System Impact Study for
RaserTech 16.1MW Geothermal Generation

Introduction

Raser Technologies, Inc. in collaboration with Columbus Electric Cooperative (CEC) is proposing to
add a total of approximately 16.1 MW of geothermal generation 14 miles north of the 69kV Animas
substation in CEC'’s service territory in southern New Mexico. According to SGS Engineering, the 16.1
MW generation will not come from one source, but from a composite of 60-269kW geothermal units
for an estimated output of 16.1 MW operating at 91.8% lagging power factor. Each unit also has a
no load reactive requirement of 26kVar. The generator will be connected to Columbus Electric’s 69kV
system through a 28MVA, 69kV - 12.47kV LTC transformer as shown in Figure 1 below.

Figure 1: Geographical representation of 16MW geothermal generation.
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Power Flow Base Case

Steady-state power flow analysis was performed to determine the impact of the generator addition to
the 69kV system. The 2012HS WECC Approved base case was utilized to perform the power flow
analysis. Tables in Appendix 1 contain parameters used in generating the 69kV power flow model
west of the 69kV Playas substation.

Assumptions

Assumptions made in the power flow analysis include line ratings and line impedances based on
different tower structures than specified due to the limitation of the data files in the PSS/E TMLC
program. The station service at the generation bus was assumed to have a 500kW load at 0.95
lagging power factor as that was not specified by the member.
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Contingency Analysis
Four contingencies were taken in the power flow analysis as recommended by Public Service of New
Mexico (PNM).

Contingency 1: Hidalgo — Turquoise 115kV Line

Contingency 2: Hidalgo 345kV/115kV transformer (one transformer unit)

Contingency 3: Hidalgo — Greenlee 345KV line

Contingency 4: Hidalgo — Luna 345kV line

Figure 2: Contingency Map in Study Area.
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Results
According to the results shown in per unit voltages in Table 1 below, the voltages at the 69kV buses

are lower without the 16.1 MW generator addition. Additionally, the voltages at the 69kV buses are
even lower by about 0.01pu with the Rasertech generator operating at no load. However, with the
generator operating at full load, the 69kV system is operating near unity.

Contingency 1 shows an overload on the Lordsburg 115kV/69kV transformer. However, the generator
addition did not cause this overload. The transformer overloads in the approved base case when the

Hidalgo-Turquoise 115kV line outage is taken.

Another observation from this analysis shows that the worst contingency is the Hidalgo-Turquoise
115kV line outage. The worst voltage during that contingency is recorded at the Lightning Dock
generator bus at 0.983pu which is above our contingency criteria of 0.90pu. During System Normal,
the worst voltages occur on the 69kV system when the generator is running at no load with only
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station service being served. The Rodeo bus is most impacted as that bus is at the end of the radial
line.

Dynamic studies were not performed as a part of this analysis. Dynamic stability impacts are
expected to be minimal with the proposed (60) individual generating units. In addition, no-load
reactive requirements of the combined (60) generating units would be significant if many were on-
line not generating at one time. However, if only a few of these units are in this state at any one
time, no additional reactive support should be required.

The generator running at full load improves the voltages in the Columbus 69kV service area and has
little impact on the surrounding 115kV system.

Table 1: Bus Voltages in each scenario.
BUS VOLTAGES

SYSTEM SYSTEM CONTINGENCY

BUS NORMAL- NORMAL S(\;SR-IK/IIEXII_
NUMBER BUS NAME No Raser @ No @ Full 1 5 3 a
Gengrgtor Load w/ Load

addition SS
12113 RAZER 0.991 0.981 1.000 0.995 0.998 | 0.998 | 0.999
12114 ANIMAS 0.988 0.978 0.997 0.992 0.995 | 0.995 | 0.996
12117 RODEO 0.984 0.974 0.992 0.987 0.991 | 0.991 | 0.991
12115 RAZERGEN - 0.978 0.990 0.985 0.989 | 0.989 | 0.989
12116 LIGHTNDCK - 0.998 0.998 0.983 0.987 | 0.987 | 0.987
12060 PLAYAS 1.009 1.004 1.009 1.004 1.007 | 1.008 | 1.008
12061 PLAYAS 1.020 1.017 1.012 1.013 1.010 | 1.016 | 1.011
12093 PYRAMID 1.027 1.026 1.024 1.025 1.022 | 1.028 | 1.023
13007 HIDALGO 1.023 1.023 1.021 1.023 1.019 | 1.029 | 1.020

