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1. Introduction 
PG&E is my local utility for both my primary residence (Livermore, California) and my 
other residence (Arnold, California). My primary residence has minimal risk from 
wildfires, but my other residence is not so lucky, as it is in a Tier 3 (Extreme) High Fire 
Threat District (HFTD). Thus I have an interest in the subject of this post.  

PG&E’s main wildfire document (required by the state) is their Wildfire Mitigation Plan,1 a 
detailed document that is updated every year.  

However on July 26: Pacific Gas and Electric Company (PG&E) announced a major new 
initiative to expand the undergrounding of electric distribution power lines … to further 
harden its system and help prevent wildfires. The new infrastructure safety initiative, 
announced in Butte County by PG&E Corporation CEO Patti Poppe, is a multi-year effort 
to underground approximately 10,000 miles of power lines.2  

This post will cover two areas related to the above: 

 Why PG&E feels that undergrounding the distribution lines is now viable, and 

 What their Wildfire Mitigation Plan (WMP) says about the subject of distribution 
line hardening 

2. Why Now? 
From reference 2,  

…In the past, undergrounding has been done on a select, case-by-case basis, and 
largely for reasons other than wildfire risk reduction. Thanks to breakthroughs PG&E has 
achieved on undergrounding projects in recent years, undergrounding can now play a 
much more prominent role in PG&E's ongoing efforts to harden the electric grid. 

Following the devastating October 2017 Northern California wildfires and the 2018 Camp 
Fire, PG&E began to evaluate placing overhead power lines underground as a wildfire 
safety measure, and to better understand the construction and cost requirements 
associated with undergrounding for system hardening purposes. These demonstration 
projects were part of PG&E's Community Wildfire Safety Program (CWSP) and included 
the following: 

 From 2018-2020, PG&E completed multiple demonstration projects aimed at 
converting overhead power lines to underground in high fire-threat areas of 
Alameda, Contra Costa, Nevada, and Sonoma counties. 

                                                 
1 PG&E, “2021 Wildfire Mitigation Plan”, https://www.pge.com/en_US/safety/emergency-

preparedness/natural-disaster/wildfires/wildfire-mitigation-plan.page  
2 Energy Central, Pacific Gas and Electric announces new undergrounding plans, July 26, 2021, 
https://energycentral.com/news/pacific-gas-and-electric-pge-announces-new-undergrounding-

plans?utm_medium=eNL&utm_campaign=DAILY_NEWS&utm_content=416684&utm_source=2021_07_27  

https://www.pge.com/en_US/safety/emergency-preparedness/natural-disaster/wildfires/wildfire-mitigation-plan.page
https://www.pge.com/en_US/safety/emergency-preparedness/natural-disaster/wildfires/wildfire-mitigation-plan.page
https://energycentral.com/news/pacific-gas-and-electric-pge-announces-new-undergrounding-plans?utm_medium=eNL&utm_campaign=DAILY_NEWS&utm_content=416684&utm_source=2021_07_27
https://energycentral.com/news/pacific-gas-and-electric-pge-announces-new-undergrounding-plans?utm_medium=eNL&utm_campaign=DAILY_NEWS&utm_content=416684&utm_source=2021_07_27
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 As a part of the rebuild efforts following the October 2017 Northern California 
wildfires, PG&E completed undergrounding eight miles of power lines in the 
Larkfield Estates and Mark West Estates communities in Sonoma County in 
2018. 

 In 2019, PG&E announced it would rebuild all its power lines underground in the 
Town of Paradise as it helps the community recover from the Camp Fire. The 
company is also rebuilding power lines underground within the 2020 North 
Complex Fire footprint in Butte County. 

Through these demonstration projects and rebuild efforts, PG&E has been able to refine 
the construction and cost requirements associated with targeted undergrounding, 
enabling the acceleration and expansion of undergrounding projects. Learnings include: 

 Implementing new planning systems and strategies and using new materials and 
new equipment to make undergrounding more cost effective. 

