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Eversource Electrical Engineering
As of 07/01/2019

Aftab Khan
Senior Vice President

Engineering, 
Electric Operations 

Jennifer A Schilling
Director

Grid Mondernization

Digaunto Chatterjee
Director

System Planning

Paul R Renaud
Vice President

Distribution Engineering

Robert D Andrew
Director

System Solutions

Asim Fazlagic 
Vice President
Substation and 

Transmission Engineering

Russel D Johnson
Manager

Distribution System Planning (NH)

Ryan C West
Manager

Grid Modernization

Shaun Moran
Manager

Transmission System Planning
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Eversource Electrical Engineering
As of 07/01/2019

 Asim Fazlagic
Vice President

Substation and Transmission 
Engineering

Roderick S Kalbfleisch
Director

Substation Technical

John C Case
Director

Transmission Line

John M Zicko
Director

Substation Design

George P Wegh
Director

Protection & Control

Jennifer J Hebsch
Manager

Distribution Standards

Cory J Liu
Manager

Underground Transmission Line

Thelma Brown
Manager

Substation Design (NH)

Donald S DiBuono
Lead Engineer (NH)

Kevin P Duhaime
Manager

Substation Technical (NH)

Dennis J Western
Manager

Protection & Control (NH)
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Eversource Electrical Engineering
As of 07/01/2019

Paul R Renaud
Vice President

Distribution Engineering

Umair Zia
Director

Distribution Engineering (MA) 
& Distributed Generation

James C Eilenberger
Director

Distribution Engineering (NH)

Richard C Labrecque
Manager

Distributed Generation (NH)

Thomas C Mitchell
Manager

GIS

 Lee G Lajoie
Manager

System Resiliency

Michael J Busby
Manager

Field Engineering & Design
Eastern

Marc W Pilotte
Manager

Field Engineering & Design
Central

Mark F Fraser
Manager

Field Engineering & Design
Western

Samuel D Bosse
Manager

Field Engineering & Design
Northern

George R Loura 
Manager

Field Engineering & Design
Southern

Samuel Noel Woolard
Director

Distribution Engineering (CT)

Amin R Jessa
Director

Distribution Engineering (MA)
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Eversource Electric Operations
As of 07/01/2019

William J Quinlan
President

Electric Operations 

Joseph A Purington
Vice President

Electric Operations

Mark A Sandler 
Director

Field Operations

Brian J Dickie
Director

System Operations

Eric Sutton
Director

Substation Operations

Donald R Nourse
Manager

Distribution System 
Operations

Timothy L McHugh
Manager

Transmission System 
Operations

Perry L McKinney II
Manager

Field Communications

Christopher A Wayland
Manager

Substation Operations & 
Maintenance

Jason M Yergeau
Manager

Regional Operations
Central

Michael C Lee
Manager

Regional Operations
Eastern

Manager
Regional Operations

Northern

Manager
Regional Operations

Southern

Thomas W Davis
Manager

Transmission Construction 
& Maintenance

Manager
Regional Operations

Western
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NH Electric Field Operations
Working Foreman /  Lineworker Headcount Jan 2017 - July 2019

AWC
Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Nashua 7 6 7 6 5 6 5 6 5 7 5 6
Derry 5 6 5 6 4 6 4 6 3 6 3 5
Tilton 9 8 9 9 9 9 9 9 8 9 9 8
Berlin 2 3 2 3 2 3 2 3 2 3 2 3
Chocorua 4 4 4 4 4 4 4 3 4 3 4 2
Lancaster 6 5 6 6 6 6 6 6 6 6 6 6
Bedford 10 8 10 7 9 7 9 9 9 9 9 8
Hooksett 11 10 11 10 11 11 10 11 10 11 10 11
Rochester 9 9 9 9 8 9 8 9 9 8 9 8
Epping 5 4 5 4 5 4 5 4 5 4 5 4
Portsmouth 4 5 4 5 4 5 4 5 4 5 4 5
Newport 6 6 6 6 6 6 6 6 6 6 6 6
Keene 10 10 10 10 10 10 10 10 10 10 9 10
Milford 0 0 0 0 0 0 0 0 0 0 0 0
AWC Sub Total 88 84 88 85 83 86 82 87 81 87 81 82
AWC Total
Transmission 2 4 2 4 2 4 2 4 2 4 2 4
Troubleshooters 17 17 17 16 16 16
Total All 195 196 192 191 190 185

172 173 169 169 168 163

Jan-17 Feb-17 Mar-17 Apr-17 May-17 Jun-17
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NH Electric Field Operations
Working Foreman /  Lineworker Headcount Jan 2017 - July 2019

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

5 6 6 6 5 6 5 6 5 6 5 6 5 6
3 5 3 5 3 5 2 5 2 5 4 4 4 4
9 8 9 8 9 9 9 9 9 9 9 9 9 9
2 3 2 3 2 3 2 3 2 3 2 3 2 3
4 2 4 3 4 3 4 4 4 4 4 4 4 4
6 6 6 6 6 6 6 6 6 6 6 6 6 6

10 7 10 7 10 9 10 9 10 9 10 9 10 9
10 9 10 9 10 9 10 9 11 9 10 9 11 8
9 8 9 8 9 9 9 9 9 9 9 9 9 9
4 4 4 4 4 5 5 5 5 5 5 5 5 5
5 4 5 4 5 4 5 5 5 5 5 5 5 5
6 6 6 6 5 6 5 5 5 5 5 6 5 6
9 9 10 8 10 10 11 10 11 10 11 10 11 10
0 0 0 0 0 0 0 0 0 0 0 0 0 0

82 77 84 77 82 84 83 85 84 85 85 85 86 84

2 4 2 4 2 4 2 4 2 4 2 4 2 4
16 16 16 16 16 16 16

181 183 188 190 191 192 192

168 169 170 170159 161 166

Jan-18Dec-17Jul-17 Aug-17 Sep-17 Oct-17 Nov-17
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NH Electric Field Operations
Working Foreman /  Lineworker Headcount Jan 2017 - July 2019

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

5 6 5 7 4 8 3 7 3 7 3 7 4 7
4 5 5 5 5 5 5 5 5 5 5 5 5 6
9 9 9 8 9 8 9 8 9 8 9 8 9 9
2 3 2 3 2 3 2 3 2 3 2 3 2 3
4 4 4 4 4 4 4 4 4 4 4 4 4 4
6 6 6 6 6 6 6 6 6 6 6 6 6 6

10 8 10 9 9 9 9 9 9 9 10 9 10 10
11 9 11 9 10 9 9 10 10 11 7 10 8 10
9 9 9 9 9 9 9 9 9 9 9 9 9 10
5 5 5 5 5 5 5 5 5 5 5 5 5 5
5 5 5 5 5 4 5 4 5 4 5 5 5 5
6 5 5 5 4 5 4 6 4 6 4 6 4 6

11 10 11 10 11 10 11 11 11 11 11 11 11 16
0 0 0 0 0 0 0 0 0 0 0 0 0 0

87 84 87 85 83 85 81 87 82 88 80 88 82 97

2 4 2 4 2 4 2 4 2 3 4 3 4 6
16 17 17 16 17 16 16

205

172

193 195 191 190 192 191

168 168 170 168 179171

Feb-18 Mar-18 Apr-18 May-18 Jun-18 Jul-18 Aug-18
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NH Electric Field Operations
Working Foreman /  Lineworker Headcount Jan 2017 - July 2019

Working 
Foreman Lineworker

Working 
Foreman

Lineworke
r

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

4 7 4 7 4 8 4 9 4 9 4 7 4 7
5 6 5 6 4 6 5 6 5 6 5 6 5 6
9 9 9 9 9 9 9 11 9 11 9 11 9 11
2 3 2 3 2 3 2 3 2 3 2 3 2 3
4 4 4 4 4 4 4 4 4 4 4 4 4 4
6 6 6 6 6 6 6 6 6 6 6 6 6 6

10 10 10 9 10 9 10 11 10 11 10 11 10 11
8 10 9 10 9 10 9 10 9 10 9 10 9 10
9 8 9 8 9 8 8 8 8 8 8 8 9 8
5 5 5 5 4 5 4 7 5 6 5 5 5 5
5 4 5 4 5 4 5 4 5 4 5 4 4 4
5 6 6 6 6 6 6 5 6 5 6 5 6 5

11 14 11 14 11 14 11 12 11 12 11 12 11 12
0 0 0 0 0 0 0 0 0 0 0 0

83 92 85 91 83 92 83 96 84 95 84 92 84 92

4 6 3 5 3 5 3 5 3 5 3 5 3 5
21 24 24 25 24 25 23

206 208 207 211 209 207

176 176

212

176 175 179 179175

Jan-19 Feb-19 Mar-19Dec-18Sep-18 Oct-18 Nov-18
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NH Electric Field Operations
Working Foreman /  Lineworker Headcount Jan 2017 - July 2019

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

Working 
Foreman Lineworker

4 7 4 7 4 7 4 7
5 7 5 7 5 7 5 7
9 11 9 11 9 11 8 11
2 3 2 3 2 2 2 2
4 4 4 4 4 4 4 4
6 6 6 6 5 6 4 5

10 11 10 11 10 11 10 11
9 10 9 10 10 10 10 10
9 9 9 9 9 9 9 9
5 5 5 5 4 4 4 4
4 4 4 4 3 4 4 3
6 5 6 5 6 5 6 6

11 12 11 12 11 12 11 12
0 0 0 0 0 0 0 0

84 94 84 94 82 92 81 91

3 7 3 7 3 8 3 8
22 22 21 21

204210 210 206

178 178 174 172

Jul-19Apr-19 May-19 Jun-19
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Location S/S Transformer MFG Year
S/S Load 

Limit 
(TFRAT)

Max Load 
(KW)

% of
TFRAT

Projected Growth 
Rate

Projected to 
Exceed 100% of 

TFRAT Date
Circuits Type of Load CLM Candidate If not, why?

Entered/Updated By 
and Date

Comments

Claremont River Road 46W 1980 7,500 5,390 72% 0.70% Beyond 2028 1 Industrial No N/A RDJ 5/2019
Transformer rating increased recognizing fans added.

(Shown because included in earlier years)

Laconia Black Brook 11W 1966 10,030 8,760 87% 0.50% Beyond 2028 2 Mixed Yes RDJ 5/2019
Peak occurred on 7/3/14 after an outage on the 310 line supplying the 
substation.  Laconia area study will address loading with Messer St S/S 

project and Weirs S/S.

Ossipee Center Ossipee 19W2 1966 5,210 4,510 87% 0.50% Beyond 2028 1 Residential No Residential RDJ 5/2019
Substation is a 2 transformer substation. Load on station significantly 

exceeds LTE of a single transformer (8.2MW vs 5.2MW). Preference is for 
significantly more capacity to back up 19W1 transformer. 

Northwood East Northwood 63W1 1969 5,990 5,190 87% 0.43% Beyond 2028 1 Residential No Residential RDJ 5/2019 Low cost solution to off-load on step transformers when needed. (RDJ)

Rochester Portland Street 34W3 1967 5,880 5,110 87% 0.49% Beyond 2028 1
Mostly residential, 

some small 
commercial

No N/A RDJ 5/2019
Rochester comprehensive area study. Conversion of 4 kV will alleviate 

loading. 

Loudon Loudon 31W2 1964 3,710 3,220 87% 0.56% Beyond 2028 1
Mostly residential, 

some small 
commercial

Yes RDJ 5/2019
Recent loads are below 85%

Will investigate when projected to exceed TFRAT within 10 years. 

Rochester Twombley Street 43H 1961 2,750 2,270 83% 0.49% N/A 1
Mostly residential, 

some small 
commercial

No
Replaced with 4kV 

conversion
RDJ 5/2019

Will be converted to 12kV as part of a comprehensive area project that 
retires Signal St and addresses loading on Portland St

Rollinsford Salmon Falls 51H1 1996 1,800 1,660 92% 0.44% Beyond 2028 1 Residential
Unknown 

(Residential
Residential RDJ 5/2019 Will investigate when projected to exceed TFRAT within 10 years. 

Nashua Long Hill 40W1 1966 5,250 4,560 87% 0.46% Beyond 2028 1
Mix of residential and 

commercial
Yes RDJ 5/2019 Will investigate when projected to exceed TFRAT within 10 years. 

Milford Milford 23H3 23H3 1951 1,704 1,460 86% 0.50% Beyond 2028 1 Residential
Unknown 

(Residential)
Residential RDJ 5/2019 Will investigate when projected to exceed TFRAT within 10 years. 

Revised 5/2019

Note: Annual Percent increases based on forecast for substation serving subject S/S, based from year 2018 regardless of year of peak. 

List all Transformers that have exceeded 85% of TFRAT in last 5 years (or are Projected to exceed 100% TFRAT within 5 Years)

2019 TD190 CLM Potential Distribution Projects
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Project #

Project Title
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2019
($1,000)

Cumulative
($1,000)

Description Justification

ELECT
OPS

All New Customer Customer Driven DN9R
DN9R - NEW/EXISTING 
CUSTOMERS - PSNH

8,000 8,000

ELECT
OPS

All New Customer Customer Driven DV9R SERVICES - PSNH 3,250 11,250

ELECT
OPS

All Basic Business Line Relocations/Act of Public Authority C03CTV CABLE TV PROJECTS ANNUAL 500 11,750

ELECT
OPS

E Basic Business Line Relocations/Act of Public Authority A18E23 Rochester Comcast Make Ready 536 12,286

ELECT
OPS

All Basic Business Line Relocations/Act of Public Authority C03DOT NHDOT PROJECT ANNUAL 1,850 14,136

ELECT
OPS

W 31 Basic Business Line Relocations/Act of Public Authority A18W22 Peterborough Roadway and Bridge 150 14,286

ELECT
OPS

All Basic Business 3rd Party/Joint Owner Work C03TEL TELEPHONE PROJECTS ANNUAL 200 14,486

ELECT
OPS

All Basic Business Environmental CO1PCB PCB Transformer Replacements 75 14,561

ELECT
OPS

All Basic Business 3rd Party/Joint Owner Work C01SPA01 Joint Pole 200 14,761

ELECT
OPS

All Basic Business Lighting DA9R NON-ROADWAY LIGHTING 400 15,161

ELECT
OPS

All Basic Business Line Relocations/Act of Public Authority DH9R LINE RELOCATIONS 1,000 16,161

ELECT
OPS

All Basic Business Emergent Equipment Failures - Line DQ9R DQ 9,500 25,661

ELECT
OPS

All Basic Business Emergent Equipment Failures - Line DS9RE ROW DQ 1,200 26,861

ELECT
OPS

All Basic Business Basic Business - Other GF9R GEN OFF FURN/EQUIP - ED 100 26,961

ELECT
OPS

All Basic Business Capital Tool Purchases GM9R Tools and Equipment- 1250 160 27,121

ELECT
OPS

All Basic Business Capital Tool Purchases GT9R
Tools and Equipment- 
Troubleshooters

560 27,681

ELECT
OPS

All Basic Business Capital Tool Purchases GX9R
TOOLS/EQUIPMENT 
CONSTRUCTION - E

1,100 28,781

ELECT
OPS

All Basic Business Lighting HPS9R HPS ADDS/CHNGS 120 28,901

ELECT
OPS

All Basic Business Insurance Claim/Keep Cost INSOH9R Claims OH, UG, DB 600 29,501

ELECT
OPS

All Basic Business Emergent Equipment Failures - Line MINOR9R
MINOR STORM WORK - VARIOUS 
AWC'S

130 29,631

ELECT
OPS

All Basic Business Emergent Equipment Failures - Line NHLC03 Line Contractors 300 29,931

ELECT
OPS

All Basic Business Emergent Equipment Failures - Line STORMCAP STORM CAPITALIZATION 600 30,531

Eng.
Annual

All Basic Business Pre-Cap Line Transformers DT7P Transformer and Regulators Annual 10,190   40,721

Eng.
Annual

All Basic Business Capital Tool Purchases GE9R Tools and Equipment 75 40,796

All Basic Business Grid Mod A19X28 Advanced Load Flow Software 500 41,296 Grid Mod group asking for $500k base budget item

All Basic Business Grid Mod A19X29 NH DMS Pilot Phase 2 500 41,796 Grid Mod group asking for $500k base budget item

ROW All Reliability Reliability - Distribution Line DL9R Distribution ROW  Annual 12/31/xx 5,000 46,796
S/S All Reliability Substation Reliability DS9RD Dist. S/S Annual - DM 12/31/xx 750 47,546

DIST
LINES

All Reliability Network Reliability A19X01 Replace degraded manholes 12/01/xx 200 47,746 Replace Manholes in poor condition.

DIST
LINES

All Reliability Distribution Line Reliability DR9R Reliability Improvements Annual 12/31/XX 2,000 49,746
Misc. jobs under $100k to improve reliability.  
Typically involves adding protective devices, replacing 
aged or poor performing equipment, etc.

DIST
LINES

All Reliability Distribution Line Reliability A07X45 Roadside Reject Pole Replacement 12/31/XX 2,500 52,246
Poles are inspected, if rotten with insufficient 
remaining strength, then replaced or reinforced.  

DIST
LINES

E 61 Reliability 4 kV Conversions A17E09 Rochester 4kV Conversion 12/31/20 793 53,039
Build tie between Twombley and Portland Street

DIST
LINES

E 63 Reliability 4 kV Conversions A17E01 Rye Area 4kV Conversion 12/31/20 800 53,839
Convert Rye area to 12 kV and eliminate Foyes 
Corner 4 kV

DIST
LINES

W 31 Reliability Distribution Line Reliability A18W17 Emerald St Distribution Line Work 12/1/19 500 54,339
Associated with Emerald St S/S project.

DIST
LINES

W 31 Reliability Distribution Line Reliability A19W03

Streetside 
Reconstruction/Hardening - Replace 
open wire with Spacer cable Route 
63 Hinsdale (Part 1)

12/1/19 1,000 55,339 3139X Main Line from Chestnut Hill S/S north

DIST
LINES

S 23 Reliability Distribution Line Reliability A19S04

Streetside 
Reconstruction/Hardening - 
Reconductor #6 copper at 19.9 kV 
Fordway Extension Derry

12/1/19 350 55,689
Reconductor #6 copper at 19.9 kV Fordway 
Extension Derry
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($1,000)

Cumulative
($1,000)

Description Justification

DIST
LINES

C 12 Reliability Distribution Line Reliability A19C05

Streetside 
Reconstruction/Hardening - 
Reconductor copper St Anselm 
Drive Manchester

12/1/19 210 55,899
Safety issue - will do south to URD development to 
eliminate step up transformer

DIST
LINES

S 21 Reliability Distribution Line Reliability A19S06

Streetside 
Reconstruction/Hardening - Replace 
#2 copper Route 13 Amherst and 
Mont Vernon

12/1/19 893 56,792
1.6 miles of #2 to be replaced with 477 spacer cable. 
Provides a more reliable feed into Mont Vernon

DIST
LINES

E 63 Reliability Distribution Line Reliability A19E07
Downtown Portsmouth UG System 
Improvement

12/31/XX 100 56,892
Continuing project to upgrade the underground 
system in downtown Portsmouth includes expansion 
of the system as the City is redeveloped

DIST
LINES

S Reliability Distribution Line Reliability A19S08
CAIDI Improvement - Relocate 
3168X Bridge St S/S

12/31/XX 517 57,409
Relocate section of 3168X from river crossing and 
railroad ROW to improve ability to repair. 

DIST
LINES

N 76 Reliability Distribution Line Reliability A19N09
CAIDI Improvement - Relocate 1W1 
Main Line onto Route 3

12/31/XX 260 57,669 Project to improve access/ability to repair.

DIST
LINES

W 31 Reliability Distribution Line Reliability A19W10
CAIDI Improvement - Relocate feed 
to Hinsdale Wastewater Treatment 
Plant

12/31/XX 250 57,919 Project to improve access/ability to repair.