Recommendations

There are no impacts to Tri-State Generation and Transmission Association’s Playas 115kV/69kV
transmission system from Playas to Hidalgo. Furthermore, there are no apparent impacts to PNM’s
system study area caused by the Raser Generation project. There are no significant impacts to the
integrated 115kV system. Tri-State Generation and Transmission Association recommends approval
of the Raser TSR request.
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Appendix 1

Power Flow Model
Parameters



BUSES

Zone Owner G-Shunt [B-Shunt |Voltage |Angle
Bus Number |Bus Name Base kV |Area Number/Name Number/Name |Number/Name |Code (MW) (MVAR) |(pu) (deg)
12060 PLAYAS 69 10 NEW MEXICO 123 ZONESO [ 127 TSGT 1 0 0 0.9984 |14.78
12113 RAZER 69 10 NEW MEXICO 123 ZONESO | 127 TSGT 1 0 0 0.9768 17.67
12114 ANIMAS 69 10 NEW MEXICO 123 ZONESO [ 127 TSGT 1 0 0 0.9738 |17.54
12115 RAZERGEN 69 10 NEW MEXICO 123 ZONESO | 127 TSGT 1 0 0 0.9575 20.14
12116 LIGHTNDCK 12.47 10 NEW MEXICO 123 ZONESO [ 127 TSGT -2 0 0 0.9431 |25.17
12117 RODEO 69 10 NEW MEXICO 123 ZONESO | 127 TSGT 1 0 0 0.9692 17.31

BRANCHES
From Bus To Bus Charging |In-
Number From Bus Name Number |To Bus Name Id Line R (pu) Line X (pu)|(pu) Service [Metered [Length |Conductor
12060 PLAYAS  69.000 12113 RAZER 69.000 1 0.203089 0.242726 ]0.003775 |1 1 14 3/0
12113 RAZER 69.000 12114 ANIMAS 69.000 1 0.033061 0.039514 [0.000615 |1 1 2.25 3/0
12113 RAZER 69.000 12115 RAZERGEN 69.000 |1 0.06244 0.21881 |0.00366 |1 1 13.7 477
12114 ANIMAS 69.000 12117 RODEO 69.000 1 0.1339 0.19594 0.003 1 0 11.2 4/0
Line B
From Bus To Bus Rate C Line G From Line G To|Line B
Number From Bus Name Number |To Bus Name Rate A (MVA) Rate B (MVA) |(MVA) From (pu)|(pu) (pu) To (pu) [Owner 1 |[Fraction
12060 PLAYAS  69.000 12113 RAZER 69.000 29 29 29 0 0 0 0 127 1
12113 RAZER 69.000 12114 ANIMAS 69.000 29 29 29 0 0 0 0 127 1
12113 RAZER 69.000 12115 RAZERGEN 69.000 |76.5 76.5 76.5 0 0 0 0 127 1
12114 ANIMAS 69.000 12117 RODEO 69.000 350 350 350 0 0 0 0 127 1
LOADS

Zone Owner Pload Qload IPload IQload |YPload YQIload
Bus Number |Bus Name Id Area Number/Name Number/Name |Number/Name |In-Service |(MW) (MVAR) |(MW) (MVAR) [(MW) (MVAR)
12114 ANIMAS 69.000 TS 10 NEW MEXICO 123 ZONESO | 127 TSGT 1 4.36 1.433 0 0 0 0
12116 LIGHTNDCK 12.470 |SS 10 NEW MEXICO 123 ZONESO | 127 TSGT 1 0.5 0.16 0 0 0 0
12117 RODEO 69.000 TS 10 NEW MEXICO 123 ZONESO [ 127 TSGT 1 2.38 0.78 0 0 0 0