 Building strong partnerships with material suppliers and contractors to accelerate 
undergrounding efforts. 

 Partnering with natural gas projects as well as phone and internet providers to 
joint trench and share costs, where possible. 

 Using new technology and construction methods to increase trench production. 

 Bundling work into larger blocks to take advantage of economies of scale. 

 Testing new cable and conduit materials to accelerate undergrounding work 
processes. 

3. Alternatives for Hardening 
From Reference 1: 

7.3.3.17.1 System Hardening – Distribution… 

PG&E’s System Hardening Program focuses on the mitigation of potential catastrophic 
wildfire risk caused by distribution overhead assets. This program targets the highest 
wildfire risk miles and applies various mitigations… The highest wildfire risk miles are 
separated into three categories: 

1. The top 20 percent of circuit segments as defined by PG&E’s 2021 Wildfire 
Distribution Risk Model for System Hardening; 

2. Fire rebuild areas; and 

3. PSPS mitigation projects. 

PG&E also considers secondary risks and benefits as part of the System Hardening 
Program effort such as PSPS impacts, egress/ingress routes to support fire department 
response times and public safety, past fire history and effects on available fuels, current 
system condition, environmental risks to reconstruction activities, and general 
accessibility considerations to enhance employee safety… 
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Distribution overhead assets represent high ignition risk due to a combination of a high 
exposure area (overhead assets traversing HFTD areas) and proximity to risk factors 
such as vegetation. For utility equipment, estimated distribution-related ignitions per 
circuit mile are 1.6 times that of transmission-related ignitions. For vegetation drivers, 
estimated distribution ignitions per mile are up to 6x greater than for transmission 
circuits. Table PG&E-7.3.3-6 below illustrates the CPUC reportable ignitions from 2015 
to September 2020 broken down into major contributing causes in Distribution and 
Transmission systems. 

 

PG&E’s System Hardening Program is an important initiative that can reduce wildfire 
ignitions caused by distribution facilities. The System Hardening Program targets the 
highest wildfire risk miles as identified by PG&E’s 2021 Wildfire Distribution Risk Model 
for system hardening (the 2021 Wildfire Distribution Risk Model is explained in further 
detail in Section 4.5.1), and also targets overhead structures impacted directly by 
wildfires, and those areas most impacted by PSPS. There are several ways that 
locations are identified for system hardening including:  

 Identifying circuit segments with the highest wildfire risk using the 2021 Wildfire 
Distribution Risk Model; 

Author’s Note: The Wildfire Distribution Risk Model Is described in section 4.5.1 of 
reference 1 as indicated above, but so are several others. If you are interested, start on 
“(b) Overview of 2021 Wildfire Distribution Risk Model and Future Models” on page 130, 
and go to the end of page 135 for the most concise explanation. 

 Locations where past events have identified deteriorated overhead conductor; 

 Electric Corrective Optimization Program (ECOP), where a number of identified 
corrective repair tags on a single segment of line indicate that hardening the line 
may be more prudent than repairing each tag individually; 
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 Projects to mitigate the need for PSPS in a certain area; 

 Fire damaged line sections requiring rebuild; and 

 Idle facilities or other line removal opportunities… 

…Projects are prioritized at the circuit segments level, as opposed to regional or full 
circuit. In addition to the highest priority segments based on the risk model, projects are 
also included in the system hardening portfolio when needed to address overhead 
structures damaged directly by wildfires… and those areas most impacted by PSPS. 
The following mitigation options (subsections (a)-(c)) are considered for each circuit 
segment when developing a System Hardening Program project. Those options are 
evaluated through PG&E’s process to consider system hardening alternatives… Finally, 
this section also describes PG&E’s consideration of Buffer Zones in system hardening 
… 

(a) Line Removal and Remote Grid 

Complete removal of an existing overhead distribution line will also completely eliminate 
the fire risk associated with that line and is therefore explored for every identified system 
hardening project. A line removal mitigation can be applied in various ways. The simple 
application of this mitigation alternative is for known or suspected idle facilities that are 
not currently, actively serving customer load... Another line removal alternative is the 
rearrangement or re-alignment of the existing circuit path. PG&E reviews the targeted 
circuit segment for redundant distribution ties through high risk areas. It may be possible 
that removal of certain circuit segments would have little impact on operational flexibility 
and provide the most cost-effective measure to reduce wildfire risk. Finally, a future 
removal opportunity lies with the application of the Remote Grid alternative discussed in 
Section 7.3.3.17.5 below. 

