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Title:  The 2017 Hurricane Season: A Review of Emergency Response and Energy 

Infrastructure Recovery Efforts 

Author: American Fuel & Petrochemical Manufacturers 

Significant Report Findings (include page number): 

● Harvey forced 24 refineries representing 25% of U.S. refining capacity to shut 

down or run at reduced rates. Just two weeks later, refiners were almost fully 

operational and those still down or in the process of restarting were working 

to resume operations.  (p. 1) 

● The impact on the U.S. petrochemical industry was even more pronounced-

-at its height the hurricane impacted nearly 60% of U.S. upstream chemical 

manufacturing capacity.   Petrochemicals like ethylene, propylene, and 

xylene form the foundation for many of the chemicals and plastics found in 

everything from food packaging to medical equipment and mobile devices.  

These supply chains were disrupted for many weeks following the storm. 

(p.2) 

● The primary challenge in recovery was overcoming the logistical barriers in 

getting products to customers, as virtually every aspect of the bulk 

distribution system - pipelines, ports, and terminals- was also impacted, 

creating ripple effects along the full supply chain. (p.3) 

● Many crude and oil petroleum pipelines were affected by Harvey.  The most 

significant outage was the Colonial Pipeline, which connects to 29 refineries 

and 267 distribution terminals and carries up to 2.5 million barrels per day of 

gasoline, diesel, and jet fuel from Houston through the Southeast U.S., and 

as far north as New York Harbor.  Likewise, pipeline outages within Texas 

disrupted product flows to parts of the state, including Dallas. (p. 3) 

● Harvey temporarily closed or severely impacted the operating status of the 

majority of ports in the Gulf Coast region.  Flooding, submerged obstacles, 

currents, security concerns, and other factors complicated efforts to get 

crude oil to refineries and product out of refineries to consumers via marine 

vessel.  According to the American Chemistry Council, port closures 

affected 39% of waterborne chemicals trade. (p.3) 

● As of March 2017, 49% of total U.S. working crude oil storage capacity and 

more than 40% of working storage capacity for both motor gasoline and 

diesel fuel were located in the Gulf Coast region. (p. 3) 

● Hurricane Harvey drastically disrupted the railroads that support terminals 

as well as refineries and petrochemical plants in the region.  Specifically, 

Union Pacific Corporation and BNSF Railway, the two leading U.S. railroads, 

and regional railroad Kansas City Southern all suspended operations in the 

area affected by the storm.  Rail shipments out of Houston were delayed 

through mid-September. (p. 3) 



● In the wake of Hurricanes Katrina and Rita in 2005, the industries took steps 

to mitigate the impact of natural disasters.  For example, many Gulf Coast 

refineries built and elevated refinery control rooms to avoid flooding and 

hardened to withstand Category 5 storm wind speed.  Refineries and 

chemical plants installed redundant power supplies and elevated generators 

and electrical systems to avoid flooding.  (p. 5) 

● In the wake of Superstorm Sandy in 2012, Secretary of Energy Ernest Moniz 

asked the National Petroleum Council (“NPC”) to study vulnerabilities in the 

oil and gas infrastructure and effective ways for industry and government to 

communicate to address energy supply disruptions.  The NPC released its 

report in December 2014 and made seven recommendations.  Below is a brief 

assessment of each of the seven recommendations.  (p. 5-6) 

 



 

● AFPM’s members were particularly pleased with the communication and 

coordination between federal authorities and industries.  The Department of 

Energy, Department of Transportation, Department of Homeland Security, 

and Federal Emergency Management Agency held daily joint calls with trade 

associations and companies representing critical infrastructure.  These calls 

served to provide updates on issues like site access, port closures, curfews, 

and the status of infrastructure, but also allowed industries to make officials 

aware of problems or questions. (p. 7) 

● Federal and state authorities took many actions to support an efficient and 

effective recovery effort, including expeditiously processing waiver 

requests: 

○ Fuels:  On August 30th, the Environmental Protection Agency (“EPA”) 

granted a multi-state waiver for requirements of low-Reid Vapor 



Pressure (“RVP”) conventional gasoline and reformulated gasoline 

(“RFG”).  These waivers are critical to allow refiners to make and sell 

winter-grade fuel that includes components like butane that can be 

used to increase the volume of fuel supply. (p. 7) 

○ FERC Tariffs:  The fuel waivers granted by EPA are less effective if the 

fuel cannot be shipped through the pipeline infrastructure to reach 

consumers, even if it meets specifications.  An issue arose when the 

Colonial Pipeline system refused to accept higher RVP gasoline 

because it did not have a tariff on file with the Federal Energy 

Regulatory Commission (“FERC”).  As a result of the delay, Colonial 

could not pump from Houston (West of Lake Charles) into its 

mainlines and reach its full one million bdp pump rate, resulting in a 

temporary disruption of supplies into Colonial and up through the 

Southeast/Northeast.  At Colonial’s request, FERC approved an 

emergency waiver tariff on September 5th.  Although this was 

resolved quickly, the issue resulted in a couple days of confusion and 

frustration for several refiners trying to move product into the market.  

(p. 7) 

○ Jones Act:  The Jones Act requires cargo that is shipped between U.S. 

ports move on U.S. flagged ships that are built, crewed, and owned by 

U.S. citizens.  Several waivers were granted by the Department of 

Homeland Security.  (p. 8) 

○ Hours of Service Relief:  The Federal Motor Carrier Safety 

Administration issued an emergency declaration and waived Federal 

Motor Carrier Safety Regulations, including Hours of Service 

Regulations.  These waivers allowed the trucking industry and AFPM 

member companies to more effectively support recovery and resupply 

efforts. (p. 8) 

○ Emergency Response Support:  Fuels and other materials that may be 

regulated by the Pipeline and Hazardous Material Safety 

Administration (“PHMSA”) are essential elements to a quick recovery.  

To foster a more efficient response, PHMSA issued an Emergency 

Waiver of the Hazardous Materials Regulations to persons conducting 

operations in support of disaster and recovery efforts in Texas and 

Louisiana.  This waiver supported the movement of essential fuels and 

recovery products to impacted areas and aided in the recovery.  This 

waiver streamlined the ability of officials to quickly move goods such 

as generators into affected areas. (p. 8) 

○ Pipeline Operator and Inspection Relief:  Following the event to ensure 

safe operation of pipeline infrastructure, pipeline operators must 

conduct inspections and in some cases repair to damaged 

infrastructure. To assist in these effort PHMSA issued an emergency 

stay of enforcement for operators affected by hurricanes. This stay 



provided companies with a larger pool of skilled workers to aid in 

recovery. This relief aided in the recovery efforts and ensured 

essential mid-stream energy infrastructure resume operation quickly. 

(p. 8) 

○ Strategic Petroleum Reserve (“SPR”):  Hurricane Harvey closed ports, 

disrupting marine delivery of crude oil to U.S. Gulf Coast refineries, 

and shut-in Gulf of Mexico oil production. The severe flooding from 

Harvey also disrupted the operation of pipelines that supply U.S. 

onshore and Canadian crude oil production, and shut in some U.S. 

onshore production. As a result, crude oil from the SPR was made 

available to refineries for delivery by pipeline. Through September 28, 

a total of five million barrels of oil from the SPR had been delivered to 

Gulf Coast refineries, helping to continue their processing operations 

and prevent further supply disruptions. (p.9) 

 

● Companies sprung into action to provide relief for their employees and to 

help directly with recovery efforts.  For instance, many companies offered 

displaced employees hotel rooms and longer-term housing, helped arrange 

for rental vehicles for those who lost cars, provided interest free loans, and 

helped underwrite the cost of out-of-network prescriptions and medical care.  