MACHINES
Pmin Qgen Qmax Qmin Mbase |R Source |X Source
Bus Number |Bus Name Id In- Service Pgen (MW) Pmax (MW) (MW) (MVAR) |(MVAR) [(MVAR) [(MVA) |(pu) (pu)
12116 LIGHTNDCK 12.470 |S1 1|16.14 16.1 0 -6.9 -6.9 -6.973 100 0 0.2
RTran
Bus Number |Bus Name (pu) XTran (pu) Gentap (pu) Owner 1 Fraction 1
12116 LIGHTNDCK 12.470 |0 0 1 127 1
PLANTS
Remote [Remote
VSched Bus Bus Voltage

Bus Number |Bus Name PGen QGen QMax QMin (pu) Number [Name (pu) RMPCT
12116 LIGHTNDCK 12.470 |16.14 -6.9(-6.9 -7 1 0 1 100
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2-WINDING TRANSFORMERS

From Bus To Bus Winding [Controlle |Controlle [Tap Control
Number From Bus Name Number |To Bus Name Id Name In- Service [Metered |1 Side d Bus d Side Positions |Mode
12115 RAZERGEN 69.000 |12116 LIGHTNDCK 12.470 |1 LGHTNDCK 1 0 0 12116 1 33 Voltage
Imped- Admit- Specified
From Bus To Bus Winding 1/0 ance /O |tance I/O |R (pu or [Specified |[Rate A |Rate B Rate C
Number From Bus Name Number |To Bus Name Auto Adjust Code Code Code watts) X (pu) (MVA) [(MVA) (MVA)
Zpu Y pu
Winding volt. (system (system

12115 RAZERGEN 69.000 |12116 LIGHTNDCK 12.470 |1 (kV) base) base) 0.05 0.5 28 28 28

Wnd 2

Winding (Wnd 1 Wnd1l |Wndl Ratio
From Bus To Bus Mag. Admitt. (pu [Mag. Admitt. MVA Ratio (pu [Nominal |Angle (pu or
Number From Bus Name Number |To Bus Name or watts) (pu) Owner 1 |Fraction 1|Base or kV) kv (degrees) |kV)
12115 RAZERGEN 69.000 [12116 LIGHTNDCK 12.470 |0 0 127 1 100 12.595 [12.47 0 67
Vmax Vmin (pu,|Load Load
(pu, kv [kVv MW, |Drop Drop Imped-
From Bus To Bus Wnd 2 Nominal |Rmax (pu kV or |Rmin (pu |MW, or |or Comp Comp ance
Number From Bus Name Number |To Bus Name kv deg) kV or deg) IMVAR) |MVAR) [R(pu) X(pu) Table
12115 RAZERGEN 69.000 |12116 LIGHTNDCK 12.470 |67 13.717 11.223 1.1 0.9 0 0 0
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Appendix 2

Powerflow Results —
System Normal &
Contingency Results



16.1MW Geothermal Plant Addition
between Animas - Playas 69KV line
Columbus Electric Coop.

Lordsburg / Pyramid Units at Full Output
No Generator Addition at Razer

WESTERN ELECTRICITY COORDINATING COUNCIL
2012 HS2A APPROVED BASE CASE
Columbus Electric Coop - 69kV system MON, JUN 16 2008 15:59

10491
LRDSBGG1
13007 11080 36.0
12055 HIDALGO HIDALGO 16101
79 JPDPLAYAS 250 5 -250.4 GREENLEE
I -55.7
° 13014 S 1%°° 329 016
S TURQUOIS Pt : 11093 3505 10492
S B LUNA
S 141.1 141.6 LRDSBRG2
A 88.2 g -55.7 § -450 457 030 13020 1.010
12116 ‘ 10 S LY. 3554 LORDSBRG 13.9
LIGHTNDCK ;
(LIGRTNDCK 351.9 .
0.989 002 -55.9 -71.8
123 o 115.3 2.0 59
o . é%(olgTzApl : 0.9750 0.9565
1.014 13009 1.010
116.6 | ORDSBRG 13.9
12115 12061
PLAYAS 12093
— PYRAMID 156 8933 155
76 252 82
12113 12060 45
RAZER PLAYAS 12096 1.023 026 1.030 :
69 % . PYRTAP2 117.7 R 1. 118.4
L 6.9 2 14.8 79.8 1028 110.24
16 3 1 G% 1.026 1.8 713
6.9 12094
117.3 118.0
6.8 16 PYRMDG1
. : 30,
1.9 40.0
0.991 1.009
68.4 69.6 400
Bus - VOLTAGE (KV/PU)
ﬂ)SZI Branch - MW/MVAR
2.0R & 439 : Equipment - MW/MVAR
Added 69kV/12.47kV System in BLUE 14.2 030 100.0%RATEA
14.2
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16.1MW Geothermal Plant Addition
between Animas - Playas 69KV line
Columbus Electric Coop.

