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Appendix A - Definitions  
 

Bolted Fault – A fault with no fault impedance.  

CB - Circuit Breaker  

DC - Direct Current  

DER - Distributed Energy Resources  

DELTA – A way to configure 3-phase power. 

Dielectric – Electrical insulator  

GMP - Grid Modification Plan  

GPS - Global Positioning System  

ICE - Interruption Cost Estimate 

Impedance – The combined effects of ohmic resistance and reactance. 

ISR – Infrastructure Safety and Reliability  

KW-Kilowatt 

LTC – Load Tap Changer -adjusts the turns ratio inside of a transformer which changes the output 

voltage. 

MOS - Motor Operated Switch 

MVA – Megavolt-Amperes, means 1 million volts-amps. Units used to show the capacity of large 

transformers.  

MW -Megawatt    

MWhrs - Megawatt hours  

OHL - Over Head Line  

PPL - PPL Corporation.  A Pennsylvania corporation organized under the laws of Delaware that 

purchased The Narragansett Electric Company, a Rhode Island corporation, from National Grid 

USA on May 25, 2022.  The Narragansett Electric Company now does business as Rhode Island 

Electric, but formerly did business as National Grid Electric while owned by National Grid 

USA.  At the time of the incident addressed by this report, The Narragansett Electric Company 

was operating as a indirect subsidiary wholly owned by PPL Corporation. 

PUD - Pascoag Utility District  

PV - Photovoltaic  

RIDPUC – Rhode Island Division of Public Utilities and Carriers 

SCADA - Supervisory Control And Data Acquisition 
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RIE  - Rhode Island Energy 

ROW - Right of Way  

R/W - Right of Way  

USDOE- United Stated Department of Energy  

WYE - A way to configure 3-phase power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Executive Summary 
This report is a cumulation of reports and other communication provided by The Narragansett 
Electric Company dba Rhode Island Energy and Pascoag Utility District which were submitted by 
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those utilities as requested by the Division of Public Utilities and Carriers under Engineering 
reference number 2022-26 (“EC-2022-26”) regarding the “Nasonville Substation1”.  
 
On Tuesday, August 23, 2022, at 18:23 (6:23 p.m.) during a thunderstorm, Rhode Island Energy’s 
(“RIE”) Nasonville Substation, located on Douglas Turnpike in Burrillville, Rhode Island, had an 
issue, causing a fire within the substation. Initial reports from Pascoag Utility District (“PUD” or 
“Pascoag”) to the Rhode Island Division of Public Utilities and Carriers (“RIDPUC” or 
“Division”) stated that the fire was caused by a lightning strike. However, it was later determined 
that the fire was most likely caused by a dielectric failure between the rosette to stab connection 
on the number 41-feeder breaker C-phase terminal to the switchgear bus that is located inside of 
the switchgear building within the Nasonville Substation.  No injuries were reported. 
 
The dielectric failure happened after a tree fell across the 41-feeder three-phase wires resulting in 
a significant through fault current and, subsequently, cycling of a recloser which cleared the tree 
fault. Nasonville Substation differential relaying operated in response to the switch gear bus fault.  
The differential relaying at the Nasonville substation attempted to de-energize. The differential 

relaying was designed to open all 15kV breakers, close the 115kV grounding switch (which will 

create a 115kV fault and cause the West Farnum circuit breakers to open), and then have the three-

phase gang motor operated air-break switch at Nasonville open to isolate the substation. However, 

the grounding switch failed to close, and the three-phase gang motor operated air-break switch 

opened under load (causing the contact arms to flash, resulting in significant damage to them), 

which caused a fault since the switch was not designed to open under load.  This fault is what 

caused the West Farnum circuit breakers to open.  The 15kV fault did not cause the West Farnum 

circuit breakers to operate. 

This incident caused  4,700 Pascoag and 4,617 RIE customers to lose power; in total 9,317 electric 
customers lost power. These customers were gradually restored using a variety of methods 
including feeder transfers, a new battery storage system at Pascoag, onsite generation, and roll-on 
generation. The roll-on generation was run during the peak loading periods of each day.  During 
restoration, while transferring loads, a splice failed on a primary wire located on Smithfield Road 
in Woonsocket, resulting in the wire falling to the ground, prompting a separate recloser to de-
energize that circuit. Restoration efforts also experienced high and low voltage issues that required 
adjustments to equipment in order to correct.  
 
A temporary mobile relay station2 and other equipment were installed at the Nasonville Substation 
while tests of the Nasonville Substation transformer were performed. The duration of the event 
was Tuesday, August 23, 2022, at 18:23, to Saturday, August 27, 2022, at 19:00, when 100% of 
the load served by the Nasonville Substation had been transferred to the mobile switchgear. (The 
decommissioning of the “roll-on” generation occurred on Wednesday, September 1, 2022.)  

Incident Summary 
No injuries were reported in this incident. On Tuesday, August 23, 2022, during a severe 
thunderstorm that included torrential downpours, lightning, and wind gusts of 17 mph, at 18:20:27 

 
1 See appendix B and C. Also, the Electric Infrastructure Safety Reliability (“ISR”) reports Docket Number 22 -53-EL (FY-2023-2024)  
2 Also referred to as a switch station or mobile switchgear.  
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(6:20:27 p.m.), the 641026 recloser3 located on pole number 2274, which protects the 127W41 
feeder, tripped due to a phase-to-phase fault caused by a fallen tree (discussed in more detail later 
in this report). The recloser, which acts as a self-resetting circuit breaker, was pre-programmed to 
a four-shot reclosing sequence. 
 