There was at least one instance where a company paid for its maintenance 

crews to help clean up and repair employee’s homes. (p. 9) 

 

● First and foremost, government must continue to find ways to coordinate 

efficiently among various agencies and jurisdictions while keeping lines of 

communication open with industry stakeholders.  One particularly useful 

tool has been the DOE Clearpath Exercise, a multi-stakeholder exercise that 

actually simulated a hurricane on the Gulf Coast. (p. 10) 

 

 

 

 

● One example of inadequate communications between industry and 

government is that there was inaccurate and/or incomplete information 

about flooded highways and major roadways in Southeast Texas, which 

impacted companies’ ability to plan safe routes for emergency supplies to 

flow to impacted sites.  (p. 10) 

 



● Companies have assets today that can help facilitate better information, but 

in some cases were unclear on whether/how they might be used.  The best 

example is the use of commercial drones to help facilitate information 

needed for reentry procedures.  AFPM urges the Federal Aviation 

Administration to establish guidelines on commercial drone use to facilitate 

emergency response operations- particularly relating to utility and energy 

infrastructure restoration efforts- following a natural disaster. (p. 10) 

● It is critical to review public communications about available fuel supplies.  

As with previous emergencies, retail fuel supplies were exhausted before 

landfall. This is not a new problem, but is a repeat problem for all significant 

storms. Within 24-48 hours prior to landfall, families were refueling all 

vehicles, as well as additional fuel for generators. This results in the initial 

non-availability of premium and diesel fuels followed by the lack of 

availability of regular grade gasoline at most stations. It is critical that the 

public be informed about the challenges with recovery, but are not induced 

to engage in “panic-buying.” (p. 10) 

● AFPM urges industry and government to take a comprehensive look at 

infrastructure development to work collaboratively to modernize areas of 

need. This may include everything from seawalls to drainage systems. For 

the refining and petrochemical industries, each company is already 

reviewing their own processes and procedures to make the next response 

even more effective. (p. 10) 

 

 

 

 

 

 

Charts/Figures/Tables to be included in website (include page number and chart 

title/description or copy and paste table here): 
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APPENDIX B- Energy Information Administration Supply Chain Maps 

 



 

 

 



 

 



APPENDIX C- The Refinery Restart Process 

 

 

 

 

 

 

 

 

 

      

 

 



Title: Hurricane Harvey Facts, Damage and Costs What Made Harvey So 

Devastating  

Author:  Kimberly Amadeo, The Balance 

Significant Report Findings (include page number): 

● Harvey flooded 800 wastewater treatment facilities and 13 Superfund sites. 

That spread sewage and toxic chemicals into the flooded areas. (p. 3) 

● U.S. average gas prices rose from $2.35 a gallon before Harvey hit yo $2.49 

a gallon on August 31, 2017, six days after the storm first made landfall.  

Harvey affected the Northeast since it relies on pipelines from the Gulf for 

its gas. (p. 3) 

● To maintain supply, the Department of Energy released 500,000 barrels of oil 

from the Strategic Petroleum Reserve.  Within ten days after the storm, gas 

prices had returned to pre-Harvey levels. (p. 3) 

● Total rainfall hit 60.5 inches in Nederland, TX, a record for a single storm in 

the continental U.S. that created an unprecedented 1,000-year flood event.  

Nothing of that size has happened within modern recorded history.  Flooding 

covered southeast Texas the size of the state of New Jersey.  Thirty inches 

of rain fell on an area near the coast the size of the state of Maryland. ( p. 3-

4) 

● On August 29, Harvey made landfall for a third time as it hit the coastal cities 

of Port Arthur and Beaumont, Texas on the border of Louisiana.  It dumped 

26 inches of rain in 24 hours and flooded Port Arthur, a city of 55,000 people.  

Water entered one-third of the city’s buildings, including the shelter.  (p. 4-5) 

Charts/Figures/Tables to be included in website (include page number and chart 

title/description or copy and paste table here): 

[Chart page 1] 

 

 

 



Title: Lessons Learned from Hurricane Harvey 

Author:  Laura Cassiday, American Oil Chemists’ Society 

 

Significant Report Findings (include page number): 

● Gulf Coast region is home to 50% of the nation’s downstream chemical 

production.  In particular, Texas is the largest chemical-producing state in 

the U.S.,with $129 billion in shipments annually. (p. 2) 

● Texas produces nearly 75% of the US supply and 15% of the world supply of 

ethylene, a basic chemical building block used to make everything from 

plastic containers to automobile parts to disposable diapers. Processing 

plants then convert the gaseous ethylene into polyethylene, the world’s most 

common plastic, and many other products such as ethylene oxide (used to 

produce surfactants and detergents), ethylene glycol (antifreeze), polyvinyl 

chloride (PVC; used in pipe, windows, and bottles), and polystyrene (used 

for packaging and insulation).  Ethylene and its derivatives comprise about 

40% of global chemical sales. (p.3) 

● Emergency plans vary with storm severity but may include complete 

shutdown of the facility, evacuation of personnel, activation of generators, 

filling of tanks, physically securing equipment, and removal of unnecessary 

equipment and vehicles.  The American Chemistry Council ACC’s 

Responsible Care Program, all members must have established emergency 

plans that are activated in coordination with local, state, and national 

authorities, as well as with other businesses and transportation systems in 

the path of the storm.  (p. 3) 

● On September 1, 2017: More than 20% of US refining capacity was offline 

due to storm-related shutdowns. More than 50% of total US ethylene 

production remained offline. (p. 4) 

● On September 15, 2017:  Most refineries and chemical plants had restarted. 

Transportation backlogs remained.  (p. 5) 

● Small hurricane “ride out team” remained on-site to maintain the facility, 

monitor conditions, and make repairs. (p. 5) 

● With estimated damages and losses totaling more than $190 billion, 

Hurricane Harvey is the costliest hurricane on record. (p. 6) 

● Most oil and petrochemical plants were spared from extensive structural 

damage and flooding due to facility design, including the strategic 

placement of dikes and levees.  (p. 6) 

● Because transportation by truck, railway, and barge was severely disrupted 

until at least September 5, refineries and chemical plants were unable to 

receive shipments of raw materials.  Even if companies did not shut down, 

they were unable to transport shipments of finished products out of their 

factories.  (p.6) 



● Lingering transportation issues delayed the restart of many refineries and 

chemical plants. (p. 6) 

● Ultimately, Harvey disrupted more than one third of U.S. chemical 

production.  On August 31, Bloomberg and other sources reported even 

higher numbers: 61% of the US production of ethylene, 50% of polyethylene, 

and 60% of polypropylene was shut down.  Shortages of petrochemicals 

persisted through the end of the year, driving up prices.  The hurricane 

caused the greatest ever disruption to US refining capacity, with more than 

20% of US refineries offline and 10% operating at reduced rates on Friday, 

September 1. (p. 6) 

●  Before a plant can be restarted, a specially trained team must visit the site 

to evaluate damage and ascertain that conditions are safe for employees to 

return.  Restarting operations in a large facility can take several days, as 

operators conduct inspections and restart equipment in phases. Safety 

precautions must be followed meticulously.  Shutdown and restart are the 

two times when refineries are most likely to explode.  (p. 8) 

● Sometimes, damage to equipment cannot be detected until restarting is 

attempted.  Floodwater may have leaked into tanks, or debris could have 

damaged electric motors or blocked drains.  Petrochemical plant operators 

should check process equipment thoroughly for damage, including storage 

tanks, pressure vessels, insulation systems, sewers and drains, furnace 

systems, electric motors, and emergency warning systems. (p. 8-9) 

● Chad Anderson, Site Director, Port Neches Operations, Huntsman Port 

Neches estimates that about 250 of the 620  Huntsman employees at the Port 

Neches site sustained damage to their homes from the storm (p.16). 