WESTERN ELECTRICITY COORDINATING COUNCIL
2012 HS2A APPROVED BASE CASE
Columbus Electric Coop - 69kV system MON, JUN 16 2008 14:57

Lordsburg / Pyramid Units at Full Output
System Normal - Generator Running at No Load

10491
13007 11080 36.0 g-RDSBGGL
12055 HIDALGO HIDALGO 16101
79 _PDPLAYAS 2691 2501 GREENLEE
N 555
13014 & =127 31 1016
TURQUOIS P : 11093 3505 10492
. LUNA
141.2 141.8 LRDSBRG2
88.2 5 5550452 47050 13020 010
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12061 12003
PLAYAS PYRAMID 156 8933 155
(o) [e2]
76 252 82
o114 PLAYAS 12096 71023 - 1.029 45
) ; 117.7 i . 118.4
ANIMAS - 154 oe 118.0 11(523
315 17617 1.026 L5 7.3
117.0 118.0 12094
PYRMDG1
30
19 40.0
0.981 1.004 40.0

Added 69kV/12.47kV System in BLUE
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16.1MW Geothermal Plant Addition
between Animas - Playas 69KV line
Columbus Electric Coop.

Lordsburg / Pyramid Units at Full Output
System Normal - Generator Running at Full Load at 91.8% lagging power factor

WESTERN ELECTRICITY COORDINATING COUNCIL
2012 HS2A APPROVED BASE CASE
Columbus Electric Coop - 69kV system MON, JUN 16 2008 15:04

10491
LRDSBGG1
13007 11080 36.0
12055 HIDALGO HIDALGO 16101
79 JPDPLAYAS 260.9 _958.7 GREENLEE
5 -62.6
° 13014 S ool 25 0.5 015
S) TURQUOIS P : 11093 3503 10492
S B LUNA
S 135.7 136.2 L RDSBRG2
. 89.1 g -62.6 § 484 7.6 39 i(sjoRzlgSBRG 010
12116 g z 0.8 g 10.0 L 019 355.3 13.9
LIGHTNDCK - 3516
- *
0.989 000 55.8 71.8
123 o 115.1 20 29
o . 12092 : 0.9750 0.9565
PYRTAP1 13009
! 006 1.010
115.7 LORDSBRG 13.9
12061 12003
PLAYAS
PYRAMID 157 8933 157
(o) [e2]
77 252 83
12113 12060 45
12114 PLAYAS 12096 1.021 - 1.028 :
@ PYRTAP2 R 1. .
ANIMAS 8.2 5 0.1 1174 79.8 1023 118.2 18
1092 - R 1.032
10.95 1_&%27 1.023 12 71.2
116.4 117.6 12094
PYRMDG1
30,
1.9 40.0
1.000 1.009
69.0 69.6 40.0
Bus - VOLTAGE (KV/PU)
ﬂ)YZ‘?l Branch - MW/MVAR
3.6R & 939 : Equipment - MW/MVAR
Added 69kV/12.47kV System in BLUE 14.2 030 100.0%RATEA
14.2
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WESTERN ELECTRICITY COORDINATING COUNCIL 16.1MW Geothermal Plant Addition Lordsburg / Pyramid Units at Full Output