At 18:20:31 (6:20:31 p.m.), the Nasonville Substation 127W415 breaker opened, reclosed 
approximately 5 seconds later, opened, and then closed approximately 12 seconds later (this 
127W41 feeder breaker was found in the open position6). Approximately three (3) minutes later, 
at 18:23 (6:23 p.m.), the Nasonville transformer differential lockout relay7 operated. This 
transformer is located within RIE’s Nasonville Substation8. This substation is numbered 127, built 
in the 1981-1982 timeframe, and provides electric power to the northwestern part of Rhode Island 
(including retail service to portions of North Smithfield, Burrillville, Gloucester, and wholesale 
service to the Pascoag Utility District).  The substation has one transformer9 and is located at 445 
Douglas Turnpike, Burrillville, Rhode Island.  
  
Concurrently, the 271-1 Motor Operated Switch (MOS)10 opened, and the West Farnum 
Substation11 1710 and 1712 breakers opened. Since the West Farnum substation provides 115kV 
electricity to Nasonville, this resulted in the loss of all Nasonville Substation’s feeders (in other 
words, loss of power to some RIE customers and all PUD customers) which triggered alarms at 
RIE’s Distribution Dispatch located in Lincoln, Rhode Island.  When the 271-1 MOS opened, it 
flashed over12, damaging its contact arms due to the through fault current (discussed in more detail 
in a few other sections in this report, also see “Equipment Failure” specifically the grounding 
switch13 that failed to operate).  
 
When an RIE Substation Supervisor arrived at the Nasonville Substation, he found a fire with thick 
smoke emanating from inside the station switchgear building14. RIE’s overhead line department 
isolated the feeders from the switchgear and, once the isolation was confirmed, firefighters were 
allowed to enter the switchgear building and put out the smoldering fire with portable chemical 
extinguishers while additional RIE engineers and operations personnel responded to this 
substation.  
 
PUD personnel also responded to the substation and had a similar explanation of events after they 
surveyed the situation and documented what they witnessed with pictures (see pictures in 
Appendix A). A resulting email from Pascoag to the Division explained that all of Pascoag’s 
customers were out from approximately 6:30 p.m. to 12:00 a.m. (roughly five and a half hours) 
and once the fire was extinguished, RIE crews and operations team were able to reroute feeders to 
restore power to Pascoag and the rest of the town. The email also explained that the outage was 

 
3
 G&W Electric Catalog #: VIP378ER-12S, 15.5 kV, 800 amperes, 12.5 kA interrupting, manufactured in August of 2010, installed in 2013, and 

inspected annually. Source: See RIE’s report dated March 3, 2023  response to question 34 ,35, and 36. 
4
 GPS location: 41.96316, -71.64439, 1422 Victory Highway, Oakland, RI 02858 . 

5
 Also referred to as W41 or 41 feeder in this report or reference reports.  

6
 RIE response to question 41 in their March 3, 2023, report (see Appendix C). 

7
 The substation relaying was last tested on January 3, 2022. Proposed FY2024 Electric ISR 22-53-EL dated January 6, 2023. 

8
 GPS coordinates 41.974456,-71.609834. 

9
 115 kV to 13.8 kV load tap changing transformer with a delta/wye winding configuration, 30 degree lagging. 28,000/37,333/46,667 kVA 

OA/FA/FA @ 65 deg C rise. The switchgear feeds four 13.8 kV grounded wye distribution feeders: 127W40, 127W41, 127W42, and 12 7W43. 
10

 Motor Operated Switch (“MOS”) which in this case is the 3-phase air-break gang switch located on the A-frame structure within Nasonville 
substation. 
11

 Substation number 17, located at 231 Greenville Road, North Smithfield, RI, 02896. 
12

 See picture in Appendix A showing the thermal damage to the contact arm s. 
13

 The grounding switch was last functionally tested and inspected on March 11, 2006. Source: Proposed FY2024 Electric ISR 22-53-EL dated 
January 6, 2023. 
14

 Sometimes referred to as a relay station in this report or other referenced reports.  
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due to a catastrophe at RIE’s Nasonville Substation which was caused by a lightning strike (it was 
later determined that lightning was not the cause). 
 
This event initially caused the 127W40, 127W41, 127W42, and 127W43 distribution feeders 
leaving the Nasonville Substation to go offline, resulting in 4,617 RIE customers and 4,700 PUD 
customers losing electricity15 (in total 9,317 customers, including Eleanor Slater Hospital, 
Zambarano unit, and other large customers).  
 
RIE took immediate action, with over fifty (50) RIE personnel mobilized for the restoration of 
service through switching operations, deployment of contracted emergency generation, 
replacement of the failed switchgear, and working to bring customers online.  At approximately 
22:30 (10:30 p.m.), during the restoration of the Nasonville load, the tree that fell across the 
Nasonville W4116 feeder, caused another fault (when power was being diverted around the 
Nasonville Substation through alternate feeders, the same tree that caused the first power outage, 
caused a second outage), which resulted in a reclose sequence from the Woonsocket 26W5 feeder. 
The through fault currents caused a splice (tension sleeve) to fail, causing an energized primary 
wire17 to fall to the ground between poles 409 and 410 on Smithfield Road in Woonsocket, Rhode 
Island18.  This resulted in recloser 64213519 opening (which immediately de-energized that circuit, 
so it only created a public safety hazard for a very short time). Restoration also resulted in high 
and low voltage issues for some customers.  
 