● Following hurricanes Rita and Ike, Huntsman also changed some of their 

building practices within the Port Neches facility.  “All of our new 

construction is about 8 feet off the ground to protect from a potential storm 

surge or flooding event.”  “We have also started raising critical 

instrumentation and electrical infrastructure up to a certain level.” (p. 17) 

 

 

 

 

 

Charts/Figures/Tables to be included in website (include page number and chart 

title/description or copy and paste table here): 

Table 1.  Harvey Impact on US Petrochemical Capacity 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Title:  A Storm to Remember: Hurricane Harvey and the Texas Economy 

Author: Glenn Hegar, Texas Comptroller of Public Accounts 

Significant Report Findings (include page number): 

● Our analysis takes a wide-ranging view of the consequences, using a dynamic 

input-output model to measure the storm’s economic impacts, both negative and 

positive, on our state. We estimate lost business productivity from the storm 

resulted in a $16.8 billion decrease in gross state product (GSP) — but that’s only 

part of the equation, because gains to GSP stemming from recovery efforts and 

increased construction activity are likely to offset most of this loss. As you’ll see in 

this report, we estimate the net impact of Hurricane Harvey will be a loss of $3.8 

billion in GSP during the first year following the storm, with a cumulative gain of 

approximately $800 million over three years. (p. 2) 

● We may not know the full impact of Hurricane Harvey for years. But the National 

Center for Economic Information has predicted Harvey will prove to be one of the 

most expensive natural disasters in U.S. history, perhaps second only to 2008’s 

Hurricane Katrina. The most recent estimate from the National Oceanic and 

Atmospheric Administration estimates Harvey’s total costs at $125 billion.7 Once 

actual damages and repair costs are determined, the cost may be even higher. 

Although the losses stemming from Hurricane Harvey are enormous, they will be 

counteracted, to some degree, by economic activity — primarily reconstruction and 

repair — following the storm. To estimate the full economic change resulting from 

the storm, we must consider not only losses but gains. (p. 4) 

● Money for reconstruction efforts will come primarily from the Federal Emergency 

Management Agency (FEMA), state and local governments and private insurance. 

(p. 5) 

● In all, the total estimated net impact (losses plus gains) is a $3.8 billion loss in GSP 

in the first year following the storm. (To put this loss in perspective, Texas’ GSP 

was $1.6 trillion in 2016.) Recovery will stimulate economic activity, producing an 

estimated $800 million cumulative gain in GSP over three years.22 It’s also 

possible to assess economic costs on a local basis by examining the counties 

included in Texas’ councils of government (COGs), multi-county regional planning 

bodies. Harvey affected eight COG regions — the Houston-Galveston, South East 

Texas,Golden Crescent, Coastal Bend, Brazos Valley, Deep East Texas, Capital 

and Alamo areas — and 41 counties within them were designated as disaster 

areas (Exhibit 4). (p. 6) 

● The Coastal Bend, South East Texas and Golden Crescent COGs can expect first-

year losses projected at $350 million to $800 million each. (p. 6) 

● Our estimate of first-year effects on real GSP by sector show the hardest-hit 

industries include memberships (to clubs, sports centers, parks, theaters and 

museums), telecommunication services and entertainment, while those faring the 

best include health services, food and beverages and, for obvious reasons, rental 



housing, motor vehicles, furniture and clothing. The auto industry in particular 

should see increased demand as consumers seek to replace the cars and trucks 

damaged or destroyed by flooding.  (p. 6) 

● As expected, the Texas economy as a whole appears to have bounced back to 

pre-Harvey levels as of the end of the fourth quarter of 2017. (p. 7) 

● Our estimate assumes the duration of business closures or reduced revenue as 

follows: medical care facilities: four days; manufacturing and oil- and gas-related 

production: two weeks; all other industries: one week. (p. 7) 

● Our analysis indicates that Hurricane Harvey will have minimal long-term effects 

on the Texas economy, which —with time — will recover and be stronger than 

ever. (p. 7) 

● Recovery efforts are more expensive than mitigation efforts, but many believe the 

nation hasn’t adequately funded the latter.  Yet mitigation spending has a four-to-

one payback ratio. (p 7-8) 

● Mitigation actions fall into two categories, structural and non-structural (p. 8).  

Structural mitigation attempts to “disaster proof’’ physical infrastructure trough 

repair, replacement or additions (examples: reservoirs, flood abatement, green 

stormwater infrastructure). Nons-structural measures include those that do not 

involve massive changes to existing infrastructure (examples: updated flood plain 

maps, flood insurance policies. (p. 10) 

● Hurricane Katrina, which caused $161.3 billion in damages, still ranks as the 

costliest storm in American history; Hurricane Harvey is expected to rank second, 

with total estimated damages of about $125 billion.  (p. 12) 

● To estimate the cost of the storm on Texas, productivity loss is approximated by 

discounting the expected economic forecast for three years by the amount of time 

businesses were closed or out of production, varying in length by industry. To 

estimate the gain from rebuilding, reported and anticipated expenditures are 

introduced that offset the negative effects of production loss. The forecast employs 

a 70-sector, 24 Council of Government (COG) region version of Regional 

Economic Models Inc. (REMI) Policy Insight+ for Texas, Version 2.0, an economic 

software application that generates realistic annual estimates of the total regional 

effects of policy or other market changes, based on an approach that combines 

and builds on input-output, general equilibrium, computable econometric and 

economic geography modeling techniques. The software calculates differences 

between the baseline (a regional control forecast) and the shock forecast. (p. 13) 

 

● The productivity loss component of the estimate assumes business days lost due 

to the storm, whether from power outages, damaged structures or temporary labor 

shortages, result in lower output (a “time discount”). The estimate assumes most 

industries were offline or experienced reduced revenue for one week, from landfall 

on Friday, Aug. 25, followed by five days of rain and subsequent dam overflows in 

Houston until it dissipated in Louisiana on Aug. 30.48 Industries are discounted 



differently depending on the amount of time they were estimated to be offline, their 

level of competition and their place in the supply chain: manufacturing and mining 

were assumed to be offline or experiencing reduced revenue for 15.4 days; 

hospitals were assumed to be offline or experiencing reduced revenue for four 

days; firm-level competition is assumed for all industries except those with a high 

location quotient (LQ > 4) such as oil and gas extraction, which are considered 

exogenous; retail and wholesale trade are further discounted to account only for 

the markup of cost of goods sold, to avoid double-counting; accommodation is 

assumed to be unaffected by productivity losses as the decrease in tourism from 

the storm could be counterbalanced by the increase in hotel occupancy by 

evacuees. The standard regional control is reduced by a percentage of sales 

derived from a combination of the time discount and population discount. The 

results show the reduction in GSP due to this reduction in output. A similar 

reduction in labor productivity was considered; however, it is assumed the negative 

effects on wages in August would be counterbalanced by increases in the fourth 

quarter. It is also assumed that salaried employees were largely unaffected by the 

storm and would either telework or make up lost time in September, while non-

salaried employees would experience a dip in productivity and income in August 

but would have more work opportunities and higher wages in the recovery months 

following the storm. (p. 13) 

