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Executive Summary
Bellows Falls Station is a three turbine, 49 MW hydroelectric stations located along the Connecticut River in the Town of Rockingham, Vermont. The plant dates to the 1930’s. Environmental concern and the facility condition are main factors that have driven the Bellows Falls Revitalization project. The upgrade from this project addresses the reliability, environmental and maintenance issues that currently exist at Bellows Falls. The following is a listing of the major items associated with this upgrade.

1. Replace the three existing, three-winding GSUs with three new two-winding 20 MVA 115/6.6 kV GSUs;
2. Remove old oil pump house equipment;

3. Remove the existing #3 69/46 kV, 8 MVA transformer;

4. Replace the Oil Circuit Breakers(OCB) with Gas Circuit Breakers(GCB);

5. Change 1-line to better implement new line-of-demarcation;

6. Replace relaying;

7. Replace revenue and survey metering;

8. Install a new 115/46 kV, 30/40/50 MVA autotransformer (w/SS tertiary);

9. Install a new 115/69 kV, 33.6/44.8/56 MVA autotransformer (w/SS tertiary);

10. Install new 30 MVar, 115 kV capacitor bank;

11. Install a new 69 kV Gas Circuit Breaker (GCB) and disconnect switch;

12. Replace existing disconnect switches and strain bus;

13. Install new 115 kV yard control house with new battery;

14. Install new 46 kV yard control house with new battery;

15. Install new RTUs;

16. Install new fence and associated gates;

17. Install new lighting;

18. Install new instrument transformers and wave traps;

19. Review existing grounding and upgrade as required.

The overall project Ready for Load date is May 2008.

This study compared the thermal and voltage performance around the Bellows Falls area before and after the project under different transfer conditions and also sensitivity results for Highgate HVDC converter unavailable case, Coolidge +/- 75MVar dynamic Var device unavailable case and the Bridge St. load relocation project. The results showed there is no significant adverse impact introduced by the project to the reliability or operating characteristics of National Grid's transmission facilities, the transmission facilities of another Transmission Owner, or the system of a Market Participant. 
1.0  Introduction
1.1 Background

Bellows Falls Station is a three turbine, 49 MW hydroelectric stations located along the Connecticut River in the Town of Rockingham, Vermont. See Attachment 1 for the geographic map. Three, three-winding generator step up transformers (GSUs) step up the 6.6kV generator output to supply switchyards operating at 46kV, 69kV and 115 kV. As shown in Bellows Falls' existing one line diagram, National Grid owns the GSUs, the 46kV and 115kV switchyards. VELCO owns the existing 115/46kV transformer (No.2A). The 46kV lines feed local distribution for both Granite State Electric Company and CVPS, 69kV and 115kV lines interconnect with National Grid's transmission system. Attachment 2 is the station’s present one-line diagram.
The plant dates to the 1930’s. A recent environmental audit identified several areas in the station needing attention, including evidence of transformer fluid leakage for the GSUs. The facilities are located close to the Connecticut River and pose an environmental risk should they rupture. National Grid’s asset replacement strategy also dictates that much of the equipment be replaced. Re-alignment of the present lines of demarcation between TransCanada and National Grid will be done with the project. The proposed one-line diagram for the station is illustrated in Attachment 3.
System control has observed 115kV bus voltage less than 109kV (0.95p.u.) during summer operations and this item has been placed on the National Grid Operating Limitations Action List. Capacitor bank will be installed on the 115kV to improve system voltage control.
1.2 Transformer Parameters
Transformer parameters were chosen as follows.
· GSUs
TransCanada will ultimately own the GSUs. They would like the new GSUs matching their existing Harriman GSUs for convenient maintenance. Table 1 shows the new GSU parameters.  
Table 1 GSU Parameters
	
	NO.1
	NO.2
	NO.3

	
	Pre
	Post
	Pre
	Post
	Pre
	Post

	%Z
	45.71% on 100MVA 
	63.67% on 100MVA
	45.12% on 100MVA 
	63.67% on 100MVA
	45.41% on 100MVA 
	63.67% on 100MVA

	MVA
	17
	20
	17
	20
	17
	20


· 115-69 kV transformer w/ loaded tertiary 
The 69 kV line G-33 is presently supplied from the 69 kV terminals of the No. 3 GSU transformer.  A National Grid standard 115-69 kV transformer will be installed to supply this line after the GSU transformers are replaced. 