(b) Relocation of Overhead to Underground 

PG&E will relocate existing high-risk overhead distribution lines to underground as part 
of this mitigation. When considering an underground alternative, it is essential that all 
execution risks are considered to provide an accurate cost projection for the installation 
and lifetime of the asset. Among the cost risks to installing underground assets are: 
accessibility, rights-of-way, public utility easements, private property crossings, the 
number of services, space for necessary subsurface and pad-mounted equipment, 
environmental restrictions such as naturally occurring asbestos or endangered species, 
Archeology and Historic Preservation, soil remediation, and soil conditions to name a 
few… 

(c) Overhead Hardening 

The most frequently used method for system hardening is overhead hardening in place. 
Overhead system hardening can be done more quickly than that of many other 
alternatives through the use of existing rights and easements. After analyzing projected 
performance of overhead hardened facilities on more than 4,600 outage types, it is 
projected that overhead system hardening will reduce 62 percent of the distribution 
overhead asset ignitions from either equipment failures or due to external contact such 
as vegetation. This alternative has a higher Risk Spend Efficiency when compared to the 
undergrounding alternative in many scenarios. Overhead system hardening achieves 
risk reduction through these foundational elements: 
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• Primary and secondary covered conductor replacement 

Replacement of bare overhead primary (high voltage) conductor and associated 
framing with conductor insulated with abrasion-resistant polyethylene coatings… can 
be an effective mitigation of wildfire ignitions on distribution lines. Installing covered 
conductor can help reduce the likelihood of faults due to line to line contacts, tree-
branch contacts, and faults caused by animals. Installing covered conductor on 
secondary lines has similar benefits to installing it on primary lines. 

Author’s Note: “high voltage” in the above paragraph is in the distribution circuit 
context, not transmission voltage. 

• Pole Replacements 

All existing poles are evaluated for the strength requirements to withstand the new 
heavier covered conductor. Often the majority or all poles on a circuit segment will 
need to be replaced to support the new, heavier covered conductor and associated 
equipment. When poles need to be replaced, PG&E has tested and confirmed that 
composite poles and intumescent wrapped poles have increased fire damage 
resiliency to reduce the risk of a pole failure during a wildfire. 

Author’s Note: “intumescent wrapped poles” wooden power poles wrapped with 
wire mesh treated with an intumescent graphite coating. These poles are resistant to 
being consumed in a wildfire. 

• Replacement of Non-Exempt Equipment 

Replacement of existing primary line equipment such as fuses/cutouts, and switches 
with equipment that has been certified by CAL FIRE as low fire risk is another 
component of our System Hardening Program. This replacement work eliminates 
overhead line equipment and devices that may generate exposed electrical arcs, 
sparks, or hot material during their operation. 

Note from author: In this context “exempt” means not capable of sparking a fire in 
normal operation. Consequently non-exempt means potentially capable of sparking a 
fire in normal operation. 

• Replacement of Overhead Distribution Line Transformers 

Upgrading transformers … Newer transformers that are filled with fire resistant “FR3” 
insulating fluid that provides improved fire safety, transformer life, increased load 
capability, and environmental benefits. In addition, new transformers are 
manufactured to achieve higher electrical efficiency. 

• Framing and Animal Protection Upgrades 

Replacing cross-arms with composite arms, wrapping jumpers, and installing animal 
protection upgrades reduces contacts and pole related ignition risks. 