● Following economic shocks, institutions begin to respond to the community’s 

needs, both immediate and ongoing. Gains from the rebuilding component of the 

estimate account for increases in spending from government, businesses and 

nonprofits on timely disaster relief, shelter and food for displaced people, debris 

removal, medical attention and reconstruction. For this estimate, current and 

expected expenditures were collected — via either news sources or self-reporting 

— from federal and state agencies as well as private insurance companies and 

large nonprofits; these are nonexhaustive. Each organization’s expenditures are 

categorized by expected use over a three-year period, divided 40/20/20, and 

assuming the remaining 20 percent will be spent in future years beyond the three-

year scope of this analysis. Funds flowing from and through state agencies are 

allocated by individual industry and weighted by output in construction, housing, 

health care and social services. The estimate weights funds categorized as 

government administration or equipment by population. It excludes agency 

expenditures reallocated from a similar use, such as medical costs expected to be 

covered by Medicaid funds. Funds from the National Flood Insurance Program, 

Small Business Administration (SBA) loans, private insurance companies and 

nonprofits are allocated by individual industry in the proportion by which funds were 

released for SBA loans following Superstorm Sandy: roughly 64 percent on 

construction for real estate damages, weighted by output; 10 percent on equipment 

for business content, weighted by population; and 26 percent on relevant 

consumer spending for home content (such as motor vehicles, furnishings, 

housewares and health services), weighted by consumer spending. (p. 13) 



● The model available divides Texas into COG regions and depicts dynamic 

relationships between industries and market forces; future studies may benefit 

from a more granular model to show county-level damage to housing stock, which 

would eliminate the need for the population discount. (p. 14) 

● For additional reference, see Federal Reserve Bank of Dallas Releases on 

Hurricane Harvey. 

 

 

 

Charts/Figures/Tables to be included in website (include page number and chart 

title/description or copy and paste table here): 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



Title:  Hurricane Harvey Event Analysis Report 

Author:  North American Electric Reliability Corporation 

Significant Report Findings (include page number): 

● Harvey's slow movement from August 26 to August 30 resulted in catastrophic 

flooding. Numerous flash flood emergencies were issued for the Texas 

metropolitans areas of Houston and Beaumont and for Bastrop County and nearby 

communities. Approximately 47.35 inches of rain affected the Beaumont/Port 

Arthur area. (p. 3) 

● Jack Brooks Regional Airport near Port Arthur, Texas picked up 26.03 inches of 

rain on August 29 alone, more than doubling the previous calendar-day rainfall 

record in Beaumont-Port Arthur set over 94 years ago. Its storm total from August 

26 to August 30 was 47.35 inches of rain, almost 25 inches greater than its 

previous four-day rain record set in September 1980. (p. 4) 

● All entities that have on-site meteorologists reported it as beneficial because it 

allowed forecasts to be more narrowly tailored for the entity’s particular areas of 

interest and to estimate resources needed for forecasted damage and post-storm 

recovery. (p. 8) 

● Challenges Associated with Loss of Voice Communications:  There were no 

abnormal challenges associated with loss of voice communications. ERCOT 

utilized alternate communications (cell phones, satellite phones, UHF radios, etc.) 

when the primary communication channels were impacted between ERCOT and 

registered entities. Radio tower and cell coverage was affected in the Aransas 

Pass, Rockport, and Fulton areas. This was managed by installing a portable radio 

system and a satellite VPN router to allow communications with field personnel. 

(p. 21) 

● Gasoline and diesel fuel availability was a significant challenge for utilities after 

Harvey made landfall. Harvey impacted several refineries in the Houston, Corpus 

Christi, and Victoria areas. Deliveries to gas stations were hindered by debris and 

flooded roadways. Local gas stations were without power.   Utilities overcame 

these issues by using approaches that have not been used in previous weather-

related events, such as the following:  (1) unmanned aerial drones were used to 

perform damage assessments on inaccessible transmission and distribution lines 

(2) amphibious vehicles and airboats were used to access flooded areas.  (p. 25) 

 

 

 

● Lessons Learned:  The following good industry practices were identified by entities 

in the affected areas (p. 26): 



○ Pre-staging of equipment outside of flood-prone areas made the restoration 

process more effective. 

○ Collaborative efforts with other Texas utilities, ERCOT, and regional mutual 

assistance groups worked well during this event. It is important to touch 

base with contract resources and adjacent utilities prior to the storm event 

to establish communication chains. 

○ Establishment of contacts with state and local emergency management 

coordinators and key stakeholders was key in maintaining continuity and 

prioritization of the recovery effort. 

○ The use of advanced meters and intelligent grid devices was effective to 

pinpoint outages, operate equipment remotely, and increase efficiency. 

○ The use of Facebook, Twitter, Power Alert Service, and text messages was 

effective in keeping customers informed. 

○ The use of aerial drones was effective to assess damage, evaluate work 

conditions, and enable real-time situational awareness. Infrared capabilities 

helped identify equipment that needed further inspection. 

○ Pausing wind turbines prior to experiencing high wind cut-out speeds 

helped avoid individual turbine faults, stop yawing, and allow the turbines to 

continuously pitch into the wind as long as possible. 

○ The use of detailed pictures of transmission structures facilitated a rapid 

design response, allowing materials to be marshalled and a high-level 

scope developed to mobilize construction resources. 

○ ERCOT’s Forced Outage Detector application was instrumental in helping 

operators and support engineers identify undocumented outages. 

○ ERCOT’s Grid Applications Support Operations engineers were able to 

utilize the State Estimator Statistical Application to quickly identify MW/Mvar 

mismatches and topology issues. 

○ Having on-site engineering support from the Advanced Network Analysis 

and Operations Support departments ensured quick evaluations of issues 

with ERCOT applications. 

 

● The following lessons learned were identified by entities in the affected areas: 

(p.26-27) 

○ Business continuity plans should be implemented seven days before the 

storm to allow employees ample time to take care of family matters before 

any travel that may be necessary. 

○ Transportation issues due to road closures posed a significant challenge to 

not only utility crews during the restoration process but also to suppliers and 

external restoration resources. Significant flooding, including road closures, 

should be included into future training exercises and mitigation during future 

events. 

 



● System Resiliency:  BPS resiliency during major storm events can be evaluated in 

two ways: the ability of the BPS to withstand damage during the storm event and 

the ability of the BPS to quickly recover from the event.   Harvey’s impact on the 

BPS can be separated into two distinct areas: flooding and major physical damage. 

Major damage to the transmission system was caused primarily by hurricane-force 

winds and tornados in the areas from Victoria, Port Aransas, to Corpus Christi and 

areas south. Flooding was the major impact in the Houston, Galveston, Beaumont, 

and Port Arthur areas. In Houston and Southeast Texas areas, the unprecedented 

flooding created severe challenges. Substations and power plants experienced 

damaged equipment due to high flood waters. Several transmission line structure 

foundations were washed out. Substations had to be de-energized, reconfigured, 

or bypassed due to flooding. A mobile substation was used in one location when 

the existing substation was flooded. Areas were inaccessible for extended periods, 

delaying restoration activities. High water vehicles and boats were used to access 

some areas. All transmission lines and substations were returned to service by 

September 13. (p. 27) 

 

● Follow-up actions:  The follow-up actions below are recommendations to improve 

reliability following the analysis of issues and challenges identified in this event (p. 

39): 

○ System resiliency: The vast majority of damaged transmission line 

structures were wood poles. Utilities should review design criteria and 

construction methods and consider “hardening” transmission lines in 

hurricane zones in order to reduce or limit the damage caused by hurricane-

force winds. 