Even though power was restored to all customers by August 27, 2022, at 19:00 hours, the 
Nasonville substation remained out of service, which resulted in capacity limitations and the need 
for additional localized generation and conservation measures. Per RIE’s request, one 4-6 
megavolt ampere (“MVA”) customer agreed to shut down for the first two days after this 
incident20. PUD cooperated fully with Rhode Island Energy and utilized their one (1) megawatt 
(“MW”) generator and nine (9) megawatt hours (“MWhs”) of energy storage equipment to provide 
load relief during peak load periods while the system was in its reconfigured state. This required 
very close coordination between RIE and PUD during the event.  Eleanor Slater Hospital, 
Zambarano unit, also cooperated with RIE with their deployment of 750 Kilowatt (“kW”) of 
emergency backup generation. Separately, a large commercial customer (a food production and 
manufacturing company) located in the Town of Burrillville also cooperated with RIE by curtailing 
loads and canceling a working shift. Additional restoration efforts included the use of existing 
distributed generation (solar PV), and existing and roll-on diesel generation, to support system 
load during constraint periods over the multi-day effort21.  Fortunately, through the use of a prior 
agreement22 in place with National Grid, RIE was able to expeditiously obtain mobile switchgear 
and mobile substation cables by 9:00 a.m. the next morning. For more details, see the section 
“Called Upon Distributed Generation and Details” below.  
 
RIE investigated what caused the 41 feeder recloser (641026) to trip and found that a tree23 

(previously mentioned above) growing just outside of the 70-foot-wide transmission easement 

 
15 For details, see Appendix B, response to question 9.  
16 Also referred to as the 127W41. 
17 This primary wire had a voltage of 7,967 volts (RMS value). 
18 GPS Coordinates 41.98550, - 71.52141. 
19 Located on pole 590 Victory Highway, North Smithfield, GPS Coordinates 42.00682, -71.58334. 
20 RIE used an United States Department of Energy (“USDOE”) Interruption Cost Estimate (“ICE”) calculator to calculate this interruption cost;  
21 See Appendix B, response to question A, for more details response.  
22 Transition Services agreement that was entered into on May 25, 2022 (the date acquisition from National Grid to PPL Rhode Island Holdings). 
See details Appendix B under the response to question 8.  
23 GPS coordinates 41.961967,-71.662496. 
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between the Nasonville Substation and PUD’s substation fell24 onto the 41 feeder which consisted 

of three-phase25 power lines. When this tree fell on the 41 feeder, it caused phase-to-phase fault 

current26. On August 24, 2023, at 1:26 p.m., the tree on the 41 feeder that caused the initial fault 

was cleared from the power lines. PUD owns the Right of Way (“ROW”) easement for the affected 

transmission line, but RIE is responsible for the vegetation management in this ROW. RIE also 

explained that this section of the feeder was checked for hazardous trees during its routine 

maintenance cycle in April and May of 2022, about three months before the incident. A review of 

the section of this report “Pictures of the Tree that Fell on the 41-Feeder”, one can see that the tree 

that fell causing this problem still had leaves on it, suggesting that it would not have been obvious 

during the April-May 2022 maintenance cycle that this was a tree that was in distress or otherwise 

at risk of falling. 

From August 24, 2022, to August 27, 2022, Division personnel were onsite at the Nasonville 

Substation to witness firsthand the extensive damage to the switchgear building and other utility 

equipment in addition to monitoring the restoration efforts including repairs, maintenance, and 

inspection of the utility assets. It was also explained to the Division personnel that foot patrols 

were done on the B-23 transmission feeder that supplies power to this substation to ensure no 

damage was found and it was safe to re-energize.  

On August 27, 2022, Division personnel witnessed a utility inspection helicopter fly over the B-
23 transmission feeder and then circle the Nasonville substation. The Division was also informed 
that the transformer passed all of the tests and RIE was preparing to energize it later that afternoon. 
During the initial re-energization of the transformer, the substation needed to be evacuated as a 
precautionary measure, which is standard utility protocol. Division personnel observed solid 
copper bars that were installed in the A-frame structure within the Nasonville Substation to 
temporarily replace the damaged copper contact arms of the motor-operated three-phase gang 
switch (see pictures in appendix A).  
 
The duration of this event ended on Saturday, August 27, 2022, at 19:00 (7:00 p.m.), with mobile 
switchgear and mobile substation cables remaining in place with 100% of the load served by 
Nasonville having been transferred to the mobile switchgear. The decommissioning of the “roll-
on” generation occurred on Wednesday, September 1, 2022.  

Further Investigation 
As the investigation progressed, the evidence suggested that it was likely that the through fault 
current from the fallen tree damaged the rosette-to-stab connection on the 41-breaker27 C-phase 
terminal to the switchgear bus28. This damaged connection created a dielectric failure29 resulting 
in sustained arcing with extreme heat within the C-phase rosette terminal (rosette-to-stab 
connection) between the switchgear bus and the breaker30 terminal located inside of the 41-feeder 