DIST
LINES

W 31 Reliability Network Reliability A08W49
Replace Keene Downtown URD 
with Surface Mounted Equipment

12/1/19 800 58,719

This project will remove the underground 
transformers and switch gear in the Keene downtown 
underground.  Surface mounted equipment will be 
installed  to refeed customer.

This project is in progress.  Eversource has been working 
closely with the City of Keene with regard to permitting, 
equipment locating, and communication within the 
community.

DIST
LINES

E 61 Reliability Distribution Line Reliability A19E11 Circuit Ties - Wakefield 362 to 3157 12/31/XX 2,700 61,419

DIST
LINES

N 41 Reliability Distribution Line Reliability A19N12 Circuit Ties - Laconia 310 to 345 12/31/XX 4,100 65,519

DIST
LINES

All Reliability URD/DB Cable Improvements A18X01 Direct Buried Cable Replacement 12/31/XX 700 66,219
Replace poor performing direct buried cable with 
cable in conduit and replace livefront transformers. 2019: Maple Hill Acres in Derry , phase 2 of 3

ROW All Reliability Distribution Line Reliability A19X20 Replace Lattice Steel Towers 12/31/xx 250 66,469
Replace rusted steel towers with steel poles on 
various 34.5 KV lines in ROW.

Replace rusted steel towers with wood structures on 
various 34.5 KV lines in ROW.

ROW Reliability Distribution Line Reliability A18X28 ROW Hardening/Reconductoring 12/31/xx 1,510 67,979
Rebuild 317 (14 mi), reconductor 314 (2 mi), 3155 
(2.4 mi), 324 (1 mi), 334 (1 mi), 3614 (2.25 mi), 393 
(1 mi), 328 (3.5 mi)

Approx $650k/mi for rebuild with steel poles and spacer 
cable means $18M for listed projects

ROW S 21 Reliability Distribution Line Reliability A19S27
Relocate 314 Line around Heron 
Pond

12/1/19 600 68,579
Replace structures located in Heron Pond due to 
poor condition. 

ROW S 12 Reliability Distribution Line Reliability A17C26
328 Line - Reconductor 266 ACSR 
(Goffstown)

6/1/19 3,618 72,197
Will need $2500k funding in 2019  Reconductor 3.55 
miles of 266 ACSR with 477 ACSR from p.328/6 to 
p.328/55.

Reliability - line limitation with SCADA switching
Contingency: Weare 3271 including 3194

S/S W 31 Reliability Substation Reliability A14W01
Keene S/S - Rebuild 115-12.47 kV 
S/S with 30 MVA Transformer and 
associated switchgear.

6/1/20 8,221 80,418

* Rebuild Keene Substation equipment with two new 
30 MVA transformers and associated switchgear. 
* (The existing TB3 transformer (22.4 MVA) at Keene
will remain)

* Aging infrastructure
* The available fault current exceeds the interrupting rating
of two transformer breakers and the switchgear. 
* The majority of the equipment at Keene Substation is old
and obsolete.

S/S N 41 Reliability Substation Reliability A17N02 Messer St - Replace TB70 6/1/19 2,653 83,071
Replace TB70.  The 4.16 kV load has been 
converted and offloaded to 12.47 kV Replace 1969 5250kva TB70 with 10/12.5MVA

S/S N Reliability Substation Reliability A16N02
Second transformer at Lost Nation 
S/S

6/2/19 1,327 84,398

Add second transformer (replacing failed unit that 
was removed in 2003).  Replace existing circuit 
switcher, address P&C and other deficiencies. 

Sale of Jet and GSU that acts as ground source for loss of 
single transformer at Lost Nation requires addition of 
second transformer that failed and was removed in 2003. 

S/S S 21 Reliability Substation Reliability A17S03 Nashua - Millyard S/S Replacement 12/31/21 1,336 85,734

See Millyard Study 1953 vintage - condemned getaway poles.  One direct 
buried getaway cable has failed and had to be replaced.  
Getaway cables and CTs both limit loading to 400 amps 
which limits ability to utilize existing circuit ties. 

S/S E 61 Reliability Substation Reliability A17E05
Twombley S/S - Rebuild at 12.47 kV 
with 12.5 MVA 

6/1/20 1,500 87,234

Rebuild Twombly with 10/12.5 MVA, change tap on  
Portland St to 12kV , retire signal Street.  Convert the 
4.16 kV downtown to 12.47 kV to allow for load 
growth.  Create ties with other 12.47 kV circuits to 
allow for contingency operation.

The equipment at Portland St., Signal St., and Twombley 
St. Substations, not including TB341, is an average of 56 
years old.  The 61 year old transformer, 28H1 at Signal St., 
is the sister unit of failed transformers at Franklin and 
Community Street Substations.  Potential failure of the 
transformer at Signal St. Substation is the biggest concern.  
convert the downtown area to 12.47 kV and increase circuit 
ties with existing 12.47 kV circuits.  This solution allows for 
future growth while optimizing the capacity for contingency 
switching.

S/S N Reliability Obsolete Equipment A17N18 Laconia SS equipment replacement 06/01/19 1,531 88,765
Replaces OCBs and Cap switcher

S/S W Reliability Obsolete Equipment A17W19
North Road SS equipment 
replacement

06/01/19 384 89,149
Replace a circuit switcher. 

S/S C Reliability Obsolete Equipment A16C10
Jackman S/S Replace obsolete 
Equip

06/01/19 23 89,172
Carry-over from Jackman obsolescense project.
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S/S E 63 Reliability Substation Reliability A08N10
Portsmouth S/S - Add a second 115-
34.5 kV 44.8 MVA transformer

6/1/20 4,689 93,861

A second 115 – 34.5 kV, 44.8 MVA transformer will 
be added to Portsmouth Substation.  The existing 
substation has room for a second transformer.  The 
project will require an expansion of the 115kV bus at 
Portsmouth S/S.  This will occur as part of the F107 
project. The 34.5 kV bus work will include adding a 
SCADA controlled 34.5 kV bus tie breaker and a new 
line position.   The installation of two 5.4 MVAR 
capacitor banks (one on each bus) will be evaluated 
and installed as appropriate. 

* Equipment overload
* The Portsmouth substation transformer (TB156) is 
expected to operate at 96.6% of its TFRAT rating (112.9% 
nameplate) in 2019.
(Identified in the 10 year planning study.)

S/S E 63 Reliability Obsolete Equipment A17E20 Ocean Road OCB replacement 06/01/18 900 94,761

C Reliability Obsolete Equipment A18C02
Bedford SS PLC Automation 
Scheme Replacement - Funded 
from A16S01

6/1/19 989 95,750
See A16S01

S/S All Reliability Obsolete Equipment DS9RS Substation Annual - Substation 12/31/XX 1000 96,750

The Substation Engineering Annual supports capital 
projects up to $50,000 and typically include obsolete 
equipment replacements, wood structure 
replacements, regulator clearances

Prevent failure of aged and non-standard installations of 
equipment to impact system reliability. 

E Reliability Substation Reliability A18E04 Dover S/S Rebuild 12/31/20 1,863 98,613
Rebuild Dover S/S with two 62.5 MVA fully rated 
transformers, bus tie breaker, new control house. 

Asset condition of control house, does not meet SYSPLAN 
010 planning criteria.  

Reliability Substation Reliability A18X26
Purchase 14 MVA 34x46 to 12 kV 
Mobile Substation

5/31/18 1,500 100,113

S/S W 31 Reliability Substation Reliability A18W06
Monadnock SS - Replace 
Transformer TB40

3,500 103,613
Replace 20 MVA transformer at Monadnock with 44.8 
MVA unit.  2018 ENGINEERING 
Estimated $4M total

Substandard substation design, does not meet SYSPLAN 
010 planning criteria.

S/S All Reliability Obsolete Equipment A19X36
34.5 KV Substation OCB and 
Ancillary Equipment Replacement 
Program

12/1/XX 1,000 104,613
Program to replace oil circuit breakers in substations 
(97 remaining as of end of 2017).  

S/S S 23 Reliability Obsolete Equipment A16S01

 PLC Automation Scheme 
Replacement - 2018 funding moved 
to Pine Hill ($600) and Bedford 
($400)

12/31/xx 964 105,577

Replace two GE-Fanuc PLCs with SEL-Axion 
substation I/O, replacement of both SEL-2030s with 
SEL-3530 RTACs and replacement of the PC based 
HMI with SEL-2523 annunciator panels.  Also, install 
SEL-Axion substation I/O in each control/relay cabinet 
to replace all ESCC metering, status and control 
functions now performed by the protective relays.  
This new automation scheme will not rely on the 
protective relays for any ESCC metering data, digital 
data or control points.   

The original data maps were developed using specific SEL 
relay firmware which is now classified as legacy.  A failed 
relay must be sent back to the factory for repair because a 
new relay cannot be retrofit with the old firmware.  The old 
firmware is not IEC 61850 compliant.  The new design 
results in the ability to use up-to-date relays and firmware.

The data maps and parsing of data was developed by 
EPRO (now TRC).  Eversource employees are not familiar 
with this programming and depend upon one vendor (TRC) 
to make major modifications.

SCADA control of breakers is thru relays and a relay failure 
will cause loss of supervisory control.

Transformer alarms are passed thru the 387E numerical 
relays.  Maintenance or failure of this relay causes a loss of 
transformer SCADA alarms.

The PLC contacts are rated for 24 -110 VDC.  The station 
battery is rated at 125 VDC.  This has resulted in PLC 
contacts being welded together.

The HMI computer is using a Windows 95 operating 
system.

All Reliability Obsolete Equipment A18X08

Electromechanical Relay 
Replacement 
Feeder electromechanical, Xfmr 
overcurrent, ABB Diff Relays

12/31/2018 1,000 106,577

Program to address obsolete relays. 

S/S Reliability Obsolete Equipment UB0830 Capacitor Switch Replacements 12/31/XX 800 107,377
The program was established in 2008. It is now 
expected to continue through 2025. It supports 1-2 
replacements per budget year.

S/S Reliability Obsolete Equipment A17N22
Beebe River Capacitor Switch 
Replacements 

12/31/XX 661 108,038

S/S W 32 Reliability Substation Reliability A16W01 CVEC Substation upgrades 12/31/19 100 108,138 Generally ground grid and fence upgrades.

S/S C 11 Reliability Substation Reliability A16C08
Brook St S/S - 13TR1 Replacement
(Switchgear)

12/31/20 200 108,338

Replace the Westinghouse 13TR1 Switchgear with 
new 15kV metalclad switchgear.  The scope will also 
include upgrading the feeder protection on both 
13TR1 and 13TR2 line ups. 

S/S Reliability Substation Reliability A19E30 Retire Foyes Corner S/S 4kV 7/1/19 100 108,438 Per Rye Area Study
S/S Reliability Substation Reliability A17C04 Greggs S/S Removal 7/1/19 1,000 109,438 Retirement of Greggs S/S

S/S Reliability Substation Reliability A19X22
Substation Animal Protection 
Equipment Program

500 109,938
Individual program releases to be managed by 
Substation Engineering.  Each release/location will 
have its own project number.
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S/S
Distribution 
Automation

A19XDA Distribution Automation - Substation 12/31/xx 1,000 110,938 Add SCADA to non-bulk substations

Distribution 
Automation

A19TDA Distribution Automation - Telecom 12/31/xx 100 111,038
Install base station radios to provide coverage for 
Distribution Automation devices

DIST
LINES

Distribution 
Automation

A19DA Distribution Automation - Pole Top 12/31/xx 16,743 127,781

DIST
LINES

Distribution 
Automation

A19LS
Distribution Automation - Line 
Sensors

12/31/xx 180 127,961

DIST
LINES

W 31
Regulatory 

Commitments
Regulatory Commitments - Other A19S23 Miller State Park/Pack Monadnock 1,050 129,011

Rebuild/relocate line feeding the top of Pack 
Monadnock/Miller State Park

S/S C
Regulatory 

Commitments
Regulatory Commitments - Other A18C07

Amoskeag - Eddy S/S Control 
House

12/31/20 523 129,534
Project is the result of the generation divestiture.

S/S
Regulatory 

Commitments
Regulatory Commitments - Other A16X01 ESCC Control of Generation 12/31/19 51 129,585

Project is the result of the generation divestiture.

DIST
LINES

All
Regulatory 

Commitments
Regulatory Commitments - Other A19X24 NESC Capital Repairs 12/31/XX 100 129,685 Project to address NESC clearance violations. 

S/S All
Regulatory 

Commitments
Regulatory Commitments - Other 6DCIP NH Avigilon Intrusion Detection 12/31/17 109 129,794

Update security at 9 shared substations to meet 
NERC CIP Standards v5 by April 2017 

The purpose of the NERC CIP v5 set of requirements is to 
provide electronic and physical security to Bulk Electric 
System (BES) Cyber Assets that could impact the reliability 
of the BES if compromised.  

DIST
LINES

All All Peak Load Distribution Line Capacity DK9R Maintain Voltage - PSNH 12/1/xx 700 130,494 Annual to address voltage violations.

DIST
LINES

C 12 Peak Load Distribution Line Capacity A19C25
Reconductor Bedford Road, 360X7

12/31/19 300 130,794

Reconductor 2800 feet of single phase 1/0 ACSR with three 
phase spacer cable along Bedford Road to split load between 
phases

Main line load imbalance.  Parallel 500 kVA steps reached 
950 kVA in July 2018.

DIST
LINES

E 61 Peak Load Distribution Line Capacity A19E26
Convert Four Rod Road in 
Rochester 12/31/19 160 130,954

Install 1/0 34 kV spacer cable along Four Rod Road 
in Rochester and convert to 34 kV.

Step transformer reached 120% nameplate in summer of 
2018. Potental for tie along Sampson Rd to provide 
alternate source.

S/S W Peak Load Substation Capacity A17W06 River Road S/S 12/1/19 2,000 132,954
2-2.5 MW being added to Industrial Park by 2018.  
Need confirmation and area study. 

S/S E Peak Load Substation Capacity A18N05
Pemi S/S - Replace 20 MVA 
transformer with 62.5

12/1/19 3,271 136,225 Basecase overload of transformer.

136,225
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I. Introduction

This review was initiated to address transformer overloads identified in the 10 Year Study.  The existing 
system configuration, equipment limitations, system loading and area load growth rate are used to 
assess future system requirements.  The objective of this study is to develop recommendations that 
address the long term loading requirements and equipment obsolescence in the Webster Substation 
area. 

II. Study Background

The electric system is primarily 34.5 kV in the Webster Substation area, making it is necessary for this 
study to focus on a 34.5kV transformation solution.  This report summarizes the best solution for the 
electrical system need at Webster Substation, developed in the 10 Year Study.  Webster Substation has 
been identified in the past as an area with need for improvement.   

 
 

III. System Analysis

Area Problems & Limitations 
1. Natural Load Growth – A 1.5 % natural load growth is expected for the area fed by Webster

Substation.  
  The “TFRAT” is a rating, above the nameplate, that assumes no

additional loss of life, which is calculated based on its respective load curve.
2. New Large Customers – Two large customers are expected to come online within the next five

years, significantly increasing substation loading.  . is expected to add an
additional  of load within the next year to the 3548 line, fed from Webster Substation.
Also, the Northern Pass Converter Station is expected to add another 1 MW of station service
load to the 3548 line by 2019.

3. Geography – The existing Webster Substation is located in a desirable location to transform
power to the local distribution circuits.  
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Webster Substation Transmission Line Map 

Figure 3.3 – Aerial view of Webster Substation and associated transmission lines. 

[Map Containing Critical Infrastructure Information Deleted]
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Option 1: Rebuild the Existing Webster Substation with  
transformers 
Remove the three existing bulk transformers from Webster Substation and replace them with  

transformers.  Perform 34.5 kV bus work in order to facilitate the new transformer 
installation. 

Target 
- Addresses all obsolescence and loading issues at Webster Substation.

Positives 
- Requires minimal footprint.
- Immediately resolves all loading and obsolescence issues at Webster Substation.
- Has the least disturbance for abutters.
- Minimal line work would be required.

Negatives 
- Does not allow for the existing equipment to remain in service during construction.  A

mobile transformer would be necessary to facilitate construction.
- Does not allow any room for future expansion.
- Creates difficulty when trying to add future breaker positions or bus ties.

Conclusion 
- This is a feasible option that will solve the obsolescence and loading problems, but does not

allow for any expansion at the site.

Option 2: Construct a New Substation on the Existing Property and Replace the 
Bulk Transformers with  Transformers (Daniel Substation) 
A new substation will be constructed on the existing property, adjacent to the current Webster and 
NHEC Webster Substations.  The existing Webster Substation will be utilized as a transmission yard with 

 transformers.  A 34.5 kV bus and switching yard will be added at the 
new site, Daniel substation, and the old bulk substation transformers will be retired. 

Target 
- Addresses all obsolescence and loading issues at Webster Substation.

Positives 
- Utilizes existing property.
- Immediately resolves all loading and obsolescence issues at Webster Substation.
- Minimal line work would be required.
- Allows for construction with existing equipment remaining in service.
- Allows for future expansion at the existing Webster Substation and the newly constructed

substation.
Negatives 

- Requires construction around the NHEC Webster Substation.
- Costs slightly more up-front than the one transformer option. (Option 3)

Conclusion 
- This would be the ideal solution at a moderate cost due to the increased flexibility for both

substations located on the property.
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Option 3: Construct a New Substation on the Existing Property with  
Transformer Now and  Transformer Later (Daniel 

Substation) 
A new substation will be constructed on the existing property, adjacent to the current Webster and 
NHEC Webster Substations.  Initially,  

 
 

 

Target 
- Addresses all obsolescence and loading issues at Webster Substation.

Positives 
- Utilizes existing property.
- Immediately resolves all loading issues but not obsolescence issues at Webster Substation.
- Minimal line work would be required.
- Allows for construction with existing equipment remaining in service.
- Eventually allows for future expansion at the existing Webster Substation and allows for

expansion at the new substation.
Negatives 

- Does not resolve all obsolescence issues immediately.
- Requires construction around the NHEC Webster Substation.
- Costs significantly more to add  and construct 115 kV feeds.

Conclusion 
- This is a feasible option but will require significantly more money to construct 115 kV lines

and  in the future.

Option 4: Methods of Load Curtailment Including Battery Storage, Distributed 
Generation, or Conservation and Load Management 
Utilize conservation and load management, battery storage, and/or distributed generation to reduce the 
loading on Webster Substation and postpone capital spending. 

Target 
- Addresses only loading issues at Webster Substation.

Positives 
- Helps to postpone a capital investment and reduces the amount of spending needed in the

short term.
Negatives 

- Would not be a long term solution and would only delay spending.
- Does not resolve any obsolescence issues.
- Does not solve the overcrowded substation problem to allow for future construction.

Conclusion 
- This is not a feasible option since it only temporarily addresses loading issues.  Obsolescence

issues are not addressed and loading issues would need to be fixed eventually.
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Option 5: Construct a New 115 – 34.5 kV Substation at a New Location 
Find an entirely new location to build a new 115 – 34.5 kV substation and create the infrastructure to 
feed the existing 34.5 kV system. 

Target 
- Addresses all obsolescence and loading issues at Webster Substation.

Positives 
- Immediately resolves all loading and obsolescence issues at Webster Substation.
- Allows for construction with existing equipment remaining in service.
- Allows for future transmission expansion at the existing Webster Substation.

Negatives 
- Does not utilize existing property.
- Extensive line work would be required.
- Requires acquisition of new property, in a convenient location, to feed the 34.5 kV system.
- Would not be as operationally efficient as the Webster Substation property location.

Conclusion 
- This is a not a feasible option, since it requires the acquisition of new property, when there

is already property owned in a prime location to feed the 34.5 kV system.
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V. Recommendations

New Hampshire’s System Planning and Strategy has studied several options and has evaluated them 
based on feasibility, plausibility, reliability, cost, and system operational flexibility (See Section IV and 
Appendix B).  The Webster Substation area solution incorporates design standards and justifications 
from the Distribution System Engineering Manual, as well as Eversource policy ED-3002.  The resulting 
design will be reliable and allow for future growth as the economy recovers. 

