,,iﬁ:service or not. The violation can be mitigated by opening the 115kV
line V34 from Lubbock South/_/‘/[o Lubbock East.

For the Category P2 a stability aﬁalysis was conducted for all the aforementioned scenarios. The analysis
determined that there were no unstable results indicating violations and no low bus voltage concerns that
required a CAP.

The retirement of the Harrington units reduced the voltage and VAR support across the system. The
addition of the synchronous condensers in scenarios 4 and 5 and the addition of generation in scenario 5

helped or eliminated many of the violations seen in scenarios 1, 2, and 3.

NERC Category P3 Event Results

8 Bulk Electric System
9 Volt-Ampere Reactive (Reactive Power)
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NERC TPL 001-4 Category P3 events (multiple contingency) consist of the initial condition of the loss of
a generating unit (G-1), followed by system adjustments, which is then followed by the loss of one of the
following; Generator (P31), Transmission Circuit (P32), Transformer (P33), or Shunt Device (P34).

The Harrington study models were developed in accordance with the study scope. The generation
dispatches for the three load levels (2024 Summer Peak, 2024 Winter Peak, and 2024 Light Load) and
five Scenarios studied were provided by the Regional Planning Analytics Group and consisted of
economic dispatches determined by the PROMOD IV 1V production cost model. YA/s//per the study scope,
the transmission circuits utilized for P32 events consisted of all SPS 230kV and 345KV circuits including
Tie-Lines, and all the 115kV circuits and Tie-Lines in the Amarillo zone part of SPS transmission system,

where Harrington is located.
Steady State P3 results:

This analysis showed that the Category P3 contingencies placed a great strain on the SPS transmission
system in this study. There were several issues and concerns contﬁbuting to this: The first was the initial
state of the transmission system having the Harﬁngtoﬁ/ units 6ff—line, this alone removes over 480 MV Ar’s
of Reactive Support from the SPS system. The se’éo‘ﬁd issue was the economic dispatches of the SPP RTO
determined by the PROMOD IV 1V model. ‘These e(‘:‘énomic dispatches, particularly for 2024 Winter
Peak Scenario cases and 2024 Light Lgad/Scenario cases, seem to be importing more power into the SPS
transmission system from the rest of the SPP‘:RTO than has actually occurred in recent years. The 2024
Winter Peak Scenario loads we/re/5i'350~MW. The PROMOD IV 1V model determined economic dispatch
had only 1,984 MW of non-“v/\//in‘d/fOSSil fuel SPS generation on-line to serve this load. The 2024
Light Load Scenario loads were 3,796 MW. The PROMOD IV IV model determined economic dispatch
only had 604 MW of non-wind/fossikl fuel SPS generation on-line.

An additional concern is retirement of the three Harrington units could exacerbate the impact of a P3
contingency events by tripping up to two more generators, for a total of five SPS generators out-of-service.
This can instantaneously cause the system to have to import a great deal of power, due to the loss of two

additional generators or the loss of a Tie-Line in combination with a generator.

In addition P3 events also reduce the amount of reactive support on the system from tripping of
generator(s), and from the loss of Tie-Lines that are providing reactive support. And in this study the
amount of available Reactive Support for the transmission system is already diminished due to the
Harrington units being off-line (They provide up to 400 MV Ar’s of support.). Due to this there were a
great many times the load flow case was not able to converge and find a solution after a P3 contingency

event occurred.. This is referred to as a case being non-convergent, diverging, and also as a case
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“Blowing up”. This can be indicative of system or voltage collapse due to lack of adequate reactive
support, as well as dynamic/transient instability. This occurred two hundred fifty-eight (258) times in
this study. This was consistent with number of P6 contingency events that had non-convergent

solutions.

