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

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

4. Replace relaying;

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

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

7. Install a new 30 MVar, 115 kV capacitor bank;

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

9. Replace existing disconnect switches and strain bus;

10. Install new instrument transformers and wave traps;

The overall project Ready for Load date is May 2008.

Due to the change of GSU impedances and the configuration changes, limited local transient stability analysis has been conducted. This study compared the units’ rotor angles and terminal voltages for faults at the 115kV lines from Bellows Falls station before and after the project under light load conditions. The results showed there is no significant adverse impact introduced by the project to any neighboring transmission system. Thanks to the upgrade of several 115kV breakers, the breaker opening times decrease which leads to better transient performance.
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' current 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 locate close to the Connecticut River and pose an environmental risk should they rupture. Besides, National Grid’s asset replacement strategy dictates that much of the equipment be replaced. Also, re-alignment of the present lines of demarcation between TransCanada and National Grid would 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 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 
A National Grid standard 115-69 kV transformer will be installed to meet the service need. 

Table 2 New 115-69 kV Transformer Parameters
	
	Old 115-69kV winding of NO.3 
	New 115-69kV winding 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)
In order to be operated in parallel with the existing VELCO transformer properly, its configuration and ratings should 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 Transient Stability Study

2.1 Network Model
Light load analysis was performed using the ISO 2009 area review case. Monadnock Region upgrades was added and then redispatched to stress the interfaces. 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).
Detailed case summaries and one-lines can be found in Appendix. Below is a summary of the interface flows in the case.

Table 4 Interface Flows
	Interface
	MW
	Interface
	MW
	Interface
	MW

	NB-NE
	1004
	ORRING-SOUTH
	980
	NW VT
	109

	SUROWIEC-SOUTH
	793
	MEYANKEE-SOUTH
	725
	BLISS PAR
	0

	MAINE-NH
	1392
	NNE-SCOBIE+394
	2455
	CENTRAL_EAST
	1910

	SEABROOK-SOUTH
	1321
	NORTH-SOUTH
	2936
	CONN-EXPORT
	1586

	CMFD/MOORE-SO
	32
	SNDYPOND-SOUTH
	733
	PLAT PAR
	109

	CONN-IMPORT
	-669
	SWCT
	391
	UPNY-CONED
	2060

	NE-NRWLK-STFD
	401
	BOSTON IMPORT
	1572
	CROSS-SOUND
	-346

	SEMA/RI EXPORT
	1633
	SEMA EXPORT
	414
	LILCO
	0

	EAST-WEST
	2002
	NY-NE  2200(170
	-579
	
	


Two cases are prepared, one without the Bellows Falls Revitalization project and the other one with the project. The contingencies listed in section 2.2 were studied for both cases and stability plots were compared.
2.2 Contingencies
The W149S line has a Power Carrier which enables the high speed relay to clear the fault at both ends, while the I135N and J 136N lines don’t have pilot schemes. The protection for I135N line is going to remain step distance (no HS scheme) after the line is tapped at Fitzwilliam 115kV substation. Normal contingency at either end of these two lines will be cleared by Zone 2 relay at the remote end. 
Currently the Bellows Falls station 115kV doesn’t have breaker failure relay. If any 115kV breaker sticks, the remaining 115kV breakers will remain closed. After the project, the breaker failure relay will open all the 115kV breakers at 7.5 cycles and clear the fault in case any 115kV breaker sticks. This will trip all the Bellows Falls units. For this reason, the extreme contingencies were not studied. Table 4 shows the clearing times for each contingencies tested and the simulation results.
2.3 Results
In Attachment 5, plots are shown which compare the same output channels before and after the Bellows Falls Revitalization Project. There are two groups of output:
1. Channel files with ‘_noBF’ in their names ---- Output for simulations before the Bellows Falls Project;

2. Channel files with ‘_BF’ in their names ---- Output for simulations after the Bellows Falls Project.

· NCW149S

After this contingency, the three Bellows Falls units were stable in both cases before and after the project. The case after the project introduces smaller overshoot in the rotor angle response for both the first and the second swings. 

· NCI135N

The behavior of the three Bellows Falls units doesn’t make big difference in the two cases. The Bellows Falls units were stable in both pre-project and post-project cases.
· NCJ136N

Since the fault location is relatively far from Bellows Falls, the behavior of the three Bellows Falls units doesn’t make big difference between the cases before and after the project. The Bellows Falls units were stable in both pre-project and post-project cases.
· DCTI135NJ136N

After this contingency, the three Bellows Falls units were stable in both cases before and after the project. The case after the project introduces smaller overshoot in the rotor angle response for both the first and the second swings. 
Detailed plots for each contingency under the condition before and after the project can be found in Attachment 6.

In conclusion, with the project in service the post contingency system is stable and overall has a better transient response to the contingencies than otherwise without the project.
Table 4 Contingency Description and Fault Clearing Times

	Contingency ID
	Fault Location
	Fault Description
	
	Fault Clearing time
	Results

	
	
	
	
	Substation
	kV
	breaker
	Time
	

	NCW149S
	Bellows

Falls
	Three phase fault on W149S, normally cleared
	Before Project
	Bellows

Ascutney

Slayton Hill
	115

115

115
	W149

K149

W149
	7 cycl

7 cycl

5 cycl
	stable

	
	
	
	After Project
	Bellows

Ascutney

Slayton Hill
	115

115

115
	W149

K149

W149
	5cycl

7 cycl

5 cycl
	Stable with smaller overshoots in both the first and the second swing

	NCI135N
	Fitzwilliam
	Three phase fault on I135N, normally cleared
	Before Project
	Bellows

Fitzwilliam

Monadnock
	115

115

115
	I135

F8

F9

I1350
	67cycl

5 cycl

5 cycl

7.75 cycl
	stable

	
	
	
	After Project
	Bellows

Flagg Pond

Monadnock
	115

115

115
	I135

F8

F9

I1350
	65 cycl

5 cycl

5 cycl

7.75 cycl
	stable

	NCJ136N
	Flagg Pond
	Three phase fault on J136N, normally cleared
	Before Project
	Bellows

Flagg Pond
	115

115


	J136

1136

1236
	67cycl

7 cycl

7 cycl
	stable

	
	
	
	After Project
	Bellows

Flagg Pond
	115

115


	J136

1136

1236
	65 cycl

7 cycl

7 cycl
	stable

	DCTI135NJ136N
	Bellows Falls
	Double circuit tower contingency for I135N and J136N, normally cleared
	Before Project
	Bellows

Flagg Pond

Fitzwilliam

Monadnock
	115

115

115

115
	J136

I135

1136

1236

F8

F9

I1350
	7 cycl

7 cycl

30.5 cycl

30.5 cycl

28.5 cycl

28.5 cycl

7.75 cycl
	stable

	
	
	
	After Project
	Bellows

Flagg Pond

Fitzwilliam

Monadnock
	115

115

115

115
	J136

I135

1136

1236

F8

F9

I1350
	5 cycl

5 cycl

30.5 cycl

30.5 cycl

28.5 cycl

28.5 cycl

7.75 cycl
	Stable with smaller overshoots in both the first and the second swing
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