○ Substation dc supply systems: Monitoring and recovery was impacted by 

the loss of backup dc power supplies at multiple substations due to the loss 

of station service ac power sources. The loss of the dc supplies affected 

protection system equipment and remote terminal units providing telemetry. 

Utilities used portable generators to power the charging of dc supply 

systems until station service could be re-established. Consideration should 

be given to installing multiple station service sources or providing backup 

generators for station service to critical substation in hurricane zones. 

○ Fuel shortages: Gasoline and diesel fuel availability was a significant 

challenge for utilities after Harvey made landfall. Utilities should give 

consideration to back-up fuel supplies for primary and back-up control 

centers, fuel reserve supplies at power plants (e.g., diesel fuel for machinery 

to move coal to resources), etc. 

○ Training: Consideration should be given to providing enhanced training for 

system operators based on lessons learned from Harvey. This should 

include, but is not limited to, training for loss of telemetry and ICCP during 



hurricane drills and blackstart drills and training for response to loss of 

station dc supplies.  
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 Title: What Harvey taught us: lessons from the energy industry 

 Author: Dr. Latha Ramchand, Dr. Ramanan Krishnamoorti. University of Houston 

Energy Fellows 

Significant Report Findings (include page number): 

Dumping more than 51 inches of rain in some areas, Harvey gave new meaning to 

flooding.  Damaging more than 148,000 single family homes, 163,000 apartments and 

more than 500,000 vehicles, Harvey also is responsible for 88 fatalities. (p. 2) 

Airports, roads and freight were affected, including about 10% of the nation’s trucking 

business. (p. 2) 

The storm’s impact on the energy supply chain was significant, too. Harvey shut down 

22% of nation’s refining capacity, 25% of oil production in the Gulf of Mexico and half of 

both the production of organic chemical and plastics resin and of natural gas in the 

Eagle Ford. Fuel shortages hit Houston, Austin and Dallas. (p. 2) 

Energy industry insight: 

This wasn’t the industry’s first test, although past emergency management plans mostly 

addressed hurricane-force winds and storm surge.  Massive rain and inland flooding on 

the scale witnessed during Harvey was unprecedented. In addition to facilities and 

operations, approximately 10% of industry personnel were impacted, as was access to 

offices, and industrial sites. (p. 2) 

After Superstorm Sandy, the Department of Energy (DOE) requested the National 

Petroleum Council (NPC) to study emergency preparedness, which led to a series of 

recommendations. These revolved around coordinating industry efforts with those of 

federal, state and local agencies to make sure emergency management plans reflect 

energy system interdependencies in responding to regional and national disruption. (p. 

2) 

The American Petroleum Institute has protocols for members to use during 

emergencies. During emergencies, the electric power utilities operate under rules set by 

the Federal Energy Regulatory Commission and in the state of Texas by ERCOT. In 

addition, in Texas the Fuel Team, a state level coordinating council, brings together 

industry and the public sector to help coordinate relief efforts, including the ports, 

Federal Emergency Management Agency, the Department of Public Safety, Department 

of Transportation, health care and local emergency management officials. (p. 3) 

Every firm had a risk mitigation plan in place.  Whether it was part of a crisis 

management plan or a business continuity plan, the components were somewhat 

similar and included defining and preparing differently for different levels of risk, 

implementing annual drills involving hundreds of managers and employees, creating 

coordination channels across functional areas and with the teams on site (incident 



management teams), and covering the spectrum of preparedness from the strategic to 

the tactical. (p. 3) 

Experience with prior hurricanes helped fine-tune their plans. Working with regulators 

helped reduce supply-chain bottlenecks. (p. 3) 

Most respondents said having a designated individual (not the CEO) who could direct 

resources and manage the emergency response team ensured efficiency and safety. 

Organizationally, the process worked via decentralized teams that reported to senior 

leadership. (p. 3) 

All executives we spoke with described efforts to provide accommodation, 

transportation and emergency financial assistance, including interest-free loans to 

affected employees. (p. 4) 

In many cases, company ride-out and volunteer teams wound up helping both their own 

employees and other residents.  This was perhaps the most commonly cited “learning” 

from the disaster. They also deployed relief efforts to aid the community. That included 

donations of gasoline and diesel, air lifting people from stranded areas, providing food 

and water to residents where the firms had operations and direct financial assistance to 

charity organizations that operated in the community. (p. 4) 

What went better than expected (p. 4-5): 

-          Communications - The variety of platforms used to communicate with employees 

and customers was critical. Emails, phone trees, daily summary text messages, call in 

numbers, emergency alerts, text blasting, intranet communications and social media 

channels all helped management stay in touch with employees.  Social media platforms 

connected employees who wanted to volunteer with those who needed assistance. 

-          Technology – Modern technology clearly helped, from using drones to monitor 

facilities and operations to services like the Power Alert Service, which sent customers 

notifications of power outages on a timely basis. Agile deployment of technologies such 

as remote connectivity allowed for business continuity. 

-          Preparation – The multiple sets of training and simulations along with “hardening” of 

critical assets led to a swift recovery of much of the upstream, refining and downstream 

chemicals industry. Many companies contracted with facilities outside of Houston to 

maintain business continuity and leveraged IT solutions to ensure a smooth work flow. 

-          Agile decision-making – Communications between industry and regulators 

enhanced the effectiveness of the response. Examples include access to the Strategic 

Petroleum Reserve, waivers allowing refiners and blenders to adopt winter gasoline 

standards rather than summer standards. 

-          Employee care – Companies offered several initiatives to help employees, including 

interest-free loans, paid days off, paid volunteer days, charitable giving by employees to 

fellow-employees, per-diem payments for temporary accommodations, extension of 



emergency benefits and corporate contracting of “mucking crew” and cleaning services. 

Employees were given flexibility to work from remote locations and/or from home. 

-          Leadership – Daily check-ins at the highest levels and the ability to listen in on 

conversations without actively participating at lower levels helped leaders function as 

‘guides on the side’, enabling decentralized ownership of the risk management process. 

The ability to listen to all levels of the organization, not just the direct reports, was 

considered valuable and used strategically to manage disaster response. 

What could be improved (p. 5-6): 

-          More preplanning and flexibility in travel plans to help move people as plans and 

potential impact projections change. 

-          The magnitude of disruption associated with Harvey was unique and affected the 

supply chain of gasoline, jet fuel and diesel in Texas. State and local leadership dealt 

with industry disruption. One possible mechanism for Texas or other state and local 

agencies in a similar challenge would be to coordinate with industry associations such 

as the American Petroleum Institute, the Texas Oil and Gas Association and the 

American Fuel and Petrochemical Manufacturers, creating coordination groups 

comprised of industry and non-governmental organizations. While there was 

coordination with the local and state officials, a broader coordination group that uses 

modern communication tools would result in real time appraisal and awareness of the 

collective status of the industry. 

-          A small fraction of petroleum and chemical storage was affected by the massive 

rain and inland flooding, with spills and leaks reported, some with significant life-safety 

risks. Revisiting design guidelines, examining retrofits and increasing smart sensors and 

analytics are being examined to improve the vital components of this supply chain. 

Overall, our analysis suggests the industry has well-defined risk management and 

mitigation plans in place.  At the same time, given the nature of the crisis which 

temporarily shut down the entire region and impacted employees personally and 

professionally, the management plans were only as good as the communications 

systems used to share them.  While decisions could be made by centralized leadership 

teams, the efficacy of communications channels and agility in decision making were 

crucial to the success and rapidity of the recovery. 

Harvey spoke loud and clear that private and public partnerships can and must work 

together to deal with disasters that have broad impact. 

Finally, while extreme events prompt consideration of location risk, almost all 

respondents agreed the industry has developed better tools to manage the risks 

associated with extreme weather.  Balancing those risks against the advantages of the 

Houston region – capital on the ground via already hardened sites, an established 

supply chain and support infrastructure, including ports and terminals, a knowledgeable 

work force, improving weather prediction services, innovations in communications 

platforms and improved coordination systems that bring together public and private 



agencies during times of natural disasters – as Houstonians. Moving energy facilities 

away from the Gulf Coast is not a consideration, Harvey or not. (p. 6) 
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Title: Big Storms Leave Small Marks on the U.S. Economy 

 Author:  Harriet Torry, Sarah Chaney. The Wall Street Journal 

Significant Report Findings (include page number): 

(pages 1-3) 

Business slows during and after hurricanes hit, but rebuilding leads to a boost in 

economic activity. 

-          Hurricane Harvey last year flooded the nation’s fourth-largest city by population, 

Houston, destroying $125 billion worth of property, according to estimates by Moody’s 

Analytics Inc. But lost economic output was just $8.5 billion, a barely perceptible sliver 

of more than $19 trillion of national economic output, according to Moody’s. 

-          For the U.S. economy as a whole, output grew at a healthy 2.8% rate in the quarter 

when Harvey hit Texas. Payroll employment growth slowed in the weeks after Harvey, 

rising just 14,000 in September, and then bounced back with growth of 271,000 the 

following month. Individual claims for unemployment benefits briefly climbed, and then 

resumed a trend of shrinking to historic lows. 

-          Studies show that business might slow down during and immediately after storms 

hit. However, before long, rebuilding and restocking starts, leading to car purchases and 

construction that boost economic activity to replace property that was wiped out. 

Houston saw sectors like retail, restaurants and trade recover quickly. 

-          Some local economies can be devastated by a storm and bear long-running scars, 

especially ones plagued by poverty or poor infrastructure. Employment in Puerto Rico 

dropped 35,000 after Hurricane Maria last year and still hasn’t recovered. In New 

Orleans, shocked in 2005 by Hurricane Katrina, employment and economic output still 

haven’t returned to pre-Katrina levels. But even in those cases, local devastation 

typically doesn’t hit the national economy. When Katrina hit New Orleans, the broader 

economy grew at a robust 3.6% annual rate, one of the best quarters in the last 

expansion. Property damage from Katrina—at $161 billion—far outnumbered lost 

economic output—at $31 billion—according to Moody’s. 

-          At the Fed’s late-January policy meeting, nearly five months after Harvey, policy 

makers were still trying to sort through the statistical noise. “It was noted that spending 

on durable goods to replace those damaged during the hurricanes in September may 

have provided a temporary boost to consumer spending,” minutes of the Fed’s meeting 

said 

Economic impacts depend in part on where storms hit. 

-          Gulf-coast storms threaten to damage U.S. energy infrastructure, pushing up fuel 

prices for households and businesses nationally. Every penny increase in gasoline 



reduces consumer spending nationally by $1 billion over the course of a year, estimates 

economist at Moody’s Analytics. East Coast storms don’t bear the same risk. 
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Title: We Looked Into The Effects Of Hurricane Harvey And Here's What We Found 

 Author: Frank Holmes, Forbes 

Significant Report Findings (include page number): 

(pages 1, 2, 4) 

Following California, Texas is the second-largest economy in the U.S. A huge 

contributor to the national economy. 

The Impact Of Hurricane Harvey: 

-          The amount of rain that was dumped on parts of Southeast Texas set a new record 

of 51.88 inches, breaking the former record of 48 inches set in 1978. 

-          Half a million cars and trucks have been rendered inoperable because of the 

flooding. 

-          Gas prices in Texas had surged to $2.33 a gallon on average, more than a two-year 

high. 

Charts/Figures/Tables to be included in website (include page number and chart 
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Title: The economic impact of hurricanes 

 Author: Fiona Greig, Chris Wheat and Bill Fulton, Houston Chronicle 

Significant Report Findings (include page number): 

  

(pages 1-3) 

Hurricanes can lead to wide-ranging financial impacts. Need to change the way we think 

about hurricane preparedness. 

Storms are increasingly powerful and increasingly expensive. Families and small 

businesses need to prepare for both the physical impact and the financial impact of 

these storms, or face the potential for long-term financial damage that could last long 

after the flood waters have receded. 

  

The Impact Of Hurricane Harvey: 

-          The 2017 hurricane season was the most expensive on record, surpassing 2005, 

when Hurricane Katrina made landfall. 

-          Private insurance and the National Flood Insurance Program are crucial safety nets 

to property owners, renters and businesses. 

-          Businesses and families alike showed admirable resilience in the face of Hurricanes 

Harvey. Cash balances for the typical small business dropped by more than 7.4 percent 

after landfall, but recovered within two weeks. Few small businesses neighborhoods 

had significant revenue loss for more than four weeks. 

-          During the week of landfall, checking account deposits for consumers were more 

than 20 percent ($400) lower and expenditures were more than 30 percent ($500) lower 

than the baseline in the week of Harvey. And loss of income during a large storm can 

force families to make difficult financial trade-offs. 

-          The storms also had a significant effect on debt payments, such as mortgages and 

student loans, in the weeks after landfall. In the case of Hurricane Harvey, many 

families put off debt payments. Debt payments dropped by more than 15 percent in the 

week of landfall and cumulatively remained lower than baseline 12 weeks after 

Hurricane Harvey. In Houston, student loan payments and mortgage payments dropped 

by 9 percent and 12 percent. 

-          During the week of landfall, spending at health care providers was 65 percent than 

baseline in Houston. Twelve and 10 weeks after landfall, that number still had not 

recovered, with health care spending 5 percent below baseline in Houston. This raises a 

critical question with significant policy implications: Was the slowdown in health care 

spending caused by a drop in demand — as consumers sought less care and spent on 

more immediate needs — or by disruptions in health care supply, as a result of the 



hurricane? Health care issues don't age well, and especially for individuals with chronic 

conditions, it's important to maintain health care even throughout these major storms. 

To mitigate the financial shock created by hurricanes, small businesses and families 

alike should maintain an emergency cash fund to help them get through the immediate 

aftermath of a storm. The average small business has less than a month of cash on 

hand if they were to face an interruption, and the average American family needs a cash 

buffer of $2400 to withstand fluctuations in income and spending. Also, families should 

contact their lenders or financial institutions early to see if deferring payments without 

penalty is an option when hurricanes make landfall. 

Hurricanes have the potential to upend homes, finances and livelihoods. It’s important 

to consider these additional measures, outside knowing evacuation routes or having 

emergency kits prepared. 
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Title: Hurricane Harvey could be the costliest natural disaster in US history 

 Author: Akin Oyedele, Business Insider 

Significant Report Findings (include page number): 

Shutdowns have slowed the flow of gas from the epicenter of Texas' oil refinery 

industry, which processes nearly one-third of America's crude oil. The Motiva Port 

Arthur refinery, the largest in the US, began shutting down as flood waters rose. (p. 3) 

Because refiners are demanding less crude oil, prices are falling. West Texas 

Intermediate crude, the US benchmark, is down 4% this week. (p. 3) 

One reason why Harvey may not vastly harm the overall economy, according to 

Goldman Sachs, is that the rebuilding efforts in the future could offset slowdowns 

elsewhere. (p. 7) 
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Title: Hurricane Harvey Event Recap Report 

Author: Aon Benfield  

Significant Report Findings (include page number): 

Total economic losses were in the vicinity of USD100 billion (This includes physical 

damage to residential and commercial properties, automobiles, infrastructure, 

agriculture, offshore & onshore energy, and marine interests. It also assumes a high 

cost resulting from business interruption to many sectors.), while public and private 

insurers bore 30 percent of the cost. Approximately 30 percent of the economic cost 

was covered by public and private insurance entities, with the majority under claims filed 

via the National Flood Insurance Program (NFIP). (p. 3) 

Hurricane Harvey developed from a weak tropical storm that crossed the Atlantic 

Ocean. However, after emerging in the Gulf of Mexico, rapid intensification allowed 

Harvey to attain major hurricane status (Category 3+). Harvey made its first landfall as a 

Category 4 hurricane late on August 25 near Rockport, TX, with sustained winds of 130 

mph. (p. 3) 

Harvey broke the historical record for the maximum rainfall total caused by a tropical 

cyclone over the U.S. mainland: an unprecedented total of 60.58 inches (1,539 

millimeters) was measured in Nederland, TX. The totals widely exceeded 45 inches in 

coastal Texas. (p. 3) 

The vast majority of the historic losses caused by Harvey resulted from the catastrophic 

flooding in the Houston metro area and the Beaumont/Port Arthur, TX region as multiple 

rivers crested at record levels and reservoirs overflowed. Devastating impacts of 

property, businesses, vehicles, infrastructure and agriculture followed. (p. 3) 

Nearly 370,000 customers lost power. (p. 3) 

A substantial reduction in refining capacities was recorded in refineries in the Houston 

and Corpus Christi areas. (p. 3) 

Harvey’s impacts on transportation and infrastructure included widespread closure of 

ports, at least 12,000 cancelled flights and numerous road and railway closures. A 

significant number of boats and marinas were damaged or destroyed. Houston’s 

George Bush International Airport and William P. Hobby Airports were closed for nearly 

five days due to flooded runways affecting thousands of flights. Numerous airlines cited 

significant financial impacts from Harvey due to lost business. United Airlines reportedly 

lost up to USD265 million alone. Other airlines lost less, such as Southwest (USD77 

million) and Spirit (USD11 million), though impacts were costly. 

Multiple ports were also closed, through Monday, August 28 at the earliest, including 

those at Houston, Galveston, Texas City, Freeport, and Corpus Christi. Lists of road 

closures throughout Houston and the surrounding areas were endless and grew by the 

hour. At one point, more than 500 roads, highways, and interstates were shut. More 



than 4,300 bridges had been inspected following Harvey of which 13 required repairs. 

The federal government diverted USD25 million of funds to the Department of Transport 

to aid with the response to Hurricane Harvey. The Department of Transport additionally 

carried out extensive debris removal work across multiple counties and cities. Collected 

more than 10 million cubic feet (283,000 cubic meters) of debris from just four of the 

worst affected districts. (p. 3, 19, 28) 

Reported death tolls varied, though it is believed that at least 88 people were killed; 

almost all of who were in the greater Houston metro area and as a result of the 

catastrophic flooding. (p. 16) 

More than 40,000 people were forced into shelters, and as many as 450,000 people in 

Texas alone would eventually need assistance. (p. 16) 

The Gulf of Mexico’s oil and gas industry was also impacted as refinery shut-downs 

extended along the coast. Among those to close was Exxon Mobil’s Baytown refinery - 

the second largest in the country. Motiva Enterprises plant in Port Arthur, Texas began 

a complete shutdown. The plant is the biggest oil refinery in the country and had already 

been running at half-speed prior to the full closure. Closures taking the affected capacity 

to 3,871,449 barrels per day or 39.9 percent of total Gulf Coast capacity: 20.9 percent of 

total U.S. capacity. In total more than one-fifth of U.S. refining capacity had been 

shuttered by August 30 prompting a rise in gasoline prices. 

The flooding was also blamed on causing the Arkema plant to have multiple chemical 

explosions in the nearby town of Crosby. The twin blasts on August 31 occurred after 

organic peroxides overheated. The chemicals require being kept cool, but Arkema lost 

power on August 27 and that caused temperatures to rise in the storage facility; 

prompting containers to pop and catch fire. 

An oil spill occurred at Kinder Morgan’s Pasadena Terminal on August 26 as a result of 

a storage tank being tilted due to large volumes of floodwaters. The amount of oil spilled 

was not confirmed but the tank had a capacity of 6.3 million gallons (24 million liters). 

Officials reported that they believed the spill was contained. Two further oil spills were 

reported on August 30 by Burlington Resources Oil and Gas in DeWitt County. One of 

the spills was a 16,170 gallon (61,210 liter) spill near Westhoff and the other was a 

13,272 gallon (50,240 liter) spill near Hochheim. In addition, an 8,500 gallon (32,175 

liter) barrel of wastewater was also spilled. 

A total of 105 production platforms were closed of the 737 in the Gulf. (p. 17, 20) 

The Storm Prediction Center received 33 reports of tornadoes from August 25-30. 

These reports were filtered to remove duplicates. The reported twisters were all in 

Texas (22) and Louisiana (11). (p. 17) 

By August 28, the entire Texas National Guard, comprised of 12,000 members, was 

activated, while FEMA deployed 1,800 staff. By August 30, a further 10,000 National 

Guard troops from across the U.S. had been deployed to Texas taking the total number 

deployed there to approximately 24,000. (p. 19) 



A federal disaster proclamation was signed on August 25. This came in addition to the 

58 counties declared by the state as disaster areas. (p. 20) 

In Beaumont, both water pumps had failed; leaving the city of nearly 120,000 entirely 

without running water. The pumps were not fixed until the water fully receded. (p. 19) 

Despite Harvey tracking through a region of the Gulf of Mexico full of offshore oil and 

gas platforms, there was not widespread damage to these facilities. However, in 

advance of Harvey’s arrival, the U.S. Bureau of Safety and Environmental Enforcement 

(BSEE) reported that 105 production platforms – or 14 percent of the 737 manned 

platforms in the Gulf of Mexico – had been evacuated. (p. 26) 

From August 26-27, the peak of disruption to oil and gas production in the Gulf of 

Mexico was noted with 24.5 percent of oil production (428,568 barrels per day) and 25.9 

percent of natural gas production (835 million cubic feet per day) shut-in according to 

estimates by the Bureau of Safety and Environmental Enforcement. (p. 26) 

The Texas Railroad Commission estimated on August 26 that approximately 300,000 to 

500,000 barrels per day of crude oil production had been shut-in in the Eagle Ford 

region. That was down from a preHarvey production estimate of 870,000 barrels per 

day. Additionally they noted that 3.0 billion cubic feet per day of natural gas production 

was shut-in which was approximately half of the pre-Harvey production capacity. (p. 26) 

From August 25-26, the U.S. Coast Guard closed all ports in the Corpus Christi and 

Houston & Galveston sectors. This included Brownsville, Corpus Christi, Freeport, 

Galveston, Houston, and Texas City. Additionally, ports in Port Arthur and Lake Charles 

sector were open but with operational restrictions in place. These included Beaumont, 

Lake Charles, Orange, Port Arthur, and Sabine Pass. By August 28, all Port Arthur and 

Lake Charles sector ports were closed.  

Also on August 28, it was reported that 22 oil tankers with a cargo of 15.3 million barrels 

of imported crude oil were unable to offload due to the extensive port closures along the 

Texas coast. This number increased to 25 the following day and to 55 by September 4. 

The affected vessels remained in anchorage off the Texan ports of Corpus Christi, 

Houston, Galveston, Freeport, Texas City, Beaumont, Nederland, Port Arthur, Port 

Neches and Sabine Pass and the Louisiana port of Lake Charles. (p. 27) 

Kansas City Southern Railway declared force majeure (defined as unforeseeable 

circumstances that prevent from fulfilling a contract) and an embargo on shipments. 

Union Pacific reported that sections of its track were out of service in 18 of its 28 

Houston subdivisions and it was diverting traffic along alternate routes. BNSF, CSX 

Corp., YRC Freight, ABF Freight closed or disrupted normal train flows. (p. 28, 29) 

13,500 boats were damaged or destroyed in Texas and Louisiana. This equaled an 

economic cost of USD155 million. (p. 29) 



Harvey was responsible for severe erosion all along the central and northern Texas 

coastline. Impacts from storm surge and prolonged elevated water levels led to major 

dune overwash, breaching, and erosion. (p. 30) 

Harvey caused damage of USD104 million to the University of Texas’ Marine Science 

Institute at Port Aransas and killed hundreds of study animals. (p. 30) 

Given the extensive volume of new construction and concrete throughout Houston 

metro, the current infrastructure was not prepared to handle more than 60 inches of 

rainfall. This led to major flash flooding and inundation. The dominant soil type (clay) 

and excessive amount of concrete additionally provided further risk for flash flooding. (p. 

27) 

The Sea, Lake and Overland Surges from Hurricanes (SLOSH) model is a 

computerized numerical model developed by the National Weather Service (NWS) to 

estimate storm surge heights resulting from historical, hypothetical, or predicted 

hurricanes by taking into account atmospheric pressure, size, forward speed, and track 

data. These parameters are used to create a model of the wind field which drives the 

storm surge. The SLOSH model consists of a set of physics equations which are 

applied to a specific locale's shoreline, incorporating unique bay and river 

configurations, water depths, bridges, roads, levees, and other physical features. Impact 

Forecasting using SLOSH has a suite of catastrophe models that analyze the financial 

implications of catastrophic events to achieve a greater understanding of risks. The 

objective is to estimate the potential “insurable losses” for Hurricane Harvey. (p. 37) 

The National Hurricane Center’s Automated Tropical Cyclone Forecasting system 

(ATCF), developed by the US Naval Research Laboratory, is a computer based 

application designed to automate and optimize the forecasting process of tropical 

cyclones. The parameters utilized in the reconstruction included the position of 

hurricane eye (latitude and longitude), minimum central pressure, forward speed, 

heading angle, and radius of maximum winds. These hurricane parameters were 

imported into the wind field and the storm surge models to calculate wind speeds and 

surge heights. These wind speeds and surge heights were next used in Impact 

Forecasting’s ELEMENTS program to estimate the potential insurable losses caused by 

the hurricane. (p. 38) 

Given the substantial rainfall associated with Hurricane Harvey, Impact Forecasting 

additionally ran its inland flood model. Some areas recorded rainfall rates with an 

estimated return period in excess of 1,000 years. This means that there was a 0.1 

percent chance (1/1,000 probability) that the recorded rainfall would occur at any given 

location in any year. (p. 38) 

Impact Forecasting Modeled Loss Results. Based on the modeled results of Impact 

Forecasting’s wind, storm surge, and inland flood models from its initial near real-time 

runs in September 2017, it was determined that “insurable losses” resulting from 

Hurricane Harvey in the United States would range between USD52 and 69 billion. Note 



that “insurable losses” does not indicate the total economic loss estimate, nor the 

insured loss estimate. This only includes the value of properties (homes, businesses, 

vehicles) that are potentially insured by the private market. It does not include additional 

damage to such things as infrastructure. (p. 39) 

The specific breakout is as follows:  

-          Wind & Storm Surge:   USD2 to 4 billion, 

-          Inland Flood: USD50 to 65 billion. 

  

Financial Impact. Hurricane Harvey left a catastrophic path of devastation across a 

wide swath of southeast Texas and portions of extreme southwest Louisiana and is 

expected to have an overall economic impact in the vicinity of USD100 billion. This 

includes physical damage to residential and commercial properties, automobiles, 

infrastructure, agriculture, offshore & onshore energy, and marine. It also assumes a 

significant cost resulting from business interruption to many sectors. (p. 40) 

Insurance point of view. The relative lack of NFIP coverage in some of the hardest-hit 

areas meant that an abnormally high portion of economic damage caused by flooding 

was not covered by insurance. Hurricanes have historically shown a roughly 50 percent 

ratio of insured-to economic loss damage. However, hurricane losses that are primarily 

driven by coastal or inland flood tend to show lower percentages of coverage. Hurricane 

Matthew in 2016 only had roughly 40 percent of the overall economic cost covered by 

public and private insurance entities as most of the damage resulted from considerable 

inland flooding in North Carolina and South Carolina. 

Insured losses resulting from Harvey were thus also significantly less than the overall 

economic cost. At roughly USD30 billion, this meant that only 30 percent of the financial 

cost was covered by public and private insurers. A statement from FEMA’s National 

Flood Insurance Program cited that claims payouts were well into the billions, and could 

reach as high as USD11 billion. Additional losses were incurred by the onshore and 

offshore energy industry. Harvey was the costliest hurricane to strike the state of Texas. 

It surpassed Hurricane Ike in September 2008. Ike cost the United States at least 

USD35 billion in economic damage; while public and private insurers paid more than 

USD20 billion (2017 USD). It also far surpassed losses from 2001’s Tropical Storm 

Allison – which was previously considered the worst flood event in Houston’s recorded 

history. In fact, Harvey’s rainfall surpassed Allison in nearly half the time (2-3 days 

compared to five days). Allison cost an estimated USD12 billion in economic damage 

(2017 USD). Less than half of that cost (USD5.0 billion, 2017 USD) was covered by 

insurance. (p. 40) 

Hurricane Harvey was one of the costliest natural disasters in United States history, 

second only to 2005’s Hurricane Katrina. The full scope and magnitude of the damage 

and humanitarian impact was enormous and the economic impact was substantial. (p. 

40) 
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United States Hurricane Landfall Return Periods. Below are maps from the National 

Hurricane Center (NHC) that provide tropical cyclone return periods for areas along the 

United States coastline located south of the North Carolina border. 

The first map shows regions at greatest risk of hurricanes tracking within 50 nautical 

miles (57 miles (93 kilometers)) of a particular location along the coastline. Historical 

data shows that the southern tip of Florida, Louisiana, and the outer banks of North 

Carolina are areas that typically record a hurricane every five to seven years. 

The second map shows regions at greatest risk of major hurricanes within 50 nautical 

miles (57 miles (93 kilometers)) of a particular location along the coastline. Historical 

data shows, unsurprisingly, that there are longer return periods for stronger storms. 

Areas with greatest historical frequency include south Florida, the Florida panhandle, 

Louisiana, South Carolina, and North Carolina Harvey’s first official landfall came in 

Aransas County, Texas, which has a return period for such an event every 33 - 40 

years. (p. 42) 
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In terms of tropical cyclone development, the official Atlantic Hurricane season runs 

from June 1 to November 30 – though tropical cyclones have been known to develop 

during any month. As seen in the graphics below, the most likely months for 

cyclogenesis are during the peak months of August, September, and October. During 

these months, atmospheric and oceanic conditions are climatologically the most 

conducive for cyclones being influenced and/or steered by a strong Atlantic ridge of high 

pressure and/or by the advancement of strong troughs that dig into the central and 

eastern United States. (p. 43) 
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