Based on the information contained in this report, it is recommended that Eversource select Option 2: 
Construct a New Substation on the Existing Property and Replace the Bulk Transformers with  

Transformers (Daniel Substation) – $8,800,000.  Included with Option 2 is the following: 
1. Construct a new substation on the existing property, next to Webster Substation.
2. Install t  transformers in the existing Webster Substation.
3. Install a 34.5 kV bus and switching yard in a new substation (Daniel Substation) on the existing

property with five 34.5 kV breakers.
4. Allow for a fourth position in which to add a future 34.5 kV breaker.
5. Retire the existing bulk transformers at Webster Substation )
6. Provide two 34.5 kV feeds from the existing Webster Substation to the 34.5 kV bus at Daniel

Substation.
7. Utilize the third empty breaker position at Webster Substation for a mobile substation

connection.

Docket No. DE 19-XXX 
August 23, 2019 

Attachment I 
Page 15 of 20

REDACTED

000067



Appendix A: Distribution Estimates for Projects 

Option 1: Rebuild the Existing Webster Substation with  transformers 
$8,500,000 
Estimate includes: 

• Site development and new foundations.

• Installation of  transformers and two line breakers with a position
to add a third.

• Protection and Control upgrades at the existing station.
 
Option 2: Construct a New Substation on the Existing Property and Replace the Bulk Transformers 
with  Transformers (Daniel Substation) 
$8 800,000 
Estimate Includes: 

• Site development and new foundations.

• Installation of  transformers.

• 34.5 kV lines from the bulk transformers at Webster Substation to the 34.5 kV switching yard at
Daniel Substation.

• Installation of five breakers at Daniel Substation (three feeder breakers) with a position to add a
sixth.

• Retirement of the existing, three bulk substation transformers.

Option 3: Construct a New Substation on the Existing Property with  
and  (Daniel Substation) 
$13,400,000 
Estimate includes: 

• Site development and new foundations.

• Construction of an open-air 115 – 34.5 kV substation in two stages.  

• Transmission line work to feed across the property from Webster Substation to the new
transformers at Daniel Substation.

• Retirement of transformer .

Option 4: Methods of Load Curtailment Including Battery Storage, Distributed Generation, or 
Conservation and Load Management 
Not a feasible solution. 

Option 5: Construct a New 115 – 34.5 kV Substation at a New Location 
Not a feasible solution. 

-
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Appendix B: Decision Matrix for Proposed Work 

Weight 

RATING 
4-5 Superior, 2-3 = Adequate, 0-1 = Inferior

Option 1: 
Existing Site w/ 
2 Transformers 

Option 2: 
New Site @ 

Webster w/ 2 
Transformers 

Option 3: 
New Site @ 

Webster w/ 1 
Transformer 

Later 

Addresses ED-3002 Design 
Criteria 

8 3 3 3 

Addresses Area Load 
Growth (Long Term, 10 
Years) 

8 3 5 5 

Improves Reliability: SAIDI 8 4 4 3 

Net Present Value (2015) 7 4 4 3 

Environmental Impact 5 3 3 3 

Contingency Solution 5 2 3 3 

Power Quality 
Improvement (SARFI-70) 

4 3 3 3 

Operating Cost 3 2 3 3 

System Loss Savings 3 3 3 3 

Total 160 184 169 
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Appendix C: Substation One Lines 
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Appendix D: Property Information 

Figure D.1 – 10.9 Acres of land at Webster Substation, not including the NHEC land positioned in the center. 
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Appendix E: Webster Area One Line 
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Accounting Policy Statement No. 2 
Operations Project Authorization

Policy Sponsor: EVP & CFO Page 2 of 9 7/7/15

Project Costs Summary

($000)
Prior 

Authorized*
Prior 

Spend*
2016 2017+ Totals

Supplemental 
Authorization*

Capital Additions - Direct $472 $345 $3,639 $6,531 $10,515 $10,043
Customer Contribution $0 $0 $0 $0 $0 $0
Removals net of Salvage $0 $0 $63 $101 $164 $164 
Total - Direct Spending $472 $345 $3,702 $6,632 $10,679 $10,207
Capital Additions - Indirect $21 $23 $673 $1,298 $1,994 $1,973
Subtotal Request $493 $368 $4,375 $7,930 $12,673 $12,180
AFUDC $0 $2 $18 $93 $113 $113

Total Request $493 $370 $4,393 $8,023 $12,786 $12,293

Initial authorization was for conceptual design and purchase of two abutting properties that were 
required to support permitting and construction. Supplemental funding is needed to cover the 
construction portion of the project.

Summary Project Description

Webster Substation is one of five 115-34.5kV interconnected Eversource substations in the Lakes 
Region feeding distribution load.  The projected load growth of 1.25% in the Lakes Region area in 
addition to specific load additions, such as the addition of manufacturing facilities by  

 (3.5MVA) and the proposed station service for the Northern Pass DC-AC 
converter station, drive the need for more substation capacity.  

The existing Webster Substation is a 115 -34.5 kV three transformer substation.  The three 115-
34.5 kV transformers are:

Transformer Rating (MVA) Impedance (%) Age (yrs) TB Bkr Age (yrs)
TB37 9.0 64 64
TB96 9.1 60 64
TB54 8.9 61 40

The existing three transformers normally operate in parallel.  Because TB54 has the lowest 
impedance, it is the limiting factor in peak loading of the substation which reaches  

.  There are also three transformer OCBs, one line OCB and electromechanical relays which 
have targeted programs for replacement.  The four 34.5kV OCB’s are ranked number 13, 17, 18, 
and 115 (3216, TB37, TB96, and TB54 respectively) out of the 127 OCB’s remaining on the list to 
be removed.  Additionally, a temporary high speed transformer differential protection system has 
been installed with the expectation that this project will be constructed and electromechanical 
relaying will be updated. Additional issues include three troublesome transformer differential
relays where one was replaced in a temporary manner and the permanent replacement of all 
three was postponed to be completed with this project. The existing configuration also presents a 
contingency which results in the loss of two of the three transformers resulting in the remaining 
transformer becoming significantly overloaded.  System Operations has raised this concern 
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Accounting Policy Statement No. 2 
Operations Project Authorization

Policy Sponsor: EVP & CFO Page 4 of 9 7/7/15

Overall Justification

Increase capacity and reliability (including a NH Electric Co-op substation) for the Lakes 
Region of NH.
The existing transformers have reached their capacity and are approximately 60 years 
old.
The existing 34.5kV bus and associated equipment is undersized and needs to be 
upgraded. 
The old oil circuit breakers are part of a targeted program for replacement and will be 
removed.  The new breakers will be vacuum breakers.
The old electro-mechanical relays are a part of a targeted program for replacement and
will be upgraded to numerical relays. Temporary repairs to troublesome relay equipment 
are installed in the aisle of the existing control house.  This project will remove these and 
make permanent replacements. 

Project Scope

At Webster Substation:
Remove  transformers 
Remove  transformer 
Remove five (5) 34.5kV oil circuit breakers
Remove the 34.5kV strain bus
Remove electro-mechanical relays and asbestos panel-board
Install  and VCBs
Install numerical relays for two transformers
Install numerical relays for two breakers

At Daniel Substation:
Install two (2) 34.5kV transformer VCB breakers
Install three (3) 34.5kV line VCB breakers
Install two (2) 34.5kV capacitor banks
Install one (1) 34.5kV bus tie breaker
Install two (2) 34.5kV bus sections
Install one (1) control house
Install numerical relays for Daniel S/S equipment and lines

Project Objectives

Increase capacity and reliability for the Lakes Region of NH. 
The existing transformers have reached their top ratings and are approximately 60 years 
old.
The 34.5kV bus and associated equipment is undersized and needs to be upgraded.
The oil circuit breakers are part of a targeted program for replacement and will be 
removed.  The new breakers will be vacuum breakers.
The electro-mechanical relays are a part of a targeted program for replacement and will
be upgraded to numerical relays.
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Accounting Policy Statement No. 2 
Operations Project Authorization

Policy Sponsor: EVP & CFO Page 5 of 9 7/7/15

Business Process and / or Technical Improvements:

New Hampshire’s System Planning and Strategy studied several alternatives and evaluated them 
based on feasibility, plausibility, reliability, cost, and system operational flexibility.  The 
construction proposed incorporates design standards and justifications from the Distribution 
System Engineering Manual, as well as Eversource policy ED-3002.  The resulting design will be 
reliable and allow for future growth.

The following matrix compares the Chosen Alternative to Alternatives 1 and 2 below and 
indicates that it has the highest rating. Alternative 3, while considered in the Alternatives below is 
determined to not be feasible for addressing all issues and therefore is not included in the matrix.

Rating Factor Weight

RATING
4-5 Superior, 2-3 = Adequate, 0-1 = Inferior

Chosen 
Alternative
New Site @

Webster w/ 2 
Transformers

Alternative 1:
Existing Site w/ 2 

Transformers

Alternative 2:
New Site @ 

Webster w/ 1 
Transformer 

Later
Addresses ED-3002 
Design Criteria

8 3 3 3

Addresses Area Load 
Growth (Long Term, 10 
Years)

8 5 3 5

Improves Reliability: SAIDI 8 4 4 3
Net Present Value (2015) 7 4 4 3
Environmental Impact 5 3 3 3
Contingency Solution 5 3 2 3
Power Quality 
Improvement (SARFI-70)

4 3 3 3

Operating Cost 3 3 2 3
System Loss Savings 3 3 3 3
Final Score 184 160 169

The Final Score is the Sum of the Weight X Rating for all Rating Factors
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Accounting Policy Statement No. 2 
Operations Project Authorization

Policy Sponsor: EVP & CFO Page 6 of 9 7/7/15

Alternatives Considered (Details)

Alternative 1: Rebuild the Existing Webster Substation with  transformers
Remove the three existing bulk transformers from Webster Substation and replace them with  

 transformers.  Upgrade the 34.5 kV bus work in order to facilitate the 
new transformer installation and change out the OCB’s in place.  Replace electromechanical 
relays in existing control house.

Target
- Addresses obsolescence and loading issues at Webster Substation.
Positives
- Built within existing substation footprint.
- Immediately resolves all loading and obsolescence issues at Webster Substation.
- Has the least disturbance for abutters.
- Minimal line work would be required.
Negatives
- Does not allow for the existing equipment to remain in service during construction.  A mobile

transformer would be necessary to facilitate construction and a complex cutover sequence
would be required.

- Does not address the lack of substation capacitors and lack of mobile hook up
- Does not allow any room for future expansion.
- Creates difficulty when trying to add future breaker positions or bus ties.
- Existing control house is crowded and would require complex sequence of removals to

accommodate new installations
Conclusion
- This is a feasible option that will solve the obsolescence and loading problems but does not

allow for any expansion at the site, does not install substation capacitors or create a mobile
hook up.

Alternative 2: Construct a New Substation on the Existing Property with  
Transformer Now and  Transformer Later (Daniel Substation)
A new substation will be constructed on the existing property, adjacent to the current Webster 
and NHEC Webster Substations.  Initially,  transformer will be 
added at the new site and TB54 will be retired.  Eventually,  

 

Target
- Addresses loading issues at Webster Substation.
Positives
- Utilizes existing property.
- Immediately resolves all loading issues but not obsolescence issues at Webster Substation.
- Minimal line work would be required.
- Allows for construction with existing equipment remaining in service.
- Eventually allows for future expansion at the existing Webster Substation and allows for

expansion at the new substation.
Negatives
- Does not resolve all obsolescence issues immediately.
- Requires construction around the NHEC Webster Substation.
- Costs significantly more to add a second transformer later and construct 115 kV feeds.
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Accounting Policy Statement No. 2 
Operations Project Authorization

Policy Sponsor: EVP & CFO Page 9 of 9 7/7/15

Regulatory Approvals

Permits as required by the City of Franklin and the State of New Hampshire.
Site Plan Approval
Dredge and Fill Permit (TBD)
Alteration of Terrain Permit (TBD)
EPA NOI

Risks and Risk Mitigation Plans

The loading during construction may require the use of the mobile substation.
Internal and external resource availability for engineering.

o Significant effort is being exerted to balance engineering and review work
between internal resources and external resources.

Lack of sufficient, qualified, local construction labor results in the need to import labor 
which potentially increases costs or lengthen the schedule which will result in project 
delays.

o Develop overall strategy for construction allocation.

Outage cancelled due to unplanned events on the system resulting in schedule delay and 
potential labor cost to remobilize.

o Establish and manage outages using proven coordination teams; 1) Construction
Management  2) Coordination Meetings  3) Outage Planning Meeting
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 APS 1 - Project Authorization Policy
Supplement Request Form

Page 2 of 6 Issued 10/27/17
Rev. 5

Justification for Additional Resources

Escalated Indirects/AFUDC – $3,093,199
The original estimate carried 12% as the aggregate for indirects.  Throughout the project, the 

indirects averaged approximately 42%.

Civil and electrical scope changes – $1,487,891
After all contracts were in place and the engineering was in progress, several changes to the 

scope were implemented which include the following:

o The addition of two low-side breakers (This was needed to sectionalize faults on
the express lines.)

o Webster S/S fence upgrades (This was needed to bring the fence up to the current
standards.)

o Pull-Off structure and foundation changes (The engineering information on these
structures was incorrect on the original scope used for bidding.)

o Daniel Substation grounding changes (The engineering information on the
grounding was incorrect on the original scope used for bidding.)

o The use of a load bank for testing to reduce customer risk
o Additional conduits (The drawings used to bid out the EPC work showed conduits

in areas where direct buried cable was.  It was necessary to install conduits to
protect the cabling in this area.)

o Heating blankets for winter conditions
o Outage delays due to the March storm
o The addition of a Human Machine Interface at both substations

Distribution line work budget increase - $1,114,828
The line engineering, procurement and construction costs for this project were significantly 

higher than originally estimated.  The engineering for the distribution line work was contracted out 
to TRC.  Eversource was responsible for the procurement of materials.  The construction was 
competitively bid to four line contractors.  I.C. Reed was the lowest price bid and was recommended 
by Eversource Purchasing.  The original estimate assumed an open wire design with wood poles. 
During the engineering review process Eversource Engineering Management decided there was a 
need for covered wire, caissons and steel poles for this application to avoid outages and maintain 
system reliability.  This work also included the line work and setup associated with the installation 
of the mobile substation which was not in the original scope. 

P&C scope changes – $604,539

As part of engineering process, Burns & McDonnell visited the Webster substation to review 
the site drawings and compare them with the existing conditions in the substation.  Based on the 
comparison, Eversource Engineering determined that the site drawings would need to be as-built 
prior to commencement of the engineering efforts.  Also, as a result of the inaccurate drawings in 
the field, there were several P&C upgrades needed that were not included in the original scope. 
These upgrades were needed for compatibility of old and new equipment.

Docket No. DE 19-XXX 
August 23, 2019 

Attachment K 
Page 2 of 6

000084



 APS 1 - Project Authorization Policy
Supplement Request Form

Page 3 of 6 Issued 10/27/17
Rev. 5

After all contracts were in place and the engineering was in progress, several changes to the 
scope were implemented which include the following:

o Update inaccurate / obsolete record drawings
o Breaker F139 rewiring
o Upgrade and replace sync switches
o Upgrade and revise 115 and 34.5kV sync switches
o Upgrade and replace all obsolete annunciators
o Addition of a DC panel
o Upgrade breaker failure scheme
o Relocate temperature monitor
o Addition of Eastman Falls transfer trip
o Add transformer paralleling scheme
o Add D20 board
o Add Alber battery monitor

Property purchases - $318,300
Originally it was thought that the new substation could be constructed on the existing site, 

however, Eversource Engineering later determined that it would be in Eversource’s best interest 
to purchase the two abutting properties to allow for optimal layout of the Daniel substation.  This 
was decided after the estimate was completed and full funding was approved.

Extensive screening as required by the City of Franklin – $208,948
As a condition of the Planning Board approval, the City required not only screening for the 
substation but also abutting properties which resulted in much higher cost than anticipated.

Webster Control House Asbestos Ceiling Tile Removal – $29,081
As part of the original scope, it was known that the contractor would need access above the ceiling 
tiles for cable tray mounting and wiring.  There were no asbestos labels on these tiles but it was 
decided, for safety reasons, to test the ceiling tiles for asbestos and the results found them to
contain asbestos.  The ceiling tile removal was contracted out prior to the construction start.
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Page 5 of 6 Issued 10/27/17
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Lessons Learned

The most notable lessons learned include:

The scope document that was provided with the original estimate was conceptual.  Several 
changes to the scope were made as a result of site visits with Burns & McDonnell when comparing the 
Webster drawings to the existing conditions.

An internal site visit by Engineering was not conducted prior to creating the scope document.  
Had this been done, the scope document and cost estimate would have been more comprehensive and 
complete.  It would have also identified the drawings issues prior to the EPC bid being submitted and may 
have avoided the revised P&C scope. A constructability review and walkdown, which will include as-built 
drawing review will be done on all future projects prior to seeking full authorization and awarding 
contracts. Project Managers must use the Substation Constructability Walk Down Checklist on all major 
projects moving forward.

Following the constructability review and walkdown, the scope document will be reviewed to 
ensure all necessary items are captured to complete the necessary work for the intended scope.

All major projects that are being run by the Major Projects Group, should have cost sheets that 
will be discussed in the NH Projects Meetings.  This will alert the Eversource Project Manager when a 
project is in need of a supplemental request before the project has gone over budget.

A lessons learned document is being distributed to the Project Management and Engineering 
groups which will address controls to be instituted for scope development, estimating, project controls, 
field conditions and substation engineering oversight & design approvals.  A Lessons Learned meeting 
will follow the completion of the documentation and will require approval from the project team, Project 
Controls, Engineering and the Estimating groups.  This meeting will be held on August 20, 2018 to allow 
sufficient time for corrective actions and future process improvement development.  The approval process 
will be complete on September 30, 2018.
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Appendix C Circuit and Substation Loading Characteristics 

K:\Deptclata\Energy Delivery\System Plan&Strategy\Comprehensive Studies\Keene Area Study\Report\Study Circuit Loadings xlsx 

K:\Deptclata\Energy Delivery\Distribution Asset Management\System Loading Data\ Western Central\Loadings . Keene Monadnock\SS Loading- Keene xls 
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Appendix E Keene Substation One-Line Diagram 
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Appendix J Project Benefit Comparison 

K:\Deptclata\Energy Delivery\System Plan&Strategy\Comprehensive Studies\Keene Area Study\Report\MATRIX FORl\,I Keene Area Study xis 

Keene Area Study - Matrix for Option Comparison 
Project: Rating 

4-5 = Superior, 2 -3 = Adequate, 0-1 = Inferior 
Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 

Construct New 115-12.47 kV Construct a 115- Construct a 115- Construct a 115-
Reconstruct 115- 12.47 kV North 

Substations in Keene Area with 12.47 kV Keene 12.47 kV North 12.47 kV South Keene SIS with,.. 

2015. 
--

in 

iii' 
Keene SIS with Keene SIS with 

Expand at 34.SkV @Ice Construct a 115-
Install Distributed 

to alleviate SIS 4!'ce Generation 

Remove obsolete equipment in transformer rep acing e e 12.47 kV South (20MW 
Weighting overloads obsolete equipment at equipment at Keene SIS with r Combustion 

Existing Keene Substation. equipment at Turbine) 
existing Keene existing Keene existing Keene Hemove obso,K SIS withll SIS with SIS. - equipment at existing 

Keene SIS. 

