








































































































































































































































































































jSt Cr0|x System 69 kV PIanmng .Study Scenar|9_1’ Case 25New Arrangement

LSRR TSN y g e

De\nce ]ALP Generatmg Unlt ALP, 18 MVA, 13.8 kV, PF 0.95, 3600 RPM

} P -16.00 MW. Q -16.76 nvar
[ ALP- GEN A S = 16.00 MVA, PF = -100.0 % :
: Vab = 13.38 kv, 2.690 Deg
| ALP-GEN B Vbe = 13.37 kV, -117.1 Deg
{ ALP-GEN C Vea = 13.41 kV, 122.8 Deg
- la = 693.0 A, 153.0 Deg
i ALP-GEN N | Ib=690.9 A, 32.46 Deg
Cdrrent_s le = 686.1 A, -87.11 Deg
| ALP-GEN A
| ALP-GEN_B
| ALP-GEN C

Case":iSt.Cr‘oi); System 69 kVPIanmng StudyScenarlo 1, Case 2 New Arrar;gﬁement —
Device: {69 kV Transmission Line #1

Side 1 I Sidéz | B 3PhassPower O Voltage————O LG ©; Phass Quantites
f D Per Phase PO‘W" - [4) Current . :
<< |] - @ Cumen
l ‘ -0 |npedance . o ‘
VOItages : P -15.44 MW, Q -10.52 MVar

| BTH-CIRI_A —@ e S = 18.68 MVA, PF = -82.64 %
‘ Vab = 66.56 kV, 29.10 Deg

[ BTHCR1 B —@ Vbe = 66.73 KV, -80.72 Deg

R ") Vea = 66.82 kV, 149.1 Deg

| BTHCIR1_C la = 161.1 A, 144.4 Deg

| BTH-CIR1 N3 —@ | . Ib = 161.6 A, 26.37 Deg

' - Ic = 162.3 A. -95.08 Deg

Currents Ref

BTH-CIR1 A —@

BTH-CIR1 B —@

| BTH-CIR1.C —@
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R1.4: Scenario 1, Case 4

Slde 1 ]

voltaigés- B
UNIT1I0.A —@
UNIT10 B —@
UNITIO C —@

UNITION —@ | &
Currents  °f
[ UNTI0A —@
UNIT10 B —@
UNITi0 C —@

P -6.000 MW, Q -2.500 MVar
S = 6.500 MVA, PF = -92.31 %
Vab = 13.97 kV, 58.48 Deg
Vbe = 13.97 kV, -61.50 Deg
Veca = 13.98 kv, 178.5 Deg
la=269.8A, -174.2 Deg

ib = 268.3 A, 65.53 Deg

| 1e = 267.7 A, -53.80 Deg
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A Al P -17.00 MW, Q -6.000‘MVar
[ UNIT11_A S = 18.03 MVA, PF = -94.30 %
Vab = 13.98 kV, 58.49 Deg
| UNIT11 B Vbe = 13.99 kV, -61.48 Deg
( Vea = 13.99 kv, 178.5 Deg
J UN'T11 C F la=746.8 A, -171.0 Deg
[ UNIT11N - | § Ib = 743.3 A, 68.89 Deg
: 'Ref T le = 742.7 A, -50.71 Deg
Cu rrents R e
| UNTH1.A —® ‘
| UNT11.B —@
[ TuNTi1.C —@ :

fSt Cronx System 69 kv Planmng Study Scenarlo 1, Case 4 New Arrangement‘

Device: 1Generatmg Unit 16, 29. 6!32 MVA, 13.8 kV, PF 0.90, 3600 RPM

Side 1 } s 3Phase Power {s] Voltage Q LG i ® :Phgtjg;Qqagtitie‘s
[J PerPhase Power (@ Current - (@ L-L > -Symmetric Comp
[l impedance. .. Lo
Voltages . - L P -18.00 MW, Q -6.000 MVar
| UNIT16.A —@ L § = 18.97 MVA, PF = -94.87 %
= 5 Vab = 14.83 kv, 31.19 Deg
| UNIT16 B —@ ‘ Vhe = 14.83 kV, -88.76 Deg
.“ Vea = 14.84 kV, 151.2 Deg
‘ UNIT16—C fla=741.3 A, 162.5 Deg
[ UNIT16 N _. Ih = 738.7 A, 42.51 Deg
- - fc = 735.4 A, -77.11 Deg
Currents  Ref
[ UNIT6 A —@
[ UNT16 B —@
| UNIT1I6.C —@
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Case: {St Croux System 69 kV Planmng Study Scenarlo 1, Case 4 New Arrangement

Dewce 1ALP Generatlng Unlt ALP 18 MVA, 13 8| kV PF 0. 95 3600 RPM

. A:: Tl T E} Impedance
Voltages . —

P -15.50 MW, Q -3.219 MVar
] ALP-GEN_A S =15.83 MVA, PF = -97.91 %
' N Vab = 14.49 kV, 28.97 Deg
l ALP-GEN B Vbe = 14.48 kV, -89.88 Deg
| ALP-GEN_C Vea = 14,52 kV, 150.1 Deg
- la = 632.2 A. 168.6 Deg
, ALP-GEN N | I =8632.6 A, 48.03 Deg
C t“s lc = 626.6 A, -71.69 Deg
urren
| ALP-GEN_A
| ALP-GEN_B
| ALP-GEN C

Case:|St.Croix Systém: 69 kV Planning Study: Scenario 1, Case 4 New Arrangement B

Device: |69 kV Transmission Line #1

Side 1 J Side 2 J [@ 3Phase Power [@ Voltage O LG @ Phase Quantities
!——~— . [ PerPhase Power {® Current ® LL O Symmetric Comp
““J “—‘—"} [ Impedance A
Voltages \ P 47.70 MW, Q -7.481 MVar
1 BTH-CIR1 A —@ e 4 S =19.22 MVA, PF = .92.08 %
i . PO 3] Vab = 71.32 kv, 57.02 Deg
| BTH-CIR1_B —@ Vbe = 71.46 kV, -62.80 Deg
M AT ® Veca = 71.58 kV, 177.0 Deg
] BTH CIR1"'C la=154.7 A, -176.3 Dey
[ BTH-CIR1_N3 —@ g | Ib=155.4 A.64.61 Deg
Ref| = lc = 156.9 A, -55.85 Deg
Currents R
| BTH-CIR1. A —@
| BTH-CIR1 B —@® &
- o0
[ BTHCIR1L C —@®
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R1.5: Scenario 1, Min Load Case 1

Caée:]St Croux System 69 kV Planmng Study Scenano 1, IVinCase1\New Arrangement

Device: iGeneratlng Unlt 1, 23.5/23.99 MVA, 13. 2 kV PF 0.80, 3600 RPM

Side 1 ] ‘ El 3 Phase Power - @ Voltage——T—{) LG "' @ Phase Quantities
lj PerPhase Power [@ Current  L.@ LL  O.Symmetric Comp
) Impedance : I o
Voltages N P -7.933 MW, Q -827.6 kVar
UNIT11T A —@ ‘ o § = 7.977 MVA, PF = -99.46 %
= Sgeg L, N Vab = 13.20 kV, 30.02 Deg
UNIT11_B —‘ 'S / 4 Vbe = 13.21 kV, -89.85 Deg
X

—— ey ey

e e ittt R )
Y ! . =13.21 kV, 150.0 Deg
NIT11 C —@ , 9 Vea =1
UNIT11_ ; : " fa=3514 A, 173.8 Deg
o ; ! Ib = 346.6 A. 53.71 Deg

UNTIA N —@ | %

. Ref i lc = 348.1 A, -65.30 Deg
Currents 1
UNIT11 A —@

i
| UNIT11 B —@
| UMY e —®

QA

40



Coss St Crmx System 69 kV‘ Plannmg Study chenarlo 1, Mné;se1 N‘?W Nfanbement

. AR i S e

Voltages - ‘ - P -16.00 MW, Q -5.000 MVar

e ) ———

UNIT16_A S =16.76 MVA, PF = -85.45 %
Vab = 14.16 kV, 3.414 Deg
UNIT1 6B Vbe = 14.16 kV, -116.5 Deg
Vea = 14.17 kV, 123.4 Deg
UN|T16—C la=686.1 A, 136.3 Deg
UNIT16 N Ib =683.8 A, 15.77 Dey
C e —'_t lc=679.5 A, -103.8 Deg
urrenis
UNIT16_A
| UNIT16_B
| uUNIT16 C