2024 Summer Peak

The five Summer Peak Scenarios fared the best of the load levels studied in regards to cases converging
after applying P3 contingencies. In the five 2024 Summer Peak Scenarios studiedi ohly‘seven P3
contingencies resulted in non-convergent solutions. These were the loss of one Tolk unit followed by
the loss of the other Tolk unit in Scenario 1, which can be easily resolved with the addit‘ion of a new
Tolk—Potter 345kV line that also resolves a number of other issues, or/‘/by adding a 400 MVAr SVC at
the Tuco 345kV substation. There were also five instances of non-convergence in Scenario 5 resulting
from the outage of the Gaines Plant out-feed transmission line. This is easily resolved by adding another
line from the combined cycle plant to a different part of the trahémission' system, perhaps to the Taylor

or Legacy 115kV substations.

The most overloaded line in the five Summer Peék ‘Sce’;harioys was the Wheeler—Sweetwater 230kV Tie-
Line for loss of a Tolk unit in combinationwith loss of the Potter 345/230kV transformer. This can also
be mitigated by adding a new Tolk—Pqtt& 345kV line or by installing a second 345/230kV transformer
at the Potter substation. The addit/ion/of a second auto at Potter County can cause thermal overloads in
the HV system as more renew/abléé aryl/e added to the northern portion of the Panhandle of Texas, as
power tries to flow into lower Voltagé networks. The second most overloaded line in the Summer Peak
Scenarios was the Haqsford—Spéérman’ 115kV line also for the loss of a Tolk unit in combination with
loss of the Potter 345/230kV transformer. Both of these overloads can be mitigated by adding a new
Tolk—Potter 345kV line or by installing a second 345/230kV transformer at Potter.

2024 Winter Peak

The five 2024 Winter Peak Scenarios had eighty-seven non-convergent results caused by P3
contingencies. Just over half of these were due to the loss of the Tuco—OKU 345 kV Tie-Line in
combination with the loss of an SPS generator. These can be resolved by adding a new Tolk—Potter 345
kV line or by adding a 500 MV Ar SVC at the Tuco 345 kV substation. The remaining non-convergent
results can also be resolved with the addition of a new Tolk—Potter 345 kV line or by installing a 500
MVAr SVC at Tuco 345 kV substation.

The most overloaded element in the Winter Peak Scenarios was the Potter 345/230kV transformer for
the loss Hobbs unit 3 and one of the Hitchland 230/115kV transformers. The second most overloaded
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element is the Hansford-Spearman 115kV line for the loss of the Potter 345/230kV transformer in
combination with Hobbs unit 3. Both overloads occur because they are primary import paths into the
SPS transmission system from the north Texas Panhandle. These overloads can be resolved by adding a
new Tolk—Potter 345kV line or by installing a second 345/230kV transformer at Potter. A benefit of a
new Tolk—Potter 345k line that may be overlooked is that it provides an additional import path into the

SPS transmission system.

2024 Light Load

Not surprisingly, the five Light Load Scenarios had the highest number of convergence issues of the
three load levels. This is primarily because of the economic dispatch used in these Scenarios, where the
only non-wind units dispatched within the SPS transmission system,is/;[he\ Hobbs combined cycle plant,
the Mustang units and the Blackhawk units. No other SPS fossil unit was on-line in any of the five
Light Load Scenarios, except for the Tolk and Harrington units as synchronous condensers.
Accordingly SPS’s rotational inertia and available reactive supbért were diminished in the Light Load
Scenarios, lessening the SPS transmission system’s/capabi‘lity‘to withstand disturbances, which directly
contributed to the Light Load Scenarios having one ’hundred ar‘)d"‘sixty-four (164) P3 contingency events
“Blow up” or be non-convergent. Though it should be" noted this is only one specific economic
dispatch. There are a number of Variablesifhat can easily cause more SPS NG units to be on-line during

off-peak light load periods.

Similar to the Winter Peak Scenarlo results just over half the one hundred sixty-four (164) P3
contingencies that “Blew up” or were non-convergent were due to the loss of the 345kV Tie-Lines into
Tuco substation. Loss of either the_Tuco—Border 345kV (SPS-OGE) or the Tuco—OKU 345kV (SPS—
AEP) Tie-Lines tripped in combination with an SPS generator caused ninety two (92) non-convergent
solutions. Consistent with the Winter Peak Scenario results these can be resolved by adding a new
Tolk—Potter 345kV‘line, or by adding a 500 MVAr SVC at the Tuco 345kV substation.