Cost $26.2M $33.7M $33.2M $39.2M -$4SM 

Addresses Area Load Growth (Long 8 1 3 5 5 5 1 Term) 

Improves Reliability: SAIDI 8 1 2 3 3 4 1 

Net Present Value (2012) (AppendiX A) 7 2 5 4 4 3 2 

Feasibility of In-Service Date (ISO) 6 2 2 4 3 3 4 

Environmental Impact 5 3 1 2 2 3 1 

Contingency Solution 5 1 2 3 3 4 3 

Power Quality Improvement (SARFI -70) 4 2 3 3 3 3 2 

Operating Cost 3 2 3 3 3 3 2 

4% - 2% 6% 
System Loss Savings (Appendix B) 3 1 1 3 2 4 4 

adds 36.8 kw 205.3 kw 94.9 kw 345.9 kw 

Total 79 126 171 162 179 100 
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Technical Authorization Form 
TAF # NH-160001-TDS Rev. 0 

Date Prepared: November 18, 2016 Project Title:  Emerald Street SS Rebuild 
Company/ies:  Eversource, NH Project ID Number:  A14W01 (D) & T1347A (T) 
Organization:  NH Operations Class(es) of Plant:  Distribution & Transmission 
Project Initiator:  PE Project Category:  Substation 
Project Owner/Manager:  Thelma Brown Project Type:  Specific 
Project Sponsor: James Eilenberger Project Purpose:  part of regulatory tracked program?  No 
Estimated in service date:  December 1, 2018 If Transmission Project:  Non-PTF 
Authorization Type:  Conceptual Engineering Authorization Amount:  $1,000,000 for Engineering 

Project Need Statement (Description of Issue) 

In 2012 an area study was performed to determine how to best address the area loading and retirement of 
equipment at the Emerald Street SS.  The study recommended two substation projects to replace the 
existing equipment currently concentrated at the Emerald Street SS in Keene:  1) a new 115-12.47kV 
substation in the north section of Keene; and 2) a new/rebuilt 115-12.47kV substation on Emerald Street, 
at the site of the existing substation.  This approach places sources closer to the load, addresses aging 
and overduty equipment, and provides two separate electrical sources to the area. 

In November 2016 the North Keene SS was put in-service.  This TAF is for the second phase of the 2012 
solution, a project which will replace and/or rebuild the existing Emerald Street SS in Keene. 

Project Objectives 
1. Retire aging infrastructure.
Much of the equipment at Emerald Street substation is more than 50 years old.  There are five 115-
12.47kV transformers feeding the 15kV switchgear which was installed around 1949.

The testing and maintenance on the transformers has identified that the 47 year old TB-12 is in the worst 
shape of the transformers with degraded oil and it is recommended that the transformer be reconditioned 
or replaced.  Three of the transformers are more than 50 years old. 

Besides the age and condition of the 67 year old switchgear, there is a concern about the fault duty of the 
equipment.  Operating in the normal , the bus 1 and bus 2 switchgear breakers are at 85.40% to 98.62% of 
their interrupting rating.  Because of the fault duty the bus tie breaker must remain open in the switchgear 
which limits loading on one bus for the failure of a single transformer. 

2. Flood Mitigation
The Ashuelot River is near Emerald Street SS and has been identified as a flood threat.  When there has
been flooding in the Keene area the river level has come up to the south west corner of the substation but
not actually flooded the yard.  The 500 year flood plain does penetrate the south west   corner of the
substation.  The plan to rebuild the substation will include grading and retaining walls to prevent potential
flooding.

3. 115kV Bus Differential Protection
This project will include adding a 2nd 115kV bus differential protection to Emerald Street SS.  Emerald
Street Substation is classified as a NERC Bulk Electric System (BES) element and is subject to the
maintenance and testing requirements outlined in NERC Standard PRC-005-2.  This testing includes the
trip testing of the 115kV bus differential protection scheme.  The existing system lacks redundancy to
permit the triup testing without de-energizing the distribution load served by this substation.  .  The new
construction includes adding the equipment and protection to eliminate this exposure to customers.  This
2nd 115kV bus differential scheme installation was defined and approved in 2013 in accordance with the
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ATTACHMENT A -  KEENE AREA CIRCUITS 
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transformers will become system spares and be available for replacement of a failed unit.  There are 
currently 7 of these units in-service including the 5 at Emerald Street SS.  In the event it is decided to 
cancel the order within 20 weeks of placing it, the risk is a partial cost of the transformers.  Below is a 
typical cancellation schedule for a recent transformer purchase. 

Cancellation Schedule 
The Purchaser may cancel order only upon written notice and upon payment to the Seller of reasonable and proper 
cancellation charges.  These charges will be based on the following schedule unless separate written agreement is 
made with Seller: 
Time frame is from PO date or letter of Intent date. 

0 to 10 weeks 20% of the transformer Selling price 
>10 to 20 weeks 80% of the transformer Selling price 
>20 to 30 weeks 100% of the transformer Selling price 

The risk in procuring the switchgear if the project does not go forward is substantial.  There may be 
cancellation policies that can be negotiated but it is recognized that the approval to procure the switchgear 
should indicate a preference for the project to go forward, although it could be delayed due to funding in 
2018 which would push the in-service date out.  A $250,000 deposit payment on the switchgear is due in 
2017.

Project Costs Summary 
Note:  Dollar values are in thousands 
Distribution Project A14W01 

Transmission Project T1347A 

Prior 
Authorized 2017 2018 2020+ Totals

Capital Additions - Direct 860$           250$         4,050$      -$          5,160$      
Less Customer Contribution - - - - - 
Removals net of Salvage ____% - - - - - 
Total - Direct Spending 860$           250$         4,050$      -$          5,160$      
Capital Additions - Indirect 130 - - - 130           
Subtotal Request 990$           250$         4,050$      -$          5,290$      
AFUDC 10 - - - 10 
Total Capital Request 1,000$        250$         4,050$      -$          5,300$      
O&M - - - - - 
Total Request 1,000$        250$         4,050$      -$          5,300$      

Prior 
Authorized 2017 2018 2020+ Totals

Capital Additions - Direct 45$  -$          -$          -$          45$           
Less Customer Contribution - - - - - 
Removals net of Salvage ____% - - - - - 
Total - Direct Spending 45$  -$          -$          -$          45$           
Capital Additions - Indirect 5 - - - 5 
Subtotal Request 50$  -$          -$          -$          50$           
AFUDC - - - - - 
Total Capital Request 50$  -$          -$          -$          50$           
O&M - - - - - 
Total Request 50$  -$          -$          -$          50$           
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Financial Evaluation

Provide the following financial information (attach additional detail if summarized items are significant or 
additional information is needed).  Note:  Dollar values are in thousands 
Distribution Project A14W01 

Direct Capital Costs Year 1 Year 2 Year 3+ Total 
Straight Time Labor 60 60 

Overtime Labor 

Outside Services 800 800 

Materials 250 4,050 4,300 

Other, including contingency amounts (describe) 
   Total 1,110 4,050 5,160 

Indirect Capital Costs Year 1 Year 2 Year 3+ Total 
Indirects/Overheads (including benefits) 130 130 

Capitalized interest or AFUDC, if any 10 10 

   Total 140 140 

Total Capital Costs 1,250 4,050 5,300 

Less Total Customer Contribution 

Total Capital Project Costs 1,250 4,050 5,300 

Total O&M Project Costs 
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Transmission Project T1347A 

Direct Capital Costs Year 1 Year 2 Year 3+ Total 
Straight Time Labor 5 5 

Overtime Labor 

Outside Services 40 40 

Materials 

Other, including contingency amounts (describe) 
   Total 45 45 

Indirect Capital Costs Year 1 Year 2 Year 3+ Total 
Indirects/Overheads (including benefits) 4 4 

Capitalized interest or AFUDC, if any 1 1 

   Total 5 5 

Total Capital Costs 50 50 

Less Total Customer Contribution 

Total Capital Project Costs 50 50 

Total O&M Project Costs 

Note: Explain unique payment provisions, if applicable

Future Financial Impacts: 
Provide below the estimated future costs that will result from the project: 
Note:  Dollar values are in thousands: 

Future Costs Year 2017 Year 2018 Year20__ Year 20__+
Total Future 

Project Costs
Capital 1,000$         9,000$         -$             -$  10,000$  
O&M - - - - - 
Other - - - - - 

TOTAL 1,000$         9,000$         -$             -$  10,000$  
Total distribution cost of the project is estimated to be $10,000,000.  This is proposed for 2018 
construction. 

What functional area(s) will these future costs be funded in?___NH Operations___ 
A representative from the respective functional area is required to be included as a project approver. 

If this is other than a Reliability Project, please complete the section below; 

Provide below the estimated financial benefits that will result from the project: 
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Note:  Dollar values are in thousands: 

Future Benefits Year 20__ Year 20__ Year20__ Year 20__+
Total Future 

Project Benefits
Capital -$             -$  -$  -$  -$  
O&M - - - - - 
Other - - - - - 

TOTAL -$             -$  -$  -$  -$  
Describe the estimated future Capital, O&M and/or Other benefits noted above: 

This project is to replace aging equipment and address operational concerns with the existing substation. 

What functional area(s) will these benefits be reflected in?_____NH Operations_____________ 

A representative from the respective functional area is required to be included as a project approver.

Asset Retirement Obligation (ARO) and/ or Environmental Cleanup Costs 
(Environmental Liabilities): 

An ARO is a current legal obligation to remove or retire property, plant or equipment at some point in the 
future.  Please refer to APS8 or contact Plant Accounting for further detail. 

Is there an ARO associated with this project?  If yes, please provide details:  No 

Are there other environmental cleanup costs associated with this project?  If yes, please provide details.  

This project is located at a former MPG site and handling of the subsurface materials during construction 
will need to be monitored.  Formal cleanup of the site is complete but this needs to be considered for 
construction. 
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Technical Authorization Form 
TAF # NH-160001-TDS Rev. 0 

Date Prepared: November 18, 2016 Project Title:  Emerald Street SS Rebuild 
Company/ies:  Eversource, NH Project ID Number:  A14W01 (D) & T1347A (T) 
Organization:  NH Operations Class(es) of Plant:  Distribution & Transmission 
Project Initiator:   PE Project Category:  Substation 
Project Owner/Manager:  Thelma Brown Project Type:  Specific 
Project Sponsor: James Eilenberger Project Purpose:  part of regulatory tracked program?  No 
Estimated in service date:  December 31, 2018 If Transmission Project:  Non-PTF 
Authorization Type:  Conceptual Engineering Authorization Amount:  $1,000,000 for Engineering 

Project Need Statement (Description of Issue) 

In 2012 an area study was performed to determine how to best address the area loading and retirement of 
equipment at the Emerald Street SS.  The study recommended two substation projects to replace the 
existing equipment currently concentrated at the Emerald Street SS in Keene:  1) a new 115-12.47kV 
substation in the north section of Keene; and 2) a new/rebuilt 115-12.47kV substation on Emerald Street, 
at the site of the existing substation.  This approach places sources closer to the load, addresses aging 
and overduty equipment, and provides two separate electrical sources to the area. 

In November 2016 the North Keene SS was put in-service.  This TAF is for the second phase of the 2012 
solution, a project which will replace and/or rebuild the existing Emerald Street SS in Keene. 

Project Objectives 
1. Retire aging infrastructure.
Much of the equipment at Emerald Street substation is more than 50 years old.  There are five 115-
12.47kV transformers feeding the 15kV switchgear which was installed around 1949.

The testing and maintenance on the transformers has identified that the 47 year old TB-12 is in the worst 
shape of the transformers with degraded oil and it is recommended that the transformer be reconditioned 
or replaced.  Three of the transformers are more than 50 years old. 

Besides the age and condition of the 67 year old switchgear, there is a concern about the fault duty of the 
equipment.  Operating in the normal , the bus 1 and bus 2 switchgear breakers are at 85.40% to 98.62% of 
their interrupting rating.  Because of the fault duty the bus tie breaker must remain open in the switchgear 
which limits loading on one bus for the failure of a single transformer. 

2. Flood Mitigation
The Ashuelot River is near Emerald Street SS and has been identified as a flood threat.  When there has
been flooding in the Keene area the river level has come up to the south west corner of the substation but
not actually flooded the yard.  The 500 year flood plain does penetrate the south west   corner of the
substation.  The plan to rebuild the substation will include grading and retaining walls to prevent potential
flooding.

3. 115kV Bus Differential Protection
This project will include adding a 2nd 115kV bus differential protection to Emerald Street SS.  Emerald
Street Substation is classified as a NERC Bulk Electric System (BES) element and is subject to the
maintenance and testing requirements outlined in NERC Standard PRC-005-2.  This testing includes the
trip testing of the 115kV bus differential protection scheme.  The existing system lacks redundancy to
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limit the flexibility to use bus ties.  Closing a bus tie breaker to put three or more transformers on the 
combined bus puts seven of eight feeder breakers well above their interrupting ability.  This is a potential 
safety risk and limits the loadability and reliability of the substation.  Additionally, there are many 
advantages to upgrading the relay protection as part of the project.  In most cases, the existing relaying is 
as old as the switchgear being replaced, is inflexible as to settings, and gives no remote (or local) access 
to fault information for event investigation. 

This project will include adding a 2nd 115kV bus differential protection to Emerald Street SS.  This 2nd 
115kV bus differential scheme installation was defined and approved in 2013 in accordance with the 
NERC Standard PRC-005-2 relay test requiremens for BES elements.  The project was deferred to allow 
coordination with the proposed transformer changes. 

Business Process and / or Technical Improvements: 
This project addresses aging infrastructure, equipment fault duty, and flood mitigation.  It is also a part of 
the overall area plan and strategy to provide a reliable backup to North Keene SS and provide for future 
growth.

Cost Estimate and Assumptions 

The total price of this project is estimated to cost: 
Distribution: 9,500,000 
Transmission: 500,000 
Total: $10,000,000 
($7,500,000 - $12,500,000) (-25% +25%) 

Alternatives Considered with Cost Estimates 
Note that this PAF addresses step two in the Alternative recommended in the 2012 Keene Area Study. 

Alternative 1:  Do nothing.   
Emerald Street SS equipment is aging.  By doing nothing there is more exposure to customer outages for 
failure of equipment.  The failure of an existing transformer without the proposed 115kV differential system 
protection results in an outage for all customers fed from Emerald Street SS.  Estimated cost for 
Alternative 1:  $0. 

Alternative 2:  Install a second 115-12.47kV transformer at North Keene SS. 
This solution will provide capacity and transformer redundancy at North Keene SS.  However, as shown on 
Attachment A – All circuits were originally fed out of Emerald Street as a hub.  North Keene bisects two of 
the circuits and provides a ROW backup feed to Emerald Street.  While this could work load-wise it puts a 
majority of the circuits on two lines fed from Keene to Emerald Street which is much more exposure to line 
outages.  This may require a switching station at Emerald Street, Keene, potentially switchgear.   If this 
alternative was preferred, additional ROW lines and breakers from North Keene SS are recommended.  
Estimated cost for Alternative 2:  $5,000,000 

Alternative 3:  Construct a new 115-12.47kV South Keene SS. 
North Keene SS was constructed to feed the circuits to the north of Emerald Street SS.  A second 
substation could be constructed south of Keene to address the load.  Originally this solution was not 
preferred partially because of the difficulty of finding a location that is not within   the 100 year flood plain.  
Estimated cost for Alternative 3:  $15,000,000 
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Keene Area Study Report 

Scope Document 

One-Line Diagrams, Attachments, and Images 

One-line -  Removals 

[MAP CONTAINING CRITICAL INFRASTRUCTURE INFORMATION DELETED]
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One-line - Additions 

[MAP CONTAINING CRITICAL INFRASTRUCTURE INFORMATION DELETED]
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ATTACHMENT A -  KEENE AREA CIRCUITS 
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APS 1 - Project Authorization Policy

Operations Project Authorization Form

Policy Sponsor: EVP, CFO & Treasurer Page 3 of 10 Issued 1/20/17
Rev. 4

Prior Distribution authorized amount is for $950k approved at TRC on 11/19/16.
An additional $4,300 for transformer and switchgear purchase was approved at CPAC on 03/09/17.

Prior Transmission authorized amount is $50k that was approved at TRC on 11/19/16.
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APS 1 - Project Authorization Policy

Operations Project Authorization Form

Policy Sponsor: EVP, CFO & Treasurer Page 4 of 10 Issued 1/20/17
Rev. 4

Financial Evaluation

Provide the following financial information (attach additional detail if summarized items are significant 
or additional information is needed). Note:  Dollar values are in thousands

Distribution Project (A14W01)

Direct Capital Costs 2016 2017 2018 Total 
Straight Time Labor $1 $56 $81 $138

Overtime Labor $0 $0 $0 $0

Outside Services $11 $485 $2,969 $3,465

Materials $0 $276 $4,553 $4,829

Other, including contingency amounts $0 $2 $579 $581
 Total $12 $819 $8,182 $9,013

Indirect Capital Costs 2016 2017 2018 Total 
Indirects/Overheads (including benefits) $0 $197 $1,627 $1,824

Capitalized interest or AFUDC, if any $0 $3 $171 $174

 Total $0 $200 $1,798 $1,998

Total Capital Costs $12 $1,019 $9,980 $11,011

Less Total Customer Contribution $0 $0 $0 $0

Total Capital Project Costs $12 $1,019 $9,980 $11,011

Total O&M Project Costs $0 $0 $0 $0
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JA-AM-2001-A, Rev. 4 
Page 3 

Estimated cost of Alternative 1: 
Distribution = $15,800k 
Transmission = $1,673k 

 Alternative 2
This alternative is to continue with the Distribution as planned based on the approved PAF dated
9/25/17.  The transmission work will be expanded to include a 115kV circuit breaker tie between the
A152 and D108 lines.  This circuit breaker will be used during construction.  After construction it will be
operated normally open and used only for future breaker maintenance.  The proposed one-line is
attached.

The positive aspect of this alternative is that it addresses the SCLL issues identified in Alternative 1 to
limit customer exposure during Bus 2 construction outages.  It also allows for using the breaker during
future breaker maintenance, removing the customer exposure to SCLL conditions.

The challenge to this alternative is that it increases the transmission investment and exposes
customers to SCLL conditions during the construction and commissioning of the new 115kV breaker.
Alternative 2 costs more than Alternative 1 and will be a local transmission cost.

Estimated cost of Alternative 2:
Distribution = $15,800k
Transmission  

 Alternative 3
This alternative is to continue with the Distribution as planned based on the approved PAF dated
9/25/17.  The            e 2 is included.
Two additiona            g   The proposed
one-line is atta

The addition o            bility and ease
of maintenanc     gle bus contingency, all customers can be restored via SCADA switching
within 5 minutes.  Without bus tie breakers, the single bus SCLL strands approximately 2500 customers
due to distribu         en a bus section is required OOS.
Without bus tie breakers, removing a section of bus from service requires offloading multiple
transformers.

The challenge            oses
customers to           5kV breakers.
Alternative 2 c              here is some
concern by P&C regarding the use of the breakers and impact on bus differential scheme relays.

Estimated cos    
Distribution = $15,800k
Transmission = $4M+ ($3,246k cost from Alt. 2 plus two additional 115-kV breakers)

 Alternative 4
This alternative is to continue with the Distribution as planned based on the approved PAF dated
9/25/17.  The three new 115kV circuit breakers in Alternative 3 are included.  Instead of being
controlled only by SCADA they will be used with three bus differential schemes allowing for a limited
exposure to customers for a bus fault.

The additional benefit of Alternative 4 over Alternative 3 is that the customer reliability is improved by
converting a single SCLL of 8560 customers to three separate SCLLs of 1215, 2125, and 5219
customers.

The challenge to this Alternative is that it has an adverse impact on the system.
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JA-AM-2001-A, Rev. 4 
Page 4 

Estimated cost of Alternative 4: 
Distribution = Not applicable 
Transmission = Not applicable 

Because Alternative 4 creates an adverse system impact this alternative was discounted and a 
conceptual cost estimate was not created. 

 Alternative 5
This alternative is to continue with the Distribution as planned based on the approved PAF dated
9/25/17.  The transmission will be rebuilt to a 115kV breaker and a half configuration.

This transmission configuration has many advantages over the existing 115kV straight bus
configuration.

The challenge to this Alternative is that there is no land to expand the substation in this location.  In
order to complete the distribution project the 115kV straight bus design will need to remain.

Estimated cost of Alternative 5:
Transmission and Distribution = $29,380k (2012 dollars)
Alternative 5 was estimated in TPS# 14-165-NH

No non-wires alternatives were analyzed for this project.  The project’s primary objective is to replace
obsolete syste           one replacement and includes
a new secondary bus differential scheme.

Project Scope   
Alternative 3 is t  p       p   

This alternative     p    y   p  y n Operations 
and ESCC. 

Cost Estimate Backup Details 
Provide backup details of conceptual grade cost estimates (-25%/+50%) for all appropriate alternatives 
(at least the preferred solution and leading alternative). 

Attachments       ations, MS Excel 
cost estimate files, etc.) 
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 APS 1 - Project Authorization Policy

Page 2 Issued 10/27/17
Rev. 5

electromechanical relays identified as obsolete by the Eversource Asset Strategy Program for 
protective relays (RF-AS-9017, Rev. 3). Additionally, the 115kV bus protection and breaker failure 
schemes are a legacy design that do not meet the current standard. 

The addition of a single 115kV line tie was proposed because during the development of the 
construction outage sequence, the Electric System Control Center (ESCC) highlighted the risk of 
unacceptable loss of customer load for an N-1-1 contingency. To mitigate this risk, a sub-set of 
the project team from System Planning, Substation Engineering, Operations, and Project 
Management proposed a 115kV line tie between the A152 and D108 lines to address these SCLL 
issues. The permanent line tie circuit breaker replaces a temporary line tie circuit switch which 
was installed but subsequently removed.  

When System Planning studies scheduled outages in the short-term, cascading load (offloading 
an affected area to increase local system capacity for restoration efforts) is acceptable as the 
review is of an N-1-1 scenario.  Current system planning criteria for N-1 distribution studies does 
not allow cascading load transfers and directs system improvements based on system restrictions 
found.  Restoration switching for contingencies during an Emerald Street Substation 115 kV Bus
2 outage was reviewed with and without cascading switching.  When a planned outage occurs 
between Greggs and Emerald Street, the ESCC (Electric System Control Center) usually 
institutes some pre-contingent switching to reduce customer exposure.  The following review 
looked at the system as-is without any pre-contingent switching.
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 APS 1 - Project Authorization Policy

Page 3 Issued 10/27/17
Rev. 5

 
 
 

 

 
 

 

To address the above findings, it is proposed to continue with the Distribution project as planned 
based on the approved PAF dated 9/25/17.  The scope of the Transmission project would be 
expanded to add a 115kV circuit breaker tie between the A152 and D108 lines plus two additional 
circuit breakers added in the 115kV bus to replace existing switches.  These two bus tie breakers 
will be operated via SCADA for switching operations only and will not be tied into the existing bus 
protection systems.  The addition of 115kV bus tie breakers at the Keene substation improves 
customer reliability and ease of maintenance.  For any single bus contingency, all customers can 
be restored via SCADA switching within 5 minutes.  Without bus tie breakers, the single bus SCLL 
strands approximately 2500 customers due to distribution limitations.  Ease of maintenance is 
increased when a bus section is required OOS. Without bus tie breakers, removing a section of 
bus from service requires offloading multiple transformers. The revised scope was approved by 
the chair of the Solution Design Committee on March 26, 2019.

While the addition of the proposed 115kV line tie will only be used during construction and for 
maintenance, ISO-NE will require a new I.3.9 submission. This has been discussed with ISO-NE 
and no issues are anticipated. The additional bus tie breakers will not be provided with protective 
relaying and therefore create no new contingencies. As such an I.3.9 submission is not required 
for the bus tie addition. All work at Emerald Street is classed as Local and no TCA is required.

A supplemental request for an additional $3,930K for a total request of $5,594K for the 
Transmission portion of the Emerald Street project accompanies this document. The scope of 
work for the Transmission project now includes the installation of three (3) 115kV CCVTs and a 
second 115kV bus differential relay, the replacement of the existing 115kV bus differential relay, 
the replacement of various obsolete relays and the installation of three (3) 115kV circuit breakers, 
associated disconnects and protection and control equipment. 

The operational requirement for the line and bus tie breakers increased the cost of the 
Transmission project. It also impacted the cost of the Distribution project because it requires the 
creation of multiple engineering drawing packages and extends the duration of the project. 

Project Status

As of the end of March 2019, the project has invested $6,082K with additional commitments of 
$2,500K for work done but not yet invoiced. Commitments include $1,061K for remaining 
switchgear payments due in April 2019. Total spend to-date plus commitments is approximately 
$8,582K out of $11,011K authorized.
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 APS 1 - Project Authorization Policy

Page 4 Issued 10/27/17
Rev. 5

Civil and electrical IFC drawings have been issued to the Contractor and construction started on 
January 7, 2019. The new switchgear arrived on site on April 10, 2019 and the two (2)
replacement transformers have been delivered to the site.

This supplement requests approval of $5,824K for a total request of $16,835K, an increase of 
46% over the current authorized amount. The primary driver for the additional cost is due to
unforeseen construction costs, the need to split the P&C drawings into several phases due to an 
extended outage schedule and associated additional labor costs due to a longer construction 
schedule. The details for the increase are explained below.

Cumulative effect of Changes since September 2017

Justification for Additional Resources

The reasons for the project authorization supplement of $5,824K are summarized below:

1) Company Labor ($202K): The original construction schedule was based on an in-service
date of December 2018. With the requirement to construct a new 115kV line tie for the
transmission portion of the project, the project duration has increased and the final in-service
date for the Distribution portion of the project is now December 2020. The longer construction
schedule increases the amount of time needed for Construction supervision and safety
coverage. It also increases the amount of Engineering time needed to review and comment
on multiple drawing packages.

2) Project Management ($62K): The estimate for Project Management services in September
2017 was based on the hours needed to complete the project in December 2018. Because
the Transmission portion of the project scope has expanded, the construction sequence for
the Distribution portion of the project was extended until December 2018. The forecasted PM
costs have increased from $125K to $187K.

3) Engineering ($299K): The estimate for Engineering design has increased from $460K to
$759K due to the need to generate multiple IFC drawing packages associated with the phased
approach needed to incorporate the 115kV line tie into the overall project scope. Initially a
single construction sequence was envisaged which only required one-set of P&C drawings.
Because it was not operationally acceptable to take 115kV Bus 1 and Bus 2 outages, an
additional 115kV line tie breaker is needed. This work will create a significant break in the
schedule and requires multiple sets of P&C drawings. The original scope of work for the
engineering design vendor did not include these multiple drawing revisions. In addition, due
to the location of abandoned cables a duct bank design needed to be revised. Other
unforeseen changes include:

Eversource contracted Leidos Engineering to provide the engineering design for 
the Emerald Street rebuild project. This included all engineering to interface with 
the AZZ metal clad switchgear design. As the project developed, it became clear 
that fifty-two drawings beyond those originally provided to AZZ would need to be 
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 APS 1 - Project Authorization Policy

Page 5 Issued 10/27/17
Rev. 5

updated by Leidos to allow AZZ to develop their design. This work was outside of 
Leidos’ original scope.
VHB was contracted to provide the site plans for the project, but the detailed design 
of the fence and additional retaining wall was not included in either VHBs or Leidos’ 
scope of work. It was agreed to request Leidos to incorporate this into their contract 
as they had all the site civil drawings under their control.
Eversource provided AZZ with conceptual P&C application diagrams as part of the 
bid specification. The intention was that AZZ would take the application drawings 
provided by Leidos and complete them as part of their scope. However, AZZ did 
not have the capability to update the application diagrams and Leidos was 
requested to complete the application drawings. Prior to final payment we will 
request AZZ credit the cost of completing these drawings.

The estimate for Engineering has also been increased to meet the request for the P&C Engineers
on the project team to bring an Owner’s Engineer on to the project to review P&C designs.

4) Construction ($2,434K): In the September 2017 PAF, the forecasted cost for construction
was estimated at $2,379K. The contracted price was higher than forecast due to the
complexity of the construction sequence and several unforeseen items that were not captured
in the original construction contract scope of work, including:

Additional exploratory vacuum excavation was required to safely locate live 
12.47kV cables and abandoned power and control cables near a proposed new
duct bank;
Winter work caused by delaying the start of construction from September 2018 to 
January 2019. The delay was required due to internal budget constraints;
Installation of temporary services for the switchgear and transformers. To test and 
commission the new switchgear, a temporary service is needed to provide light, 
HVAC and to power the battery chargers. To prevent damage due to moisture, 
temporary power to the four heaters in each of the two new transformers is 
required;
Additional grounding needed outside the substation fence to avoid potential step 
and touch issues;
Because the construction contract was issued using 70% design documents, there 
was an adjustment to the quantity of materials between the drawings issued for 
bidding and the final issued for construction drawings. The additional materials 
also require additional labor for installation;
Ground heating for soil sampling. The number and location of soil samples for pre-
characterization were based on the 70% design drawings and estimated 
foundation depths. Once detailed foundation drawings were issued, and additional 
foundations were identified for the line and bus tie breakers, additional samples 
were needed. Because of the schedule it was necessary to heat frozen ground so 
that the samples could be taken prior to excavation and soil removal;
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Soil Management & Disposal – during project development, contaminated soils 
were confirmed relative to planned excavations which increased forecasted soil 
management and disposal costs. $134K was previously budgeted for soil 
management; however, this forecast has since been increased to $190K for the 
preparation of the soil management plan, site inspections during construction and 
disposal of contaminated soils. Additional contaminants and hazardous materials 
on site that have been or are expected to be removed or remediated include:
Transite pipe, asbestos sheets, asbestos coated wiring, abandoned lead sheathed 
cable and petroleum contaminated groundwater;
Lifting & handling – the two transformers were delivered in March 2018 based on 
the originally planned in-service date of December 2018. With the overall schedule 
delays the transformers will have to be stored temporarily and moved a second 
time. The cost to move the new transformers a second time was not anticipated in 
September 2017. Based on proposals received, $222K is included in the current 
forecast to move the new transformers from their temporary storage position to 
their permanent location. This forecast also includes the cost to remove the old 
transformers and switchgear prior to scrapping; and
Permitting support – the cost to support the development of the site plans has 
increased from an estimated $50K in September 2017 to $115K. The increase is 
due to the addition of a pre-construction sound survey, a ground penetrating radar 
survey and additional design for the proposed retaining wall. Permitting also 
includes weekly environmental compliance monitoring during construction which 
is required to ensure the Contractor is complying with all mandatory environmental 
legislation and permit requirements. Incremental request $65K.

The current construction forecast also includes $250K for potential future change orders, final 
landscaping, control building renovations, paving and potential de-watering.

5) Testing ($1,276K): The cut-over schedule currently has more than 50 weeks of back-to-back
outages which is longer than previously indicated in the schedule issued for bidding purposes.
Additionally, the P&C engineering team proposed the use of a load bank to test the polarity
and ratio of the current transformers prior to in-service load testing. The rental of the load bank
adds to the testing costs and was not anticipated in September 2017. The role of the testing
contractor has expanded in recent years, which although reduced the number of unwanted
trips, it has resulted in the cost for testing services increasing beyond those anticipated in
September 2017.

6) Commissioning ($351K): With the complexity of the cut-over sequence, the services of a
Lead Commissioning Engineer (LCE) were secured early to assist with construction
sequencing, reviewing design documents to ensure constructability, identifying the outage
requirements and reviewing testing plans, etc. Bringing the LCE on to the project much earlier
in the sequence was not anticipated in the September 2017 PAF. The current forecast has
been increased to $601K to cover LCE support prior to construction and during the
construction, testing and commissioning phase.

Docket No. DE 19-XXX 
August 23, 2019 

Attachment Q 
Page 6 of 9

000151



 APS 1 - Project Authorization Policy

Page 7 Issued 10/27/17
Rev. 5

7) Material (-$1,025K): The September 2017 forecast for materials was high. There are small
increases in the switchgear and transformer costs compared to the 2017 forecast, but these
increases are offset by reductions in cable costs and other miscellaneous material cost
reductions. Because of the delays to the project, the new transformers have been filled with
oil temporarily which incurred an additional $66K for oil and labor.

8) Removal ($161K): Since September 2017, the estimate for removal costs has increased to
better reflect the amount of material to be removed (switchgear, steelwork, redundant wood
poles, transformers and associated oil removal). The original forecast also included a credit
of $50K for investment recovery which is no longer anticipated. It is likely to cost more to scrap
all the materials than we would recover from salvage costs.

9) Miscellaneous (-$33K): The September 2017 forecast included $206K for miscellaneous
project charges including employee expenses (accommodation, meals, etc.). The
miscellaneous forecast has been reduced at this stage.

10) Property Tax ($444K): In September 2017 property taxes were not included in the project
estimate. To date, the project has incurred $174K in property taxes with a further $270K
estimated through November 2020.

Total incremental request for direct costs $4,171K

11) Indirect costs ($1,455K): In the September 2017 PAF, indirect costs were forecasted to be
$1,824K. To date, the project has incurred $1,709K in adders and is expected to incur an
additional $1,570K to the end of the project. The increase is largely driven by the increase in
direct costs and a change in E&S rates. Engineering & Supervision (E&S) rates increased
from 0.01 which was used in the original estimate to 0.35. This change has a twofold impact
on the project; first, the project has incurred E&S loaders at a higher rate than was originally
estimated and secondly the higher rate applies to future investment.

12) AFUDC ($199K): In the September 2017 PAF, AFUDC charges for the project were originally
estimated at $174K. Actual AFUDC charges incurred to date are $55K with an additional
$318K forecast for the remainder of the project.

Total incremental request for indirect costs $1,654K, resulting in an overall Supplement Request 
of $5,824K.

Please see the previously authorized documents attached. 
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Lessons Learned

Construction, Testing and Commissioning – The cost estimating process should continue to 
monitor actual outturn costs for items such as construction, testing and commissioning to ensure 
that initial cost estimates accurately capture the cost of performing these activities.

Soil Management – Until subsurface investigations are complete, it is difficult to ascertain with 
any degree of certainty the scope and scale of any potential contamination. If, in the case of 
Emerald Street, the site is known to have the potential for contaminants then this should be 
captured during the conceptual design phase of the project and a contingency amount included 
in the original estimate until the extent of contamination is known. Alternatively, approval should 
be sought for preliminary engineering which would include test pits, GPR, etc. to more accurately 
identify the scope of subsurface issues.

Project Management, Engineering Design, etc. – Constructability reviews and additional 
preliminary engineering will provide a more comprehensive scope at the start of the project which 
will reduce impacts to the scope and schedule during the project. Minor design changes are 
inevitable as the project develops, but the more conceptual engineering that can be done prior to 
full funding approval the fewer cost increases or schedule overruns will occur.

Lifting & Handling – Transformers are often ordered ahead of their need date. While this reduces 
the risk of material delays, it adds additional costs to projects because the transformers need to 
be stored temporarily and then subsequently slid or lifted into position. Additionally, if the 
transformers arrive too early, they must be partially-filled with oil to ensure the insulation does not
dry out. This adds additional costs to add and remove the oil and create temporary oil containment 
while the units are stored. While Substation Engineering orders the transformers, they should 
always consult the Project Manager regarding the actual date needed.
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Operations Project Authorization Form 

Date Prepared:  3/21/18 Project Title:  Emerald Street S/S Distribution Line 
Work 

Company/ies:  Eversource NH Project ID Number:  A18W17 
Organization:   NH Operations Class(es) of Plant:  Distribution Line 
Project Initiator:  Project Category:  Reliability - Other 
Project Manager:  Project Type:  Specific 

Project Sponsor:  James Eilenberger Project Purpose:  Interconnection of Substation to 
Distribution System 

Estimated in service date:  10/1/19 If Transmission Project: NA 
Eng. /Constr. Resources Budgeted?  Yes Capital Investment Part of Original Operating Plan? 

Yes 
Authorization Type: Full Funding O&M Expenses Part of the Original Operating Plan? 

Yes 
Total Request:  $800,000 

Financial Requirements: 

Project Authorization 

ERM:  ____________________________________________________________________ 

FP&A: ____________________________________________________________________ 

Executive Summary 

The Emerald Street Substation in Keene is a 115/12.47 kV distribution substation.  An approved major 
rebuild/replacement project (A14W01) is currently in design with construction slated to begin later in 
2018.  This distribution line work project is designed to integrate eight new risers needed to transition 
power from the substation breakers to the distribution circuits.  The project will also require some line 
relocations to align new risers with existing circuitry in addition to the removal of parts of the W14 
circuit and other associated equipment.  

This work is to be performed in conjunction with the Emerald Street Substation rebuild project 
A14W01. 
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Project Costs Summary 
Note:  Dollar values are in thousands 

Financial Evaluation 

Provide the following financial information (attach additional detail if summarized items are significant 
or additional information is needed).  Note:  Dollar values are in thousands 

Direct Capital Costs Year 1 Year 2 Year 3+ Total 
Straight Time Labor 9 20 30 

Overtime Labor 0 0 0 

Outside Services 91 197 288 

Materials 109 246 355 

Other, including contingency amounts (describe) 
   Total 209 464 673 

Indirect Capital Costs Year 1 Year 2 Year 3+ Total 
Indirects/Overheads (including benefits) 35 75 110 

Capitalized interest or AFUDC, if any 1 1 2 

   Total 

Total Capital Costs 245 540 785 

Less Total Customer Contribution 0 0 0 

Total Capital Project Costs 245 540 785 

Prior 
Authorized 2018 20 20 + Totals

Capital Additions - Direct -$  209$  437$  -$   646$  
Less Customer Contribution - - - - - 
Removals net of Salvage % - - 27 - 27 
Total - Direct Spending -$  209$  464$  -$   673$  
Capital Additions - Indirect - 35 75 - 110 
Subtotal Request -$  244$  539$  -$   783$  
AFUDC - 1 1 - 2 
Total Capital Request -$  245$  540$  -$   785$  
O&M - 5 10 - 15 
Total Request -$  250$  550$  -$   800$  
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Total O&M Project Costs 5 10 15 

Future Financial Impacts: 

No future financial impacts are anticipated with this project. 

Asset Retirement Obligation (ARO) and/ or Environmental Cleanup Costs 
(Environmental Liabilities): 

An ARO is a current legal obligation to remove or retire property, plant or equipment at some point in 
the future.  Please refer to APS8 or contact Plant Accounting for further detail. 

Is there an ARO associated with this project?  No 

Are there other environmental cleanup costs associated with this project?  No 

Operations Technical Authorization Form 
Technical Justification: 

Project Need Statement 

There are currently nine circuits that originate from Emerald Street Substation.  The new station design 
creates eight circuits that need to feed the exiting distribution lines.  This work is to bring conductors 
from the load side of the new breakers to distribution circuits located outside the fence and is 
fundamental to the substation project. 

Project Objectives 

The goal in designing the new riser locations is to minimize line relocations while integrating the 
construction cut overs.  Most new risers come up directly under existing circuitry, reducing construction 
costs.  

Project Scope 

The scope of this project is to bring conductors from the new circuit breakers out to the roadside 
distribution circuits.  Eight new risers are to be installed for the new circuitry.  Nine existing risers are to 
be removed.  A portion of the W14 circuit is to be removed and the W9 circuit will be adjusted to put it 
in line with the new riser location.  There will also be some other minor line adjustments.  
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Background I Justification 
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The interconnection of the new circuitry to the distribution lines was anticipated from the beginning of 
the substation rebuild project. The layout of the substation get away cables and location of the new 
risers could not be confirmed until significant substation design was completed. A decision was made 
early in the process to keep the distribution line work project separate from the substation construction 
process due to planning, accounting, and construction reasons. 

Business Process and I or Technical Improvements: 

Cost Estimate and Assumptions 

Ten separate Storms jobs and estimates were created for the distribution line work outside the 
substation for each aspect of this project. These jobs have been fully written utilizing the assumptions 
within our project writing system. Estimates were developed for the underground conduits and cable 
work from the circuit breakers to the risers by the substation design team and provide to field 
engineering for inclusion in the PAF. 

Alternatives Considered with Cost Estimates 

The best riser locations were chosen to reduce line construction and substation design costs. No 
feasible alternatives were identified. 

Project Schedule 
Describe the project schedule and milestones. Include estimated start and end dates. 

Milestone/Phase Name Estimated Completion Date 

Completion of project 10/1/2019 

Regulatory Approvals 

All regulatory requirements associated with this project were covered through the larger Emerald 
Street Substation approval process. 
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Risks and Risk Mitigation Plans 

This project will need to work in conjunction with the Emerald Street Substation construction project.  
Timing will be driven by the progress of the larger project.    

One-Line Diagrams, Attachments, 
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Executive Summary  
 
This study looks at the Twombley Street, Signal Street and Portland St. Substations and other associated 
electric facilities in the Rochester downtown area.  The 4.16 kV distribution system serves most of the 
central core of the city and is fed by Twombley Street, Signal Street, and Portland Street Substations, 
serving approximately 5,210 Eversource customers.  The Rochester area historically has seen a 1.5% - 
2.5% load growth. 
 
This study is driven by obsolescence of equipment at Twombley Street and Signal Street Substations.  
The Signal Street transformer, 28H1, is the sister unit of the failed units that were at Franklin and 
Community Street Substations.  An additional consideration is the Portland Street transformer 34W3 is 
above 97% of nameplate rating. 
 
There are multiple limitations to circuit construction in Rochester.  The Spaulding Turnpike and Cocheco 
River run though the city.  These obstructions require crossings to reach the other side which increases 
the difficulty of constructing new lines. 
 
In 2010, the 4.16 kV, 3,750 kVA transformer at Portland St. failed.  The transformer was replaced with a 
34.5 – 12.47 x 4.16 kV, 6,250 kVA dual voltage transformer.  The goal was to temporarily maintain the 
4.16 kV system while planning for 12.47 kV system in the future.  The 12.47 kV conversion would occur 
at the time Signal St. and Twombley St. needed to be replaced.  There are also multiple 12.47 kV lines in 
the downtown area that could be used for circuit ties to increase reliability. 
 
It is recommended that Eversource replace Twombley St. with a 12.47 kV, 12.5 MVA transformer and 
substation, and retire the Signal St. substation.   It is also recommended that the downtown area of 
Rochester be converted from 4.16 kV to 12.47 kV which will take several years to complete.  This would 
create multiple circuit ties between Twombly St. substation on the west side of downtown Rochester 
and Portland St. substation on the east side of downtown Rochester.  The available capacity would be 
increased, and would eliminate aging equipment.   This solution allows for future growth while 
optimizing the potential for Distribution Automation which would increase system reliability in the 
downtown Rochester area. 
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I. Introduction 
 
The downtown Rochester area is primarily served by three, 34.5 -  4.16 kV substations, Twombley Street 
substation on the west side of the downtown, Signal Street substation in the center of the downtown 
and Portland Street on the east side of the downtown (see an area map - Appendix A). 
 
Twombley Street substation has one circuit (43H1) supplying the west side of the downtown.  The Signal 
Street substation has two circuits (28H1 and 28H2).  The 28H2 circuit supplies a primarily 
commercial/industrial area in the northern part of the downtown.  The 28H1 supplies the central area of 
the downtown.  This circuit ties to the 43H1 circuit thru a cable through the Cocheco River.  The Portland 
Street substation has two 4.16 kV Circuits (34H1 and 34H2).  The 34H1 supplies the eastern part of the 
downtown area.  The 34H2 supplies part of the central downtown and has a tie to the 28H1 at Signal 
Street. (see the circuit map - Appendix B). 
 
 

II. Study Background 
 
Both the Twombley Street and Signal Street transformers are over 55 years old which is beyond their 
useful life.   
 
The Signal Street transformer has two other sister units on the Eversource system (Franklin and 
Community Street) that have recently failed. 
 
The Portland Street 34.5 - 4.16 kV transformer (TB341) has already failed and has been replaced.  This 
transformer has been replaced with a dual voltage 34.5 - 4.16X12.47 kV unit.  This was done to allow for 
future the downtown system to be converted to 12.47 kV. 
 
Portland Street also has two 12.47 kv circuits supplied from two separate 34.5 – 12.47 kV transformers.  
The 34W4 supplies the area to the north and ties to the 39W1 circuit from the North Rochester 
substation.   The 34W3 supplies load in the southeast of the Rochester downtown.  This circuit is loaded 
to over 97% of the transformer nameplate rating. 
 
 

III. System Analysis 
 
Area Problems & Limitations 
 
Obsolescence – The equipment at Twombley St. and Signal Street Substations are over 55 years old.  
The age is based off of the average age of transformers, switchgear, breakers and regulators as shown 
below in Table 3.1.   
 
The Signal Street transformer is the sister unit of transformers at Franklin and Community Street 
Substations that have recently failed.   
 
Useful life expectancy is typically 55 years for distribution substation equipment, while only 35-40 years 
is the expected for cables.    
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SUBSTATION EQUIPMENT POSITION MANUFACTURER YEAR AGE 

Twombley St. Transformer (2.8 MVA) 43H1 Westinghouse 1961 55 

      

Signal St. LTC Transformer (3.75 MVA) 28H1 Allis Chalmers 1954 62 

      

Portland St. (4kV) LTC Transformer (6.25 MVA) TB341 Niagara Transformer 2009 6 

      

Portland St. (12kV) LTC Transformer (5.25 MVA) 34W3 General Electric 1967 49 

 LTC Transformer (5.25 MVA) 34W4 General Electric 1966 50 

 
Table 3.1 - Equipment ages 

 
Loading – Loading on the Twombley Street transformer is over 91% of its nameplate rating.  Additionally 
the 34W3 transformer is loaded to over 96% of its rating.  (see table 3.2) 

 
SUBSTATION EQUIPMENT PEAK 

LOAD 
PEAK 

MONTH 
NORMAL 
RATING 

Twombley St. Transformer – 43H1 2.55 MW Aug 10 2.80 MVA 

     

Signal St. LTC Transformer – 28H1 2.30 MW Aug 13 3.75 MVA 

     

Portland St. (4kV) LTC Transformer – TB341 2.68 MW Aug 11 6.25 MVA 

     

Portland St. (12kV) LTC Transformer – 34W3 5.02 MW Aug 13 5.25 MVA 

 
Table 3.2 – Transformer loading 

 
Natural load growth is expected to cause some lines to reach their normal rating within five years.  Also, 
various lines on the 4.16 kV are expected to have low voltage conditions during peak load under their 
current configuration.  Additional load growth on the circuits reduces the remaining load capacity. 
 
Protection Coordination – During the summer peak load periods and during the time when the 
Rochester Fair is being held, when the circuit load is higher,  the protection coordination at the end of 
the 28H1 circuit is lost and the only circuit protection is back at the Signal Street substation breaker.  
Coordination could be improved by converting the 28H1 to a higher voltage.  Improved protection 
coordination would also improve the reliability. 
 

 
IV. Solution Options 
 
Three solutions to address the Rochester area needs were developed.   

1) Rebuild the 4.16kV Substations at Twombley St. and Signal St. 
2) Build a 12.47kV Substation at Twombley St. 
3) Convert downtown to 34.5kV 

 
These options also include construction restrictions in the downtown area.  A new roundabout is being 
planned for the intersections of Walnut, Washington and North Main streets and it is expected that any 
new construction may be restricted in this area. (See appendix C  for a breakdown of cost estimates). 

Docket No. DE 19-XXX 
August 23, 2019 

Attachment S 
Page 7 of 19

000168



Option 1: Rebuild the 4.16 kV Substations at Twombley St. and Signal St. – ($7,950,000) 
 

• Rebuild the existing 34.5 – 4.16 kV substations at Twombley Street and Signal Street with 6.25 
MVA transformers.   

• Build a second circuit from Twombley Street substation. 
Positives 

- Minimal line work would be required. 
- Allows for construction with existing equipment remaining in service. 

Negatives 
- Loss of a single substation transformer results in isolated load. 
- Does not help the protection coordination problem on the 28H1 circuit. 
- Requires capacitor banks and voltage regulators to address future low voltage issues. 
- Unable to utilize existing 12.47 kV circuits for contingencies and load swapping. 
- Does not help offload the 34W3 at Portland St. 

 
 
Option 2: Build a 12.47 kV Substation at Twombley St. – ($9,194,500) 

• Construct a new 34.5 – 12.47 kV substation at Twombley Street with a 12.5 MVA transformer 
and two 12.47 kV circuits.   

• Convert the 4.16 kV downtown to 12.47 kV  

• Retire Signal Street substation. 
Positives 

- Allows for recovery of all load for a single contingency. 
- Conversion of downtown allows for future load growth. 
- Increases the number of possible circuit ties with other 12.47 kV circuits in the area. 
- Utilize new circuit ties along with distribution automation to improved reliability 
- Allows for offloading the 34W3 at Portland St. without additional new line construction. 

Negatives 
- Requires line work to convert the majority of 4.16 kV system to 12.47 kV. 

 
 

  

Option 3: Convert Downtown to 34.5 kV – ($8,419,500) 
• Convert the current 4.16 kV downtown circuits to 34.5 kV.   

• Create 34.5 kV ties between the new 34.5 kV circuits  

• Retire the existing substations at Twombley St. and Signal St. Substations. 
 
Positives 

- Eliminates the need for additional transformation in downtown Rochester. 
- Allows for construction with existing equipment remaining in service. 
- Conversion of downtown allows for greater future load growth. 

Negatives 
- Converts the downtown area to 34.5 kV which is undesirable. 
- Leaves no backfeed capability for the existing 12.47 circuits out of Portland St. Substation. 
- Would require additional conversion to help offload the 34W3 at Portland St. 
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Other Options Considered Implausible 
The following options were not studied in detail due to implausibility.  The projects and reasons for not 
being considered are described below. 
 
Option 4: Distributed Generation 
Since base case loading is not an issue and distributed generation does not address obsolescence, 
distributed generation was not considered. 
 
Option 5: Conservation and Load Management 
For the same reasoning that distributed generation in Option 4 was not considered, the same holds for 
conservation and load management programs as well. 
 
Option 6: 115 – 12.47 or 4.16 kV Substation at Rochester 
Replacing Twombley St. and Signal St. Substations with a 115 kV connected substation would be 
extremely costly.  In addition the substation would need to be placed at Rochester and additional 
highway crossings would be needed.  The cost is too significant for the amount of load that would be 
served by the substation and is unnecessary. 
 
Option7: Build a 12.47 or 4.16 kV Substation at Signal St. 
Retiring Twombley St. and building a substation at Signal St. is not a plausible option.  A substation at 
Signal St. does not allow for backfeeding any of the circuits west of Signal St.  This configuration also 
reduces the number of available circuit ties with Portland St. Substation when compared to the 
Twombley St. option. 
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V. Recommendations 
 
Option 1, option 2 and option 3 would all address the loading in the downtown area.  Option 1 would 
maintain the existing 4.16 kV system which would leave a mixture of 4.16 and 12.47 kV circuits.  This will 
allow for switching between the 4.16 kV circuits but would leave a single 12.47 kV circuit with no backup 
during a contingency.   
 
Option 2 would create a 12.47 k system between two substations (Twombley Street and Portland 
Street).  This will allow for switching flexibility, for the use of distribution automation and resolve the 
protection coordination.  This option would also provide for offloading the 34W3 circuit. 
 
Option 3 would require creating 34.5 kV ties in the downtown area.  This would also leave an isolated 
12.47 kV circuit with no ties and reduce the reliability.  
 
Based on the information contained in this report, it is recommended that Eversource select Option 2, 
Build new 12.47 kV substation at Twombley St. and retire Signal St (refer to appendix F – Decision 
Matrix).  This Option includes: 

1. Convert the Rochester downtown area from 4.16 kV to 12.47 kV with increased circuit ties to 
accommodate the use of distribution automation.   

2. Switch TB341 over to 12.47 kV 
3. Install a 3 phase segment down Walnut St. for a second Twombley St. circuit and create a tie to 

the Portland St. 34W3 circuit. 
4. Build a new 34.5 – 12.47 kV substation at Twombley Street. 

 
As part of an ongoing Reliability Enhancement program (REP), aging 4.16 kV substations are being 
retired and the system is being converted to a 12.47 kV when practicable.   For outages in the 
downtown Rochester area the system would be able to be switched between two 12.47 kV substations, 
Twombley Street and Portland Street (see Appendix E – Proposed System Map and One-Line).   
Additionally, the use of Distribution Automation would increase reliability and minimize the number of 
customers affected. 
 
With an existing 12.47 kV substation at Portland Street on the east side of Rochester, and an additional 
12.47 kV substation at Twombley Street on the west side of Rochester, this would provide a firm 
capacity of 16,750 kVA of transformation.  This system will also increase reliability by allowing for 
increased use of distribution automation with four 12.47 kV circuits between two substations. 
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Appendix A: Downtown Rochester - Area Map 
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Substation 

Twombley St 
Substation 

Signal St 
Substation 

Docket No. DE 19-XXX 
August 23, 2019 

Attachment S 
Page 11 of 19

000172



Appendix B: Downtown Rochester - Circuit Map & One-Line 
 

 

Circuit map of Downtown Rochester Black=43H1, Green 28 H1, 28H2, Blue 34H1, 34H2, Red=34W3, 34W2
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The following is a one-line of the downtown Rochester electric system 
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Appendix C: Option Cost Estimates 
 
Option 1: Build a 4.16 kV Substation at Twombley St. and Signal St. – $7,950,000 

• Construction of an open-air 34.5-4.16 kV substation at Twombley St. with one 6.25 MVA 
transformer and three breakers. ($3,500,000) 

• Construction of an open-air 34.5-4.16 kV substation at Signal St. with one 6.25 MVA transformer 
and three breakers. ($3,500,000) 

• Install a short 3 phase segment down Walnut St. for a second Twombley St. circuit ($50,000) 

• Distribution line work to remove thermal and voltage violations. ($800,000) 

• Retirement of existing Twombley St. and Signal St. Substations. ($100,000) 
 
 
Option 2: Build a 12.47 kV Substation at Twombley St. – $9,194,500 

• Convert Portland St 34H1 ($1,279,000) 

• Build 12.47 kV from Lowell St (34W3) to Washington St (43H1) ($808,000) 

• Convert 43H1 to 12.47 kV and take Twombley Street substation out of service ( $1,066,000) 

• Build a new 34.5-12.47 kV, substation at Twombley Street with one 12.5 MVA transformer and 
three breakers ($3,500,000) 

• Convert 28H1 and 28H2 from Signal St to Rochester URD. ($1,057,000) 

• Complete the conversion of downtown Rochester and retire Signal St. ($1,484,500) 
 
 
Option 3: Retire Twombley and Signal St., Convert Downtown to 34.5 kV – $8,419,500 

• Convert Portland St 34H1 ($1,712,000) 

• Build 34.5 kV from Lowell St (34W3) to Washington St (43H1) ($2,923,000) 

• Convert 43H1 to 34.5 kV and take Twombley Street substation out of service ($1,066,000) 

• Convert 28H1 and 28H2 from Signal St to Rochester URD. (6, $1,057,000) 

• Complete the conversion of downtown Rochester and retire Signal St. ($1,484,500) 

• Convert the Rochester URD to 34.5 kV. ($77,000) 

• Retire Twombley St. and Signal St. substations ($100,000) 
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Appendix D: Property Information 
 
Portland Street Substation 

 
Figure D.1 – Aerial and parcel maps of the Portland Street Substation, property highlighted in yellow. 
Property Information: 

Address: 483 Portland St. Rochester, NH Total Acres: 5.9 
Wetlands: None Land Value: 86600 

 
Property adjacent to Portland Street Substation 

 
Figure D.2 – Aerial and parcel maps of the property adjacent Portland Street Substation, property highlighted in yellow. 
Property Information: 

Address: 470 Portland St. Rochester, NH Total Acres: 2.7 
Wetlands: Minimal Land Value: 71800 
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Signal Street Substation 

 
Figure D.4 – Aerial and parcel maps of the Signal Street Substation, property highlighted in yellow. 
Property Information: 

Address: 23 Signal St. Rochester, NH Total Acres: 1.96 
Wetlands: None Land Value: 68800 

 
 
Twombley Street Substation 

 
Figure D.5 – Aerial and parcel maps of the Twombley Street Substation, property highlighted in yellow. 
Property Information: 

Address: 33 Twombley St. Rochester, NH Total Acres: 0.7 
Wetlands: Significant Land Value: 63800 
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Appendix E: Proposed System Map and One-Line 
 

 
Proposed circuit map of Downtown Rochester Black=43W2, Green 43W1, Blue 34W2, Red=34W3
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The following is a proposed one-line of the downtown Rochester electric system 
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Appendix F: Decision Matrix for Proposed Downtown Rochester Options 
 

 

  Weight 

Rating  

4-5 = Superior,    2 -3 = Adequate,    0-1= Inferior  

Option 1: Option 2: Option 3: 

4kV S/S at 
Twombley St. 

& Signal St. 

12kV S/S at 
Twombley St. 

Convert to 
34kV 

Addresses ED-3002 Design Criteria 8 3 3 3 

Addresses Area Load Growth (Long Term, 10 
Years) 

8 1 5 5 

Improves Reliability: SAIDI 8 0 5 2 

Net Present Value (2015) [1] 7 4 2 3 

Environmental Impact 5 3 3 4 

Contingency Solution 5 0 5 3 

Power Quality Improvement (SARFI-70) 4 4 4 2 

Operating Cost 3 2 3 4 

System Loss Savings 3 1 4 4 

Total   100 195 168 

 
Note 1: Since the implementation of the five options would occur at the same time, the net present 
value was not calculated.  The total cost estimate in 2016 dollars was compared directly. 
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Technical Authorization Form 
#NH-170015-DS 

Date Prepared: January 11, 2017 Project Title: Rochester 4 kV Distribution System Upgrade 
Company/ies: Eversource, NH Project ID Number: A17E01 
Organization: NH Operations Class(es) of Plant: Distribution 
Project Initiator:  Project Category: Substation / Distribution Lines 
Project Owner/Manager: Russel Johnson Project Type:  Specific 
Project Sponsor: Jim Eilenberger Project Purpose:  part of regulatory tracked program? No 
Estimated in service date: November 1, 2019 If Transmission Project: NA 
Authorization Type: Conceptual Engineering Authorization Amount: $400,000 for Engineering 

Project Need Statement (Description of Issue) 
This requested authorization is for writing the line conversion construction, surveying the substation 
property and preliminary substation engineering. 

The Signal St. transformer sister units (Community Street and Franklin) have recently failed.  The 4.16 kV 
circuit (28H1) out of Signal Street is overloaded during summer peak load conditions.  Because of heavy 
loading at the end of the 28H1 circuit, fuse coordination is lost and the only circuit protection is back to the 
substation breaker. This will cause an outage to the entire circuit for a fault near the end of the circuit.  The 
Twombley Street transformer was been loaded to 91% during the summer of 2014 and up to 135% at 
other times of the year during underground failures of the 28H1.  The Portland Street 34W3 transformer 
loading reached 97% in the summer of 2016. 

Project Description 
• The electrical system in downtown Rochester consists of three 4.16 kV substations:
• Twombley St. (43H) – 2,800 kVA, 55 years, loaded to 91% nameplate, located on the west side of the

downtown
• Signal St. (28H) – 3,750 kVA, 62 years, loaded to 61% nameplate, located in the center of the

downtown
• Portland St. (34H) – 6,250 kVA, 7 years, located on the east side of the downtown (this transformer

recently failed and was replaced with a dual voltage 4.16/12.47 kV unit for future use at 12.47 kV).
• There are 5, 4.16 kV circuits (43H1, 28H1, 28H2, 34H1 and 34H2) in downtown Rochester.
• There are 2 additional 12.47 kV circuits from Portland St. (34W3 and 34W4).  (see Figure 1).