 
24 Between pole 253 and pole 254, near Clear River Road, GPS Coordinates 41.96206, -71.66249. 
25 WYE configuration. 
26 Phase currents were approximately 3,156 amperes peak (2,231 amperes RMS) and 2,600 amperes peak (1,838 amperes RMS) . 
27 Installed in 2010, source RIE’s response to Division question 26, dated March 3, 2023. No specific maintenance is required on the rosette to 
stab connection; however, inspections are done every 15 years. This switchgear was last inspected in 2009, source RIE’s report dated March 3, 
2023  response to question 33.  
28 The expected life of a present-day switchgear circuit breaker is approximately 30 years. Source RIE’s response to Division question 25, dated 
March 3, 2023.  
29 See RIE’s report dated March 3, 2023  response to question 32 and 33 and other locations within the report. Also, RIE’s report dated November 
16, 2023, response to question 2. 
30 The 41 feeder ABB breaker was an is manufactured by Federal Pacific, make and model: ABB RMVAC DST-2-15-500-12 vacuum circuit 
breaker, 15 kV, 1,200 ampere. 
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cubicle within the Nasonville Substation, thereby destroying isolation and insulation systems and 
causing the faulting of the switchgear bus. In other words, when the fault  occurred, the large 
amount of fault current (and mechanical forces associated with it) caused the rosette breaker 
connection to the switchgear bus to loosen and the impedance to increase. Once the pole top 
recloser31 cleared the fault, normal load current flowed through the connection. The increased 
impedance, in conjunction with the load current, caused the breaker connection to heat up, arc, and 
eventually start the fire within the switchgear.  
 
As the arc evolved, the West Farnum Substation over current protection scheme operated , but it 
was not designed to operate directly from fault current on the medium voltage 15kV system.  When 
a fault occurred on the 15kV bus at Nasonville Substation, the differential scheme should have 
operated, which should have closed the 115kV grounding switch (creating a 115kV single line to 
ground fault), which would have created enough fault current to cause the West Farnum circuit 
breakers to open. 
 
RIE had previously been alerted during a maintenance inspection of the Nasonville Substation in 
June of 2019 that a damaged rosette was found. RIE explained that, in general, Federal Pacific 
electrical equipment designs have not been known to be the most robust. Nasonville Substation is 
the only station in Rhode Island to have the Federal Pacific plug-in connections32. A spare breaker 
was installed in this feeder cubicle until a replacement rosette could be delivered. In March 2020, 
a new rosette was installed, the spare breaker was removed, and the original breaker was returned 
to service.     
 
The Division questioned RIE about whether a test was done on the repair and RIE explained that 
the repair was completed without testing.  However, when asked about the testing process, RIE 
explained that testing these terminal connections would necessitate taking the entire Nasonville 
switchgear bus out of service. In this case, the testing was not performed because the repair was 
thought to be complete (replacement of the damaged rosette) and did not necessitate testing33, and 
RIE believes that it is very unlikely that testing would have indicated a problem34. RIE explained 
that had a test been done, it would have been tested at 100 amps DC35, which is well below the 
through fault current that the rosette experienced. The Division also asked if it is industry standard 
to perform tests after such repairs, what the standard is, and where that information can be found 
if available. RIE explained that they know of no specific industry standard that specifies the testing 
of rosettes after replacement36. 
 
RIE explained to the Division that, given that the switchgear was damaged beyond repair, and 

because the site configuration allows for it, RIE was moving forward with the standard PPL 

Corporation (“PPL”) open-air double-ended substation37. 

On September 13, 2022, the Division sent its first set of data requests to RIE. RIE responded to 

those requests on November 16, 2022, which described the tree that fell on the 41-feeder. On 

November 22, 2022, Division personnel went onsite to where the tree fell on the 41-feeder, 

observed the tree and the surrounding area, and took pictures. It was noted that the tree failed at 

 
31 641026 recloser 
32 RIE response dated March 3, 2023, to question 23.  
33 Response to question 20 in RIE’s March 3, 2023 report. 
34

 Response to question 21 in RIE’s March 3, 2023 report. 
35

 Response to question 22 in RIE’s March 3, 2023, report.  PPL is RIE’s parent corporation. 
36

 Response to question 54.b in RIE’s March 3, 2023 , report. 
37

 Source: FY2023 Electric Infrastructure, Safety and Reliability (“ISR”) Plan dated March 2, 2023. 
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its base, from what appeared to be insect damage and associated decay. The base (stump) of the 

tree was located several feet outside of the tree line edge of the ROW.  A large number of leaves 

were observed on the tree, suggesting it may have still been a living tree when it fell. Pictures were 

also taken of the 41-feeder recloser. For pictures, see Appendix A.  

Equipment Failure  
RIE was asked if any of the equipment failed.  Their responses are below:  
 

• It is likely that 41-breaker C-phase terminal to the switchgear bus connection failed from 
the initial feeder fault current.  
 

• The single-phase high-side grounding switch failed to operate. That resulted in damage to 
the 115 kV motorized disconnect switch but did not contribute significantly to the damage 
to the switchgear. The grounding switch was inspected and found to have not operated due 
to oil bleed of the lubricating grease.   
 

• One phase of the Woonsocket Substation 26W5 feeder fell down resulting from the 
additional load of the Nasonville feeders and a fallen tree.  

 

Additional Details on RIE’s Restoration Efforts  
Power restoration was a multi-step effort that was completed over several days. 

 
Step 1 included immediate action by the Rhode Island Energy Distribution Dispatch in 
Lincoln, Rhode Island, using existing feeder ties to pick up load as soon as possible (details 
below).  
 
Step 2 included the use of existing distributed generation, inclusive of solar, battery energy 
storage, and both existing and roll-on diesel generation, to support system load during 
constraint periods over the multi-day effort (details below). 

 
Step 3 included the installation of the mobile switchgear for restoration of all feeders to 
normal configuration (details below). 
 