The Light Load Scenarios 1, 2, 3, and 4 had two additional significant contingencies. These were the
loss of the Crossroads—Eddy County 345kV line or the Crossroads—Tolk 345kV line in combination with
loss of a Hobbs, Mustang or Tolk unit. These can be resolved by installing a 200 MV Ar SVC at the
Eddy County 345kV substation.

The most overloaded line in the Light Load Scenarios was the Bushland—Deaf Smith 230kV Line for
loss of the Potter—Newhart 230kV line in combination with loss of the Sagamore Wind Farm. This can
be mitigated by bringing one or more of the Mustang GT’s on-line. The second most overloaded
element in the Light Load Scenarios was the Potter 345/230kV transformer.
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Overall the retirement of the Harrington plant and units had no adverse impacts on the local SPS
transmission system in and around Amarillo where Harrington is located, with the exception of the
Potter 345/230 kV transformer.

NERC Category P4 Event Results

Steady state results for the Light Load scenarios 1, 2, 3 and 4 models show Category P4 contingencies
violations for outages on the major SPS 345kV tie lines like the Tuco-Border 345kV line and the Tuco-
Oklaunion 345kV line. This was due to scenarios 1, 2, 3 and 4 not dispatching generation at Harrington
station and importing power across the tie-lines. Even in scenario 4, when Harrington units are operated
as synchronous condenser these violations are still present. When Harrington units are operated as
synchronous condensers (scenario 5) and with the addition of new generation at Gaines County Plant
located in southeast New Mexico generating real power (MW), these contingencies do not produce

violations in comparison to the other scenarios.

The Summer Peak scenario 1, 2, 3 and 4 have similar violations across all these scenarios. Scenario 5 had
significantly more P4 violations than the other Summer Peak scenario because when the Harrington units
were operated as synchronous condenser and new generation is added at the Gaines County Plant, the
outage of the 230kV Hobbs Substation to the Gaines County Plant tap causes non-convergence issues.
The non-convergence was caused by not enough transmission upgrades to support the generation added
in S.E New Mexico.

The Winter Peak scenario 1, 2, 3 and 4 have similar violations across scenarios 1, 2, 3 and 4. As for
scenario 5 models, it appear to have similar issues as observed in summer scenario 5. It needs to be noted
that even though Harrington was converted to Gas, owing to the economic dispatch, no units at Harrington
were running in scenario 2 and 3 Winter Peak models. With respect to generation dispatch, scenario(s) 1,
2 and 3 had zero MW dispatch at Harrington station. When the Harrington units are operated as
synchronous condenser and a new generation unit added at Gaines Co (scenario 5), the outage of the
230kV Hobbs-Gaines Co line causes violations.

The combined cycle plant was added in S.E. New Mexico in scenario 5 without any associated
transmission upgrades. This caused scenario 5 cases to have convergence issues (for the Summer Peak
and Winter Peak models) for the loss of elements at Andrews Co/ Hobbs Generating Station. These issues
are not related to Harrington plant retirement and should be treated as localized issues mainly due to non-
addition of any transmission upgrade to support the generation that were added. The mitigation is to build
a 345kV line from Hobbs-Andrews-Roadrunner solves convergence issues with the outage of the 230kV
Hobbs- Gaines Co line.
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Based on the results observed, it can be summarized that cases where Harrington is being dispatch as a
gas plant and when it operates as synchronous condenser generating MVARs and providing voltage
support have less system convergence issues. It also needs to be noted that building a new 345kV line
between Potter Co-Tolk or Potter-Pleasant Hill sub helps mitigate most of the overloads issues (not all the
issues) due to P4 contingencies for outages on the major SPS 345kV tie lines like the Tuco-Border 345kV
line and the Tuco-Oklaunion 345kV line in Light Load.

For an extreme event for the loss of all three units at Hobbs substation causes syste"r/n;(‘:onvergence 1ssues
in the Light Load and Winter Peak models. This is cause by not having enough generatibn to the south of

the SPS system. To mitigate this issue the addition of generation is needed in south of the SPS system.
The transient stability results did not cause any concerns to the SPS transmission system in this study.

NERC Category PS Event Results

The power flow results for Category P5 events indicate the presence of violations as a result of these types
of events. To resolved these violations, the addition of r‘edundancy in the relaying, consistent with current
company standards will be required. This may inclﬁde replaéi‘ngf~ circuit breakers having single trip coils;
typically old oil circuit breakers with breakers Have‘“d'ﬁ‘al trip coils in order to achieve full redundancy.
The events and the violations produced améng the differ‘e‘nt scenarios are most evident during periods of
light load, one such violation of is/the/ d‘ve‘rloading of the Potter 345/230kV autotransformer. This
violation is evident during system intact conditibns, primarily due to the flow of power from the Hitchland-
Potter 345kV line towards to /th/é/South via the high voltage network. Additional violations that produced
which are also a cause for /(/:onc_ern, are those emerging from PS5 events associated with both bus and
autotransformer outages at the Mu‘stang Interchange and the Oasis Interchange. Some of these outages
produce non-convergent results which could indicate local system collapse, while at Mustang these events
could trigger the outage of Mustang generation. The Sunset 115kV substation bus outage is also the cause

of low bus voltage conditions.

During Summer Peak loading conditions, the same events noted above during the light load conditions
continue to cause concerns, However, due to the change in the generation dispatch additional events
producing violations at Lamb County and South Georgia for bus and autotransformer outages cause
thermal violations and low bus voltage conditions. At Deaf Smith Interchange, the 230kV circuit K11
event (Bushland-Deaf Smith) produces low bus voltages. Finally, a new violation which is the 230kV
line from Hobbs to the Gaines Plant tap, going towards Andrews Interchange, overloads for outages

associated with bus events at Johnson Draw, Taylor and West Hobbs.



Exhibit SPS-SC s ds 64NF)
Page 16 of 24
Case No. 21-00200-UT

Finally, during the Winter Peak scenarios, the same events and violations previously mentioned are
evident and can be resolved with the addition of redundancy in the relaying, consistent with existing

company standards.

It should be noted that these events which are triggering violations in this study have been previously
identified as requiring relay upgrades as part the NERC TPL-001-4 reliability assessment. The one
violation where a CAP has previously not been identified is the overload of the Potter 345/230kV
autotransformer and shows up during multiple contingencies. The simple solution”“tdthis violation would
be the addition of a second autotransformer at Potter County. However, a Potter-Tolk345kV line also
resolves the overload of the Potter 230/115kV autotransformer providing a 345kV path from the northern
portion of the SPS transmission system during the outage of the tie-linéé nto Tuéb Interchange resolving
other NERC Category P-type TPL-001-4 violations. The 345kV line also provides a direct transmission
path through the Amarillo area, minimizing the thermal impact on the underlying high voltage network

through Amarillo.

NERC Category P6 Event Results !
Owing to the fact that NERC TPL 001-4 Catego& P6 events. allow for Interruption of Firm Transmission

Service and load curtailment as a mitigation, only power flow analysis was performed for Category P6
events to identify the types of conting/en’éie‘s causing power flow case convergence issues (i.e. localized

voltage collapse).

The Light Load (high wind _/10{;/\/) load)rscenarib 1, 2 and 3 scenarios had many convergence issues for the
loss of combination(s) of S/PS’._major 345kV tie lines like Tuco-Border 345kV line, Tuco-Oklaunion
345kV line, etc. This was. due to the fact that these two lines were importing a total of approximately 20-
25% of entire SPS load prior to any outages. When the Harrington unit(s) are operated as synchronous
condensers (scenario 4 and 5) or operated as a gas fired plant generating real power (MW), the same
contingenci’es‘didn""t seem to cause as many convergence issues. It should be noted that even though
Harrington was converted to a gas fired plant, owing to the economic dispatch, no units at Harrington
were dispatched as part of scenarios 2 and 3 for the Light Load models. With respect to generation
dispatch, scenario(s) 1, 2 and 3 had zero MW at the Harrington station and the issues noticed in all of

these models were very similar to one another.

Amongst the different Summer Peak scenario models, the Category P6 events did not exhibit significant
differences, where the same contingencies caused similar violations. Since there were a considerable

amount of new loads added to southeast New Mexico footprint, the scenario 5 model having a new
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combustion turbine and combined cycle plant, appears to be the scenario producing the most favorable

results, independent of what happens to Harrington.

The Winter Peak scenario models generally appear to have similar issues as those observed during the
Light Load scenario models.. Additionally, as with the Light Load models, when the Harrington unit(s)
were operated as synchronous condenser (scenario 4 and 5) or operated as gas fired plant generating real

power (MW), these same contingencies didn’t seem to cause as many convergence issues.

Based on the results observed, it can be summarized that repowering the Harringfon‘units to natural gas
or operating them as synchronous condensers for voltage support lessens system coh{/ergence 1ssues.
Additionally, building a new 345kV line from Potter County to Tolk Station helps mitigate most of the
system convergence issues (not all the issues) due to the combinaﬁbn of major SPS 345kV tie-lines
outages in Light Load and Winter Peak scenario models and in scenario 5 models converting the Hobbs
to Gaines Plant to Andrews 230kV line to 345kV operation, followed by the addition of new 345kV line

from Andrews to Road Runner helps mitigate most of the system convergence issues.

NERC Category P7 Event Results

NERC TPL-001-4 Category P7 events that we,re'asse‘SSe‘"d consisted of every two adjacent BES circuits on
a common structure in the SPS system greater than 1 mile. A total of 67 events were evaluated for both
steady-state and stability concerns. Ihé'e\}aluation of the steady-state results showed 5 violations while

the stability results showed 0 violations. Steady-state violations were due to line overload issues.

The Light Load (high wind fléw load) scenario 1, 2, 3 and 4 models had a line overload issue for 115kV
line VO4 Manhattan to/RandaH‘fm the contingency of double circuit lines K19 Harrington to Randall
County and K62 Nichols to Amarillo South. This overload issue may be resolved with LIDAR analysis
for line V04 Manhattan to Randall County. Only scenario 1 had one line overload issue for line K21 Deaf
Smith to Plant X for the contingency of double circuit lines K90 Potter County to Newhart and K91
Newhart to Plant X. Thié overload issue may be resolved by upgrading the wavetrap at Plant X. The

scenar1o 5 model showed to be the best scenario since it had no issues.

The Summer Peak scenario 1, 2, 3, 4 and 5 models had a line overload issue for line V34 Lubbock East
to Lubbock South for the contingency of double circuit lines KO8 Lubbock South to Jones and K14
Lubbock South to Jones. This violation and contingency pair was also apparent in the 2024 Winter Peak
case. Only scenario 1, 3 and 4 models had a line overload issue for the same line V34 Lubbock East to
Lubbock South for a different contingency of double circuit lines KO7 Tuco to Jones and K15 Lubbock
East to Jones. Both line overload issues for line V34 Lubbock East to Lubbock South may be resolved by
upgrading the limiting CTs at both Lubbock East and Lubbock South terminals. Only scenario 1 and 4
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models had a line overload issue for line K10 Lubbock South to Wolfforth for the contingency of double
circuit lines KO7 Tuco Int. to Jones and K15 Lubbock East to Jones. The line overload issue for line K10
also appeared in scenario 1 and 4 models for the contingency of double circuit lines KO7 Tuco Int. to Jones
and T69 Lubbock East to Crosby. This issue may be resolved by analyzing LIDAR for line K10 Lubbock
South to Wolfforth. Only scenario 3 had a line overload issue for line TO1 Texas County to McMurry for
the contingency of double circuit lines K76 Hitchland to Ochiltree and W10 Hitchland to Hansford. This

issue may be resolved by upgrading CTs at the Texas County terminal.

The Winter Peak models showed similar issues found in the Summer Peak models. Scenarios 2 and 3 had
the same line overload issue for line V34 Lubbock East to Lubbock South for the same contingency of
double circuit lines KO8 Lubbock South to Jones and K14 Lubbock /Sauth to J’éhesQ This issue may be
resolved by upgrading the limiting CTs at both Lubbock East and Lubbock South terminals. This violation
and contingency pair was also apparent in the 2024 Summer Peak case. Scenarios 1, 4 and 5 had no

violations.

Major P7 concerns from this study involved line overload iSsues. Resolutions for the line overload issues
included fixing LIDAR issues and upgrading lirrﬁ'/‘t’in‘g,;elemehtsﬁ such as terminals and wavetraps which
exceeded either its facility or line ratings. LIDAR issues involved lines V04 Manhattan to Randall Co.
and K10 Lubbock South to Wolfforth. CTﬁpgrades involved Lubbock East and Lubbock South terminals
for line V34 Lubbock East and Lub/b\o/(/:/k Soﬁt‘h and the Texas County terminal for line TO1 Texas County
to McMurry. Wavetrap upgrad/es/i/hvolved Plant X for line K21 Deaf Smith to Plant X. The resolutions

described above will mitigate/l/ine overload concerns for the Harrington Station area.

Transmission Planning Observations/Concerns

This section of the report highlights observations or concerns that Transmission Planning believes are a critical
part of the Harrington repowering. One observation is related to the PROMOD dispatch specifically how the
Harrington station Was dispa;tched when converted to natural gas. During the Light Load and Winter Peak
scenarios, the Harrington generation was not shown as dispatched in these two seasons and could present
concerns during the outage of tie lines, other generation or a combination of both. This could results in system
collapse due to import limitations. This leads to the concern that the conversion of Harrington to natural gas

could result in units that may not be dispatched during off peak seasons in an economic based dispatch.

Another observation worth mentioning is the addition of new generation within the SPS transmission system.
The Gaines Plant in Andrews County, Texas was previously sited as a location for the addition of non-

renewable resources to the SPS system. Although this location is in close proximity to the developing oil and
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natural gas resources, Planning believes that the addition of new generation south of the New Mexico-Texas
state line, south of China Draw and Roadrunner is a better location for the addition of a natural gas fired
generator. The reason being that generation south of China Draw will provide counter-flow from the southern
part of the SPS system alleviating transmission line loading from power flowing in from the north into the SE
NM region. This generation can also provide a southern source, which today we do not have one. This
southern source also serves as a good contingent plan when the Hobbs generation experiences a forced outage,
preventing the curtailment of the developing oil and gas load pocket. Finally, with the ”development of oil and
gas industry south of the New Mexico-Texas state line, in close proximity to this location, this SPS generation
location has the potential to grow and serve as a good location for grid switchers between the SPP and the
Electric Reliability Council of Texas (ERCOT) systems. Allowing for ser{rice to ER/COT‘load during periods
when all the generation at this location is not needed in SPP and providing power to the ERCOT grid along

its western boundary.

Planning also has a concern with the PROMOD dispatch’,;s\peciﬁcally the addition of new generating resources
without the needed transmission system facilities,//'t};at ‘would ‘haife been identified as part of the SPP
Generation Interconnection (GI) process. Some of these generators, to name a few, which were added to the
models, include the Gaines Plant in Andrew’é/County Texas, the Sagamore Wind Farm and new generators
at Plant X. Absent the transmission upgrades needed for both these facilities, contingencies simulated which

triggered non-convergent results, may have been non-issues if these GI upgrades where added to the models.

Finally, the cost to operate the Harrrngton units as natural gas fire generators at a low MW output to produce
VARs rather than MW should perhaps be compared to the cost of operating the generators as a synchronous
condenser. If the cost comparison permits operating the Harrington units for VAR support, rather than as
generators, perhapsthe*conversion of the generators to natural gas fire units is a better approach than simply

converting them to

Conclusions

The result of this study concludes that with the retirement of the MW capacity of the Harrington units, this
will cause an increase of power imports into the SPS system during periods when wind resources are
generating at a low output. It also shows that transient stability issues could develop if these units are retired
without replacing these units with some other type of transmission system improvements to assist during

transient stability excursions. The retirement of the Harrington generation will reduce the dynamic
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performance of the SPS transmission system since these units contribute up to approximately 400 MV ARs of
dynamic reactive support, have high inertia values, and provides local MWs that does not have to flow across
tie-lines for serving local load. The conversion of the Harrington generators to synchronous condensers

reduces the inertia by 72%, retaining only 28% of the inertia that is present today at Harrington.

