
 
 

 

  
Report on the Operational  

and Economic Impacts of  
Hurricane Irene on  

Drinking Water Systems 
 

Prepared for the Water Research Foundation by  
The Cadmus Group, Inc. 

September 2012 
Cover photo courtesy of Charles Darling 

 of Westfield Water Resources Department  

©2012 Water Research Foundation. ALL RIGHTS RESERVED.



 

About the Water Research Foundation 

The Water Research Foundation is a member-supported, international, 501(c)3 nonprofit organization 

that sponsors research that enables water utilities, public health agencies, and other professionals to 

provide safe and affordable drinking water to consumers. 

 

The Foundation’s mission is to advance the science of water to improve the quality of life. To achieve 

this mission, the Foundation sponsors studies on all aspects of drinking water, including resources, 

treatment, and distribution. Nearly 1,000 water utilities, consulting firms, and manufacturers in North 

America and abroad contribute subscription payments to support the Foundation’s work. Additional 

funding comes from collaborative partnerships with other national and international organizations 

and the U.S. federal government, allowing for resources to be leveraged, expertise to be shared, and 

broad-based knowledge to be developed and disseminated. 

 

From its headquarters in Denver, Colorado, the Foundation’s staff directs and supports the efforts of 

more than 800 volunteers who serve on the board of trustees and various committees. These 

volunteers represent many facets of the water industry, and contribute their expertise to select and 

monitor research studies that benefit the entire drinking water community. 

 

Research results are disseminated through a number of channels, including reports, the Website, 

Webcasts, workshops, and periodicals. 

 

The Foundation serves as a cooperative program providing subscribers the opportunity to pool their 

resources and build upon each others’ expertise. By applying Foundation research findings, 

subscribers can save substantial costs and stay on the leading edge of drinking water science and 

technology. Since its inception, the Foundation has supplied the water community with more than 

$460 million in applied research value. 

 

More information about the Foundation and how to become a subscriber is available at 
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Report on the Operational and Economic Impacts of 
Hurricane Irene on Drinking Water Systems 

Introduction 

Hurricane Irene made landfall in North Carolina on August 27, 2011, and moved into New Jersey and the 
Northeast U.S. the following day. Irene continued as a tropical storm through New York, New England, 
and Quebec, Canada on August 29, 2011. Hurricane Irene caused wide-spread flooding and wind 
damage, resulting in losses of infrastructure and power outages. More specifically, the Hurricane 
impacted the operations of drinking water systems along the East Coast of the U.S. In order to 
determine the costs and operational impacts of the Hurricane on drinking water systems, The Cadmus 
Group, Inc., with funding from the Water Research Foundation (WaterRF), designed and implemented a 
survey for drinking water system operators to quantify the impacts of the Hurricane to drinking water 
systems.  

Methodology 

A survey comprised of multiple choice and open-ended questions was developed in order to assess the 
operational and financial impacts of Hurricane Irene on drinking water systems. The survey questions 
were crafted to collect both quantitative and qualitative damage and service interruption information 
that drinking water systems experienced during and following Hurricane Irene. The survey was 
administered online from March 15, 2012, to April 12, 2012 (see Appendix A for a copy of the full 
survey). An e-mail notifying drinking water systems of the survey was sent to approximately 200 drinking 
water systems. These 200 survey recipients were comprised of: 1) drinking water systems on the East 
Coast that were identified  by state staff in the Northeast as potentially impacted by the Hurricane, 2) 
WaterRF members, and 3) drinking water systems in impacted states identified using the Safe Drinking 
Water Information System (SDWIS). 

Following the close of the online survey, Cadmus staff interviewed a sub-set of the drinking water 
systems that completed the survey and that volunteered to provide additional information related to 
their Hurricane Irene experience. The purpose of the interview was to collect additional information 
detailing the experiences of these drinking water systems. 

This report provides an analysis of the survey responses, discusses key issues identified during the 
interviews with drinking water systems and United Water, and develops a compendium of lessons 
learned based on the information provided by survey respondents. 

Survey Data 

Sixty-five drinking water systems submitted survey responses to at least some of the questions in the 
survey. Thirty-eight of the respondents reported that they experienced some form of operational or 
economic impact as a result of Hurricane Irene. However, not all of these 38 respondents completed the 
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survey; for example, seven of these 38 respondents only answered the first question, indicating that 
they had in some way been impacted by the Hurricane. The data in this report is based primarily on the 
responses of the remaining 31 drinking water systems; these respondents represent drinking water 
systems with the most complete survey responses.  

Of the 65 respondents, five drinking water systems were interviewed in order to collect more detailed 
information regarding their Hurricane Irene experiences. United Water staff from three of their water 
systems in three different states provided information.  

Weathering the Storm 

Drinking water systems that suffered damages as a result of Hurricane Irene reported varying impacts 
on their ability to reliably deliver safe drinking water to customers. Most survey respondents indicated 
that they took precautionary measures prior to the storm, but over half of the respondents still incurred 
operational or economic impacts as a result of Hurricane Irene. 

Survey Respondents 

Drinking water systems of all sizes and from most states along the East Coast responded to this survey. 
As illustrated in Table 1, drinking water systems serving various sized communities responded to the 
survey. 