Table 2 New 115-69 kV Transformer Parameters
	
	Old 115-69kV impedance of NO.3 
	New 115-69kV impedance for NO.6

	Impedance
	13.6% on 17MVA base

(=80% on 100MVA base)
	4.6% on 33.6MVA

(=13.7% on 100MVA base)

	MVA
	17
	33.6


· 115-46 kV transformer w/ loaded tertiary (Station Service from tertiary)
The 46 kV switchyard is presently supplied from the VELCo 115-46 kV transformer with an alternate supply from the 46 kV terminals of the No. 2 GSU transformer.  A second supply will be maintained after the GSU transformers are replaced by installing a new 115-46 kV transformer.  In order to operate the two transformers in parallel, the new transformer configuration and ratings will match the existing VELCO transformer.
Table 3 New 115-46 kV Transformer Parameters

	
	VELCO Transformer (NO.5)
	115-46kV NO.4

	Impedance
	19.1% on 100MVA base
	19.1% on 100MVA base

	MVA
	30/40/50
	30/40/50


2.0 Thermal and Voltage Study

2.1 Network Model
Peak load analysis was performed starting from the FERC05 library 2009 summer peak extreme weather case. Load was scaled to reflect 2008 summer peak load condition. Monadnock Region upgrades were added. The case included the following related projects.

· Northwest Vermont Reliability Project; 
· Vermont Northern Loop Project;

· Central Massachusetts Transmission Upgrades;

· 2nd NB Tie;

· Monadnock Region Reliability Project;
· Vermont Yankee Uprate (phase 2).
2.2 Contingencies

Table 4 shows the contingency list. Contingencies include: single 69kV and above line outages in VT, NH and MA; single 230kV and 345kV autotransformer outages in VT, NH and MA; single generator outages, loss of the Phase II HVdc interconnection; 115kV stuck breaker outages in VT; 230kV and 345kV stuck breaker outages in VT, NH and MA; 115kV double-circuit-tower outages in VT, NH and MA.

Table 4 Contingency List
	Contingency List

	1
	F-162: Greggs-Jackman
	25
	381: Vermont Yankee - Northfield

	2
	G33: Bellows Falls – Ferry Rd. 
	26
	Coolidge 345/115kV

	3
	W149S/K149: Bellows Falls –Slayton Hill/Ascutney Tap - Ascutney
	27
	Granite 230/115 kV

	4
	K174: Ascutney – North Road
	28
	VY 345/115 kV

	5
	K15: Ascutney - Winsor
	29
	Bear Swamp 230/115kV

	6
	K26: Barre - Granite
	30
	FitzW 345/115kV transformer

	7
	K31: Coolidge - Ascutney
	31
	Ascutney 115/46 kV

	8
	K32: Cold Water - Coolidge
	32
	Vernon Rd 115/46kV

	9
	I135N North: Bellows Falls – Monadnock Tap – FitzW
	33
	Coolidge 340 breaker fail: Coolidge-VY; Coolidge 345/115kV

	10
	I135N South: FitzW – Flagg Pond
	34
	Bellows Falls 115kV W139 brk fail

	11
	I135S: Flagg Pd – Pratts JCT
	35
	VY379-brk: VY – Fitzw, VY 345/115 kV 

	12
	J-136N: Bellows Falls – E Winchdn – Ashbham –Flagg Pd
	36
	VY381-brk: VY-Northfield, VY 345/115kV

	13
	J136S: Flagg Pd – Ltchfield St – Pratts JCT
	37
	VY79-40-brk: VY-W Rutland, VY-FitzW

	14
	M127: North Road - Webster
	38
	VY81-1T-brk: trip VY, VY-Northfield

	15
	W149: Wilder – Bellows Falls
	39
	VY1T-brk: trip VY, VY-W Rutland

	16
	E205E: Pratts JCT – Bear Swamp
	40
	Trip Bear Swamp G1

	17
	F206: Comfd - Granite
	41
	Trip Comfd G1&2

	18
	308: Wachusett - Milbury
	42
	Trip Sandy Pond DC tie@2000

	19
	313: Millbury - Wachusett
	43
	Trip VY

	20
	343: Wachusett – Sandy Pond
	44
	DCT: I135N&J136N Bellows Falls – Pratts JCT

	21
	340: Coolidge – Vermont Yankee
	45
	DCT: I135S&J135S Pratts JCT – Flagg Pond

	22
	350: West Rutland - Coolidge
	46
	Bellows Falls Transformers failure

	23 
	379W: VY-FitzW
	
	

	24
	379E: FitzW-Amherst
	
	


2.3 Criteria 
Thermal loadings were monitored and violations considered to occur when 100% of the normal rating is exceeded with all lines in service, or when 100% of the long-term emergency (LTE) rating is exceeded post-contingency.

For voltage criteria, the limits listed in Table 5 were utilized. 
Table 5 Voltage Criteria

	Pre-Contingency

	VELCO
	230kV and above: 0.95 to 1.05 pu

115kV and below: 0.95 to 1.05 pu

	National Grid
	230kV and above: 0.98 to 1.05 pu

115kV1 and below: 0.95 to 1.05 pu

	NU 
	230kV and above: 0.95 to 1.05 pu

115kV and below: 0.95 to 1.05 pu

	Post-Contingency

	VELCO
	230kV and above: 0.95 to 1.05 pu; 

115kV and below: 0.92 to 1.05 pu;

	National Grid
	230kV and above: 0.95 to 1.05 pu; 
115kV and below: 0.90 to 1.05 pu; 

	NU 
	230kV and above: 0.95 to 1.05 pu; 
115kV and below: 0.95 to 1.05 pu; 


1 Buses that are part of the bulk power system, and other buses deemed critical by National Grid Transmission Control & Reporting shall meet requirements for 345 kV and 230 kV buses.  

Acceptable voltage response in terms of percent voltage change from pre-contingency to post-contingency are listed in Table 6.

Table 6 Maximum Percent Voltage Variation at Delivery Points 
	
	Post Contingency & Automatic Actions
	Switching of Reactive Sources

	
	
	All elements in service
	One element out of service

	VELCO
	Δ V<5%
	Δ V<2.5%
	Δ V<5%

	National Grid
	230kV and above
	ΔV<5%
	Δ V<2%*
	Δ V<4%*

	
	115kV1 and below
	ΔV<10%
	Δ V<2.5%*
	Δ V<5%*

	NU 
	ΔV<5%
	Δ V<2.5%
	Δ V<6%


1 Buses that are part of the bulk power system, and other buses deemed critical by National Grid Transmission Control & Reporting shall meet requirements for 345 kV and 230 kV buses.  

* These limits are maximums which do not include frequency of operation.  Actual limits will be considered on a case-by-case basis and will include consideration of frequency of operation and impact on customer service in the area
Post contingency cases were solved assuming tap-changing transformers and Phase Angle Regulators (PAR) fixed, and assuming no adjustment of local, SCADA or voltage controlled capacitor banks.
2.4 Sensitivity Analysis 

The following three conditions have been studied as sensitive cases.
a. Highgate HVDC converter unavailable (vs. 200MW import to NE in the base case)

With the Highgate out of service, much more power tends to flow from VY to Coolidge via the Coolidge –VY 345 kV (340) line, and loss of the line can result in overloads on low-capacity 115kV lines in southwest New Hampshire, and low voltages in central Vermont. 
b. Coolidge +/- 75 MVar dynamic var device unavailable
c. Bridge St. load relocation project