 

Step 1 (8/23/2022) 
 
18:23 4,617 Rhode Island Energy customers and 4,700 Pascoag Utility District customers out at 
beginning of event (127W40, 127W41, 127W42, & 127W43 Feeders) 
 
19:03 2,623 Rhode Island Energy customers out, 1,994 customers restored using OHL crews via 
field ties (two-thirds of 127W40 feeder re-energized) 
 
19:30 1,684 Rhode Island Energy customers out, 939 additional customers restored using OHL 
crews via field ties (remaining 127W40 feeder re-energized) 
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19:44 661 Rhode Island Energy customers out, 1,023 additional customers restored using OHL 
crews via field ties (127W42 re-energized) 
 
20:31 658 Rhode Island Energy customers out, 3 additional customers restored, Pascoag Utility 
District customers restored, using OHL crews via field ties (127W43 re-energized) 
 
21:35 19 Rhode Island Energy customers out, 639 additional customers restored using OHL crews 
via field ties (most of 127W41 re-energized) 
 
**At this time waiting on loads to decrease and crews to investigate a possible recloser issue to 
pick up remaining customers. 
 
22:25 Tree branch in ROW on the 127W41 feeder causes a fault which results in a phase burning 
down on Providence Pike38. Due to previous restore 26W5 CB locks out, which causes 5,404 
customers to lose power (most of 127W40, most of 127W41, all of 127W42 and 50% of normal 
26W5 customers). This is the second outage of the event to 4,108 customers, first outage of event 
to 1,315 customers. 
 

23:01 Phase Down issue isolated, 70 customers restored via remote switching, 5,334 remaining 
out (Original 26W5 customers) 
 

 

08/24/2022 
00:37 Further repairs made to Providence Pike39, OHL crews keep Nasonville load isolated and 
restore 1,245 customers via OHL field switching (all original 26W5 customers now restored) 
 
00:52 Further patrol completed with no issues found, OHL crews completed  switching to restore 
473 customers. 3,616 customers still out. (Portion of 127W40 restored) 
 
01:13 Further patrol completed with no issues found, 1,015 customers restored  via remote SCADA 
switching 2,601 customers still out (Portion of 127W40) 

 
01:26 Tree in R/W issue cleared, remaining R/W patrol completed with no other issues found. All 
customers restored via remote SCADA switching. 

 
Step 2 (8/24/2022 – 8/27/2022) 
• Continuous monitoring of third party owned solar generating sites. This effort was primarily 

reactive to adjust for loss of solar due to cloud coverage. 
 
• Continuous coordination with Pascoag, optimizing use and dispatch of their battery energy 

storage system and rotating generation. 
 

 
38 This was an error in RIE’s response in their report dated November 16, 2022, in response to question 9. The correction can be found in RIE’s 
response to question 16, section “C”, in their report dated March 3, 2023; it was corrected to Smithfield Road. 
39 This was an error in RIE’s response in their report dated November 16, 2022 in response to question 9. The correction can be found in RIE’s 

response to question 16, section “C”, in their report dated March 3, 2023; it was corrected to Smithfield Road. 



Page 12 of 111 
 

• 3 Megawatts of roll-on generation was installed at the Harrisville Fire District Water Department 
Site (115 Central St., Burrillville, RI). The equipment was on site on 8/25/2022 at 15:30 and picked 
up load at 20:05. 
 
• 3 Megawatts of roll-on generation was installed along the ROW, adjacent to the Burrillville 

Wastewater Treatment Plant (151 Clear River Dr., Burrillville, RI). The equipment was on site on 
8/25/2022 at 20:00 and picked up load on 8/26/2022 at 14:40. 
 

• 3 Megawatts of roll-on generation was installed along the ROW near the Burrillville Police 

Station (1477 Victory Highway, Oakland, RI). The equipment was on site on 8/26/2022 at 12:30 
and picked up load at 18:00. 
 

Step 3 (8/24/2022 – 9/6/2022) 
• Mobile switchgear and a mobile battery-bank were delivered to Nasonville on Wednesday 

morning, 8/24/2022. Feeder cables were removed from the existing switchgear and extended to 
the mobile switchgear. Primary supply and control cables were installed from the transformer to 
the mobile switchgear. A temporary AC service was installed. Low voltage supply and control 
cables were installed from the mobile battery-bank to the mobile switchgear. The substation 
transformer was tested and confirmed to be acceptable for service. On Saturday, August 27 th, the 
mobile switchgear was energized and the Nasonville feeders were restored to normal 
configurations by 7:00 p.m. On September 6, 2022, a remote terminal unit and the cellular 
antenna40 were installed for SCADA indication and control. 
 

Feeder transfers:  
• Portions of the Woonsocket Sub. 26W1 feeder were transferred to the Woonsocket Sub. 

26W7 feeder. 
 

• Portions of the Woonsocket Sub. 26W5 feeder were transferred to the Riverside Sub. 
108W53 and the Riverside Sub. 108W61 feeder. 

 
• All of the Nasonville 127W43 feeder including Pascoag was transferred to the Woonsocket 

26W1 feeder. 
 

• All of the Nasonville 127W42 feeder was transferred to the Woonsocket 26W5 feeder. 
 

• Portions of the Nasonville 127W41 feeder were transferred to the Woonsocket 26W5 (RI 
Energy customers) and the 26W1 (Pascoag). 

 

• Portions of the Nasonville 127W40 feeder were transferred to the Woonsocket 26W5 
feeder, 321W2 feeder, and 26W7 feeder. 

 
100% of the load served by Nasonville had been transferred to the mobile switchgear as of 

Saturday, August 27th at 19:00. 