Side 1 (81 3 Phase Power @ Voltage

{St Croix System 69 KV Planmng Study: Scenario 1, MinCase1 New Arrangement

Device: [ALP Generatmg Unit ALP, 18 MVA, 13.8 kV, PF095 3600RPM

* {7 PerPhase Power- &) Curtent ~ ®

M Imp_edance “ - . . 3 P ’
Voltages B ; ‘ P -6.000 MW, Q -2.233 MVar
| ALP-GENA —@ § =6.402 MVA, PF = -93.72 %
- Vab = 13.94 kV, 910.0 mDeg
| ALP-GEN B —@ Vbe = 13.93 kV, -119.0 Deg
T . Vea = 13.96 kV, 121.0 Deg
i ALP-GEN_C ® | 1a=268.1 A 131.2 Deg
- 'S | lc=262.2 A, -109.6 Deg
Currents "
| ALP-GEN A —@
| AMP.GENB —@
| ALP-GENC —@ g
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SR S A

[ BTHORI A
| BTH-CIR1_B
1
|

BTH-CIR1_.C —@"

BTH-CIR1_N1 —@
Currents
| BTH-CIR1. A —@®
| BTH-CIR1_.B —@&

S 3 po¥n
se1 New Arral

P -10.92 MW, Q -2.957 MVar
§ =11.31 MVA, PF = -96.52 %
Vab = 68.92 kV, 28.73 Deg
Vbe = 69.03 kV, -80.14 Deg
Vea =69.12 kV, 149.7 Deg

la =93.92 A. 164.1 Deg

b = 34.98 A. 46.00 Deg

| 1e = 94.89 A, -75.58 Deg

[ BTHCIR1.C —@
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R1.6: Scenario 1, Min Load Case 2

Voltages - I B ' TP -6.000 MW, Q -2.000 MVar )
| UNITI0O.A —@ . S=6.325MVA, PF=-0487% |
~ Lo Vab = 13.77 kV, 29.98 Deg
| UNIT10B —@ Vbe = 13.78 KV, -90.00 Deg
] UNIT10 C —9 Vca = 13.78 kV, 149.9 Deg
' - la = 266.5 A, 161.3 Deg
|  UNITION —@ Ib = 264.2 A. 41.28 Deg
— lc=264.5A,-78.01 D
~ Currents Ref | i =
1 UNT1I0A —@-
| uNIT10B —@
|  UNIT1I0.C —®
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UNIT20 A

UNIT20 B

UNIT20_C

— ——

UNIT20_N
Currents

UNIT20_ A

UNIT20 B

UNIT20_C

P -18.62 MW, Q -5.560 MVar
S =19.43 MVA, PF =-95.82 %
Vab = 13.80 kV, 30.02 Deg
Vbe = 13.81 kV, -89.95 Deg
Vea = 13.81 kV, 150.0 Deg
la=817.0 A, 163.3 Deg

| 1b=809.0 A, 43.16 Deg

le = 811.3 A, -76.28 Deg

iSt Croix System 69 kV Planning Study: Scenarlo 1, IVinCase2<New Arrangement ‘

Device: {ALP Generatmg Unit ALP, 18 MVA, 13.8 kV PF O 95 3600 RPM

[s] 3 Phase Power

Side 1 ’

Voltages

71 Per Phase Power

ALP-GEN_A

ALP-GEN_B

T ey ey

ALP-GEN_C

ALP-GEN_N
Currents

ALP-GEN_A

ALP-GEN_B

=" T/

ALP-GEN_C

0620 406

qea

P -6. 000 MW, Q -27 58 nVar
$ =6.000 MVA, PF = -100.0 %
Vab = 14.07 kV, -1.528 Deg
Vbce = 14.06 kV, -121.4 Deg
Veca = 14.09 kV, 118.6 Deg

la = 248.8 A, 149.1 Deg

b = 247.1 A, 27.74 Deg

| 1e = 242.7 A. -91.21 Deg
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*

Voltages

[ BTHCRIA -

[ BTHCR1 B —@
[ BTHCRI C —@
[ BTH-CIR1T N1 —@ |.
Currents R
| BTH-CIR1 A —®
[ BTH-CIR1 B —@
[ BTHCIR1I C —@

Y B .

P -11.18 MW, Q -5.210 MVar
§ = 12.33 MVA, PF = -90.64 %
Vab = 70.13 kV, 27.30 Deg
Vbe = 70.29 kV, -92.56 Deg
Vca =70.35 kV, 147.3 Deg

la = 100.6 A, 151.7 Deg

Ib = 101.7 A, 32.80 Deg

| e = 101.7 A, -87.90 Deg

R1.7: Scenario 2, Case 1
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Voltages

P -6.000 MW, Q -2.500 MV;r
j UNIT10 A S = 6.500 MVA, PF = -92.31 %
- Vab = 13.79 kV, 30.00 Deg
| UNIT10 B‘ 4 Vbc = 13.80 kV, -89.99 Deg
Vea =13.78 kV, 150.0 Deg
l UNIT10 C la=272.9 A, 157.2 Deg
( UNIT10 N | th =271.8 A, 37.23 Deg
c . —t lc = 271.5 A, 82.33 Deg
urrents
| UNIT10_A
|  UNIT10. B
| UNIT10_C

Case: |St.Croix System:/ 69 kV PIénning Siudy: Scenario 2, Case 1 NewArrangement —

Device: |Generating Unit 11, 23.5/23.99 MVA, 13.2 kV, PF 0.80, 3600 RPM

Side 1 i is] 3 Phase Power (8 Voitage O L6 w) Phase Quantities
] PerPhase Power [ Current ® LL- .0, Symmetric Comp
™ Impedance o 7 5 l B \
Voltages ' P -15.17 MW, Q -7.214 Mar
| UNIT11A —@ A S = 16.80 MVA, PF =-90.31 %
, ’ Vab = 13.80 kV, 30.01 Deg
| UNT11B —@ Vbe = 13.81 kV, -89.98 Deg
i PY Vca = 13.81 kV, 150.0 Deg
: UNIT11_C la = 704.4 A. 154.5 Deg
[ UNIT11 N _. o b = 701.9 A, 34.45 Deg
: - le = 701.4 A, -85.22 Deg
Currents Ref
[ UNIT1 A —@
| UNIT11.B —@
T UNT11C  —@ | e
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‘UNIT20 A

UNIT20 B

UNIT20 C

UNIT20_N
Currents

UNIT20_A

UNIT20 B

——— e

UNITZ0 C

P -18.00 MW, Q -7.000 MVar
$ =19.31 MVA, PF =-93.20 %
Vab = 13.82 kV, 30.03 Deg
Vbe = 13.83 kV, -89.95 Deg
Veca = 13.83 kV, 150.0 Deg

la = 809.6 A, 188.7 Deg

tb = 804.7 A, 38.62 Deg

| e = 805.6 A, -81.02 Deg

Side 1 |

Case:lSt.Cro‘lix System. 69 kV Planning Study: Scenario 2, Case 1 NewArrangement

ALP-GEN A —@

ALP-GEN B —@

ALP-GEN C —@
| ALP-GEN.N —@
Currents R
| ALP-GEN A —@
| ALP-GENB —@
| ALP-GEN C —@

®] 3 Phase Power
(7 Per Phase Power

[ Voltage—
Current -
impedance

{m
{]

Device:|ALP. Generating Unit ALP, 18 MVA, 13.8 kv, PF 0.95, 3600 RPM

- L-G . O PhaseQuantlﬁes
@ L o “Symmtrict:omp

o

aEA

P -16.00 MW, Q -1.041 MVar
$ =16.03 MVA, PF =-99.79 %
Vab = 13.80 kV, -446.8 mDeg
Vbe = 13.79 kV, -120.3 Deg
Vca = 13.83 kV, 119.7 Deg
la=673.3 A, 146.2 Deg

Ib = 671.5 A, 25.59 Deg

Ic = 666.5 A. -93.98 Deg
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Study: Scen

G EEAEAENY s

Ve i

P -16.12 MW, Q -9.524 MVar

BTH-CIR1 A - ] o S =18.72 MVA, PF = -86.09 %
= el BT ST T Vab = 68.40 kV, 26.19 Deg
BTH-C!RfI B - % ; Vbe = 68.57 kv, -93.64 Deg