2012 HS2A APPROVED BASE CASE between Animas - Playas 69KV line . . . .
Columbus Electric Coop - 69KV system ~ MON, JUN 16 2008 15:57 Columbus Electric Coop. Scenario 1: Hidalgo - Turquois 115kV Line Outage
10491
LRDSBGG1
13007 11080 36.0
12055 HIDALGO HIDALGO 16101
79 JPDPLAYAS . oo 1227 _262_5.GREENLEE
° 13014 G Yy K 721013
S TURQUOIS P : 11093 3496 10492
S R LUNA
o 708 710 LRDSBRG2
T . g 070 471 357 g3 13020 010
12116 10 = @ 1298 .. 353.1 LORDSBRG 13.9
o . o .
LIGHTNDCK 3505
- *
2.2923 8'98?15 35.6 71.8
J ' 33 12092 51 0.9750 0.9565
PYRTAP1 13009
115.9 LORDSBRG 13.9
12061 12068
PLAYAS PYRAMID 36.1 %_% §§ -35.9
84 2052 111
12113 12060 45
12114 PLAYAS 12096 1.023 o 1.028 :
o PYRTAP2 . 1.024 .
ANIMAS 8.1 g 0.1 o 117.7 0.1 7 e 118.3 1.8
1092 - N 1.040
10.93 427 1.024 11.6 § -0.1 104
1165 117.7 12094
PYRMDG1
30)
1.9 40.0
0.995 1.004
68.6 69.3 400
Bus - VOLTAGE (KV/PU)
ﬂ);g Branch - MW/MVAR
3.1R & 939 : Equipment - MW/MVAR
Added 69kV/12.47kV System in BLUE 14.2 030 100.0%RATEA

14.2

06/20/2008 Page 11 of 15



WESTERN ELECTRICITY COORDINATING COUNCIL 16.1MW Geothermal Plant Addition Lordsbura / Pvramid Units at Full Output
2012 HS2A APPROVED BASE CASE between Animas - Playas 69KV line . . 9 y P .
Columbus Electric Coop - 69KV system ~ MON, JUN 16 2008 15:49 Columbus Electric Coop. Scenario 2: Hidalgo 345kV/115kV transformer outage (one unit)
10491
13007 11080 36.0 g-RDSBCCL
12055 HIDALGO HIDALGO 16101

79 JPDPLAYAS 2505 _o57.3 GREENLEE

5 -1188
° 13014 S Tl 0.9 015
) TURQUOIS P : 11093 3503 10492
S B LUNA
S 140.6 141.2 L RDSBRG2
. 945 473 697 030 13020 1.010
12116 0 = 0.5 010 355.3 LORDSBRG 13.9
o T .
LIGHTNDCK 3516
- *
0.987 0.998 55.0 71.8
123 o 114.7 a5 37
o . 12092 : 0.9750 0.9565
PYRTAP1 13009
1.010
iil%og | ORDSBRG 13.9
12061 12003
PLAYAS PYRAMID 165 3¢S 165
80 2852 87
12113 12060 45
PLAYAS 12096 1.019 36 1.026 :
)]&%\l]i]l\-/lélAS 81 @ 01 PYRTAP2 117.2 010 -798 1022 118.0 1.8
= ° 1175
-10.95 420 1.021 11.6 | -26 %-1027
116.2 1175 12094 :
PYRMDG1
30,
1.9 40.0
0.998 1.007
68.9 69.5 40.0
Bus - VOLTAGE (KV/PU)
ﬂ% Branch - MW/MVAR
43R & 39 : Equipment - MW/MVAR
Added 69kV/12.47kV System in BLUE 14.2 030 100.0%RATEA

14.2
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WESTERN ELECTRICITY COORDINATING COUNCIL
2012 HS2A APPROVED BASE CASE
Columbus Electric Coop - 69kV system MON, JUN 16 2008 16:22

16.1MW Geothermal Plant Addition
between Animas - Playas 69KV line
Columbus Electric Coop.

Lordsburg / Pyramid Units at Full Output
Scenario 3: Hidalgo - Luna 345kV Line Outage

10491
|LRDSBGG1

36.0

13007 11080
12055 HIDALGO HIDALGO 16101
79 JPDPLAYAS GREENLEE
2 555 - e
o 13014 G 165 0.997
S TURQUOIS S : 11093 3439 10492
S ) LUNA
3 111.0 -110.7 LRDSBRG2
a 101.7 g 5550330 1061057 13020 010
12116 0 = 24 1 165 357.7 LORDSBRG 13.9
LIGHTNDCK _© ; ° 37 0.9565
- *
0.987 | 005 54.2 71.8
: 115.6
2 13 12092 89 09750 0.9565
PYRTAP1 13006
! 11 1.010
116.3 | ORDSBRG 13.9
12061 12003
PLAYAS
PYRAMID 173 8933 172
(o) [e2]
82 2252 89
12113 12060 45
o114 PLAYAS 12096 71029 | oo 1.034 :
118.4 ) _ . 118.9
AAMAS 8.1 2 0.1 i 01l -798 1028 110.29
-10.95 1.‘&%67 1.027 116 g 3.4 7'1.7
116.9 1181 12094

Added 69kV/12.47kV System in BLUE
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16.1MW Geothermal Plant Addition
between Animas - Playas 69KV line
Columbus Electric Coop.