 

 
40 RIE explained to the Division that cell phone coverage in this area is poor. To resolve this, RIE installed a 55 foot tall utility pole to get better 

reception.   
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Lessons Learned  
Rhode Island Energy explained that the following are lessons learned from this event: 

 
a) Good communication between field groups allowed an extensive amount of work to be 

sequenced efficiently and safely.  
 

b) Availability of spare equipment is important.  
 

c) Rhode Island Energy was able to procure and deploy roll-on generation at various locations to 
provide load relief to Burrillville area customers during the time that the system was 
reconfigured and Nasonville load was fed from adjacent substations. These generators were 
run during the peak loading periods of each day.  

 
d) Rhode Island Energy coordinated with Pascoag to utilize their generation and energy storage 

equipment to provide load relief during peak load periods while the system was in its 
reconfigured state. This required very close coordination with Rhode Island En ergy and 
Pascoag during the event.  

 
e) Over 20 MWs of distributed generation exists within the contingency response area. Reliance 

of these resources was important in providing power to area customers; however, the 
significant intermittency due to cloud cover or other events, reduced the distributed generation 
dependability.  

 
f) High solar penetration in the served area, complicated the deployment of roll-on generation 

because of system stability.  
 

g) Advanced device sensing (capacitors and reclosers) capabilities were critical to providing 
important information to manage the system during the event.  

 
h) Lessons “e” to “g”, above, indicate the need for more sensing, monitoring, and control locations 

necessary for optimal contingency response.  

 
i) Cellular communication coverage in the area of Nasonville Substation is poor.  

 
j) Scheduling detail officers on an emergency basis is not possible.  

 
k) Best practice is for Rhode Island Energy Operations to continue to work closer with the 

Customer team, including the staff that have the relationships with key accounts , in response 
situations like the one encountered.  

 
l) Proactively notifying customers allows them to make informed business decisions, which can 

improve recovery times and prevent product spoilage.  
 

m) Working to curtail a few large customers may be preferential to disrupting hundreds of 
smaller customers.  

 
n) Large customers should employ a soft/staggered restart strategy when turning high demand 

equipment back on.  
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o) Communication is crucial – Rhode Island Energy’s key account manager had internal access 
to the right information at the right time leading to responsive decision making all because 
lines of communication were kept open with the Customer team, which lead to openness with 
the large commercial customer (a food production and manufacturing company) throughout 
the duration of the event.  

 

Called Upon Distributed Generation and Details:  
• Pascoag was called on to deploy their 1 MW of generation and 9 MWhrs of energy storage 

equipment. 
 

• Eleanor Slater Hospital, Zambarano was called upon to deploy 750 kW of emergency  
backup generation. 

 

• Solar generation sites are not typically designed to be dispatched. The sites generate when 
the sunlight and utility connection is supportive. 

 

• Typically, solar generation sites of 1 MW or greater connect to the distribution system 
through reclosers equipped with radio communications. Real time data for generation sites 
of less than 1 MW are typically not available to Rhode Island Energy Distribution Dispatch. 

 

• 1 MW PV RI 16721813, Brandywick LLC, 90 Tifft Rd.: 26W7 Feeder 
 

• 1 MW PV, P24-33 Tifft Rd., 26W7 Feeder 
 

• 6.22 MW PV, RI 26549231, King Solar, 20 Oxford Rd., 26W7 Feeder 
 

• 2 MW PV, RI 24201390, 19733795, North Smithfield Solar, 1 Pound Hill Rd., 26W1 
Feeder 

 

• 6.22 MW PV, RI 24845370, Turning Point Energy, P117-3 Pound Hill Rd. 26W1 Feeder 
 

• 0.84 MW PV, RI 25255833, Greenville Rd. Solar, P62-4 Greenville Rd., 26W1 Feeder 
 

• 1.6 MW Hydro, RI 138, Ridgewood Power, P37-24 ROW off St. Paul St., 26W5 Feeder 
 

• 2.54 MW PV, RI 23918636, Nautilus Solar, P302-3 Victory Highway, 127W42 Feeder 
 

• 3.3 MW PV, RI 2399135, 0 Danielle Drive, Burrillville Solar, 127W42 Feeder 
 

• 3.9 MW PV, FI 29106677, 0 Log Rd., Log Rd. Solar, 127W40 Feeder 
 

• 1 MW Generation, Pascoag Municipal, 127W41, 127W43 Feeders 

For additional details, see the March 3, 2023, report on feeder transfers, distributed generation, 
capacitor and recloser information, restoration efforts, etc.   
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*** 
 

The Nasonville incident has been used by RIE to support the need for immediate Grid 
Modernization Plan (“GMP”) investments, see the Electric 22-53-EL ISR filing and appendix “C” 
for more details.  
 

*** 

Cost of Restoration41 
• Rhode Island Energy explained that the following expenses were occurred during this event: 

 

• Emergency restoration Rhode Island Energy: $461,000  
 

• 9 MWs of contracted emergency generator deployment: $400,000  

 

• Leasing of mobile switchgear: $100,000  
 

• The cost to install a replacement station to restore the original station capability is 
approximately $5 million.  
 

Cost and Plan to Rebuild the Nasonville Substation  
In the FY2023-2024 Electric ISR, under the Nasonville Project, it was explained that the Company 
will replace the failed switchgear with an open-air straight bus that will include a main breaker, 
capacitor breaker, and four (4) feeder breakers. Restoration and commencement of design, 
engineering, and procurement of long lead time materials is captured in the FY 2023 ISR Plan, 
where the Company incurred $2 million of expenditures in the Damage/Failure category and $1 
million in System Capacity. The Company has budgeted an additional $2.7 million in 
Damage/Failure and $4.5 million in the 21-Month Plan for switchgear replacement. The 
Company’s Northwest Rhode Island Area Study had previously identified the need for Nasonville 
station upgrades due to contingency load at risk, recommending that a future new 115kV supply 
line be installed along with a second transformer. RIE will reassess that study as a result of this 
failure and outcomes will be evaluated by the Division. For the immediate planned work, the 
Division does not propose modifications to the Company’s project implementation plans or 
budgets and has concurred with the FY 2024 ISR Plan spend as proposed. 
 