The proposed project eliminates Signal Street S/S, replaces Twombley St S/S with a 12.47 kV 12.5 MVA 
substation, and converts the line voltage in the area from 4kV to 12.47 kV.  
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34W3 

34W4 

Portland St. 

43H1 

Twombley St. 

34H2 

34H1 

Signal St. 
28H2 

28H1 

Tie to 39W1 

Figure 1 

Project Objectives 
This project will upgrade the distribution system in the city of Rochester including the following: 
• Retire a 62 year old Signal St. substation transformer
• Create a 12.47 kV interconnected system between Portland St and Twombly St substations.
• Increase switching flexibility between two, 12.47 kV substations (Portland St and Twombley St.).
• This increased switching flexibility and substation capacity will allow for the increased use of

distribution automation to increase reliability
• Improve the protection margins of the distribution system to improve system reliability.

Project Scope 
Phase 1 – Convert the 34H1from 4.16 kV to 12.47 kV 
• Install new spacer cable from Portland St. substation down Portland St. to School St. then south on

Winter St.to Columbus Ave.
• Step and convert 34H1 4.16 kV load as needed
• Change the transformer voltage on (TB341) at Portland St from 4.16 kV to 12.47 kV

Phase 2 – Build a new 12.47 kV line from 34W3 to 43H1 
• Extend 3-phase, 34W3 up Brock St. to 43H1 (0.5 mi)

Phase 3 – Convert 43H1 
• Convert 43H1 from 4.16 kV to 12.47 kV along Brock St., Washington St., Roy St. and Walnut St. to

Twombley St. substation (1.5 mi)
• Feed remaining 43H1 load from steps off the 340 line at North Main St.

Phase 4 – Substation Construction 
• Take Twombley St. substation out-of-service and build a new 12.47 kV substation with a 34.5 kV

breaker and three 12.47 kV breakers (1 transformer breaker and 2 line breakers)
Phase 5 – Convert 28H1 
• Convert the remaining 4.16 kv, 28H1 circuit in Downtown Rochester

Phase 6 – Complete Conversion 
• Continue 4.16 kv conversion on 43H1, 28H1, 34H1 & 34H2
• Retire Signal Street substation

Resulting proposed one-line is provided at back of TAF. 
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Regulatory Approvals 
Permitting as required by the City of Rochester and the State of New Hampshire 

Risks and Risk Mitigation Plans 
Equipment failure (i.e. transformer) during construction may require the use of a mobile substation. 

References 
For a detailed description of this project, refer to the ‘Rochester 4.16 kV Distribution System Study – 
January 2017’ 

One-Line Diagrams, Attachments, and Images 

Proposed ultimate one-line of the Rochester interconnected 12.47 kV system between Portland St. and a 
new Twombley St. substations. 

Figure 2 
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Operations Project Authorization Form 
Date Prepared: 2/28/2018 Project Title: Rochester 4kV Conversion 

Company/ies:  Eversource NH Project ID Number: A17E09 

Organization:  NH Operations Class(es) of Plant:  Distribution 

Project Initiator:  Project Category: Reliability - Distribution Lines

Project Manager:  Russel Johnson Project Type:  Specific 

Project Sponsor:  James Eilenberger Project Purpose: Improve Reliability, Eliminate 4 kV S/S 

Estimated in service date:  6/1/2021 If Transmission Project: PTF?  n/a 

Eng. /Constr. Resources Budgeted?  Yes Capital Investment Part of Original Operating Plan? Yes 

Authorization Type:  Full Funding O&M Expenses Part of the Original Operating Plan? Yes 

Total Request:  $5,236,000 

Financial Requirements: 
Project Authorization 
ERM:  ____________________________________________________________________ 

FP&A: ____________________________________________________________________ 

Executive Summary 
This request is for full funding in the amount of $5,236,000 for the project described.  This project was 
approved for $100,000 for Engineering on 3/9/17 by the NH Technical Review Committee. 

This project will improve the reliability of the distribution system in the city of Rochester by converting 
three 4 kV circuits to 12.47 kV, establishing new circuit ties between four 12.47 kV circuits in Rochester 
and allow for the use of distribution automation.   

This project includes the conversion of the distribution system in downtown Rochester from 4.16 kV to 
12.47 kV.  The 34.5-4.16 transformer at Portland Street substation that feeds a portion of the downtown 
distribution system failed recently.  This transformer was replaced with a 4.16/12.47 kV dual voltage 
transformer.  When the conversion takes place, this transformer will be switched to 12.47 kV to feed a 
portion of the downtown 12.47 kV system.   

The 34.5-4/16 kV substation at Twombley Street substation will be replaced with a new 34.5-12.47 kV 
substation to feed the remaining downtown distribution system.  The Twombley Street substation 
replacement is estimated for $2,000,000 and will be done with a separate substation project 
authorization.  The remaining 4.16 kV distribution system will then be converted to 12.47 kV.   

After the downtown is converted to 12.47 kV, the 34.5-4.16 kV substation at Signal Street will be retired. 

When completed, there will be two circuits from Twombley Street and two circuits from Portland Street 
these circuits will be tied together with normally open automated devices (see one-line in the attachment 
section). 
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Project Costs Summary 

Financial Evaluation

Note:  Dollar values are in thousands 

Direct Capital Costs 2018 2019 2020+ Total 

Straight Time Labor 41 12 5 58 

Overtime Labor 1 1 

Outside Services 1,024 528 1,333 2,885 

Materials 207 88 252 547 

Other, including contingency amounts (describe) 152 87 252 501 

   Total 1,425 715 1,842 3,982 

Indirect Capital Costs 2018 2019 2020+ Total 

Indirects/Overheads (including benefits) 554 153 441 1,148 

Capitalized interest or AFUDC, if any 4 0 0 4 

   Total 558 153 441 1,152 

Total Capital Costs 1,983 868 2,283 5,134 

Less Total Customer Contribution 

Total Capital Project Costs 1,983 868 2,283 5,134 

Total O&M Project Costs 2 0 0 2 

Prior 
Authorized 2018 2019 2020+ Totals

Capital Additions - Direct 100$   1,409$   640$   1,842$  3,991$   
Less Customer Contribution - - - - - 
Removals net of Salvage % - 16 75 91 
Total - Direct Spending 100$   1,425$   715$   1,842$  4,082$   
Capital Additions - Indirect - 554 153 441 1,148 
Subtotal Request 100$   1,979$   868$   2,283$  5,230$   
AFUDC - 4 - - 4 
Total Capital Request 100$   1,983$   868$   2,283$  5,234$   
O&M - 2 - - 2 
Total Request 100$   1,985$   868$   2,283$  5,236$   
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Technical Justification: 

Project Need Statement 
The 4.16 kV distribution system (circuit 28H1), which serves the downtown Rochester, is fed by the Signal 
Street, Twombley Street and Portland Street substations.   

The Signal Street substation transformer is over 62 years old and the sister units to this transformer 
(Community Street and Franklin) have failed in recent years.  There are 2 circuits being fed from this 
substation, 28H1 and 28H2.  Because the circuit is heavily loaded, fuse coordination on the 28H1 circuit 
is lost and the only circuit protection is back to the substation breaker. This results in an outage to the 
entire circuit for a fault near the end of the circuit.   

The Twombley Street transformer is loaded to over 91% of its nameplate rating.  A new 12.47 kV 
transformer at Twombley Street coupled with a change to 12.47 kV at Portland Street S/S will also help to 
off load the other Portland Street 12.47 kV transformer which is loaded to over 97% of its nameplate 
rating. 

Project Objectives 
This project will upgrade the distribution system in the city of Rochester including the following: 
• Create a 12.47 kV interconnected system between Portland St and Twombly St substations.
• Increase switching flexibility between two, 12.47 kV substations (Portland St and Twombley Street).
• This increased switching flexibility and substation capacity will allow for the increased use of

distribution automation to increase reliability
• Improve the protection margins of the distribution system to improve system reliability.
• Allow for the retirement of the 62-year-old Signal Street substation.
• Provide additional 12kV transformer capacity at Portland Street to support heavily loaded 34W3

transformer.

Project Scope 
2018 work scope: 
• Reconductor the 34H1 with spacer cable from Portland Street substation down Portland Street to

School Street then south on Winter Street to Route 125 (Columbus Ave.) and convert the 4.16 kV to
12.47 kV.

• Reconductor south along route 125 to Brock Street and convert Brock Street to Washington Street

2019 work scope (complete prior to 6/1 to allow Twombley Street substation to be taken out-of-service): 
• Convert Washington Street to Twombley Street substation
• Install 3-500 kVA steps on the 340 line and feed 43H1 in the No. Main Street area
• Take Twombley Street substation out of service for construction of a new 12.47 kV substation. (this

will be done under a separate substation project authorization)

2020 work scope (to begin after the new Twombley substation goes into service, 6/1) 
• Convert 43H1 and remove steps
• Convert 28H1

2021 work scope: 
• Convert 28H2
• Convert 34H2
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Background / Justification 
The electrical system in downtown Rochester consists of three 4.16 kV substations: 
• Twombley Street (43H) – 2,800 kVA, 55 years, loaded to 91% nameplate, located on the west side of

the downtown
• Signal Street (28H) – 3,750 kVA, 62 years, loaded to 61% nameplate, located in the center of the

downtown
• Portland Street (34H) – 6,250 kVA, 7 years, located on the east side of the downtown (this

transformer recently failed and was replaced with a dual voltage 4.16/12.47 kV unit and is planned for
future use at 12.47 kV).

There are 5, 4.16 kV circuits (43H1, 28H1, 28H2, 34H1 and 34H2) in downtown Rochester.  There are 2 
additional 12.47 kV circuits from Portland Street (34W3 and 34W4).  (See the following diagram.) 

The proposed project eliminates Signal Street S/S, replaces Twombley St S/S with a 12.47 kV 12.5 MVA 
substation, and converts the line voltage in the area from 4kV to 12.47 kV.  An interconnected 12.47 kV 
system will increase reliability by creating new circuit ties between Portland Street and a new 12.47 kV 
Twombley Street substations and allow for the use of distribution automation. (see attached one-line 
diagram) 

Business Process and / or Technical Improvements: 
This project will improve the reliability of the distribution system in the city of Rochester.  The imminent 
failure of a 62-year-old transformer with sister units that have already failed will be eliminated.  The 
reliability of the underlying distribution system will be improved by converting the system to a 12.47 kV 
voltage which will improve the protection margins and provide the ability to utilize distribution automation 
to effectively minimize the customer impact of unexpected outages. 

Alternatives Considered with Cost Estimates 
Alternatives Considered: 

1) Build a 4.16 kV Substation at Twombley Street and Signal Street $7,950,000 
2) Retire Twombley and Signal Street, Convert downtown to 34.5 kV $8,419,500 

34W3 

34W4 

Portland St. 

43H1 

Twombley St. 

34H2 

34H1 

Signal St. 
28H2 

28H1 

Tie to 39W1 
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Operations Project Authorization Form 
Approved at May 29, 2019 EPAC 

Link to Meeting Minutes 
Date Prepared:  May 13, 2019 Project Title:  Rebuild Twombly Street SS 

Company/ies:  Eversource NH Project ID Number:  A17E05 

Organization:  NH Operations Class(es) of Plant:  Distribution Substation, Distribution Line 

Project Initiator:   Project Category:  Stations – Other 

Project Manager:   Project Type:  Specific 

Project Sponsor:  Russel Johnson Project Purpose:  Increase reliability and support conversion 
to 12.47kV 

Estimated in service date:  6/1/2020 If Transmission Project, PTF/Non-PTF:  NA 

Eng. / Constr. Resources Budgeted?  Yes Capital Investment Part of Original Operating Plan:  Yes 

Authorization Type:  Full Funding O&M Expenses Part of the Original Operating Plan:  NA 

Total Request:  $6,296K  
$5,463K (D SS), $833K (D Line) 

Financial Requirements: 

Project Authorization  

ERM:  ________________________________________________________________ 

FP&A:  _______________________________________________________________ 

Executive Summary 

This Project Authorization Form (PAF) requests full funding of $6,296K for the replacement of 
the existing Twombly Street SS in Rochester, NH. This includes $5,463K for the substation and 
$833K for the Distribution ROW line. This project was approved for preliminary engineering in 
the amount of $300,000 on March 16, 2017 in PowerPlan per TAF #NH-170015-DS. Adjacent 
parcels of land have been acquired and surveyed and a Scope of Work document is complete.  
Electrical and Civil/Site Engineering are at 70%.  The P&C Engineering is being done by a 
Contractor and has not yet started.  $201K has been spent to date through May 14, 2019. 
Construction is scheduled to begin in 3rd Quarter 2019. 

An area study was performed to address load growth and aging equipment in Rochester, NH.  
This was documented in the Rochester 4.16 kV Distribution System Study – January 2017. The 
recommendations in this report were to implement several projects to eliminate Signal Street 
SS, replace Twombly Street SS with a new 12.47kV 12.5 MVA substation, completely remove 
the existing Twombly Street SS, and convert the line voltage in the area from 4kV to 12.47kV.  
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This project is for the construction of the new Twombly Street SS, removal of the existing 
Twombly Street SS, and rebuild of 34.5kV right of way structures to feed the new substation.  
The distribution 4kV to 12.47kV conversion project (A17E09) was approved on July 2, 2018 for 
$5,236K. The removal of the Signal Street SS will be a separate annual work order which has 
not yet been established. 

Project Costs Summary (Total Cost) 
Note:  Dollar values are in thousands 

Prior 
Authorized 

Spent 2017 
through 
5/14/19 

Remaining 
2019 2020 Totals 

Capital Additions - Direct $240 $148 $1,359 $2,970 $4,477 

Less Customer Contribution $ $ $ $ $ 

Removals net of Salvage % $ $ $ $113 $113 

Total - Direct Spending $240 $148 $1,359 $3,083 $4,590 

Capital Additions - Indirect $60 $52 $535 $920 $1,507 

Subtotal Request $300 $200 $1,894, $4,003 $6,097 

AFUDC $0 $1 $51 $147 $199 

Total Capital Request $300 $201 $1,945 $4,150 $6,296 
O&M $ $ $ $ $ 
Total Request $300 $201 $1,945 $4,150 $6,296 

Financial Evaluation (Total Cost) 
Note:  Dollar values are in thousands 

Direct Capital Costs 2017-
5/14/19 

Remaining 
2019 2020 Totals 

Straight Time Labor $55 $128 $151 $334 
Overtime Labor $0 $0 $0 $0 
Outside Services $37 $341 $2,055 $2,433 
Materials $56 $770 $682 $1,508 
Other, including contingency amounts (describe) $0 $120 $194 $315 
Total Direct Costs $148 $1,359 $3,083 $4,590 

Indirect Capital Costs 2017-
5/14/19 

Remaining 
2019 2020 Totals 

Indirects/Overheads (including benefits) $52 $535 $920 $1,507 
Capitalized interest or AFUDC, if any $1 $51 $147 $199 
Total Indirect Costs $53 $586 $1,067 $1,706 

Total Capital Costs $201 $1,945 $4,150 $6,296 
Less Total Customer Contribution $ $ $ $ 
Total Capital Project Costs $201 $1,945 $4,150 $6,296 
Total O&M Project Costs $ $ $ $ 

Note: Explain unique payment provisions, if applicable: 

Other/Contingency includes: Material & Equipment prices different than estimate ($75K), Severe 
Weather, Delays, Additional OT to meet schedule ($85K), Detail design differs from conceptual 
($120K), Other – permits/fees/taxes/expenses ($35K) 
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Project Costs Summary (Distribution Substation) 
Note:  Dollar values are in thousands 

Prior 
Authorized 

Spent 2017 
through 
5/14/19 

Remaining 
2019 2020 Totals 

Capital Additions - Direct $240 $148 $1,302 $2,578 $4,028 

Less Customer Contribution $ $ $ $ $ 

Removals net of Salvage __% $ $ $ $105 $105 

Total - Direct Spending $240 $148 $1,302 $2,683 $4,133 

Capital Additions - Indirect $60 $52 $436 $667 $1,155 

Subtotal Request $300 $200 $1,738 $3,350 $5,288 

AFUDC $0 $1 $47 $127 $175 

Total Capital Request $300 $201 $1,785 $3,477 $5,463 
O&M $ $ $ $ $ 
Total Request $300 $201 $1,785 $3,477 $5,463 

Financial Evaluation (Distribution Substation) 
Note:  Dollar values are in thousands 

Direct Capital Costs 2017-
5/14/19 

Remaining 
2019 2020 Totals 

Straight Time Labor $55 $83 $139 $277 
Overtime Labor $0 $0 $0 $0 
Outside Services $37 $332 $1,807 $2,176 
Materials $56 $770 $559 $1,385 
Other, including contingency amounts (describe) $0 $117 $178 $295 
Total Direct Costs $148 $1,302 $2,683 $4,133 

Indirect Capital Costs 2017-
5/14/19 

Remaining 
2019 2020 Totals 

Indirects/Overheads (including benefits) $52 $436 $667 $1,155 
Capitalized interest or AFUDC, if any $1 $47 $127 $175 
Total Indirect Costs $53 $483 $794 $1,330 

Total Capital Costs $201 $1,785 $3,477 $5,463 
Less Total Customer Contribution $ $ $ $ 
Total Capital Project Costs $201 $1,785 $3,477 $5,463 
Total O&M Project Costs $ $ $ $ 

Note: Explain unique payment provisions, if applicable: 

Other/Contingency includes: Material & Equipment prices different than estimate ($75K), Severe 
Weather, Delays, Additional OT to meet schedule ($80K), Detail design differs from conceptual 
($110K), Other – permits/fees/taxes/expenses ($30K) 
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Project Costs Summary (34.5kV ROW Distribution Line) 
Note:  Dollar values are in thousands 

Prior 
Authorized 

Spent 2017 
through 
5/14/19 

Remaining 
2019 2020 Totals 

Capital Additions - Direct $0 $0 $57 $392 $449 

Less Customer Contribution $ $ $ $ $ 

Removals net of Salvage __% $ $ $ $8 $8 

Total - Direct Spending $0 $0 $57 $400 $457 

Capital Additions - Indirect $0 $0 $98 $254 $352 

Subtotal Request $0 $0 $155 $654 $809 

AFUDC $0 $0 $4 $20 $24 

Total Capital Request $0 $0 $159 $674 $833 
O&M $ $ $ $ $ 
Total Request $0 $0 $159 $674 $833 

Financial Evaluation (34.5kV ROW Distribution Line) 
Note:  Dollar values are in thousands 

Direct Capital Costs 2017-
5/14/19 

Remaining 
2019 2020 Totals 

Straight Time Labor $0 $45 $12 $57 
Overtime Labor $0 $0 $0 $0 
Outside Services $0 $9 $249 $258 
Materials $0 $0 $123 $123 
Other, including contingency amounts (describe) $0 $3 $16 $19 
Total Direct Costs $0 $57 $400 $457 

Indirect Capital Costs 2017-
5/14/19 

Remaining 
2019 2020 Totals 

Indirects/Overheads (including benefits) $0 $98 $254 $352 
Capitalized interest or AFUDC, if any $0 $4 $20 $24 
Total Indirect Costs $0 $102 $274 $376 

Total Capital Costs $0 $159 $674 $833 
Less Total Customer Contribution $ $ $ $ 
Total Capital Project Costs $0 $159 $674 $833 
Total O&M Project Costs $ $ $ $ 

Note: Explain unique payment provisions, if applicable: 

Other/Contingency includes: Severe Weather, Delays, Additional OT to meet Schedule ($5K), 
Detail Design Differs from Conceptual ($10K), Other expenses – permits/fees ($4K) 
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Technical Justification: 

Project Need Statement 

An area study was performed to address load growth and aging equipment in Rochester, NH.  
This was documented in the Rochester 4.16 kV Distribution System Study – January 2017. The 
recommendations in this report were to implement several projects to eliminate Signal Street 
SS, replace Twombly Street SS with a 12.47 kV 12.5 MVA substation, and convert the line 
voltage in the area from 4.16kV to 12.47 kV.  It was preferred to eliminate/retire Signal Street 
SS because it is 65 years old and two sister units (Franklin and Community) have failed. 
Replacing the Twombly Street SS will retire a 58-year old substation and allow the conversion of 
the 4.16kV Rochester area to 12.47kV with additional transformation. The conversion from 
4.16kV to 12.47kV increases the capacity to meet peak load, more flexibility, better reliability, 
allows distributed automation, and improves protection margins. 