Vca = 68.66 kV, 146.2 Deg :
la=157.0 A, 145.1 Deg 3
| 1b=157.8 A, 26.06 Deg

le=168.4 A, -94.45 Deg

i

| BTHCIR1B

| BTHCIR1C —@
| BTH-CIR1 N1 —@

Cumrents = R¢f.

| BTHCIR1 A —®
| BTH-CIR1.B —@
| BTH-CIR1_C
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R1.8: Scenario 2, Case 2

e . oo s
:[St.Croix System: 69 kV Planning Study: Scenario 2, Case 2 New Arrangement _
{Generating Unit 10, 12.5 MVA, 13.2 kV, PF 0.80, 3600 RPM

Side 1 ]
Voltages . - B 5,000 MW. G 2,600 Mvar
[ UNIT10_A $ = 6.500 MVA, PF = -92.31 %
;—* - Vab = 13.7¢ kv, 29.98 Deg
1 UNIT10_B Vbe = 13.80 kV, -90.00 Deg
[ UNIT10_C Vca = 13.80 kV, 150.0 Deg
- la = 273.0 A. 157.2 Deg
| UNIT10 N Ib=271.6 A, 37.19 Deg
: - le = 271.4 A. -82.32 Deg
Currents
| UNIT10_A
|  UNITi0_B
|  UNIT10 C ;
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: P -15.58 MW, Q -3.452 MVar
UNIT11 A A $ = 15.96 MVA, PF = -97.63 %
Vab = 13.80 kV, 30.01 Deg
UNIT11 B - Vbe = 13.81 kV, -89.97 Deg
- Vea = 13.81 kV, 150.0 Deg
UN”" 1—C - la = 669,1 A, 167.4 Deg
UNIT11 N | b =666.2 A, 47.38 Deg
T le = 666.7 A, -72.23 Deg
Currents
UNIT11_A
UNIT11_B

UNIT11_C

Case:|St.Croix §ystéfn: 69 i(VvPI;nning Study: Scenario 2,: Case ZNéw ;\rrangemenAtX

Device:[Generating Unit 20, 35/36.75 MVA, 13.8 kV, PF 0.85, 3600 RPM
Side 1 l -8 3Phase Power 8 Voltage O L6, ‘u: PhaseQuantrtles

-] Per Phase Powgr {s]- Current = O L-L b Q Syn"metrlc Conp
) ) ) 3 Impedanée R ;;
Voltages o s, P 18.00 MW, Q 7,600 Mvar
| UNIT20A —@ _y $ = 19.31 MVA, PF = -93.20 %
- i ‘ : Vab = 13.82 kV, 30.02 Deg
| UNT20B —@ Vhe = 13.83 kV, -89.96 Deg
‘; . Vea = 13.83 kV, 150.0 Deg
: UNITZO—C la = 809.8 A, 158.7 Dey
[ UNIT20 N _. _ | 1o =804.2 A, 38.58 Deg
! - lc = 805.3 A. -31.01 Deg
Currents Ref
[ UNT20 A —@
| UNIT20 R —@
[ UNIT20 C —@ an
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ment‘ ‘

Voltages
ALP-GEN_A

ALP-GEN_ B
ALP-GEN_ c
ALP.GEN N
Currents
ALP-GEN A
ALP-GEN_B
ALP-GEN_C

R T T —,

s e B

P -16.00 MW, Q -4.669 MVar
S = 16.67 MVA, PF = -96.00 %
Vab =14.21 kV, -873.8 mDeg
Vbe = 14.20 kV, -120.7 Deg
Vea = 14.24 kV, 118.2 Deg
la=678.5A,133.2 Deg

Ib = 678.8 A, 12.68 Deg

le = 673.0 A, -107.1 Deg

Case:|St.Croix Systém: 6;9 kV Pléﬁmng JStl:l(iy: Scenario 2, Case 2 NewArrangement ‘

Device: |69 kV Transmission Line #1

Side 1 ] Side 2 { [ 3 Phase Power
[J Per Phase Power

=T >
Voltages

[ BTHCIRT.A —@,
| BTH-CIR1 B —@

| BTH-CIR1.C —@

[ BTH-CIRI_N1 —@
Currents Ref
BTH-CIR1 A —@
BTH-CIR1 B —@
BTH-CIR1 C —@

™ ln'pedxan,ce

O LG
@ LL u Symmetrlc Comp

[ Voltege'—'[
{s] Current *

J Phase Quantitles

2qA

P -16.55 MW, Q -5.004 MVar
§ =17.60 MVA, PF = -94.00 %
Vab = 69.56 kV, 25.97 Deg
Vbe = 69.71 kV, -93.86 Deg
Veca = §3.81 kv, 146.0 Deg

la = 145.1 A, 165.5 Dey

| Ib=146.0 A, 36.47 Deg

lc=146.4 A. -84.05 Deg

51




R1.9: Scenario 2, Case 3

Case ]St Croix System 69 kV Planning Study: Scenarlo 2, Case 3 New Arrangement

Device: 1 Generating Unit 10, 12.5 MVA, 13.2kV, PF o 80, 3600 RPM

Side 1 1 o ’__l 3 Phase Power «L!jv Vqltggej‘fj—[(\)“ LG i

) Per Phase Power [ Current 2@ LL ;
* ‘ ' I: : - EJ I"pedance‘ | . : N ) PP i .
Voltages - = = 3 "5 76,000 MW, Q -2.500 MVar
| UNITI0OA @ 3 S = 6.500 MVA, PF = -92.31 %
: — T Vab = 13.79 kV, 30.01 Deg
| UNIT1I0.B —@ » 4 Vbe = 13.79 kv, -89.98 Deg
-9 D &3 Vca = 13.79 kV, 150.0 Deg
i UNIT10_C S la=272.9 A 157.3 Degy
i UNITION —@ 1. Ib = 271.9 A, 37.24 Deg
_ Ref Ic = 271.6 A, -82.34 Deg
Currents Ref
r [{}]
[ UNIT10 A —®
| UNIT1I0B —@
e - iy B ‘
TTUNIT1I0 © —@ e
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Voltages ‘

UNIT11_A

UNIT11_B

UNIT11_C

UNIT11_N

Currents

UNIT11_A

UNIT11 B

UNIT11 C

P -15.06 MW, Q -8.338 MVar
S =17.21 MVA, PF = -87.48 %
Vab = 13.80 kV, 30.01 Deg
Vbe = 13.81 kV, -89.98 Deg
Vea = 13.81 k¥, 150.0 Deg
la=721.6 A, 151.0 Deg

| b =719.3 A, 30.91 Deg

| 1e=718.5 A, -88.79 Deg

T
|

L

2L a ~rE P
¥ Serry
< 2L N -

Case: [St.Croix System: 69 KV Planning Study: Scenario 2, Case 3 New Arrangement

Device: |Generating Unit 20, 35/36.75 MVA, 13.8 kv, PF 0.85, 3600 RPM

Side 1 ;

Voltages

(=} 3 Phase Power iCl Voltaga——E ¢ LG = ® Phase Quantities

[T} Per Phase Power EI Current -

UNIT20_A

UNIT20 B

B e

UNIT20_C

-

UNIT20 N
Currents

UNIT20_ A

UNIT20_B

——— ey ——

UNIT20_C

® LL . O Symmetric Comp
[ Impedance R

IINIXXTY

P -18.00 MW, Q -7.000 MVar

$ =19.31 MVA, PF =-93.20 %

Vab = 13.82 kV, 30.04 Deg

. Vhe = 13.82 kV, -89.94 Deg
% Vea = 13.82 kV, 150.0 Deg

la =809.5 A, 168.8 Deg

Ib = 804.9 A, 38.63 Deg

lc = 805.7 A. -84.02 Deg

y
1
i
i
1
i

24/
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ALP-GEN A
ALP-GEN B
ALP-GEN c

e T R R

ALP-GEN_N
Currents.
| ALP-GEN A
[ ALP-GEN B
| ALP.-GEN C

- S L WY
P -16.00 MW, Q -6.741 nVar
S =16.00 MVA, PF =-100.0 %

Vab = 13.68 kV, -317.3 mDeg

Vbe = 13.67 kV, -120.1 Deg

Vea =13.71 kV, 119.8 Deg

la=678.3 A, 1560.0 Deg

| 1b=8675.7 A, 29.43 Deg

le=671.1 A, -90.10 Deg

iy

fSt Cronx System 69 KV Plannlng Study Scenarlo 2 CaseAé‘Nev; Arrangement "

Device: {69 kV Transmlssmn Line #1

Side 1 Slde2 T m 3 Phase Power
<< 11 i . 1 Per Phase Power.

P,

~ [ Voltage

&) .Current -
0 mpéd,a“"r'\'ce

C ) L-G O] PhaseQuantltIes
O L-L Q Syrmletm:COmp

Voltages
! BTH-CIR1_A
| BTH-CIR1_B
| BTH-CIR1_C
| BTH-CIR1_N1
Currents
BTH-CIR1_A
BTH-CIR1_B
| BTH-CIR1 C

-
|
r
|

;&&@x¢;$f

A

P -15.99 MW, Q -10.55 MVar
$ =19.16 MVA, PF = -83.47 %
Vab = 68.05 kV, 26.26 Deg
Vbe = 68.22 kV, -93.57 Deg
Vca =68.31 kV, 146.2 Deg
la= 161.6 A, 142.3 Dey

| b =162.3 A, 23.29 Deg
le=162.9 A, -97.22 Deg
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R1.10: Scenario 2, Case 4

BRGNS
- EEN

Case jSt Cronx System 69 kV Planmng Study: Scenano 2 Case 4 New Arrangement —

Dewce ]Generatmg Unit 10, 12.5 MVA, 13.2 kv, PF 0.80, 3600 RPM

® LG . ®

,;Pha§e¥ dugntities

Side 1 1 [0 3 Phase Power [ Voltage -
(1. Per Phase Power (W} Current [ O LL ;. © Symmetric Comp
o (] Impedance o S -
Voltages O : P 6.000 MW, Q -2.000 MVar
| UNIT1I0OA —@ ) S = 6.325 MVA, PF = -94.87 %
- ' Y Van = 8.316 kV. 31.00 Deg
| UNIT10.B —@ Vbn = 8.317 kv, 88.98 Deg
o g Ven = 8.322 kV, 151.0 Deg
i UNIT10_C - ’ la=254.3 A, -167.6 Deg
| UNITION —@ . Ib = 253.0 A, 72.42 Deg
! - te = 253.0 A, -47.08 Deg
Currents  "¢f| s+
| UNIT10OA —@
[ uNnTi0 B —@ 1 3
[TUNT10C —@ Hn
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UNIT1 1 A

UNIT11_B

UNIT11_C

UNIT11_N
Currents

| UNIT11 A

[ UNIT11 B

[ ONIT11. C

&;agyiwiJ

uan

P -18.00 MW, Q -7.000 MVar
$=19.31 MVA,PF =-93.20%
Van =8.325 kV, 31.01 Deg
Vbn = 8.326 kV, -88.96 Deg
Ven = 8.331 kV, 151.0 Deg
la=775.0A, -170.3 Deg
| 1o =772.2 A, 69.66 Deg
le=7721 A, -50.02 Deg

Case:[St.Croix Systent: 69 kV Planning Study: Scenario 2, Case 4 New Arrangement

Device: |Generating Unit 20, 35/36.75 MVA, 13.8 kV, PF 0.85, 3600 RPM

Side 1 { 8] 3Phase Power [ Voltage———T+@® LG . . © Phase Quantities
[ Per Phase Power ~ [§] Current O L O smmemc Comp
[J Impedance SRR ;
Voltages B850 MW, G 7500 WVar
| UNIT20A —@ e i § = 19,50 MVA, PF = -92.31 %
— N B Van = 8.334 kV, 31,02 Deg
[ UNT20B —-@ i Vbn = 8.334 kV, -88.94 Deg
[ Py Ven = 8.339 kV, 151.0 Deg
L LIS{IZO ¢ B la=7829 A, -171.6 Deg
| UNT20N -8 {lo= 7787 A 4136 bog
Currents
| UNIT25 2 —@
| uniT20 B —@
[TUNIT20 C —@ UaA
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ase:]

St.Croix System 69 kv Plannmg Stqdyx Scenarlo 2 Case 4 New Arrangement

n AT S e

Devi jALP Generatlng Unit ALP 18 MVA, 13 8 kV PF 0 95 3600 RPM

Voltages

P 16.33 MW, Q -1.381 Mvar
| ALP-GEN_A S = 15.39 MVA, PF = -99.60 %
— Van = 8.380 kV, 1.086 mDeg
} ALP-GEN_B Vbn = 8.356 kV, -120.0 Deg
. Ven = 8.374 kV, 120.2 Deg
| ALP-GEN_C la = 615.7 A, 175.2 Deg
l ALP-GEN N 5 lh =614.4 A, 54.55 Deg
C { 'S | 1c = 608.8 A, -65.00 Deg
urrents
| ALP-GEN_A
| ALP-GEN_B
| ALP-GEN C

Case:|St.Croix éystem: 69 kv Planning Study: Scenario 2, Case 4 NewArrangement

Device: |69 kV Transmission Line #1

Side 1 i Side 2 i fi] 3 Phase Power @ Voltage ® LG . @ Phase Quantities
3 — > | [1 PerPhasaPower (@ Current O L O Symmetric Comp
] Sat {7 Impedance i
Voltages i P -16.06 MW, G -8.322 Mvar
| BTH-CIR1.A —@ M $ = 20.31 MVA, PF = -88.85 %
i - Van3 = 41.40 kv, 27.01 Deg
i BTH-CIR1.B —@ L . Vbn3 = 41.49 KV, -92.95 Deg
1 ® =~ Ven3 = 41.68 kV, 147.3 Deg
. BTH-CIR1_C la = 162.3 &, 179.3 Deg
I!' BTH-CIR1 N3 —@ Ib = 163.2 A, 60.28 Deg
N Ref lc = 163.7 A. -60.23 Deg
Currents
| BTH-CIRT A —®
| BTH-CIR1 B —@®
| BTHCIR1 C —@
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R1.11: Scenario 3, Case 1

Case {St Croix System 69 kV Planmng Study: Scenarlo 3, Case 1 New Arrangement

DeV|ce ]Generatlng Unit 16, 29. 6[32 MVA, 13.8 kV, PF 0.90, 3600 RPM

Slde 1 i , ;'-’I 3Phase Power . [J Voltage O L-G . C ) Phase Quantlties
: .Y PerPhasa Power - & Cument O LL :

» 2 g ‘“‘Peda"“ T
Voltages. . TP -13.00 MW, Q -6.500 MVar
[ UNIT16 A S =14.53 MVA, PF = -89.44 %
' = Vab = 14.62 KV, 3.002 Deg
|  UNIT16_B Vbe = 14.62 kV, -117.0 Deg
Vea = 14.62 kV, 123.0 Deg
| UNIT1 6—C‘ la = 576.4 A, 126.6 Deg
[ UNIT16 N | Ib=574.4 A, 6.247 Deg
‘ - | 1e = 571.3 A, -113.5 Deg
- Currents
| UNIT16_A
| UNIT16 B
[ UNIT16 C

58



KCrom System 69 kv PIanmng Study ‘Scenario 3, Case 1 New Arrangement

LEs SR e LR mrs s e, s«‘ CEE DI W BN ST AL N R SR

: Genefatmg Unrt 17 25 765 MVA, 13.8 kV PF 0.85, 3600 RPM

P -13.68 MW, Q -8.880 MVar

[ UNIT17 A $ = 16.31 MVA, PF = -83.88 %
1 | Vab = 13.80 kV, 30.00 Deg
‘ UNITA 7 B @ . Vbe = 13.81 kV, -89.98 Deg
9 e % Vea = 13.81 kV, 150.0 Deg
i UNIT17_C ta = 684.1 A, 147.1 Deg
} UNIT17 N | o =681.9 A, 26.85 Deg
- e = 680.7 A, -82.87 Deg
Currents
| UNIT17 A

| UNIT17 B
[ uNITi7. C

Case: iSt Cronx System 69 kV Planmng Study Scenario 3, Case 1 New Arrangement

Device: [Generatmg Unit 19, 35/36.75 MVA, 13.8 kv, PF 0, 85, 3600 RPM

Side 1 l .8} 3 Phase Power @ Volmge O L6« @ Prmse Quantltles
{7} Per Phase Power @ Currént ' @ L-L
E] Imdance 4 ."‘, PO : PR E ‘;- -
Voltages P -13.00 MW, G -6.500 Mvar
| UNITI9S A —@ S = 14.53 MVA, PF = -89.44 %
¢ - % Vab = 14.61 kV, 2.997 Deg
i UNIT1I9B —@ Vbe = 14.61 KV, -117.0 Deg
PY Vca = 14.61 kV, 123.0 Deg
| UNIT19.C = 575.9 A, 126.6 Dey
!r UNIT19 N —® | | b=5674.9 A, 6.227 Deg
: - Ref lc = §72.2 A, -113.5 Deg
Currents
| UNIT19 A —@
| UNIT1I9 R —@
| UNIT1I9.C —@
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SCHEDULE 3

FINAL INTERCONNECTION STUDY REQUIREMENTS

A. Technical data to be provided by Seller for the Final Interconnection Study

Seller shall provide the following information in final form, unless noted otherwise, to WAPA
not later than the date sixty (60) Days after the Contract Date:

1.

Protective relaying schematics and protective devices to be used to protect WAPA’s
Electric System;

one-line diagram depicting the interconnecting substation and an AC/DC schematic and
wiring diagram;

a description of the proposed communication channel, a communication diagram, and
types of communication integration;

a description of the instrument transformers, circuit breakers, and control batteries;

preliminary information on schedules to, and description of, equipment maintenance for
interconnection and generation equipment, with final information to be provided after
such equipment is selected, put on order and such information is provided by the
manufacturers;

nameplate information on the generator step-up transformer (GSU) to be included as part
of Seller’s Interconnection Facilities;

preliminary generator impedances, inertia and time constants required for fault studies
and stability studies, with final information to be provided after the generator is selected,
put on order and such information is provided by the manufacturer;

a preliminary narrative on the proposed substation to include its operational function,
protective schedule, electrical reliability, system coordination study, fault analysis,
dynamic analysis, protection philosophy, and a fault current short circuit current
preliminary study, with final information to be provided after the generator is selected,
put on order and such information is provided by the manufacturer; and

a preliminary description of the automatic voltage and power factor regulation system
used to deliver energy to WAPA at a power factor not less than 0.92 lagging but not more
than 0.95 leading, with final information to be provided after the generator is selected,
put on order and data is provided by the manufacturer.

B. Components of Final Interconnection Study

The Final Interconnection Study shall include the following components or phases:

1.

develop interconnection scheme and define required facilities;

3-1
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2. conduct load flow and voltage modeling of feeders and interconnections and define
required upgrades;

3. define final interconnection plan;

4. conduct short circuit and system coordination study from the system model, including
defining breaker upgrade requirements, relay upgrade requirements and metering
requirements; '

5. finalize required system upgrades and interconnection requirements with cost estimates;

6. define generation dispatch scenarios for operation with new interconnection;

7. conduct transient and dynamic stability studies based on dispatch scenarios, generator

data, and interconnection data; and

8. finalize interconnection recommendations, conclusions and cost estimates.

3-2
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SCHEDULE 4
INTERCONNECTION TECHNICAL REQUIREMENTS

1) The Facility shall not introduce excessive distortion to WAPA’s Electric
System’s voltage and current waveforms. The harmonic distortion measurements shall be made
at the Delivery Point and be within the limits indicated on the Harmonics Chart below. The
breaker that is closed to complete the tie shall be owned by Seller.

MAXIMUM ALLOWABLE HARMONIC CONTENT (CURRENT)
(In percent of total current)

Harmonic Order Number (h) H<11 12<h<16  17<h<23  24<h<35 36<h
Odd 4.0 2.0 1.5 .6 0.3
Even 1.0 0.5 0.38 0.15 0.08

Total current harmonic distortion may not exceed 5.0%.

MAXIMUM ALLOWABLE HARMONIC CONTENT (VOLTAGE 69kV AND BELOW)
(In percent)

Maximum Individual Harmonic: 3.0
Maximum Total Harmonic Distortion; 5.0

2) In order to provide maximum operating flexibility for the Facility and to
minimize possible adverse effects on other WAPA customers, a power transformer is usually
required between Seller and WAPA owned equipment. This transformer is usually connected in
such a manner to isolate the zero sequence circuit of WAPA’s Electric System. The Final
Interconnection Study will determine the transformer connection and grounding configuration
required.

3) Seller shall not energize a de-energized WAPA circuit. The necessary
control device shall be installed by Seller to prevent the energization of a de-energized WAPA
circuit by Seller. Seller also shall submit to WAPA all diagrams of necessary inter-locks and
tagging schemes for review and approval.

4) Each time the Facility is tied to an energized WAPA’s Electric System, it
first shall be synchronized with WAPA’s Electric System to WAPA's satisfaction before the tie
breaker(s) is closed. Seller is responsible for the synchronization of the Facility to WAPA’s
Electric System. The breaker(s) that is closed to complete the tie shall be owned by Seller.
WAPA equipment will not be used for this purpose. Actual closing of the breaker will be
performed by Seller or performed by automatic synchronization if approved by WAPA.

5) A disconnect device shall be installed to electrically isolate the Facility
from WAPA’s Electric System. This device shall provide a visible air gap between WAPA and
the Facility in order to establish the open break to satisfy safety requirements for maintenance
and repair work on WAPA'’s Electric System. This disconnect shall be readily accessible to, and

4-1
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allow padlocking by, WAPA personnel. The disconnects shall be designed to allow safety
grounds on the WAPA side of the disconnect.

4.2
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SCHEDULE 5
FACILITIES PAYMENT CALCULATION

A. If the cost of WAPA's Interconnection Facilities and the System Upgrade
Facilities does not exceed Seller's Interconnection Costs, then on any date no later than one (1)
month after the twentieth (20™) anniversary of the Commercial Operation Date, the amount that
WAPA shall have paid for the Interconnection Facilities as of such date shall equal the
unamortized portion of Seller's Interconnection Costs as of such date assuming an amortization
on a straight-line basis over a period of twenty (20) years beginning on the Commercial
Operation Date. For any date on or after one (1) month after the twentieth (20™) anniversary of
the Commercial Operation Date, WAPA shall have fully paid for WAPA's Interconnection
Facilities and the System Upgrade Facilities.

B. [f the cost of WAPA's Interconnection Facilities and the System Upgrade
Facilities exceeds Seller's Interconnection Costs, then on any date no later than one (1) month
after the twentieth (20™) anniversary of the Commercial Operation Date, the amount that WAPA
shall have paid for the Interconnection Facilities shall equal the sum of (i) unamortized portion
of Seller's Interconnection Costs as of such date assuming an amortization on a straight-line basis
over a period of twenty (20) years beginning on the Commercial Operation Date, plus (ii) the
unamortized portion, if any, of the cost overrun as of such date assuming an amortization in
accordance with Section 4.11(a) of the Power Purchase Agreement. For any date on or after one
(1) month after the twentieth (20" anniversary of the Commercial Operation Date, WAPA shall
have fully paid for WAPA's Interconnection Facilities and the System Upgrade Facilities.

5-1
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ALP-GEN A <4

ALP-GEN _ B

ALP- GEN Cc

ey adia e

ALP-GEN N
Currents

ALP-GEN_A

ALP-GEN_B

ALP-GEN_C

P -16.00 MW, Q 3.699 MVar
$=16.42 MVA, PF =-97.43 %
Vab = 13.80 kV, 3.608 Deg
Vbe = 13.72 kV, -116.2 Deg
Vea = 13.83 kv, 123.7 Deg
la=690.5 A, 166.9 Deg

lb = 686.6 A, 46.36 Deg

| 1e=682.8 A, -73.08 Deg

Case: f St.Croix System kv Plannlng Study: Scenario 3, Case 1 New Arrangement )

Device: |69 kV Transmission Line #1

Side 1| Side 2

<< {r—1—— > (] Per Phase Power
1 _.._J

Voltages

=] 3 Phase Power (=] Voltage Q) LG ° @ Phase Quantities
[@] Current ® LL O Symmetric Comp -

[C] Impedance

P -16.58 MW, Q -14.40 MVar

| BTH-CIR1_A

$ = 21.96 MVA, PF = -75.51 %

| BTHCIR1 B

Vab = 69.61 kV, 30.22 Deg
Vbe = 69.79 kV., -89.60 Deg

I BTH-CIR1_C

Vca = 69.89 kV, 150.2 Deg
la=181.3 A, 138.7 Deg

| BTH-CIR1_N1
Currents

| Ib=181.7 A, 19.67 Deg
lc = 182.4 A.-100.7 Deg

!