Update: (During the creation of this report: The new 115kV supply line and second transformer 

installation at Nasonville was proposed and approved under the FY24 ISR plan.  The Northwest 

Rhode Island Area Study will not be reassessed as it was already determined that the Nasonville 

substation needs to be expanded.  RIE will proceed with the Damage & Failure work along with 

the approved Nasonville expansion project.) 

 
41 RIE’s response to question 11 in their report dated November 16, 2022 (Appendix B) . 
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Division Conclusion & Recommendations 
It needs to be pointed out that PPL42 had recently purchased (May 25, 2022) the distribution system 
in Rhode Island, and did an excellent job responding to this incident, as did PUD.  Customer 
services were restored in a matter of hours due to the utilities planning for these scenarios and 
excellent communication skills, both with each other and with their largest customers and State 
regulators.  The success in arranging for several large customers to either reduce their own 
demands during this emergency, or provide distributed generation back to the utilities, is 
particularly noteworthy.  Both the utilities and their customers are to be commended for their 
response to this emergency.    
 
A tree fault, caused by a tree located outside of the utility easement, but falling onto the power 

lines, should not have created a fault condition that caused substation equipment to fail. RIE 

confirmed, as did the prior National Grid switchgear analysis, that this switchgear was in “good 

condition” and had many years of remaining life. However, RIE also explained that Federal Pacific 

electrical equipment designs have not been known to be the most robust. Nasonville Substation 

was the only station in Rhode Island to have the Federal Pacific plug in connections.  We would 

note, however, that this particular electrical equipment design had been in place for many years, 

and was probably installed before issues with this type of Federal Pacific electrical equipment 

design were identified. 

RIE believes that the 41-feeder recloser properly cleared the tree fault. However, RIE further 
explained that engineering guidelines recommend that bolted faults at the end of the protected zone 
trip under 1-second.  However, higher impedance faults, such as a tree fault, are allowed to take 
longer to trip since fault current will be lower.  At this fault current level, the recloser clearing time 
aligns with the trip curve of this recloser.   
 
The evidence suggests that the likely cause of this substation fire and outage event was a failure 
between the rosette to stab connection on the 41-feeder43 breaker C-phase terminal to the 
switchgear bus that is located inside of the switchgear building within the Nasonville Substation.  
The failure most likely occurred from through fault current after a tree fell on the 41-feeder. The 
damaged rosette terminal connection resulted in sustained arcing with extreme heat, destroying 
isolation and insulation systems, and causing the faulting switchgear bus. 
This substation fire resulted in 9,317 customers, including a hospital, losing electricity; however, 

most customers were restored in a short number of hours. Some customers were asked to stay 

offline for an extended time because their loads were too high, and others were asked to operate 

their backup generators. Restoration efforts were complicated by solar farms back feeding 

electricity to the grid, fluctuating loads, roll-on generation, and high and low voltages that took 

additional manpower to correct.  Some customers reported voltages as low as 96 volts.  

 
42 PPL Corporation.  A Pennsylvania corporation organized under the laws of Delaware that purchased The Narragansett Electric Company, a 

Rhode Island corporation, from National Grid USA on May 25, 2022.  The Narragansett Electric Company now does business as Rhode Island 
Electric (“RIE”), but formerly did business as National Grid Electric while owned by National Grid USA.  At the time of the incident addressed by 
this report, The Narragansett Electric Company was operating as a indirect subsidiary wholly owned by PPL Corporation. 
43 Installed in 2010, source RIE’s response to Division question 26, dated March 3, 2023. No specific maintenance is required on the rosette to 
stab connection; however, inspections are done every 15 years. This switchgear was last inspected in 2009, source RIE’s report dated March 3, 
2023  response to question 33.  
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The best “root cause” analysis RIE has is that a dielectric failure on the C-phase rosette terminal 

is to blame for this incident because the damage was so extensive; however, an absolute firm “root 

cause” is not possible to definitively identify.  

Considering that Nasonville Substation is the only station in Rhode Island to have the Federal 
Pacific plug-in connections, this failure would appear to be an isolated incident not likely to 
reoccur with any other substations in Rhode Island.  

 
 

 

 

 

 

 

 

 
 

Appendix B  
 

Photographs of Key locations regarding the Nasonville Substation Fire 
 

Pictures of the Nasonville Substation Aerial Views and Fire Damage 
Nasonville Substation before the fire 

Map Source: Google Maps,  (GPS Coordinates 41.974456,-71.609834) 
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Below shows pictures of the Nasonville Substation fire that were emailed to the Division from 
PUD 

  
 
 

Below shows the fire damage to the station switchgear building dated August 24, 2022.  
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Below shows the fire damage to the inside of the station switchgear building, dated August 24, 
2022.  
 

 

Below shows the fire damage to the inside of the station switchgear building, from the opposite 
end of the building than the picture above, dated August 24, 2022.  
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Below shows the fire damage to the inside of the station switchgear building, specifically the 41-
breaker cell, dated August 24, 2022. The majority of the fire damaged occurred inside of this cell.  
 

 

Below, the white circle, shows the outside access to the 41-feeder breaker cell which shows 

extensive fire damage.  
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Below, shows the outside access to the 41-feeder breaker cell (left) which shows extensive fire 

damage and the far less damage to the neighboring breaker cell (right). Dated August 24, 2022.  