• Vegetation Clearing 

Vegetation is a critical component of the System Hardening Program. In order to 
access our facilities to execute a project, it often requires significant undergrowth 
clearing which removes vegetation on the ground directly beneath the lines. In 
addition, some of the previously mentioned components of a system hardening 
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project require additional clearance space to execute. Regulatory requirements 
mandate 4 feet of clearance all year long, so that if there is a change to a line’s 
profile, including using taller poles or wider cross-arms, the vegetation must be 
cleared to be consistent with any changes and provide the required clearing for new 
overhead lines… 

Author’s Note: There is quite a bit of text on the process used. This might be interesting 
to some. If so start on page 603 of Reference 1. 

The following sections were referenced above, or otherwise seem to relate to distribution 
system hardening. 

7.3.3.17.3 Non-Exempt Surge Arrester Replacement Program 

…The surge arrester sub-initiative is a program that replaces existing non-exempt surge 
arresters with exempt surge arresters, which have less propensity to cause a fire 
ignition. In addition, while it is performing replacements, PG&E separates transformer 
and surge arrester grounds at designated locations…exempt surge arresters are 
considered “non-expulsion” and do not generate arcs/sparks during normal operation. 

In the 2020 WMP, PG&E forecast replacing 8,850 surge arresters in Tier 2 and Tier 3 
HFTD areas. The Surge Arrester Program replaced approximately 10,300 as of 
December 31, 2020. PG&E anticipates mitigating the remaining Tier 2 and Tier 3 non-
exempt surge arresters by the end of 2021.  

Every attempt will be made to complete all of the remaining surge arrestor locations in 
HFTD in 2021. Even with advance geotechnical surveys, the ability to install grounds at 
some sites may not be known until crews begin excavating. At these locations rock-
drilling or blasting may be required which may extend completion of these sites into 
2022… 

7.3.3.17.4 Rapid Earth Fault Current Limiter 

…A high impedance fault like a wire down or tree contact could remain undetected and 
become an ignition source. In addition, high impedance line to ground faults on 
distribution circuits are difficult to detect with traditional overcurrent protection. REFCLs 
are intended to address these risks. 

…REFCL technology mitigates ignitions from line to ground faults such as wire down or 
tree contacts using a technology called Ground Fault Neutralizer (GFN) that detects line 
to ground faults and limits the fault current below ignition thresholds. 

…PG&E initiated a pilot project for REFCL technology in Calistoga based on wildfire risk 
in that area and historical line-ground outage events. The Calistoga substation and 
associated circuits met the design criteria for the REFCL system... 

The Calistoga REFCL pilot project finished construction in 2020. The field installation 
involved replacing 15 line reclosers with advanced controllers, replacing 14 sets of line 
fuses with Fuse Saver devices that trip all three phases, updating all the distribution line 
voltage regulating devices, and installing 12 capacitive balancing units to balance the 
circuit capacitance necessary to tune the REFCL system and maintain sensitivity. The 
substation work included installing the GFN and Arc Suppression Coil with associated 
controls along with upgrading the feeder relays and voltage regulators. 
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…PG&E plans to have the final results from this pilot project by September 2021…  

7.3.3.17.5 Remote Grid 

…Throughout PG&E’s service territory, there are pockets of isolated small customer 
loads that are currently served via long electric distribution feeders. In certain 
circumstances, these feeders are overhead line construction that traverse HFTD areas 
and require significant annual maintenance and vegetation management (VM). If these 
long feeders were removed and the customers served from a local and decentralized 
energy source (i.e., a “Remote Grid”), the resulting reduction in overhead lines could 
reduce fire ignition risk as an alternative to or in conjunction with system hardening and 
other risk mitigations. 

“Remote Grid” refers to relatively small, permanently islanded distribution facilities 
serving customers who are generally located on remote portions of PG&E’s distribution 
system. The Remote Grid facilities include a standalone power system (SPS) made up 
of local sources of electricity supply, such as solar PV generation, battery energy 
storage, and other distributed generation, as well as distribution and service facilities to 
connect customers to the SPS. Figure PG&E-7.3.3-6 below provides an example of the 
components of a Remote Grid. 