Green Mountain Power (GMP) is proposing a project that removes the existing Bridge St substation in Bellows Falls VT, and replaces it with a new substation, also located in Bellows Falls, tapped off two National Grid 46 kV lines (4401 and 4402). Bridge St Substation currently serves approximately 6MW of load in Bellows Falls at 6.9kV. The new substation will tap both the 4401and 4402 46 kV tap lines into Vilas Bridge substation. The new substation will normally be served from 4402, with automatic transfer to 4401 upon loss of 4402.  The impact of this project has been evaluated. 
3.0 Base case Development

Peak load cases were developed based on the 2008 summer peak extreme weather (10%) case from the FERC05 library cases, and the ISO New England's 2005 CELT report. The NEPOOL load plus losses was approximately equal to 29,495MW.
3.1 Transfer Conditions
Three major system transfer conditions were assessed: East-West, West-East and a Low Transfer. The East-West transfer condition stresses from East to West within New England and from New England to New York. Interface flows under this stress condition are documented in Table 7. The West-East transfer condition stresses flows within New England from West to East and from New York to New England. Interface flows under this stress condition are documented in Table 8. The low transfer condition models lower East to West flows within New England and approximately no flow between New England and New York. Interface flows under this transfer condition are documented in Table 9. Case summaries with interface flows for each individual case can be found in Attachment 4.
Table 7 East-West Transfer Condition Interface Flows
	Interface
	MW
	Interface
	MW
	Interface
	MW

	NB-NE
	703
	ORRING-SOUTH
	157
	NW VT
	370

	SUROWIEC-SOUTH
	858
	MEYANKEE-SOUTH
	790
	BLISS PAR
	-25

	MAINE-NH
	1605
	NNE-SCOBIE+394
	3011
	CENTRAL_EAST
	1297

	SEABROOK-SOUTH
	1651
	NORTH-SOUTH
	2666
	CONN-EXPORT
	-1342

	CMFD/MOORE-SO
	64
	SNDYPOND-SOUTH
	2535
	PLAT PAR
	118

	CONN-IMPORT
	1665
	SWCT
	1569
	UPNY-CONED
	4079

	NE-NRWLK-STFD
	773
	BOSTON IMPORT
	2195
	CROSS-SOUND
	-346

	SEMA/RI EXPORT
	1148
	SEMA EXPORT
	-385
	LILCO
	200

	EAST-WEST
	2294
	NY-NE  
	-1055
	
	


Table 8 West-East Transfer Condition Interface Flows
	Interface
	MW
	Interface
	MW
	Interface
	MW

	NB-NE
	703
	ORRING-SOUTH
	168
	NW VT
	377

	SUROWIEC-SOUTH
	600
	MEYANKEE-SOUTH
	739
	BLISS PAR
	-25

	MAINE-NH
	1155
	NNE-SCOBIE+394
	2632
	CENTRAL_EAST
	2259

	SEABROOK-SOUTH
	1645
	NORTH-SOUTH
	2228
	CONN-EXPORT
	54

	CMFD/MOORE-SO
	91
	SNDYPOND-SOUTH
	2608
	PLAT PAR
	118

	CONN-IMPORT
	872
	SWCT
	1562
	UPNY-CONED
	3681

	NE-NRWLK-STFD
	792
	BOSTON IMPORT
	2736
	CROSS-SOUND
	-346

	SEMA/RI EXPORT
	-1273
	SEMA EXPORT
	-1527
	LILCO
	200

	EAST-WEST
	-1011
	NY-NE  
	1095
	
	


Table 9 Low Transfer Condition Interface Flows
	Interface
	MW
	Interface
	MW
	Interface
	MW