Table 1: Population Served by Survey Respondents 

Population Range 
Did Not Experience 
Operational or Economic 
Impacts 

Did Experience 
Operational or 
Economic Impacts 

Total 

a. 25-500 4 6 10 
b. 501-3,300 2 2 4 
c. 3,301-10,000 2 4 6 
d. 10,001-100,000 4 9 13 
e. >100,000 5 10 15 
Not Available 10 7 17 
Grand Total 27 38 65 
Source: Population estimates retrieved from the Safe Drinking Water Information System (SDWIS) 
online at http://www.epa.gov/enviro/facts/sdwis/search.html.  

 

Table 2 summarizes whether or not respondents from each state experienced any impacts from 
Hurricane Irene. While most of the responding drinking water systems were concentrated in 
Massachusetts and Rhode Island, drinking water systems in at least eight other states also responded to 
the survey. Seventeen drinking water systems did not provide enough information to identify the state 
in which they were located. No drinking water systems from Vermont and only two drinking water 
systems from Pennsylvania responded to the survey. However, these two states are believed to have 
been highly impacted by Hurricane Irene, and the absence of their responses in this survey may 
underestimate the impacts of the storm reported in this document. 
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Table 2: Geographic Location of Survey Respondents 

State 
Did Not Experience 

Operational or 
Economic Impacts 

Did Experience 
Operational or 

Economic Impacts 
Total 

Connecticut 0 3 3 
Delaware 1 0 1 
Massachusetts 3 7 10 
North Carolina 1 0 1 
New Jersey 1 4 5 
New York 0 4 4 
Pennsylvania 1 1 2 
Rhode Island 9 10 19 
South Carolina 1 0 1 
Virginia 0 2 2 
Did Not Specify 10 7 17 

Total 27 38 65 
Note: Blue highlighting identifies states in which more than half the respondents 
experienced operational or economic impacts. 
 

Impacts of Hurricane Irene 

Thirty-eight drinking water systems, or 58 percent of respondents, indicated that their drinking water 
system suffered some form of operational or economic impact as a result of Hurricane Irene. These 
impacts differed in severity and fell into three general groups: 1) direct physical damage to the drinking 
water system, 2) compromised ability to provide an uninterrupted and safe supply of water, and 3) 
impaired ability to respond to and address drinking water system operations and maintenance issues 
during or following the storm.  

Fourteen respondents reported direct physical 
damages to the drinking water system 
following Hurricane Irene. Most commonly, 
drinking water systems reported that the 
Hurricane caused well fields to be flooded or 
physical damage to the system’s well house or 
water treatment plant. Five drinking water 
systems reported damage to the distribution 
system; four reported flooding in the water 
treatment plant; and two systems reported 
loss of a well house, water treatment plant, or 
storage facility. None of the survey 
respondents reported damage to administration buildings. Several drinking water systems reported 
specific damages to their infrastructure, including dams (two respondents), water intakes (one 
respondent), and reservoirs (one respondent). Several respondents indicated a high accumulation of silt 
and debris on the premises.  

 
Electrical flooding at well house in North 

Kingstown, Rhode Island 
-Photo courtesy of Susan Licardi of  

North Kingstown Water 
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These direct physical damages had several recovery implications for the drinking water systems who 
responded to the survey. Physical damage to infrastructure was often accompanied by impacts on the 
drinking water system’s ability to treat or deliver water. The Aquarion Water Company, Conn., reported 
physical damage to a transmission main caused by an uprooted tree, causing approximately 60 

customers to be without water for four hours. The 
Westfield Water Resources Department, Mass. 
reported that high turbidity in the system’s source 
water required the water treatment plant to be shut 
down for two weeks following the storm. In Rahway, 
N.J. (operated under contract by United Water) fallen 
trees damaged the water treatment plant’s fiber optic 

connection to the pump station. These damages prevented the system from relaying information about 
pumping measurements and required the system to manually monitor pump levels. In addition to these 
immediate threats to drinking water safety, many of the respondents that experienced physical 
damages still have ongoing repairs 8 to 12 months following the storm. In many cases, these damages 
affected the drinking water system’s ability to deliver water long after the storm had passed and may 
have long-term impacts on a drinking water system’s operations. For example, the Westfield Water 
Resources Department reported damage to their reservoir spillway that will not likely be repaired until 
the summer of 2013.  

Figure 1: Impacts Reported by Drinking Water Systems During or Following Hurricane Irene 

 

0 10 20 
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Loss of storage 
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Number of Respondents 

Note: Several respondents reported more than one impact in the figure above.    

Lessons Learned: Safety Precautions 

Many survey respondents indicated that increased 
water sampling was a primary precautionary 
measure taken during and following the storm. Be 
prepared for your next emergency with adequate 
sample materials and bottled water provisions. 
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Transmission main washout. 

-Photo courtesy of Jim Glozzy of  
United Water New Jersey 

All 38 drinking water systems that reported some 
impact from Hurricane Irene identified at least one 
impact that may have compromised their ability to 
deliver an uninterrupted and safe supply of drinking 
water. