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While we have discussed the idea of burying power and transmission lines, as well as having Category 5 

hurricane-proof buildings, this document will dive a little deeper into the subject.  In that document, I gave an 

example of what I have dealt with related to insurance covering the damage but not fixing the cause… the roof.  

The same idea happens all over the world, that the solution is to fix things when they break.  It would be 

interesting to know a little bit about the cost of repair following a storm, versus strengthening and hardening 

the grid system, and not just in Puerto Rico.  We thought so too! 

Attached is a brief that addresses the typical costs and issues with repair and restoration following a severe 

storm or hurricane, plus a more detailed look at projected costs, historical costs, and a deeper dive into the 

concept of undergrounding and hardening the grid.  Much of this information can also be used in other parts 

of the country, whether on a coast line, or further inland for tornado and winter storm damage.   

Another section offers extremely comprehensive information, including regulatory guidelines, safety and fire 

prevention requirements for FEMA, Dept of Energy, ASCE / IBC, NFPA, and countless other agencies and 

organizations to ensure that everything is properly managed and installed.   



Puerto Rico – Storm Restoration vs. Hardening Cost Brief 

1. Context 

Puerto Rico’s grid continues to face catastrophic losses after hurricanes. Restoration after Maria, Fiona, and other 

events cost billions, with pole replacements, line repairs, and staging logistics consuming much of the funds. By 

contrast, Category 5 hurricane-proof buildings for generation equipment and hardened steel poles/towers 

represent one-time resilience investments. 
 

2. Estimated Restoration Cost – Wooden Distribution Poles 

Historical and FEMA/PUC filings provide the following per-pole benchmarks: 

-- 2009 Texas PUC study: ~$4,000 per pole (storm restoration). 

-- FEMA estimates (damage assessments): ~$4,750 per pole. 

-- 2025 adjusted range (inflation + storm multipliers): $6,000–$12,000 per pole in typical access zones; $10,000–

$18,000+ per pole in Puerto Rico or difficult conditions. 
 

3. Anatomy of Per-Pole Restoration Cost 

-- Materials: $700–$1,500 (wood pole, crossarm, hardware, insulators, anchors). 

-- Labor + equipment: $1,800–$4,500 (lineworkers, bucket trucks, digger derricks). 

-- Supervision/overhead: $800–$2,000 (field supervisors, dispatch, staging). 

-- Disposal/hauling: $200–$600 (removal and disposal of damaged poles/lines). 

-- Storm multiplier: ×1.2–1.8 for mutual-aid crews, overtime, expedited materials, access challenges. 

-- Resulting range: $6,000–$18,000+ per pole under storm restoration conditions. 
 

4. Scale of Restoration Costs (Recent Events) 
-- FPL (Hurricanes Ian & Nicole, 2022): ~$1.0–$1.2B. 

-- Duke Energy (2024 season, FL/Carolinas): $1.1–$2.9B. 

-- Entergy Louisiana (Hurricane Ida, 2021): ~$1.4–$1.5B. 

-- Puerto Rico (post-Maria 2017): FEMA/GAO document ~$10B obligated for grid repairs. 
 

5. Hardening Investments 

Steel/concrete/composite poles or towers: Resilient to Cat-5 wind loads, anchored foundations. 

-- Category 5 hurricane-proof generation buildings: Elevated, reinforced concrete, debris-resistant 

doors/windows, designed to ASCE 7-22 Risk Category IV, NFPA 850 fire protection. 

-- Targeted undergrounding: High-risk laterals and corridors, eliminating storm-related vegetation failures. 

-- O&M benefits: Lower vegetation management, reduced recurring pole replacement, faster restoration. 
 

6. Cost-Benefit Framing 
Each storm event requires replacement of thousands of poles across Puerto Rico. At $10,000–$18,000 per pole, 

storm costs quickly escalate to hundreds of millions. By comparison, investing once in hardened poles, Cat-5 

buildings, and selective undergrounding avoids repeated restoration cycles, protects critical generation, and 

reduces outage durations for hospitals, emergency services, and communities. 
 

7. Rule-of-Thumb Calculator 

-- Estimated storm restoration cost = (Number of poles damaged) × ($6,000–$18,000 per pole ). 

-- Example: 5,000 poles × $10,000 = $50M (low end). 

-- Example: 10,000 poles × $15,000 = $150M (moderate case). 

-- Example: 20,000 poles × $18,000 = $360M (severe case). 

 

 



 

Building for power generation system: 

Strictly speaking, codes don’t certify “Category-5 proof.” Designers achieve ASCE 7-22 wind speeds (Risk Cat IV) 

with impact/debris protection and flood design per ASCE 24 / IBC 2024—that’s the standard way to meet “Cat-5-

equivalent” performance. ICC   

 

However, we may continue to refer to Cat-5 hurricane-proof, because it’s a term that is widely accepted. 

 

8. Building cost (15,000 sq ft hardened, Risk Cat IV) 

What you’re building: single-story, heavy reinforced concrete or steel frame with concrete/CMU envelope, debris-

impact-rated doors/windows, roof diaphragm uplift detailing, mechanical/electrical elevated above DFE, 

perimeter flood measures where applicable, NFPA 850 fire/life-safety for generating plants. 

• Base industrial shell benchmark (North America): Typical distribution/industrial shells often land around 

$125–$225/sf (market dependent). Use this only as a floor/anchor. Cushwake 

• HARDENED critical facility uplift: For Risk Category IV wind, debris impact, and flood hardening, plus 

Puerto Rico logistics, a realistic planning band is ~$275–$450 per sq ft for the building. This aligns with 

the idea that a hardened shell can run ~1.4×–2.0× a standard industrial shell, but well below a full data-

center build (often $625–$1,135/sf including heavy MEP fit-out). Cushwake 

 

15,000 sf total building cost (hardening included): 

• Low: 15,000 × $275 ≈ $4.1 M 

• Mid: 15,000 × $350 ≈ $5.3 M 

• High: 15,000 × $450 ≈ $6.8 M 

Why the spread? PR freight/logistics, elevated/anchored foundations, impact-rated assemblies, and floodproofing 

push costs up; site conditions (soil, surge, elevation) are the biggest wildcards. Codes driving the scope: IBC 2024 

+ ASCE 7-22 wind/tornado provisions (Risk Cat IV) and ASCE 24 flood-resistant construction; for generation 

buildings, NFPA 850 good practice. ICC 

 

9. Site size (acreage) to plan for: 

For a 15,000 sf hardened envelope housing generation gear, you’ll want room for: transformer yard, fuel systems, 

fire lanes, laydown/maintenance, stormwater/flood berms, and security standoff. 

• Tight urban/industrial fit: ~2 acres can work with efficient layout and limited yard. 

• Comfortable program w/ yard & flood works: ~3–5 acres is more typical for plants with auxiliaries (tanks, 

chillers, spares), access loops, and drainage controls. 

 

10. Puerto Rico land cost (per acre) 

Recent sold comps show very wide pricing depending on municipality and use (industrial vs. rural ag). Examples 

from 2024–2025 sales: 

• Industrial lots (Las Piedras): 8.52 acres sold $2.16 M → ≈ $253k/acre (also a smaller 1.81 ac lot at same 

$/ac). Total Commercial 

• Bayamón commercial (8.66 ac): $4.0 M → ≈ $462k/acre. Total Commercial 

• Large rural tract (Vega Baja, 388 ac): $6.4 M → ≈ $16.5k/acre (illustrates rural low). Total Commercial 

Planning bands for your use-case (industrial/utility): 

• Metro/prime industrial (San Juan/Bayamón/Caguas belts): $300k–$600k/acre 

• Secondary industrial municipalities: $150k–$300k/acre 

• Rural/peripheral (with utility zoning hurdles): $20k–$150k/acre 

(Use the band that matches your target municipality; the sold comps above frame the spread. Total 

Commercial) 

https://www.iccsafe.org/wp-content/uploads/2024-IBC-Structural.pdf?utm_source=chatgpt.com
https://cushwake.cld.bz/PDS-Industrial-Cost-Guide-2024/32/?utm_source=chatgpt.com
https://cushwake.cld.bz/PDS-Industrial-Cost-Guide-2024/32/?utm_source=chatgpt.com
https://www.iccsafe.org/wp-content/uploads/2024-IBC-Structural.pdf?utm_source=chatgpt.com
https://totalcommercial.com/listings/search/sold/land/puerto-rico?utm_source=chatgpt.com
https://totalcommercial.com/listings/search/sold/land/puerto-rico?utm_source=chatgpt.com
https://totalcommercial.com/listings/search/sold/land/puerto-rico?utm_source=chatgpt.com
https://totalcommercial.com/listings/search/sold/land/puerto-rico?utm_source=chatgpt.com
https://totalcommercial.com/listings/search/sold/land/puerto-rico?utm_source=chatgpt.com


 

 

11. Quick “all-in-site” sketch (order-of-magnitude) 

Choose land = 3 acres in a secondary industrial zone at $225k/acre → land ≈ $675k. 

Building (15,000 sf hardened at mid) ≈ $5.3 M. 

Subtotal ≈ $6.0 M (excludes siteworks). 

Add siteworks & external systems (foundations/elevation, utilities, yard paving, drainage, flood barriers, security 

fence, transformer pads, fuel tanks, permitting/AE): often 25%–50% of building depending on flood measures 

and utility scope → +$1.3–$2.6 M. 

ROM total (land + building + site) ≈ $7.3–$8.6 M for the mid scenario. 

(Heavy flood berms or coastal surge defenses can push higher.) 

 

12. Why this approach is defensible 

• Cost anchors: Industrial shell guides (Cushman & Wakefield) and data-center shell upper bounds (as a 

known hardened analog) bracket the per-sf range. Cushwake 

• Code anchors: IBC 2024 / ASCE 7-22 (Risk Category IV wind/tornado loads; impact protection) and ASCE 

24 floodproofing justify the uplift vs. standard shells; FEMA P-361 safe-room guidance is a recognized 

reference for debris/impact hardening philosophies. ICC 

• Land comps: Actual Puerto Rico sale records show realistic $/acre bands by locale. Total Commercial 

 

https://cushwake.cld.bz/PDS-Industrial-Cost-Guide-2024/32/?utm_source=chatgpt.com
https://www.iccsafe.org/wp-content/uploads/2024-IBC-Structural.pdf?utm_source=chatgpt.com
https://totalcommercial.com/listings/search/sold/land/puerto-rico?utm_source=chatgpt.com


Details of Cost to Harden and Strengthen the Grid in Puerto Rico 

Snapshot estimate (per wood distribution pole, storm restoration) 

• Typical historical benchmarks (pre-inflation): 

• ~$4,000 per pole during hurricane restoration (Texas PUC study, 2009). woodpoles.org 

• Example FEMA damage assessment math uses $4,750 per pole in estimates. FEMA 

Adjusting those to 2025 dollars (labor, materials, fuel up ~40–60% since 2009; ~25–30% since 2016) 

yields a current “center-of-mass” range ≈ $5,500–$8,500 per pole under ordinary access, scaling higher 

with storm multipliers (see below). 

• 2025 planning range (field-restoration conditions): 

$6,000–$12,000 per pole for most suburban/rural sites; $10,000–$18,000+ where access is difficult 

(marshy/remote/urban cores), debris is heavy, or crews/equipment must be imported (e.g., islands). 

Basis: 2009/2016 unit costs uplifted for 2025 + documented storm cost multipliers utilities apply in 

restoration modeling. woodpoles.org 

What’s inside that per-pole number (typical line-item anatomy) 

• Materials: treated wood pole (35–45’), crossarm, braces, insulators, hardware, anchors/guys; wood pole 

alone commonly $250–$400 wholesale (higher in storm spikes). Blackwood Solutions 

• Labor & equipment: 3 to 5 line workers + bucket/digger-derrick trucks, traffic control; restoration filings 

show storm labor rates well above “business-as-usual” and reliance on mutual-aid crews. (FPL storm 

cost filings & audits track elevated hourly rates during restoration.) Florida Public Service Commission 

• Supervision/overhead: field supervisors, dispatch/assessment teams, staging/logistics—explicitly 

included in storm recovery dockets. Florida Public Service Commission 

• Disposal & site work: pole removal/hauling and disposal fees are recognized cost components when a 

pole is replaced. California Public Utilities Commission 

Why storm restoration costs more than typical planned restoration work 

Utilities use storm restoration multipliers (versus normal replacement) to account for: emergency mobilization, 

outside crews, overtime, expedited materials, and harder site access. Florida IOU storm-protection/storm-

recovery filings explicitly reference these multipliers and model cost per customer restored that scales with 

event severity. Florida Public Service Commission 

Scale checks (macro $ for calibration) 

• FPL (Hurricanes Ian & Nicole): ~$1.0–$1.2 billion restoration approved/requested (interim + final). 

Florida Public Service Commission 

• Duke Energy (FL/Carolinas, 2024 season): filings/news peg $1.1–$2.9 billion across multiple events. 

Reuters 

• Entergy Louisiana (Hurricane Ida): ~$1.4–$1.5 billion repair costs financed via customer charge.           

AP News 

These totals include far more than poles (conductors, transformers, substations, logistics), but they 

backstop why per-pole storm restoration comfortably lands in the mid-four to low-five figures. 

 

https://woodpoles.org/wp-content/uploads/TexasPUC_Hardening.pdf?utm_source=chatgpt.com
https://www.fema.gov/sites/default/files/2020-07/Damage_Assessment_Manual_April62016.pdf?utm_source=chatgpt.com
https://woodpoles.org/wp-content/uploads/TexasPUC_Hardening.pdf?utm_source=chatgpt.com
https://www.bwoodsolutions.com/post/everything-to-know-about-wood-utility-pole-prices?utm_source=chatgpt.com
https://www.psc.state.fl.us/library/filings/2019/05613-2019/05613-2019.pdf?utm_source=chatgpt.com
https://www.psc.state.fl.us/library/Orders/2024/06436-2024.pdf?utm_source=chatgpt.com
https://docs.cpuc.ca.gov/PublishedDocs/SupDoc/A2305010/6059/508571727.pdf?utm_source=chatgpt.com
https://www.psc.state.fl.us/library/filings/2022/11038-2022/11038-2022.pdf?utm_source=chatgpt.com
https://www.psc.state.fl.us/library/Orders/2024/06436-2024.pdf?utm_source=chatgpt.com
https://www.reuters.com/business/energy/duke-energy-files-recover-11-bln-hurricane-costs-2024-12-27/?utm_source=chatgpt.com
https://apnews.com/article/059d953df8f521834c5cdc130c95243f?utm_source=chatgpt.com


Puerto Rico context (logistics push costs up) 

FEMA/GAO document extraordinary logistics and a ~$10B grid repair envelope post-Maria—moving 

crews/materials across water, constrained staging, and mountainous terrain inflate unit costs relative to 

mainland averages. The $10k–$18k+ per pole upper band is realistic for severe-impact corridors in PR. 

Government Accountability Office 

Rule-of-thumb calculator 

For planning and “show-your-work” clarity, for a “per-pole estimate” like this: 

• Base materials: $700–$1,500 (pole + crossarm/hardware/guys/insulators) — spikes higher during

regional events. Blackwood Solutions

• Crew + equipment: 6–10 crew-hours × ($150–$250/hr blended) + trucks ($150–$300/hr) ≈ $1,800–

$4,500 (ordinary access). (Storm filings show even higher effective rates with mutual aid/OT).

Florida Public Service Commission

• Supervision/overhead & traffic control: $800–$2,000 (field supervisors, flagging, staging).

Florida Public Service Commission

• Disposal/hauling/site cleanup: $200–$600 (recognized in rate-case testimony).

California Public Utilities Commission

• Storm multiplier: × 1.2–1.8 (outside labor, expedited materials, bad access). Utilities describe these

uplift factors in storm-protection models. Florida Public Service Commission

This math lands in the $6k–$12k middle band under many storm scenarios, with $10k–$18k+ where access and 

logistics are rough—exactly the spaces the hardened poles/steel towers + Cat-5 buildings are meant to avoid. 

Bonus: We’re including the “hidden” costs most folks forget 

• Customer-minutes-out / business interruption (not in per-pole numbers but central to benefit-cost).

Florida IOU dockets recover restoration through storm surcharges—that context helps justify resilience

CapEx. Florida PSC

• Debris & vegetation clearing to even reach the structure (FEMA PA eligible; separate line items). FEMA

• Mutual-aid mobilization (staging yards, lodging, fuel, ferries/barges in PR). Reflected in billion-dollar

season totals. Reuters

https://www.gao.gov/assets/gao-21-54.pdf?utm_source=chatgpt.com
https://www.bwoodsolutions.com/post/everything-to-know-about-wood-utility-pole-prices?utm_source=chatgpt.com
https://www.psc.state.fl.us/library/filings/2019/05613-2019/05613-2019.pdf?utm_source=chatgpt.com
https://www.psc.state.fl.us/library/filings/2019/05613-2019/05613-2019.pdf?utm_source=chatgpt.com
https://www.psc.state.fl.us/library/Orders/2024/06436-2024.pdf?utm_source=chatgpt.com
https://docs.cpuc.ca.gov/PublishedDocs/SupDoc/A2305010/6059/508571727.pdf?utm_source=chatgpt.com
https://www.psc.state.fl.us/library/filings/2022/11038-2022/11038-2022.pdf?utm_source=chatgpt.com
https://www.floridapsc.com/news-links/12224?utm_source=chatgpt.com
https://www.fema.gov/sites/default/files/documents/fema_pappg-v3.1-archived_policy_5-4-2018.pdf?utm_source=chatgpt.com
https://www.reuters.com/business/energy/duke-energy-files-recover-11-bln-hurricane-costs-2024-12-27/?utm_source=chatgpt.com


 
 

Choosing Electrical Conduit for Underground Applications 

Dec 1, 2023 

 

Electrical conduit plays a vital role in safeguarding electrical wiring and cables against hazards such as 

moisture, fire, corrosion, impact, electrocution and short circuits. With a multitude of conduit options 

available, engineers and contractors must carefully consider the specific location and environmental 

conditions for a project when selecting the appropriate conduit for an underground application. 

Choosing the wrong conduit can pose safety risks and lead to substantial financial consequences. 

Underground conduit options available 

Traditional metal conduits  

Traditionally, steel or aluminum heavy metal conduits were prevalent in electrical conduit projects. 

However, the market has shifted towards lighter, cost-effective and durable alternatives like fiberglass 

conduit. 

Rigid Metal Conduit (RMC): Comprising heavyweight galvanized steel, stainless steel or aluminum and 

installed with threaded fittings, RMC is robust but heavy, leading to higher material and labor costs. 

Electrical Metallic Tubing (EMT): Thin-walled and unthreaded, EMT is commonly made of coated steel 

or aluminum and is suitable for indoor applications. It is not recommended for outdoor or underground 

use due to its susceptibility to damage and the need for special watertight fittings.  

Fiberglass conduit  

Fiberglass conduit is an affordable option with numerous advantages, including its lightweight nature 

and resistance to temperature, moisture and corrosion. It is a preferred choice for utilities, commercial 



and industrial applications that require direct burial and encased burial below ground. Its lightweight 

and unthreaded joints make it easy (and cost-effective) to install and its low coefficient of friction 

eliminates the risk of burn-through for long cable pulls. Additionally, it is nontoxic and chemically inert, 

contributing to its environmental friendliness.  

PVC conduit  

PVC electrical conduit is known for its cost-effectiveness, durability and protection against moisture and 

corrosion. It has limited temperature tolerance and emits toxic fumes when melted, making it 

unsuitable for projects exposed to extreme heat or cold. 

PVC-coated steel conduit 

PVC-coated steel conduit is used in corrosive environments that also require mechanical strength. 

Unfortunately, its weight impacts portability in the field, making installation costly. 

Considerations for electrical conduit in underground applications 

Key factors to consider when selecting conduit include its protective qualities, ease of installation, 

installation cost, long-term durability, upfront costs, availability and lead times. It’s crucial to evaluate 

attributes such as corrosion resistance, temperature range and impact resistance to ensure the 

longevity of your installation.  

Underground electrical conduit requirements 

Authorities such as UL, CEC and NEC publish code requirements to guide electrical conduit in 

belowground applications.  

UL 2420 BG 

UL 2420 outlines the requirements for low-halogen belowground (Type BG) reinforced thermosetting 

resin (RTRC or fiberglass) conduit and fittings, designed for installation and use in compliance with CSA 

C22.1, the Canadian Electrical Code (CE Code), Part I and NFPA 70, the National Electrical Code (NEC). 

UL 2420 encompasses ID and IPS conduit and fittings in trade sizes ranging from 1/2 (16) to 6 (155), 

covering both encased burial and direct burial conduit. 

UL 94 HB  

Underground electrical conduit must meet UL 94 HB (horizontal burn) requirements for belowground 

use. Horizontal burn standards are less stringent than vertical burn requirements, indicating that any 

conduit approved for aboveground applications is also suitable for underground installations. 

NEC for underground conduit  

Article 355 of the National Electrical Code (NEC) specifies the accepted use, installation and construction 

standards for fiberglass conduit. This rigid nonmetallic raceway with a circular cross-section, integral or 

associated couplings, connectors and fittings is approved for underground installations in trade sizes 

ranging from 1/2 to 6. 



Determining the depth for burying electrical conduit underground 

The depth requirements for burying electrical cables and wiring (direct burial installations) are outlined 

in Table 300.5 of the NEC, varying from 4 inches to 24 inches deep, depending on the wiring method 

employed. 

Comparative costs of electrical conduit for underground applications 

For direct burial installation, there can be a wide variance in installation time based on the type of 

conduit. For example, according to the NECA Manual of Labor Units, man-hours to install 100 feet of 4-

inch SW fiberglass conduit are 8.25. For the same size and length, GRC conduit takes 30 man-hours, PVC 

SCH 80 takes 16.8 and PVC-coated steel takes 38 man-hours. Installation man-hours do not change. 

Installation of fiberglass conduit for many widths will always be more cost-efficient due to the conduit’s 

light weight. 

 

https://championfiberglass.com/wp-content/uploads/2022/04/Champion-Fiberglass-NECA-Labor-Units-2.pdf


Using Fiberglass Conduit In Place of Metal or PVC 
 

Fiberglass conduit is often less expensive for electricity transmission lines than metal or PVC 

options, especially when considering the total project cost due to its significantly lower weight, 

faster installation times, reduced labor, lower freight charges, and lower total material costs 

compared to heavier materials like galvanized rigid conduit (GRC) and even some PVC conduit.   

Material and Installation Costs 

• Lighter Weight:  

Fiberglass conduit is considerably lighter than alternatives like GRC or PVC-coated steel, 

allowing for easier handling and faster installation with less need for heavy equipment.  

• Reduced Labor:  

The lightweight material translates to less time and effort for installers, who can position and 

connect fiberglass conduit quicker, reducing labor costs significantly.  

• Lower Freight Charges:  

The lighter weight also results in lower freight costs for shipping.  

• Faster Installation:  

Due to its lightweight and simple gasketed connections, fiberglass conduit installs faster than 

many other types, further contributing to lower labor costs.  

Cost Comparisons 

• Compared to GRC:  

Fiberglass is typically much more affordable in terms of material cost, and installation costs are 

drastically lower, potentially offering savings of 65% or more compared to GRC.  

• Compared to PVC:  

While material costs can fluctuate, fiberglass has also been found to be lower-priced than PVC, 

especially when PVC supply chains are disrupted or prices are high. Even when material costs 

are similar, the faster and easier installation of fiberglass can make it the more cost-effective 

choice overall.  

Other Cost-Saving Benefits  

• No Burn-Through:  

Fiberglass conduit has a higher mechanical strength and resists burn-through from high-tension 

cable pulling, which can damage less resistant materials and lead to costly repairs. 

• Longer Service Life:  

Its corrosion resistance and durability can extend the conduit's service life, leading to lower 

maintenance and replacement costs over time. 



Undergrounding and Hardening: A Deep Dive 

 

The following is a brief on undergrounding (burying distribution & transmission lines), and hardening 

(strengthening and reinforcing utility poles, substations, ad power generation plants).  This focuses on utility-

grade sources (DoE, T&D World, EPRI) and recent utility case studies. 

What “undergrounding” means (and where it’s used) 

• Distribution: Laterals/feeders moved to URD (underground residential distribution) using XLPE cables in 

conduit/duct banks, pad-mounted gear, handholes/vaults. Common for targeted storm hardening and 

wildfire risk areas. The Department of Energy 

• Transmission (115–345 kV+): Solid-dielectric XLPE or legacy HPFF/HLPF pipe-type systems, in duct banks 

or tunnels with joint bays every ~1,500–2,500 ft; requires detailed thermal design (backfill/ampacity) 

and often reactive power compensation for long AC lengths. HVDC is considered when distances/ratings 

make AC impractical. psc.wi.gov 

Costs (latest defensible ranges) 

• Distribution retrofit (overhead → underground): Roughly $350–$1,150 per foot (≈ $1.85 M–$6.07 M 

per mile) depending on terrain, pavement restoration, and urban complexity. TDWorld 

• California wildfire programs (recent actuals): PG&E reports $3–$4 M per mile average for distribution 

undergrounding since 2021 (800 miles completed). CalMatters 

• Programmatic planning guide: DoE’s 2024 Resilience Investment Guide—Undergrounding T&D 

compiles cost drivers and benefit categories eligible under BIL §40101 grants (handy for proposals and 

grant language). The Department of Energy 

• Macro cost-benefit caution: New York’s 2023 statewide analysis estimated an overall net social welfare 

loss (~$261 B, 2023$) for full-scale undergrounding of all lines—underscoring why utilities target high-

risk corridors rather than blanket conversions. Department of Public Service 

Reliability & risk reduction 

• Wildfire mitigation & storms: Utilities are undergrounding in the highest-risk segments (e.g., PG&E’s 

plan toward 1,600+ miles by end-2026; SCE proposing ~260 miles of underground distribution 2026–

2028). PG&E 

• Measured improvements: Florida programs report big gains; FPL cites neighborhood segments with ~6× 

fewer storm-related outages and ~50% better day-to-day performance when laterals are 

undergrounded (directional drilling to minimize disruption). WGCU PBS & NPR for Southwest Florida 

Key technical considerations (Transmission & long feeders) 

• Capacitance & charging current (AC cables): Limits active power transfer on long runs; requires shunt 

reactors/compensation and can drive selection toward HVDC for long underground/subsea corridors. 

cigre-usnc.org 

• Thermal/ampacity design: Duct geometry, thermal backfill properties, soil moisture, and load factor 

dominate rating and lifecycle; EPRI has deep cost-reduction/install practice research.                             

EPRI Rest Service 

• Cable systems: XLPE has become the U.S. norm ≤200 kV; legacy HPFF/HLPF still exist above that or in 

older corridors; joint bays, bonding (single-point/cross-bonded), and sheath voltage limiters manage 

induced voltages. psc.wi.gov 

https://www.energy.gov/sites/default/files/2024-06/060624_GDO_LBNL_Duke_Energy_Florida_Undergrounding.pdf?utm_source=chatgpt.com
https://psc.wi.gov/Documents/Brochures/Under%20Ground%20Transmission.pdf?utm_source=chatgpt.com
https://www.tdworld.com/disaster-response/article/55246923/why-modernizing-power-grid-inspections-is-essential-for-any-storm-hardening-strategy?utm_source=chatgpt.com
https://calmatters.org/environment/2024/12/pge-utilities-wildfire-prevention-customer-bills-california/?utm_source=chatgpt.com
https://www.energy.gov/sites/default/files/2024-11/111524_Undergrounding_Transmission_and_Distribution_Lines.pdf?utm_source=chatgpt.com
https://dps.ny.gov/system/files/documents/2023/09/final-report-ny-undergrounding-2023-06-27.pdf?utm_source=chatgpt.com
https://www.pge.com/en/newsroom/currents/safety/pg-e-reaches-significant-undergrounding-milestone---burying-more.html?utm_source=chatgpt.com
https://www.wgcu.org/section/hurricanerecovery/2024-04-03/fpl-asks-more-swfl-homeowners-to-bury-power-lines-underground?utm_source=chatgpt.com
https://cigre-usnc.org/wp-content/uploads/2021/10/Reactive-Power-Compensation-Considerations-for-Offshore-AC-Networks.pdf?utm_source=chatgpt.com
https://restservice.epri.com/publicdownload/TR-114457/0/Product?utm_source=chatgpt.com
https://psc.wi.gov/Documents/Brochures/Under%20Ground%20Transmission.pdf?utm_source=chatgpt.com


Pros & cons at a glance 

Pros 

• Major reduction in vegetation/wind/wildfire outages and ignition risk; less routine veg management. 

TDWorld 

• Aesthetics, right-of-way flexibility in dense urban cores; storm hardening. The Department of Energy 

Cons 

• High capex (order-of-magnitude above overhead), pavement restoration, and complex permitting. 

TDWorld 

• Fault location/repair: Typically longer time to locate/repair cable faults vs. overhead; specialized crews, 

spares, and access to vaults/joint bays needed. (DoE guide details planning mitigations.) The 

Department of Energy 

• AC transmission limits from cable capacitance; may need reactors or converter stations (if HVDC).   

cigre-usnc.org 

Current utility programs & examples 

• PG&E (CA): Undergrounding thousands of miles in high-fire-threat districts; 330 miles in 2025 and 440 

miles in 2026 planned. PG&E 

• Entergy Texas: Proposed $335 M hardening plan including targeted undergrounding and substation 

upgrades. TDWorld 

• Policy backdrop: DoE’s Grid Resilience grants (FY2024 $473.6 M to states/tribes) often fund targeted 

undergrounding alongside vegetation management and covered conductors. TDWorld 

Design & construction building blocks (distribution focus) 

• Trenchless installs: HDD/directional boring to place conduits with minimal surface impact—common in 

neighborhood conversions. FPL 

• Duct banks & vaults: Concrete-encased multi-duct banks with periodic handholes/vaults for pulling and 

splicing; joint bays on transmission. Utility construction standards (e.g., SRP) give practical details on 

clearances and layout. SRP 

• Standards/Guides: IEEE guides for substation cabling and rural substation design; cooperative/municipal 

design manuals for UD systems. IEEE Entity 

 

Here’s a detailed summary of what is found on hardening not just poles but also for: 

buildings/substations/generation housing/ and infrastructure. 

What “Hardening” Means (Poles & Buildings / Substations / Generation Plants) 

“Hardening” refers to retrofits and design decisions to make physical infrastructure more robust to extreme 

weather, flooding, fire, security threats, aging, etc. For poles, it includes material upgrades, reinforcement, 

alternate materials. For buildings / substations / generation equipment, hardening includes floodproofing, 

elevating, structure strength, physical/ballistic protection, redundancy, disaster recovery, security. 

 

https://www.tdworld.com/transmission-reliability/article/55246921/powering-up-resilience-transforming-the-grid-with-technical-advancements-and-proactive-strategies?utm_source=chatgpt.com
https://www.energy.gov/sites/default/files/2024-11/111524_Undergrounding_Transmission_and_Distribution_Lines.pdf?utm_source=chatgpt.com
https://www.tdworld.com/disaster-response/article/55246923/why-modernizing-power-grid-inspections-is-essential-for-any-storm-hardening-strategy?utm_source=chatgpt.com
https://www.energy.gov/sites/default/files/2024-11/111524_Undergrounding_Transmission_and_Distribution_Lines.pdf?utm_source=chatgpt.com
https://www.energy.gov/sites/default/files/2024-11/111524_Undergrounding_Transmission_and_Distribution_Lines.pdf?utm_source=chatgpt.com
https://cigre-usnc.org/wp-content/uploads/2021/10/Reactive-Power-Compensation-Considerations-for-Offshore-AC-Networks.pdf?utm_source=chatgpt.com
https://www.pge.com/en/newsroom/currents/safety/pg-e-reaches-significant-undergrounding-milestone---burying-more.html?utm_source=chatgpt.com
https://www.tdworld.com/transmission-reliability/article/55246921/powering-up-resilience-transforming-the-grid-with-technical-advancements-and-proactive-strategies?utm_source=chatgpt.com
https://www.tdworld.com/grid-innovations/news/55239582/doe-announces-nearly-474-million-in-new-grid-resilience-funding-to-states-and-tribes-to-modernize-the-electric-grid?utm_source=chatgpt.com
https://www.fpl.com/reliability/storm-secure-underground-program.html?utm_source=chatgpt.com
https://www.srpnet.com/assets/srpnet/pdf/doing-business/builders-developers-contractors/commercial-specifications-guidelines-and-handbooks/underground-distribution-construction-standards.pdf?utm_source=chatgpt.com
https://ewh.ieee.org/cmte/substations/scd0/wgd2/IEEE%20525%20-%20standard/IEEE%20525-2007_accepted.pdf?utm_source=chatgpt.com


Key Insights & Examples from T&D World & Related Sources 

Area Hardening Measures / Examples 

Pole / structure material & 

reinforcement 

• FRP/composite poles: Ameren (IL & MO) used TridentStrong FRP poles 

(bending without breaking in high wind) among wood poles in high-wind or 

storm zones. TDWorld  

• Wood pole reinforcement (“splinting”) and corrosion mitigation: example in 

Westerville, where old steel poles were given structural splints to extend life 

and resist unexpected loads from trees/fallen debris. TDWorld  

• Pole wraps/fire protection (GridWrap etc.) to reduce wildfire ignition risk from 

degraded poles. TDWorld  

• Steel / concrete / hybrid / composite poles vs. wood depending on load, 

exposure, cost. TDWorld 

Distribution line hardening 

• “Covered conductors” / spacer cable used instead of bare wires to reduce 

outages from tree contact, weather, abrasion. TDWorld  

• Expanding ROW, improved vegetation management (e.g. more frequent 

trimming cycles, hazard tree removal) to reduce risk of pole or line damage. 

TDWorld 

Substations / Buildings / 

Critical Infrastructure 

• Raising or relocating substations / control houses out of flood plains, elevating 

key equipment to protect from storm surge / flood zones. Example: PSE&G’s 

Energy Strong program elevated or eliminated stations in flood-vulnerable 

zones. TDWorld  

• Flood risk hardening: Designing substations so equipment (transformers, 

control houses) is above flood levels, building retaining or protective walls, 

dams around them. TDWorld  

• Storm-resistant doors, windows for buildings housing power equipment. 

TDWorld  

• Physical security / ballistic protection: barrier walls, hardened fencing, 

detecting threats, protection against vandalism or attack. TDWorld  

• Control system upgrades / automation to permit remote monitoring & 

switching, reducing physical exposure & enabling faster recovery. TDWorld 

Standards, vulnerability 

assessment, prioritization 

• Risk assessments of location: which substations are in flood plains, or near 

storm surge zones etc. These drive where to apply hardening first. TDWorld  

• Standards & codes: NESC (National Electrical Safety Code) being updated / 

interpreted to push for improved pole resilience and overhead network 

hardening. TDWorld  

• Cost vs benefit: many utilities focus on “critical” facilities (hospitals, water-

treatment, emergency communications) first, because outages there are 

especially damaging and costly. TDWorld 

 

https://www.tdworld.com/overhead-transmission/article/55296305/composite-poles-stand-strong-for-heartland-utility?utm_source=chatgpt.com
https://www.tdworld.com/overhead-transmission/article/21173605/giving-old-steel-poles-new-life?utm_source=chatgpt.com
https://www.tdworld.com/wildfire/article/55287973/wildfire-risk-is-rising-why-grid-hardening-cant-wait?utm_source=chatgpt.com
https://www.tdworld.com/overhead-transmission/article/55303424/the-past-present-and-future-of-utility-structures?utm_source=chatgpt.com
https://www.tdworld.com/overhead-distribution/article/21276550/system-hardening-and-other-benefits-of-covered-conductors?utm_source=chatgpt.com
https://www.tdworld.com/overhead-distribution/article/21276550/system-hardening-and-other-benefits-of-covered-conductors?utm_source=chatgpt.com
https://www.tdworld.com/electric-utility-operations/article/21177525/storm-proofing-substations-and-systems?utm_source=chatgpt.com
https://www.tdworld.com/substations/article/20969655/protecting-the-grid?utm_source=chatgpt.com
https://www.tdworld.com/grid-innovations/distribution/article/20964810/storm-hardening-the-grid?utm_source=chatgpt.com
https://www.tdworld.com/smart-utility/grid-security/article/21278048/the-ongoing-battle-to-protect-critical-substation-infrastructure?utm_source=chatgpt.com
https://www.tdworld.com/electric-utility-operations/article/21177525/storm-proofing-substations-and-systems?utm_source=chatgpt.com
https://www.tdworld.com/electric-utility-operations/article/21177525/storm-proofing-substations-and-systems?utm_source=chatgpt.com
https://www.tdworld.com/overhead-distribution/article/21276876/nesc-progresses-power-grid-resiliency-overhead?utm_source=chatgpt.com
https://www.tdworld.com/electric-utility-operations/article/21177525/storm-proofing-substations-and-systems?utm_source=chatgpt.com


Pros / Cons & Key Trade-Offs 

• Pros: 

o Reduced downtime / outages from weather, storms, fire, flooding. 

o Protection of critical infrastructure: mitigates risk to hospitals, emergency facilities. 

o Long-term cost savings: less frequent repairs, less damage from extreme events. 

o Safety & security: less exposure for personnel, less risk of catastrophic failure. 

o Regulatory & public expectations: increasingly required (by insurers, regulators, communities). 

• Cons / Challenges: 

o High up-front capital costs (raising substations, adding floodwalls, ballistic barriers). 

o Complexity of retrofits (permits, local flood & building codes, land availability). 

o Maintenance & inspection for hardened features; sometimes more specialized. 

o Balancing cost vs risk: many facilities may never experience the worst-case event, so ROI must 

be carefully estimated. 

o Potential for overhardening: spending for very low-probability events that might undercut funds 

for more frequent risk mitigation. 

Hardening Poles & Buildings – Summary 

What Hardening Includes 

• Upgrading poles: composite materials, reinforcement (splints, wraps), anti-decay/anti-corrosion 

treatments, fire-resistant coatings. 

• Strengthening distribution overhead: covered conductors, spacer cable, improved ROW & vegetation 

programs. 

• Substation / generation plant infrastructure: elevating or relocating facilities, flood-proofing, hardened 

control rooms, storm-resistant doors/windows, physical security / ballistic protection. 

• Redundancy in critical control/equipment: SCADA/remote control, backup power, alternate supply 

paths. 

When to Prioritize 

• Facilities in flood plains / storm surge zones. 

• Areas with high wildfire risk. 

• Critical facilities (hospitals, water, communications) or supply paths that, if out, cause cascading failures. 

• Aging structures near end of design life under current load & environmental stress. 

Key Cost / Benefit Points 

• Upfront cost is often large, but expected damage costs and outage costs avoided can justify 

investments. 

• Synergies: combining multiple hardening measures (e.g. flood protection + physical security + control 

system backup) spreads marginal cost over multiple risk reductions. 

• Regulations & insurance may drive or partially fund hardening. 

 



Checklist for Scoping Hardening Projects (Poles + Buildings / Substations) 

Here’s a detailed checklist that can be used when planning hardening projects: 

1. Risk & Vulnerability Assessment 

o Map facilities: poles, substations, control houses, generation units. Determine hazard exposure: 

flood zones, wildfire, wind, ice, storm surge, seismic. 

o Determine consequence: criticality of facility (load served, emergency services, etc.). 

2. Existing Condition Evaluations 

o Pole age, material, condition (rot, decay, corrosion, strength). 

o Substation building/enclosures: elevation, past flooding, structural integrity (walls, roofs, 

windows), ingress protection, security. 

3. Standards & Codes Review 

o Local building/flood/wind/fire codes. 

o Utility safety codes (NESC, IEEE, NFPA, etc.). 

o Insurance / regulatory requirements (e.g. NERC, FERC). 

4. Design Hardening Measures 

o Poles: material upgrade (wood → composite / FRP / steel / concrete), reinforcement, protective 

wraps/coatings. 

o Buildings / substations: elevate or relocate, floodwalls or levees, waterproofing / sealing, 

reinforced doors/windows, roof upgrades, anchoring. 

o Physical security: fencing, surveillance, barriers (ballistic, vehicle, vandal protection). 

5. Redundancy & Control Systems 

o Backup power for control houses. 

o Remote monitoring, SCADA upgrades; use of automation to isolate faults. 

o Communications redundancy. 

6. Maintenance, Inspection & Vegetation / Environment Management 

o Vegetation clearance plans; shelter from debris. 

o Inspection schedule: poles, foundations, building enclosure, doors/windows, drainage. 

o Corrosion protection; coating maintenance. 

7. Budget Estimate & Cost-Benefit Analysis 

o Upfront capital; lifecycle O&M. 

o Estimation of outage risk / cost saved. 

o Prioritization of which facilities first (those with highest risk & highest consequence). 

8. Permitting & Site Constraints 

o Flood plain / environmental permit. 

o Local zoning / aesthetic concerns. 

o Land / elevation available. 

 



9. Stakeholder & Emergency Planning 

o Coordination with local emergency services. 

o Impact on critical customers. 

o Response plans: how to access facility during storms; backup routes. 

10. Security & Threat Assessments 

o Physical risk (vandalism, terrorist threats). 

o Cyber / OT risk for control systems. 

o Shields, cameras, access control. 

11. Resilience Features / Recovery 

o How quickly can facility be restored after damage? Are there spare parts, mobile control 

houses? 

o Is building designed to limit failure propagation? 

 

Grant-Ready Language / Proposal Paragraphs 

Proposed Hardening Project 

This project will strengthen the physical infrastructure of the grid by hardening both overhead poles and critical 

facilities, including substations and generation equipment housing, in high-risk zones. Upgrades include 

replacing or reinforcing aging or vulnerable poles (wood → composite / steel / FRP), installing protective wraps 

to mitigate wildfire and decay risks, and elevating or flood-proofing substation buildings above required flood / 

storm surge levels. Climate threats addressed include wind, flood, wildfire, storm surge, and physical security 

threats. The project further includes enhancements to building enclosures (e.g., storm-resistant doors/windows, 

sealing, anchoring) and redundant control/backup power, enabling quicker recovery and resilience in extreme 

events. 

Furthermore, this project hardens overhead structures and critical facilities through code‑based structural 

upgrades, flood‑resilient design (ASCE 24), fire protection per NFPA 850, and winterization/tornado‑resistant 

measures per ASCE 7‑22 (Risk Category III/IV). Investments include elevating control houses and electrical gear 

above the Design Flood Elevation, installing storm/flood barriers, upgrading building envelopes to resist debris 

and high winds, and weatherizing generation auxiliaries (heat tracing, insulation, protected intakes). SCADA 

automation and redundant backup systems improve restoration times for hospitals, water plants, and 

emergency services. The program aligns with state PSC 

Benefits & Justification 

• Reduced outage durations and frequency: protects critical load service (hospitals, emergency services).  

Avoids costs from damage and repair from flood, storm, fire, or attack.  Enhances safety for personnel 

and public.  Aligns with regulatory requirements (e.g. NESC, NERC, local flood codes) and resilience goals 

under [relevant funding program / law].  Leverages upstream investments by integrating hardening at 

multiple asset levels (poles + buildings + control systems), maximizing cost per dollar spent. 

 



High-value case studies & guidance 

• Con Edison (NYC) post-Sandy storm hardening – multi-year program with flood barriers, submersible 

equipment, elevation/relocation of critical gear, network reconfiguration, and automation; initial     

~$1B over four years authorized under NYPSC. U.S. Climate Resilience Toolkit 

• PSE&G Energy Strong (NJ) – relocation/elevation of substations in flood zones (e.g., Hoboken) + 

stronger poles/cables and automation; independent benefits framing by Brattle. TDWorld 

• “Is my substation ready for the next extreme event?” (T&D World, 2023) – practical design cues: 

elevate structures above Design Flood Elevation, choose alternative standards, integrate flood barriers. 

TDWorld 

• Winterization of generation after Winter Storm Uri (2021) – FERC/NERC investigation and 

recommendations; economics context on the cost of not weatherizing. Typical plant measures include 

heat tracing, insulation/blanketing, windbreaks/enclosures, protected intakes, and freeze-protection 

procedures. Federal Energy Regulatory Commission 

• Puerto Rico recovery & hardening (post-Maria) – FEMA/GAO document the scale of PA/mitigation 

funds and planning used to elevate/harden critical facilities and substations; site-specific scopes vary by 

municipality/owner. U.S. Government Accountability Office 

Standards & design baselines you can cite 

• ASCE/SEI 7-22 – all-hazards loading incl. wind, atmospheric ice, seismic; tornado loads now required for 

Risk Category III & IV facilities (substations, essential facilities). ASCE 

• ASCE/SEI 24-14 → 24-24 (2024/2025 updates) – flood-resistant design & construction: elevation, 

dry/wet floodproofing, flood design classes; referenced in the 2024 I-Codes. FDEP 

• NFPA 850 (2020) – recommended practice for electric generating plants & HVDC converter stations 

(layout, separation, suppression systems)—useful for generation-building hardening & fire protection. 

NFPA 

What hardening typically includes (quick hits) 

• Poles/lines: upgrade materials (steel/concrete/FRP), reinforcement/splints, covered conductors or 

spacer cable, targeted vegetation programs. TDWorld 

• Substations/buildings: elevate control houses & gear above DFE, floodwalls/levees, dry/wet 

floodproofing, storm-rated doors & windows, ballistics/vehicle barriers, fire separation, GIS in flood-

prone sites, SCADA/automation & backup power. TDWorld 

• Generation enclosures: wind/hurricane shell upgrades per ASCE 7-22, winterization (heat tracing, 

insulation, shelters/windbreaks), protected intakes, lube-oil/fuel system freeze protection, NFPA 850 

fire/life-safety. Federal Energy Regulatory Commission 

https://toolkit.climate.gov/case-study/working-together-keep-lights-new-york-city?utm_source=chatgpt.com
https://www.tdworld.com/disaster-response/article/21244155/a-decade-after-superstorm-sandy-new-jerseys-infrastructure-is-more-prepared?utm_source=chatgpt.com
https://www.tdworld.com/substations/article/21272678/is-my-substation-ready-for-the-next-extreme-event?utm_source=chatgpt.com
https://www.ferc.gov/news-events/news/final-report-february-2021-freeze-underscores-winterization-recommendations?utm_source=chatgpt.com
https://www.gao.gov/assets/gao-22-106211.pdf?utm_source=chatgpt.com
https://www.asce.org/publications-and-news/codes-and-standards/asce-sei-7-22?utm_source=chatgpt.com
https://floridadep.gov/sites/default/files/asce24-14_highlights_jan2015_SFWMD_0_0.pdf?utm_source=chatgpt.com
https://www.nfpa.org/product/nfpa-850-recommended-practice/p0850code/nfpa-850-92-pdf/85092pdf?utm_source=chatgpt.com
https://www.tdworld.com/grid-innovations/distribution/article/20964810/storm-hardening-the-grid?utm_source=chatgpt.com
https://www.tdworld.com/substations/article/21272678/is-my-substation-ready-for-the-next-extreme-event?utm_source=chatgpt.com
https://www.ferc.gov/news-events/news/final-report-february-2021-freeze-underscores-winterization-recommendations?utm_source=chatgpt.com