During periods of high-wind and low-load, wind resources in Texas Panhandle have a much higher probability
of being dispatched, as part of an economic dispatch, causing high power flows through the Amarillo Metro
area impacting the North-South interface. Since power from the north has to flow écrdésfthe high-voltage
network in the Amarillo Metro area, there is a need for a 345kV transmission path to bypass the Amarillo
Metro and to alleviate flow-through across the North-South interface. Addi/ﬁonally,”ﬂ/le need for this 345kV
transmission path through the Amarillo metro area becomes more critical, especially during the forced outage
of generation coupled with tie-line outages at Tuco Interchange, classified as a P3 type of event. The outage
of SPS generation, without Harrington in the network, coupled wi‘th outages 6f 345kV transmission at Tuco
Interchange, produces additional power flow from theﬁ,Texas‘l:Panhandle across the North-South Interface
triggering system collapse. NERC does not allow for’tﬁé kcurtailm‘e‘ntﬁof load during this type of event and the
TPL-001-4 reliability standard requires a CAP for violations triggered by these events.

The same can be said about Category P6/t'y/pe e‘Vents resulting in the outage of multiple tie-lines, specifically
when one tie-line is out for maintenaﬁ/ce and another is forced out of service. These types of EHV events,
although allowing for the curtail/m/;e/nt of load could result in NERC fines if cascading outages are evident and

not addressed.

{In conclusion, If the Harrigjen generation is converted to natural gas but it is not dispatched, it is the same)
(as retiring the generation. It should also be noted that a “best attempt” was made in trying to assess what
happens if the Harrihgton ger/lyerators are retired or converted to synchronous condensers. This is mainly due
to the introduction of new generators on the SPS transmission system by the PROMOD dispatch, with no
transmission system upgrades that would have been identified once the Generation Interconnection studies
for these new generators are completed. Some of the many renewable energy plants and a combined cycle
plant were added to these models without any transmission upgrade included the Sagamore Wind Farm, the
Gaines Plant connecting to Andrews County, and generation at Plant X was also added. The addition of the
Sagamore wind farm (522MW) at Crossroads substation caused multiple combination(s) of outages of Eddy-

Crossroads 345kV line with other 230/345kV elements in that region to cause system convergence issues.
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These issues were predominantly noticed in the Light Load scenarios 1, 2, 3 and 4. A combined cycle plant
was also added in Andrews County Texas, for scenario 5, without any associated transmission upgrades. This
caused scenario 5 contingency events to produce non-convergence results for the outage of the generator
outlet facilities connecting to the Hobbs Generating Station to Andrews County 230kV transmission line,
resulting in the islanding of the combine cycle plant. These issues are not related to Harrington plant retirement
and should be treated as localized issues mainly due missing transmission upgrades required to support this

generation.

Recommendations R
As a result of the wide range of NERC TPL-001-4 disturbances assessed as part of the study, this study

{recommends the conversion of the Harrington units to synchronous ¢éndensers,)in lieu of retiring the units.

In addition, the MW capacity from the Harrington generation should be replaced and relocated to the south
west part of the SPS transmission system to serve the growing load‘pocket in the area. Equally important is
the construction of a new 345kV transmission path frgm Pot‘t“er‘_County to Tolk Station, to alleviate flow-
through across the Amarillo Metro HV network and/f/}ie North'—Sbufh interface. This will provide an EHV
transmission path from the Texas Panhandle dqrin'g the out‘age of tie-lines south of the North-South interface.
There is also a need for the addition of a se/c/:oﬁdPotter 345/230kV transformer, due to high power-flows from

the Texas Panhandle.
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