	NB-NE
	703
	ORRING-SOUTH
	156
	NW VT
	373

	SUROWIEC-SOUTH
	859
	MEYANKEE-SOUTH
	792
	BLISS PAR
	-25

	MAINE-NH
	1015
	NNE-SCOBIE+394
	2500
	CENTRAL_EAST
	1870

	SEABROOK-SOUTH
	1570
	NORTH-SOUTH
	2112
	CONN-EXPORT
	-962

	CMFD/MOORE-SO
	76
	SNDYPOND-SOUTH
	2402
	PLAT PAR
	118

	CONN-IMPORT
	1280
	SWCT
	1565
	UPNY-CONED
	4039

	NE-NRWLK-STFD
	782
	BOSTON IMPORT
	2542
	CROSS-SOUND
	-346

	SEMA/RI EXPORT
	577
	SEMA EXPORT
	-959
	LILCO
	201

	EAST-WEST
	859
	NY-NE  2200
	20
	
	


3.2 Cases Studied
This analysis compared the cases before and after Bellows Falls Project under the above three transfer conditions. Totally six cases are tested for all lines in condition.

Each sensitive condition is studied under East-West transfer condition and results were compared before and after the project. 

4.0 Results

4.1 All Lines in Condition
A. Thermal Results 
The Bellows Falls Project introduces very little changes to the post-contingency line flows. All the flow changes are within 1MW range due to the project, which confirms that there is no significant adverse impact introduced by this project. 
The tables in Attachment 6 give the flow comparisons before and after the Bellows Falls project for branches overloaded in their worst contingencies. 
B. Voltage Results 

. 

There is no abnormal voltage caused by the project at 69kV or above voltage level.  The tables in Attachment 7 give the bus voltage comparisons before and after the Bellows Falls project.
4.2 Sensitivity Cases
A. Highgate HVDC converter unavailable (vs. 200MW import to NE in the base case)

With Highgate HVDC out of service, cases were dispatched with Granite - Barre 115 kV line flow set to about 190 MW into Vermont and the Blissville - Whitehall 115 kV line pre-contingency flow about 50 MW to New York. The Plattsburgh - Sand Bar 115 kV line was held around 130 MW. East-West transfer condition was tested comparing the line loadings and bus voltages. Post contingency line loading changes were very small (less than 1MW) with and without the project. Post contingency bus voltage changes were all less than 0.001pu. 
B. Coolidge +/- 75 MVar dynamic var device unavailable
Voltage performances were compared between cases before and after the project with the Coolidge dynamic var device unavailable. Very little voltage differences (<0.007 pu) were identified. 

Voltage performances were also compared between cases with and without the Coolidge +/- 75 MVAR dynamic var device after the project. Without the var device, those buses around Coolidge 115kV station show lower voltages for several contingencies, which identify the need for the var support around Coolidge area. Bellows Falls 115kV voltage was normal and violations were not reported for any of the studied contingencies. Results are shown in Table 7.4, Attachment 7.
C. Bridge St. load relocation project
Line loadings were compared between cases before and after the Bridge St. project. Both cases include the Bellows Falls project. See Table 6.4 listed in Attachment 6 for the contingency overload report. 
No voltage negative impact for any of the contingency tested.
5.0 Switching Surge Study
Switching surge studies have been performed using EMTP program to see if there is any abnormal transient overvoltage while switching the 115kV capacitor bank. Aspen OneLiner has been used to do the system equivalencing up to 2 or 3 buses away around Bellows Falls station based on the 2005 NEPOOL short circuit model. The switching surge studies showed that during the capacitor bank switching, Bellows Falls and nearby area power system did not experience significant transient over-voltages at the 115kV, 69kV and 46kV buses. Based on the worst case energization times found from the statistic simulation, the maximum over-voltages were observed at Bellows Falls No. 6 115/69kV transformer 69kV side and along G33 line at Putney station during the switching of the 115kV capacitor bank. Synchronous closing control on the Bellows Falls circuit breakers is recommended to relieve the voltage distortion.

6.0 Conclusion
Based on the above study results, conclusion is made that the Bellows Falls Revitalization project has no significant adverse impact on the reliability or operating characteristics of National Grid's transmission facilities, the transmission facilities of another Transmission Owner, or the system of a Market Participant.
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