 

…This program leverages clean, emergent technologies such as solar-paired battery 
storage in a way that is intended to be cost-effective and/or more resilient relative to 
current distribution service delivery options. The objective of the Remote Grid sub-
initiative is to develop and validate the Remote Grid concept as an alternative to other 
service arrangements and/or wildfire risk mitigation activities  

…Initial Remote Grid project locations were selected in order to validate a range of 
Remote Grid configurations while simultaneously providing immediate risk mitigation 
value at a reduced cost when compared to alternative risk mitigations. In 2019 and 2020, 
PG&E undertook an extensive review of all distribution feeders in Tier 2 and Tier 3 
HFTD areas and developed a preliminary screening protocol, to identify potential 
Remote Grid projects where this alternative distribution method could deliver superior 
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risk-spend efficiency and overall distribution cost reduction (including reduced capital 
costs). PG&E prioritized sites for detailed evaluation based on a combination of factors 
including: 

 Located at the end of a radial distribution line; 

 Consist of a small number and size of customer loads; 

 Historically served by a long section of line; 

 Preliminary feasibility assessment based on initial customer outreach and 
desktop screening for technical viability and constructability of a SPS’; 

 Potential cost savings: Remote Grid vs preferred alternative risk mitigation 
strategy, and 

 Risk ranking of line segment(s) to be eliminated or hardened. 

From this list of preliminary screening results, PG&E has applied criteria including 
customer response, solar access (shading), civil constructability, and site accessibility to 
identify initial Remote Grid projects which are likely feasible for this early stage of 
Remote Grid deployment. PG&E believes initial sites can prove successful, both in terms 
of operational feasibility and in terms of delivering wildfire ignition risk reduction in a 
more cost-effective manner. Through initial projects, PG&E aims to develop the actual 
data needed to validate costs, performance, and customer acceptance of the 
Supplemental Provisions. Further validation is needed to increase the certainty of this 
portfolio and to identify the “total addressable market” for Remote Grid. 

…PG&E has three Remote Grid projects in the advanced stages of development which 
when completed will eliminate a total of 25.2 miles of overhead line (1.4 miles in HFTD 
areas and 23.8 miles in non-HFTD areas) by deploying SPS’ at 5 locations to serve 10 
customer meters. These initial projects are located in San Luis Obispo and Mariposa 
Counties… PG&E plans to begin operations of the first Remote Grid project to serve 
customer load by the end of 2021… 

In addition to the current projects, PG&E has identified and begun development on a 
portfolio of potential additional Remote Grid deployments designed to validate the 
viability of this new class of distribution asset… 

In 2021, PG&E will continue to mature the Remote Grid concept toward an eventual 
standard distribution grid configuration. Experience gained through the deployment and 
initial operation of the first Remote Grid projects will contribute to refinements in the 
deployment processes, design and performance standards, customer agreements and 
operational protocols for the end-to-end Remote Grid solution. PG&E expects to further 
validate the availability of viable commercial sourcing agreements via another round of 
competitive solicitations for SPS’ and supporting services. In addition, PG&E is seeking 
CPUC approval of a Supplemental Provisions Agreement to extend and clarify how the 
existing rules and tariffs apply to a customer served by Remote Grid, and to make clear 
the roles, restrictions, and responsibilities of both PG&E and the customer. 

7.3.3.17.6 Butte County Rebuild Program 

Authors Note: I’m not going to include the text from this section as I’m ready over my 
normal self-imposed text-limit. This is a very interesting summary of the total 
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undergrounding of distribution lines in Paradise, California. Paradise was destroyed by 
the Camp Fire, which burned a total of 153,336 acres, destroying 18,804 structures, 
resulting in 86 civilian fatalities. The Camp Fire is the deadliest and most destructive fire 
in California history, and was sparked by a faulty PG&E transmission line. This fire and 
others led to PG&E’s 2020 bankruptcy and reorganization.  

To review this, go to page 628 in reference 1. 