 

Below, shows the fire damage to the back of the station switchgear building, dated August 24, 

2022.  
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Illustration of what failed (Source RIE report dated November 16, 2022, additional picture 

in Appendix B) 

 

New installation Picture (Source RIE report dated November 16, 2022, additional pictures 

in Appendix B) 
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Picture after incident (Source RIE report dated November 16, 2022, additional pictures in 

Appendix B) 

 

 

Below shows the two sides of the Rosette insulating tubes (Source RIE report dated 

November 16, 2022, additional pictures in Appendix B) 
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Pictures of the Tree that Fell on the 41-Feeder  
 The location where the tree fell on the 41-feeder wires44 

 

 

 

 

 

 
44 Map Source: Google Maps, (GPS coordinates 41.961967, -71.662496). 
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Below shows the rotted base of the tree that fell into the 41-feeder (the wires are slightly visible at 

the top of the picture). 

 

Below on the right side of the picture, shows the tree that fell. On the left side of the picture, the 

top of the tree branches that were cut off of the tree remain. Note how the tree still had leaves on 

it, therefore the tree may not have appeared to be a distressed tree.  
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Below shows the base of the tree stump where it split in half from what appears to be insect 

damaged and rot. The tree section to the left fell towards the power lines. It is unknown why two 

5-gallon bucks are inside of each other with a blue tarp inside of the inner bucket , it was found like 

this, however, the buckets do a good job providing scale to show how large this tree was.  

 

Below, picture of pole 253, shows marking indicating this is a class 3 pole that is 40 feet long.  
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Below, the force of the falling tree appears to have moved the utility pole (pole 253); this was 

later repaired.  

 

 

 

Pictures of the 41-Feeder Recloser    
41-Feeder Recloser (GPS Coordinates 41.963132,-71.644399) 

Map Source: Google Maps  
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Feeder Line Diagram    
 

127W41 Feeder One-Line Diagram and Fuse Sizes45 
 

 

Picture of a Map Showing Key Locations on a Large Scale46  
 

 

 
45 Source: Rhode Island Energy’s report dated March 3, 2023 (found in Appendix C).  
46 Map source: https://www.arcgis.com/apps/webappviewer/index.html?id=5250bccafd06466881b7ba794c3115bf . 
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Pictures of the Restoration Efforts at Nasonville Substation 
Bellow, dated August 24, 2022, shows RIE mobilized onsite at Nasonville Substation.  

 

A.  RIE crews working on the MOS that was damaged by flashover. 
B.  “A” frame structure that holds the MOS.  
C.  RIE crews working on the transformer. 
D.  Trailer where the batteries are stored that power the mobile switchgear building . 
E.   Trailer that is holding the temporary insulated distribution wires on spools, later, these wires 

were taken off the spools and used to connect the transformer to the mobile switchgear 
building. Other pictures in this report show these wires on the ground in preparation to being 
energized.  

F.  Substation transformer. 
G. A crew near a manhole. This manhole is used to access conduit that holds the wires that go out 

underground to the four nearby feeders.    
H. Fire damaged switchgear building. 
I .  Mobile (trailered) switchgear building. 
 
 
 
 
 
 
 
 
Below is a close up of the temporary insulated distribution wires on spools (dated August 25, 
2022).  
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Below is the trailered mobile relay station (before the tempoary distibution wires are connected 
to it, dated August 25, 2022) 

 

 
 
Below, in the trailer, is the portable battery station used to power the mobile relay station 
computers during power outage events. The batteries are in a state of constant charge. 
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Below, shows temporary secondary wires connectinng the transformer to the trailered mobile relay 
station (the trailered mobile relay station is mostly behind the transfomer in this picture). 

 

 

Pictures of the Motor Operated Switch (MOS) Damage and 

Temporary Repair  
The picture below shows damaged/melted parts of the original MOS 3-phase gang switch (the 

damaged parts were removed, and temporarily replaced with solid copper bars). 
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Pictures of the Recloser at 590 Victory Highway  
Below, is the recloser (recloser 642135) that tripped when the primary wire fell to the ground, 
located on pole 590 Victory Highway, North Smithfield. GPS Coordinates 42.00682, -71.58334. 
Photo source: Google Maps, street view.  
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Pictures of the Wire Spice that Failed Resulting in a Primary Wire 

Falling to the Ground  
Below, is the location where the splice failed, and the primary wire fell to the ground (exact 
location is unknown). GPS Coordinates 41.98550, - 71.52141. Picture source: Google Maps Street 
View. 

 

Pictures of Temporary Roll-on Generation47  

 
 

 
47 Rhode Island Energy’s report dated November 16, 2022 (appendix B).  
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Appendix C “RIE’s Response to the Division’s Questions Dated November 16, 2022” 

 

 



Page 39 of 111 
 

 

  



Page 40 of 111 
 

 

 



Page 41 of 111 
 

 

 



Page 42 of 111 
 

 

 



Page 43 of 111 
 

 

 



Page 44 of 111 
 

 

 



Page 45 of 111 
 

 

 



Page 46 of 111 
 

 

 



Page 47 of 111 
 



Page 48 of 111 
 

 



Page 49 of 111 
 

 

 



Page 50 of 111 
 

 

 



Page 51 of 111 
 

Appendix D “RIE’s Response to the Division’s questions dated March 3, 2023” 
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Appendix E “Circuit Breaker Data” 

 

 

Table 1: IEEE Std C37.04-2018 standard ratings for S1 circuit breakers 

 

Figure 1: IEEE Std C37.04-2018 standard rated closing, latching, and short-time current carrying 

capability. 

 