WESTERN ELECTRICITY COORDINATING COUNCIL
2012 HS2A APPROVED BASE CASE
Columbus Electric Coop - 69kV system MON, JUN 16 2008 15:54

Lordsburg / Pyramid Units at Full Output
Scenario 4: Hidalgo - Luna 345kV Line Outage

10491
LRDSBGG1
13007 11080 36.0
12055 HIDALGO HIDALGO 16101
79 JPDPLAYAS 1545 .153.6 GREENLEE
] 77.2
° 13014 S oz 20 36.1 0,908
S TURQUOIS Pt : 11093 344.3
S LUNA 10492
o ° LRDSBRG2
4 62.6 ;&’. 77.2 1.033 13020 1.010
12116 0 = 0.7 2 105 & oo 356.4 LORDSBRG 13.9
LIGHTNDCK S - 3400
0.987 003 -58.7 *.71.8
123 > 1153 11 38
o . 12092 : 0.9750 0.9565
PYRTAP1 13009
1.005 1.010
115.6 LORDSBRG 13.9
12061 12003
PLAYAS
PYRAMID 128 B535 128
59 2252 63
12113 12060 45
12114 PLAYAS 12096 1.020 022 1.026 :
© PYRTAP2 117.3 - 1. 118.0
ANIMAS 81 5 01 ° 01 1176 18
> 1.040
-10.93 4247 1.022 11.6 f 2.1 108
116.2 1175 12094
PYRMDG1
30/
1.9 40.0
0.999 1.008
68.9 69.6 400
Bus - VOLTAGE (KV/PU)
ﬂ);g Branch - MW/MVAR
41R & 939 : Equipment - MW/MVAR
Added 69kV/12.47kV System in BLUE 14.2 030 100.0%RATEA
14.2
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16.1MW Geothermal Plant Addition
between Animas - Playas 69KV line
Columbus Electric Coop.

Lordsburg / Pyramid Units at Full Output
No Load at Lightning Dock with 7.5MVAr compensation at RazerGen bus

WESTERN ELECTRICITY COORDINATING COUNCIL
2012 HS2A APPROVED BASE CASE
Columbus Electric Coop - 69kV system TUE, JUN 17 2008 16:44

10491
LRDSBGG1
13007 11080 36.0
12055 HIDALGO HIDALGO 16101
79 JPDPLAYAS 2502 -250.2 GREENLEE
I -55.4
° 13014 S vy R 4.0 1 016
S TURQUOIS Pt : 11093 350.6 10492
S B LUNA
S 141.3 141.9 LRDSBRG2
. 88.2 g 554 438 337 5o i(s)ORZIgSBRG 1.010
12116 g 2 1.1 g 6.6 N 020 355.4 13.9
LIGHTNDCK - 352.0
- *
1.004 003 55.9 71.8
125 o 115.4 05 6.4
4 : 12092 : 0.9750 0.9565
PYRTAP1 13009
! 022 1.010
1175 LORDSBRG 139
12061 12003
PLAYAS
PYRAMID 156 3<¢3 155
76 252 82
12113 12060 45
PLAYAS 12096 1.024 1.030 :
745 15.4 PYRTAP2 1178 1.028 1185 1.8
s, 118.2 o34
45 o 1397 1.029 39 714
118.1 1183 12094
PYRMDG1
30,
40.0
1.004
100 40.0
Bus - VOLTAGE (KV/PU)
ﬂ)SZg Branch - MW/MVAR
LIR® 430 : Equipment - MW/MVAR
Added 69kV/12.47kV System in BLUE 14.2 030 100.0%RATEA
14.2
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