This project is for the construction of the new Twombly Street SS, removal of the existing 
Twombly Street SS, and rebuild of 34.5kV right of way structures to feed the new substation.  
The distribution 4.16kV to 12.47kV conversion project is approved and being done under project 
A17E09.  The removal of Signal Street SS will be a separate annual work order which has not 
yet been established. 

It was possible to build on the existing site. However, by subdividing the adjacent commercial 
retail properties and purchasing two small lots, the size of the substation property was increased 
to make construction possible without requiring a mobile and leaving the existing substation  
intact throughout construction. 

Project Objectives 

The objective of this project is to increase capacity at the Twombly Street SS to support the 
upgrade of the distribution system in the city of Rochester, NH to 12.47kV and increase system 
reliability. This project supports the upgrade of the distribution system. Additional benefits to the 
system that the new Twombly Street SS will enable include the following:  

1. Retire a 65-year old Signal Street substation transformer.

2. Create a 12.47kV interconnected system between Portland Street and Twombly Street
substations.

3. Increase switching flexibility between two (2) 12.47kV substations (Portland Street and
Twombly Street).)

4. This increased switching flexibility and substation capacity will allow for the increased
use of distribution automation and improve system reliability.

5. Improve the protection margins of the distribution system to improve system reliability.
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Project Scope 

The scope of work for this project includes the following: 

• Construction of a new Twombly Street substation adjacent to the existing substation,
including a transformer, circuit breakers, switches, associated foundation, control house,
perimeter fencing, P&C equipment, security and animal protection system, and testing
and commissioning activities;

• Removal of the existing Twombly Street substation; and
• Line work including a steel structure with three (3) phase tap, conductor, fiber optic cable

installation and additional structures, as needed.

The attached drawings show the addition and removal one-line drawings and a 3D rendering of 
the General Arrangement. (Attachment 2 - A17E05 Twombly Removal One-line.  Attachment 3 - 
A17E05 Twombly Addition One-line, Attachment 4 - A17E05 Twombly General Arrangement 
3D). 

The separate distribution 4.16kV to 12.47kV conversion project is being done under approved 
project A17E09. Included in the line project, the 43H1 circuit will be split and renamed 43W1 
and 43W2 and fed directly from two separate breakers at the new Twombly Street SS. The 
removal of Signal Street SS will be a separate annual work order which has not yet been 
established. These projects are not included in this project scope. 

The existing substation will remain energized during construction. Once the new substation is 
fully energized and functional, the existing substation will be removed. See Attachment 1 - 
A17E05 Twombly Street Scope Document - Rev D, dated 3/29/2019 for the detailed project 
scope of work. A summary of the major equipment to be installed and removed is provided 
below.  

A. Major Equipment to be Installed (Electrical)
One (1) - 38kV Vacuum Circuit Breaker 
Three (3) - 34.5kV Disconnect Switches (34001) 
Three (3) - 34.5kV Suspension Disconnect Switches (DM02) 
Two (2) - 34.5kV Disconnect Switches (DS340, 34003) 
One (1) - 34.5-12.47kV. 10/12.5 MVA Transformer (TX340) 
Three (3) – 30kV Station Class Lightning Arresters (Transformer) 
Three (3) – 30kV Intermediate Class Lightning Arresters (340 Line) 
Three (3) – 10kV Station Class Lightning Arresters (Transformer) 
Six (6) – 10kV Intermediate Class Lightning Arresters (43W1, 43W2 Lines) 
Three (3) – VT (Transformer) 
Nine (9) - VT (43W1, 43W2 Lines, 12.47kV Bus) 
Three (3) – 15kV Vacuum Circuit Breakers 
Fifteen (15) – 12.47kV Disconnect Switches (43W101, 43W103, 43W201, 43W203, 
392XL01) 
One (1) – 12.47kV Disconnect Switches (TX34003) 
Three (3) – 12.47kV Suspension Disconnect Switches (DM01) 
Three (3) – Station Service Transformer 
Three (3) – Fuse Cutout (Station Service Transformer) 
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One (1) – Station Service AC Power Panel 
One (1) – AC Power Panel (Station Service) 
One (1) – DC Power Panel 
One (1) – Battery System 
One (1) – Battery Charger 
Ground Grid 

B. Major Equipment to be Installed (Civil/Structural)
One (1) – 34.5kV Takeoff Structure & Foundation 
Six (6) - 34.5kV Disconnect Switch Stand & Foundation (3 for 12.47kV Lines) 
One (1) – 34.5kV Siemens Breaker Foundation 
One (1) – 34.5kV High Bus Support & Foundation 
One (1) - 34.5-12.47kV Transformer Foundation 
Three (3) – 15kV Siemens Breaker Foundation 
One (1) – 34.5kV Takeoff Structure & Foundation 
Perimeter fence 
Control House 

C. Major Equipment to be Installed (P&C)
1. Cabinet #1, Transformer TX340 Primary Relaying

One (1) - Schweitzer SEL-387E Transformer Differential Relay (87/TP-TX340)
One (1) - ABB Test Switch Type FT-19R (TD1, 2, 3-87/TP-TX340)
One (1) - ABB Test Switch Type FT-19R (TD4, 5, 6-87/TP-TX340)
One (1) - Electro switch Lockout Relay (86/TP-TX340)
One (1) - Electro switch Control Switch (69/87/TP-TX340)
One (1) - ABB Test Switch Type FT-19R (TD1, 2-86/TP-TX340)
One (1) - Schweitzer SEL-351-7 Protection Relay (67H/TS-TX340)
One (1) - ABB Test Switch Type FT-19R (TD1, 2, 3-67H/TS-TX340)
One (1) - ABB Test Switch Type FT-19R (TD4, 5, 6-67H/TS-TX340)
One (1) - Electroswitch Lockout Relay (86/TS-TX340)
One (1) - Electroswitch Control Switch (69/51NL -TX340)
One (1) - ABB Test Switch Type FT-19R (TD1, 2-86/TS-TX340)
One (1) - GE HAA Target Relay (63FPX/TP-TX340)
- Various Auxiliary Relays

2. Cabinet #2, 34.5KV Breaker TB340H & TB340L Control/Relaying
One (1) - Schweitzer SEL-351-7 Overcurrent Protection Relay (50/62/BF-TB340L)
Two (2) - Electroswitch Breaker Control Switch (1-TB340H, 1-TB340L)
One (1) - Electroswitch permissive switch, (69/BF-TB340L)
Two (2) - Electroswitch Supy-Local Control Switch (43SL-TB340H, TB340L)
One (1) - Electroswitch synchronizing switch (SYN-TB340L)
One (1) - Electroswitch manual reset Lockout relay, (86/BFB1-12)
Two (2) - ABB Test Switch Type FT-19R (TD1, 2, 3-50/62/BF-TB340L), (TD4, 5, 6-

50/62/BF-TB340L) 
One (1) - ABB Test Switch Type FT1 (TD1-86/BFB1-12) 
One (1) - Electroswitch Auto/Manual/Supervisory Switch (43AMS/LTC-TX340) 
One (1) - Electroswitch Raise/Lower Switch (84RL-LTC-TX340) 
One (1) - INCON LTC Position Monitor 
- Various Indicating Lamps and Auxiliary Relays
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3. Cabinet #3, 12.47kV Bus #1 P&C Cabinet
One (1) - Schweitzer SEL-487B Bus Differential Relay (87/B1-12)
One (1) - Electroswitch manual reset Lockout relay (86/B1-12)
One (1) - Electroswitch permissive switch, (69/B1-12)
Four (4) - Test Switch ABB type FT19R (TD1,2,3-87/B1-12), (TD4,5,6-87/B1-12),

(TD7,8,9-87/B1-12), (TD1-86/B1-12) 
One (1) - Dranetz type Encore 61000 (61STD) monitor, including: 

Two (2) - current/voltage modules (61MZP) 
One (1) - 5536VPOD 
One (1) - 5537APOD 
One (1) - 56K (61MDM) 
One (1) - DC power supply (61PSDC-SB) 
One (1) - Rack mount assembly (61RMTS) 
• For monitoring one bus

- Various Indicating Lamps and Auxiliary Relays

4. Cabinet #4, 12.47KV Breaker & Feeder 43W1 Control/Relaying
One (1) - Schweitzer SEL-351-7 Directional Overcurrent Relay (67/LP-43W1)
One (1) - ABB Test Switch Type FT-19R (TD1, 2, 3-67/LP-43W1)
One (1) - ABB Test Switch Type FT-19R (TD4, 5, 6-67/LP-43W1)
One (1) - Electroswitch Supervisory/Local Switch (43SL-43W1)
One (1) - Electroswitch Control Switch (1-43W1)
One (1) - Electroswitch Permissive Reclosing Control Switch (69/79-43W1)
One (1) - Electroswitch Synchronizing Switch (SYN-43W1)
One (1) - Electroswitch Setting Group Selector Switch, (43GRP-67/L-43W1)
One (1) - Electroswitch Permissive Switch (69/67/LS-43W1)
One (1) - Electroswitch Breaker Failure Permissive Switch (69/BF-43W1)
One (1) - Schweitzer SEL-451 Feeder Protection Relay (67/50BF/LS-43W1)
One (1) - ABB Test Switch Type FT-19R (TD1, 2, 3-67/50BF/LS-43W1)
One (1) - ABB Test Switch Type FT-19R (TD4, 5, 6-67/50BF/LS-43W1)
- Various Indicating Lamps and Auxiliary Relays

5. Cabinet #5, 12.47KV Breaker & Feeder 43W2 Control/Relaying
One (1) - Schweitzer SEL-351-7 Directional Overcurrent Relay (67/LP-43W2)
One (1) - ABB Test Switch Type FT-19R (TD1, 2, 3-67/LP-43W2)
One (1) - ABB Test Switch Type FT-19R (TD4, 5, 6-67/LP-43W2)
One (1) - Electroswitch Supervisory/Local Switch (43SL-43W2)
One (1) - Electroswitch Control Switch (1-43W2)
One (1) - Electroswitch Permissive Reclosing Control Switch (69/79-43W2)
One (1) - Electroswitch Synchronizing Switch (SYN-43W2)
One (1) - Electroswitch Setting Group Selector Switch, (43GRP-67/L-43W2)
One (1) - Electroswitch Permissive Switch (69/67/LS-43W2)
One (1) - Electroswitch Breaker Failure Permissive Switch (69/BF-43W2)
One (1) - Schweitzer SEL-451 Feeder Protection Relay (67/50BF/LS-43W2)
One (1) - ABB Test Switch Type FT-19R (TD1, 2, 3-67/50BF/LS-43W2)
One (1) - ABB Test Switch Type FT-19R (TD4, 5, 6-67/50BF/LS-43W2)
- Various Indicating Lamps and Auxiliary Relays
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6. Cabinet #6, SCADA
One (1) - Arbiter type GPS Clock #1093B with options 10, 92 & 93 (GPS-CLOCK)
One (1) - GarrettCom 10XTS (SCAD)
One (1) - Schweitzer SEL-3530 Real-Time Automation Controller (RTAC)
One (1) - Schweitzer SEL-2242 W/ SEL-2242, SEL-2243, SEL-2244-2 (AXION
CHASSIS 1)
One (1) - Schweitzer SEL-2242 W/ SEL-2242, SEL-2243, SEL-2244-3, SEL-2245-
2 (AXION CHASSIS 2)
- Various Auxiliary Relays

7. Cabinet #7, HMI Annunciator & Communication
One (1) - HMI Touchscreen Monitor
One (1) - HMI Computer
One (1) - HMI Speaker
One (1) - HMI Speaker Switch
One (1) - HMI DC-DC Converter
- Various Indicating Lamps and Auxiliary Relays

8. Cabinet #8, Security & Communication
One (1) - DC-AC Inverter
One (1) - AC Throwover Switch
One (1) - AC Power Strip
One (1) - Cisco CGR2010 grid router
One (1) -  Cisco IE4010 switch
Note that Security will not be added at this time as the Security Department
recommends it for substations above 100kV.  There has been no security issues with the
existing substation.

9. Battery Monitor
One (1) - Arga Battery Monitor 25-469-I420-BB
- Various Auxiliary Relays, Switches and Fuses

10. Voltage Reduction Cabinet
One (1) - Allen Bradley 800T Switch
One (1) - Veeder Root Counter
One (1) - GE EB25 Terminal Block
- Various Aux Relays, Indicating Lamps

11. Sync Panel
Two (2) - Yokogawa AB-16 Voltmeter, Expanded Scale 90-130V AC
One (1) - Yokogawa AB-16 Sync Scope

12. Telco Backboard
One (1) - Wall-Mounted 4’x8’x3/4” Plywood Backboard w/Fire Retardant Paint
Patch Panel
One (1) – 4” conduit to street
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D. Major Equipment to be Removed (Existing Twombly St. Substation)
- Existing 34.5kV Disconnect Switches
- Existing Transformer 43H1
- Existing Station Service
- Existing 4.36kV Breaker
- Existing 34.5kV Disconnect Switch Stands
- Existing 34.5kV Disconnect Switch Foundations
- Existing 34.5/4.36kV Transformer Foundation
- Existing Perimeter Fence

E. Major Equipment to be Installed (Line)
One (1) 34.5kV Steel Structure with 3 Phase Tap 
477 AAC Covered Conductor 
4/0 ACSR 6/1 Neutral 
ADSS Fiber Optic Cable 
2,500 linear feet of Fiber Optic Installation 
Four (4) 34.5kV Structure Replacements w/ Steel Poles 

Background / Justification 

A full background and justification for this project are in the Rochester 4kV Distribution System 
Study (Revision10). The downtown Rochester area is primarily served by three (3), 34.5 -  4.16 
kV substations; 1) Twombly Street substation on the west side of downtown, 2) Signal Street 
substation in the center of downtown and 3) Portland Street on the east side of downtown. The 
Twombly Street and Signal Street transformers are 58 and 65 years, respectively. The Signal 
Street transformer has two other sister units on the Eversource system (Franklin and 
Community Street) that have recently failed. 

The Portland Street 34.5 - 4.16kV transformer (TB341) failed and was replaced in 2010. This 
transformer was replaced with a dual voltage 34.5 - 4.16X12.47kV unit. This was done to allow 
for the future conversion of the downtown system to 12.47kV. Portland Street also has two (2) 
12.47kv circuits supplied from two (2) separate 34.5 – 12.47kV transformers. The 34W4 
supplies the area to the north and ties to the 39W1 circuit from the North Rochester substation. 
The 34W3 supplies load in the southeast of downtown Rochester. This circuit is loaded to over 
97% of the transformer nameplate rating. At Portland Street SS the 4.16kV was removed and 
the system was converted to 12.47kV in 2018. 

The project to replace the Twombly Street Substation is Phase 4 in the conversion of Rochester 
to 12.47kV. The original PAF outlined six phases to the Rochester area projects. These are: 

Phase 1 – Convert the 34H1 from 4.16kV to 12.47kV (Complete) 

• Install new spacer cable from Portland St. substation down Portland St. to School St.
then south on Winter St.to Columbus Ave.

• Step and convert 34H1 4.16kV load as needed
• Change the transformer voltage on (TB341) at Portland S.t from 4.16kV to 12.47kV
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Phase 2 – Build a new 12.47kV line from 34W3 to 43H1 (Complete) 
• Extend 3-phase, 34W3 up Brock St. to 43H1 (0.5 mi)

Phase 3 – Convert 43H1 (In Progress) 
• Convert 43H1 from 4.16kV to 12.47kV along Brock St. (Complete)
• Convert 43H1 from 4.16kV to 12.47kV along Washington St. (Under Construction)
• Convert 43H1 from 4.16kV to 12.47kV along Roy St. and Walnut St. to Twombly St.

substation (Construction scheduled following the Roy St. work)
• Feed remaining 43H1 load from steps off the 340 line at North Main St. (No longer

required)

Phase 4 – Substation Construction (This Phase is the current project requesting Full 
Funding in this PAF) 

• Take Twombly St. substation out-of-service and build a new 12.47kV substation with a
34.5kV breaker and three 12.47kV breakers (1 transformer breaker and 2 line breakers)

Phase 5 – Convert 28H1 (Future) 
• Convert the remaining 4.16kV, 28H1 circuit in Downtown Rochester

Phase 6 – Complete Conversion  (Future) 
• Continue 4.16kV conversion on 43H1, 28H1, 34H1 (Future). The 43H1 circuit will be

split and renamed 43W1 and 43W2 and fed directly from two separate breakers at
Twombly Street SS.

• Continue 4.16kV conversion on 34H2 (Construction scheduled in 2019)
• Retire Signal Street substation (Future)

Business Process and / or Technical Improvements 

This project will improve the reliability of the distribution system in the city of Rochester, NH. 
The imminent failure of a 65-year old transformer with sister units that have already failed will be 
eliminated. The reliability of the underlying distribution system will be improved by converting 
the system to a 12.47kV voltage which will improve the protection margins and provide the 
ability to utilize distribution automation to effectively minimize the customer impact of 
unexpected outages. 

Alternatives Considered with Cost Estimates 

These three alternatives were considered in the Rochester 4kV Distribution System Study 
(Revision 10). Alternative 2 was selected. Note: The cost estimates have not been updated from 

the original report. 
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Alternative 1: Rebuild the 4.16kV Substations at Twombly St. and Signal St. 

• Rebuild the existing 34.5 – 4.16kV substations at Twombly Street and Signal Street with
6.25 MVA transformers.

• Build a second circuit from Twombly Street substation.

The cost of this alternative was estimated at $7.950M. This alternative was not chosen because 
while this option would allow for switching between the 4.16kV circuits, it would leave a single 
12.47kV circuit with no backup during a contingency. 

Alternative 2: Build a 12.47kV Substation at Twombly St. 

• Construct a new 34.5 – 12.47kV substation at Twombly Street with a 12.5 MVA
transformer and two 12.47kV circuits.

• Convert the 4.16kV downtown to 12.47kV
• Retire Signal Street substation.

The cost of this alternative was estimated at $9.195M. This alternative was chosen because it 
creates a 12.47kV system between two substations (Twombly Street and Portland Street). This 
will allow for switching flexibility, for the use of distribution automation and resolve the protection 
coordination. This option would also provide for offloading the 34W3 circuit. 

This PAF will address the construction of the new substation at Twombly Street. The conversion 
from 4.16kV to 12.47kV and the retirement of the Signal Street substation will be addressed 
under different projects.  

Alternative 3: Convert Downtown to 34.5 kV 

• Convert the current 4.16 kV downtown circuits to 34.5 kV.
• Create 34.5 kV ties between the new 34.5 kV circuits
• Retire the existing substations at Twombly St. and Signal St. Substations.

The cost of this alternative was estimated at $8.420M. This alternative was not chosen because 
it would require creating 34.5kV ties in the downtown area. This would also leave an isolated 
12.47kV circuit with no ties and reduce the reliability. 

Alternative 4: Construct Twombly Street SS with IEC61850 Protocol 

Eversource NH is adding to their IEC61850 test facility concurrent with the construction of 
Twombly Street SS.  It was determined that the Twombly Street substation will be a 
conventional control design and not IEC61850 Communication Protocol.  This decision was 
based on the timing and smaller (34.5-12.47kV 10MVA) size of the substation. 
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