BTH-CIRT_A

!

BTH-CIR1 B

|

BTH-CIR1_C

IIEEXY)
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R1.12: Scenario 3, Case 2

Case:|[St.Croix System: 69 kV Planning Study: Scenario 3, Casé 2 Néw ArranQemerit

Device:|Generating Unit 16, 29.6/32 MVA, 13.8 kV, PF 0.90, 3600 RPM

Side 1 1' @ 3 Phase Power @ Voltage —0 LG @ ;Ehas:evauanti(ties
: [] 'Per Phase Power (8 Current. . ‘L@ LL | O Symmétric Comp.
) B [ Impedance ° = o i e @l
Voltages P 13.00 MW, Q -6.500 MVar
| UNITI6A —@ S =14.53 MVA, PF = -89.44 %
- Vab = 14.86 kV, 2.723 Deg
| UNTiI6 B —@ Vbe = 14.86 KV, -117.2 Deg
_.. . Vca = 14.86 kV, 122.7 Deg
| UNIT16_C ‘ la = 566.5 A. 126.4 Deg
| UNTIEN = - L i
Ref c=5622A -113.8 Deg
Currents
| UNIT16 A —@
|  UNIT16 B —@®
| UNIT1I6 C —@
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UNIT17 A
UNIT17_B
UNIT17_C

UNIT17_N
Currents
| UNIT17_A

|  UNIT17_B
1 UNIT17.C

P -14.35 MW, Q -2.645 MVar

S = 14.59 MVA, PF = -98.34 %
Vab = 13.80 kV, 30.00 Deg
Vbe = 13.81 kV, -89.87 Deg
Vea = 13.81 kV, 150.0 Deg

la = 612.6 A, 169.5 Deg

b = 608.9 A, 49.37 Deg

lc = 609.1 A, -70.24 Deg

Case: lSi.Croix System: 69 kV Planning Study: Scenario 3, Case 2 New A((angenent

Device: |Generating Unit 19, 35/36.75 MVA, 13.8 kV, PF 0.85, 3600 RPM

Side 1 i [8! 3 Phase Power

1 Per Phase Power

® Voltage
(m] Current
1 Inpedenge

@ L

C)k&f

Voltages
UNIT19_A

UNIT19 B
UNIT19_C
UNIT19_N
Currents
| UNIT19_A
[ UNIT19 B
[ UNIT19_C

oy by et

bobe

-

R

2

¢oé

P -13.00 MW, Q -6.500 MVar
S =14.53 MVA, PF = -88.44 %
Vab = 14.85 kV, 2.719 Deg
Vbe = 14.85 kV, -117.2 Deg
Vea = 14.85 kV, 122.7 Deg

la = B67.C A, 126.4 Dey

Ib = 5685.9 A, 5.894 Deg

le =562.4 A. -113.8 Deg
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P -16.00 MW, Q -2.275 MVar

| ALP GEN_A S = 16.16 MVA, PF = -99.00 %
Vab = 14.49 kV, 2.850 Deg

| ALP'GEN B Vbe = 14.48 kV, -117.0 Deg
Vea = 14.51 kv, 123.0 Deg

| ALP- GEN C la = 645.7 A, 145.1 Deg

1 ALP-GEN N .5 | 1b=645.6 A, 24.56 Dey

— 7| ie=640.1 A, 9515 Deg
Currents o

| ALP-GEN A —@

| ALP-GEN B —@

| AP.GEN ¢ —@

Case: |St.Croix System: 69 kV Planning Study: Scenario 3, Case 2 New Arrangement

Device: 69 kV Transmission Line #1

Side 1 ] Side 2 i [®} 3 Phase Power (=] Voltage— 0L @ Phas > Quantltles .
R (] PerPhase Power  [8] Current: @ LL - O Symmetrlc Comp

ij 1 _ZJ , 7 Impedance ' 2
Voltages ) P -17.30 MW, Q -8.460 MVar

| BTH-CIR_LA —@ o S = 19.26 MVA, PF = -89.83 %

- | Vab = 71.55 kV, 29.79 Deg

| BTHCRR1_ B —@ Vbe = 71.68 kV, -90.04 Deg

] _ ) Veca = 71.80 kV, 149.8 Deg

. BTH-CIR1.C la = 154.6 A. 153.2 Deg

| BTH-CIR1 N1 __O | Ib=155.2 A, 34.15 Deg

’ = Ref | lc = 155.7 A, -86.27 Deg
Currents

| BTH-CIR1. A —@

| BTH-CIR1_ B —@

| BTH-CIR1.C —@

63



R1.13: Scenario 3, Case 3

Case:[St.Croix Systém: 69 kV Planning Stqdy: Scenario 3, Case 3 New Arrangement

Device: [Generating Unit 16, 29.6/32 MVA, 13.8 kV, PF 0.90, 3600 RPM
Side1| - ® 3PhasePower ' . [ Voltage——
N ] PerPhasePower: [ Current; - L

Voltages .~ — i F 13,00 MW, G -6.500 Mvar
UNIT16_A S =14.53 MVA, PF = -89.44 %

Vab =14.77 kv, 2.827 Deg
UNIT16_B Vbe = 14.77 kV, -417.1 Deg
UNIT16 C Veca =14.78 kV, 122.8 Deg
| UNIT16_N

la = 569.8 A, 126.5 Deg
Currents

| Ib = 568.8 A, 6.042 Deg
| Ic = 565.8 A, -113.7 Deg
UNITi6 A
UNIT16_B

UNIT16_C

—— — ——

A

bbb bbs
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v Arrangen)entk —

C 1 RS e

[ UNIT17_ A |

1 ~UN|T17 B -

[ UNTI7C

I UNIT17_N §
Currents

[ UNIT17_A

| UNIT17_B

| UNIT17.C

P -14.09 MW, Q -4.944 MVar
S = 14.93 MVA, PF = -94.36 %
Vab = 13.80 kV, 30.00 Deg
Vbe = 13.81 kv, -89.98 Deg
Vca = 13.81 kV, 150.0 Deg

la = 626.7 A, 160.7 Deg

Ib = 523.6 A, 40.48 Deg

| 1e = 623.2 A, -79.17 Deg

————

Case:jSt.‘Crmxt System 69 Iﬂ(\lui;lénmng Study écenario 3,Case 3 NewArranger;;nt .

Device: |Generating Unit 19, 35/36.75 MVA, 13.8 kV, PF 0.85, 3600 RPM

Side 1 l ‘ @ 3 Phase Power =], Voltaée — C) LG O Phase Quantitles
{_t Per Phase Power [ Current
‘ g (1 lmpedance e )
Voltages == ‘ P 13.00 MW, Q -6.500 MVar _
‘I UNITI9 A —@ S =14.53 MVA, PF = -89.44 %
Vab = 14.76 kv, 2.822 Deg
| UNT19B —@ Vbe = 14.76 kV, -117.1 Deg
. . Vea = 14.77 kV, 122.8 Deg
| UNIT19_C , la = 570.3 A, 126.5 Deg
f UNIT19 N —9 Ib = 569.2 A, 6.018 Deg
! - tc = 565.9 A. -113.7 Deg
Currents Ref
| UNITI9. A —@
| UNIT1I9 B —@
| UNTI9.C —@
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F ALP-GEN_A
| ALP GEN B
l ALP-GEN c

| ALP-GEN_N

Currents
| ALP-GEN A
| ALP-GEN_B
| ALP-GEN_C

P -16.00 MW, Q -152.0 nVar
S = 16.00 MVA, PF = -100.0 %
Vab = 14.24 kV, 3.126 Deg
Vbe = 14.22 kV, -116.7 Deg
Vca = 14.26 kV, 123.2 Deg
la = 651.4 A, 153.5 Deg
Ib = 649.9 A, 32.88 Deg
1 Ic = 644.8 A, -86.71 Deg

Case:[St.Croix Systen. 69 kV Planning Study: Scé;iér!o 3, Case 3 New Arrangement

Device: |69 kV Transmission Line #1
Side 1 | Slde2 * B 3Phase Power

—__H———————— .{} Per Phase Power

Voltages,
[ BTH-CIR1_A
| BTH-CIR1_B
i BTH-CIR1_C
| BTH-CIR1_N1

Currents
| STH-CIR1_A
| BTH-CIR1_B
| BTH-CIR1 C

XY E‘ ¢ “ ﬁ

> TSN R L S
P -17.03 MW, Q -10.69 MVar
S =20.11 MVA, PF = -84.70 %
Vab = 70.84 kV, 29.95 Deg
Vbe = 70.98 kV, -89.87 Deg
Vca = 71.09 kV, 149.9 Deg
la=163.1 A, 147.3 Deg
Ib =163.6 A, 28.25 Deg
le = 164.2 A, -92.17 Deg

66




R1.14: Sqengrio 3,ACa‘se 4

Case Et Croix System 69 kV Planmng Study Scenarlo 3 Case 4tNew Arrangement

Device: |Generating Unit 16 29.6/32 MVA, 138 kV, PF 0. 90 3600 RPM

Side 1 ] .. 3Phase Power m Voltage

D Per Phase Power [# Current.

[ O L-G @ Phase Quantities
® LL /O. Symmetric Comp

[J Impedance ( i o
Voltages ‘ ) P -13.00 MW, Q -5.000 MVar
| UNITI6A —@ L S =13.93 MVA, PF =-93.33 %
L : Vab = 14.78 kV, 30.07 Deg
| UNIT16_B —0 & % Vbe = 14.78 KV, -89.90 Deg
o P 2] Vea = 14.79 kV, 150.1 Deg
| UNT16_C o v la = 546.1 A, 159.2 Deg
[ UNIT16 N —9 o Ib = 544.5 A, 38.77 Deg
‘ - z Ic = 541.6 A, -80.86 Deg
Currents Ref o
| UNTi6A —8
| uUNT1E B —@ v
[ UNT16C —@ "
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_ P -15.00 MW, Q -5.000 MVar
] UNIT17 A S =15.81 MVA, PF = -94.87 %
Vab = 13.86 kv, 57.37 Deg
| UN|T1 7 B Vbe = 13.87 KV, -62.61 Deg
Vea = 13.87 kV, 177.4 Deg
1 UNIT1 7—C la=660.7 A, -171.1 Deg
, UNIT17 N : - ) | Ib=657.2 A, 68.75 Deg
- ‘Ref fc = 657.0 A, -50.89 Deg
Currents  R¢
I UNIT1T7 A —@
| UNIT17B —@®
| UNIT17.C —®

Case: iSt Croix System 69 kV Plannlng Study Scenarlo 3 Case 4 New Arrangement —

Device: |Generating Unit 19, 35/36.75 MVA, 13.8 kV, PF 0.85, 3600 RPM

Side 1 , ‘ m 3 Phase Power l-] Voltage— OLe. ®© Phase Quantltnes
0 Per Phase Power [§ Current .’ @0 Syrmlstrlc Cormp.
. [ impedance AR
Voltages g P -13.00 MW, Q 500 Ve
| UNIT19.A —@ ! S =13.93 MVA, PF = 9333 %
r - o | Vab = 14.77 kV, 30.06 Deg
| UNITie B —@ & , 2 Vbe = 14.77 kv, -82.91 Deg
® 2 % Vca = 14.78 kV, 150.1 Deg
i UNIT19_C = la = 546.6 A. 159.2 Deg
| UNITI9N —@ | Ib=844.9 A, 38.74 Deg
’ » lc = 541.7 A, -80.86 Deg
Currents Ref o
| UNITI9 A —@
| UNIT1I9 B —@ |
[TUNTi9 C  —® A
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ﬁ Cro:x System 69 kV 'Plannmg Study Scenarlo 3 Case 4 New erangement

LA s PR et g T VR s TR

ko

~ Voltages

: ‘ P -15.38 MW, Q -2.754 MVar
| ALP-GEN_A S = 15.62 MVA, PF = -98.43 %
SO S Vab = 14,49 kV, 28.97 Deg
] ALP-GEN_Bi Vbe = 14,48 kV, -89.89 Deg
1 3 Veca = 14.51 kv, 150.1 Deg
‘ ALP GEN—C la=624.0 A, 170.2 Deg
[ ALP-GEN N | Ib=624.4 A, 49.62 Deg
C t_s lc = 618.7 A, -70.12 Deg
urren
| ALP-GEN A
| ALP-GEN_B
| ALP-GEN_C

Case: [St.Croix System: 69 KV Planning Study: Scenario 3, Case 4 New Arrangement

Device:|69 kV Transmission Line #

Side1| Side2 | = 3PhasePower [ Voltage———C Phase Quantities
< J{r——‘—* [ 0 PerPhasePou@r E-‘_I Current @ L—L O».Symmetnc Comp
‘ {7} impedance s
Voltages : P -17.87 MW, Q -7.914 MVar
| BTH-CIRI.A —@ i S = 19.54 MVA, PF = -91.44 %
— - Vab = 71.44 kv, 57.03 Deg
| BTH-CIR1_B —& Vbe = 71.56 kV, -62.79 Deg
- - ® Vca = 71.68 kV, 177.0 Deg
} BTH CIR1"C _ la=187.1A -177.4 Deg
| BTH-CIR1 N1 —@ 8 | 1b=157.7 A, 63.56 Deg
' - Ref| =7 fc = 158.3 A, -56.86 Deg
Currents ~
T BTHCR1I A —@| 7
| BTH-CIR1. B —@
| BTHCIR1.C —@
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EXHIBIT C

PERMITS AND APPROVALS

I. Seller Permits

A.

1.

Permits and Approvals Generally

Air

Permit Name

Authority to Construct and/or
Prevention of Significant
Deterioration Permit (collectively,
"Construction Permit")

Part 70 Permit ("Permit to Operate")
Water

Permit Name

Territorial Pollutant Discharge
Elimination System (TPDES),
Operational Stormwater Discharge
TPDES, Construction Stormwater
Discharge

TPDES, Wastewater Discharge
Clean Water Act (CWA) Section
404 Individual Permit

Water Quality Certificate

Major Water Permit
Submerged Land Lease

Waste

Permit Name

Resource Conservation and
Recovery Act (RCRA)
Registration

Solid Waste Registration

Site Location

Permit Name

Major Land Permit

Building Permits

Siting Approval

Structure Height Clearance
Archaeological Survey
Endangered Species Act (ESA)
Section 7 Consultation
Easements and Right of Way

II. WAPA Permits and Approvals

A. PSC Approval
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Responsible Agency

Virgin Islands Department of Planning and Natural
Resources (VIDPNR), Environmental Protection
Agency (EPA)

VIDPNR, EPA

Responsible Agency
VIDPNR

VIDPNR

VIDPNR
United States Army Corps of Engineers (USACE)

VIDPNR Department of Environmental Protection
(DEP)

VIDPNR Coastal Zone Management (CZM)
Government of the Virgin Islands

Responsible Agency
EPA

VIDPNR

Responsible Agency

VIDPNR CZM

VIDPNR

VIDPNR

Federal Aviation Administration (FAA)

VIDPNR State Historic Preservation Office (SHPO)
VIDPNR, Fish and Wildlife Service (FWS), National
Marine Fisheries Service (NMFS)

Government of the Virgin Islands, Private Land
Owners




Permit Name
Approval of this Agreement and
the Power Purchase Agreement

B. Other Permits and Approvals

Permit Name
Major Land Permit
Building Permits

932176.03-D.C. Server 1A - MSW

Responsible Agency
Virgin Islands Public Services Commission

Responsible Agency
VIDPNR CZM

VIDPNR



SCHEDULE 1
SPECIFICATIONS FOR SELLER’S INTERCONNECTION FACILITIES
Seller’s Interconnection Facilities shall at all times:

(a) accommodate WAPA’s metering, generator telemetering equipment and
communications equipment;

(b) use Seller-owned dedicated fiber-optic communication circuits from
Seller’s Interconnection Facilities to WAPA's communication circuits at the Delivery Point, and
a redundant telecommunications system as may be set forth in the Final Interconnection Study,
for the purpose of telemetering, supervisory control/data acquisition, and voice communications
as required for automatic generation control and fuel management by WAPA, which
communication circuits Seller shall install in accordance with WAPA's specifications (which
shall be compatible with WAPA's communication circuits);

(c) comply with the Virgin Islands Building Code, V.I.C. Chapter 5, Title 29,
and with the Uniform Building Code and International Building Code to the extent applicable to
the U.S. Virgin Islands, including with respect to wind resistance;

(d) meet all applicable Codes and Standards for structures located in seismic
zone 4; and

(e) either not be located in a flood zone or incorporate appropriate flood
mitigation measures.
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SCHEDULE 2
ELECTRIC ENERGY SPECIFICATIONS

1) The Electric Energy supplied at the Delivery Point shall have the
following characteristics:

(a) As provided in Section 8.4(c), whenever the Facility is operated in
parallel with WAPA’s Electric System, the turbine speed governors will be operated under the
control of WAPA’s automatic generation control system, or otherwise as directed by WAPA.

(b) Seller shall coordinate with WAPA’s operations personnel to
maintain a balance of generation and load, including as set forth in Sections 8.4(a) and 8.4(c),
such that the operating frequency of WAPA's Electric System shall not deviate by more than
one-third (1/3) of a hertz from a sixty (60) hertz base. Seller will cause the Facility to comply
with the scheduled real power production ordered by WAPA’s operations personnel to perform
its share of load regulation and frequency control.

(c¢) As provided in Section 8.4(c), whenever the Facility is operated in
parallel with WAPA’s Electric System, the automatic voltage regulators will be in automatic
operation at all times, or otherwise as directed by WAPA.

(d) As provided in Section 8.6, Seller shall provide an automatic
method of disconnecting the Facility from WAPA’s Electric System within five (5) cycles (or in
a time period specified by the Final Interconnection Study) of the detection of any of the
conditions specified in Section 8.6. Seller will notify WAPA immediately if protection facilities
disconnect the Facility from WAPA’s Electric System.

(e) The Interconnection Facilities will be designed for a nominal
voltage of 69 kV at the Delivery Point and will need to be capable of operating within a range of
plus or minus five percent (+5%) around 69 kV. Seller's Interconnection Facilities shall be
capable of being disconnected from WAPA's Electric System within one (1) second if the
voltage cannot be maintained within such tolerance.

(f)  Seller shall deliver to WAPA Electric Energy at a power factor of
not less than 0.92 lagging but not more than 0.95 leading.

2) The Electric Energy shall also have the characteristics set forth in the Final
Interconnection Study.
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SCHEDULE 3

FINAL INTERCONNECTION STUDY REQUIREMENTS

A. Technical data to be provided by Seller for the Final Interconnection Study

Seller shall provide the following information in final form, unless noted otherwise, to WAPA
not later than the date sixty (60) Days after the Contract Date:

1.

Protective relaying schematics and protective devices to be used to protect WAPA’s
Electric System;

one-line diagram depicting the interconnecting substation and an AC/DC schematic and
wiring diagram,;

a description of the proposed communication channel, a communication diagram, and
types of communication integration;

a description of the instrument transformers, circuit breakers, and control batteries;

preliminary information on schedules to, and description of, equipment maintenance for
interconnection and generation equipment, with final information to be provided after
such equipment is selected, put on order and such information is provided by the
manufacturers;

nameplate information on the generator step-up transformer (GSU) to be included as part
of Seller’s Interconnection Facilities;

preliminary generator impedances, inertia and time constants required for fault studies
and stability studies, with final information to be provided after the generator is selected,
put on order and such information is provided by the manufacturer;

a preliminary narrative on the proposed substation to include its operational function,
protective schedule, electrical reliability, system coordination study, fault analysis,
dynamic analysis, protection philosophy, and a fault current short circuit current
preliminary study, with final information to be provided after the generator is selected,
put on order and such information is provided by the manufacturer; and

a preliminary description of the automatic voltage and power factor regulation system
used to deliver energy to WAPA at a power factor not less than 0.92 lagging but not more
than 0.95 leading, with final information to be provided after the generator is selected,
put on order and data is provided by the manufacturer.

B. Components of Final Interconnection Study

The Final Interconnection Study shall include the following components or phases:

1.

develop interconnection scheme and define required facilities;
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2. conduct load flow and voltage modeling of feeders and interconnections and define
required upgrades;

3. define final interconnection plan;

4. conduct short circuit and system coordination study from the system model, including
defining breaker upgrade requirements, relay upgrade requirements and metering
requirements;

5. finalize required system upgrades and interconnection requirements with cost estimates;

6. define generation dispatch scenarios for operation with new interconnection;

7. conduct transient and dynamic stability studies based on dispatch scenarios, generator

data, and interconnection data; and

8. finalize interconnection recommendations, conclusions and cost estimates.
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SCHEDULE 4
INTERCONNECTION TECHNICAL REQUIREMENTS

1) The Facility shall not introduce excessive distortion to WAPA’s Electric
System’s voltage and current waveforms. The harmonic distortion measurements shall be made
at the Delivery Point and be within the limits indicated on the Harmonics Chart below. The
breaker that is closed to complete the tie shall be owned by Seller.

MAXIMUM ALLOWABLE HARMONIC CONTENT (CURRENT)
(In percent of total current)

Harmonic Order Number (h) H<11 12<h<16  17<h<23  24<h<35 36<h
Odd 4.0 2.0 1.5 .6 0.3
Even 1.0 0.5 0.38 0.15 0.08

Total current harmonic distortion may not exceed 5.0%.

MAXIMUM ALLOWABLE HARMONIC CONTENT (VOLTAGE 69kV AND BELOW)
(In percent)

Maximum Individual Harmonic: 3.0
Maximum Total Harmonic Distortion: 5.0

2) In order to provide maximum operating flexibility for the Facility and to
minimize possible adverse effects on other WAPA customers, a power transformer is usually
required between Seller and WAPA owned equipment. This transformer is usually connected in
such a manner to isolate the zero sequence circuit of WAPA’s Electric System. The Final
Interconnection Study will determine the transformer connection and grounding configuration
required.

3) Seller shall not energize a de-energized WAPA circuit. The necessary
control device shall be installed by Seller to prevent the energization of a de-energized WAPA
circuit by Seller. Seller also shall submit to WAPA all diagrams of necessary inter-locks and
tagging schemes for review and approval.

4) Each time the Facility is tied to an energized WAPA’s Electric System, it
first shall be synchronized with WAPA'’s Electric System to WAPA'’s satisfaction before the tie
breaker(s) is closed. Seller is responsible for the synchronization of the Facility to WAPA’s
Electric System. The breaker(s) that is closed to complete the tie shall be owned by Seller.
WAPA equipment will not be used for this purpose. Actual closing of the breaker will be
performed by Seller or performed by automatic synchronization if approved by WAPA.

5) A disconnect device shall be installed to electrically isolate the Facility
from WAPA'’s Electric System. This device shall provide a visible air gap between WAPA and
the Facility in order to establish the open break to satisfy safety requirements for maintenance
and repair work on WAPA’s Electric System. This disconnect shall be readily accessible to, and
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allow padlocking by, WAPA personnel. The disconnects shall be designed to allow safety
grounds on the WAPA side of the disconnect.
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SCHEDULE §
FACILITIES PAYMENT CALCULATION

A. If the cost of WAPA's Interconnection Facilities and the System Upgrade
Facilities does not exceed Seller's Interconnection Costs, then on any date no later than one (1)
month after the twentieth (20™) anniversary of the Commercial Operation Date, the amount that
WAPA shall have paid for the Interconnection Facilities as of such date shall equal the
unamortized portion of Seller's Interconnection Costs as of such date assuming an amortization
on a straight-line basis over a period of twenty (20) years beginning on the Commercial
Operation Date. For any date on or after one (1) month after the twentieth (20™) anniversary of
the Commercial Operation Date, WAPA shall have fully paid for WAPA's Interconnection
Facilities and the System Upgrade Facilities.

B. If the cost of WAPA's Interconnection Facilities and the System Upgrade
Facilities exceeds Seller's Interconnection Costs, then on any date no later than one (1) month
after the twentieth (20™) anniversary of the Commercial Operation Date, the amount that WAPA
shall have paid for the Interconnection Facilities shall equal the sum of (i) unamortized portion
of Seller's Interconnection Costs as of such date assuming an amortization on a straight-line basis
over a period of twenty (20) years beginning on the Commercial Operation Date, plus (ii) the
unamortized portion, if any, of the cost overrun as of such date assuming an amortization in
accordance with Section 4.11(a) of the Power Purchase Agreement. For any date on or after one
(1) month after the twentieth (20" anniversary of the Commercial Operation Date, WAPA shall
have fully paid for WAPA's Interconnection Facilities and the System Upgrade Facilities.
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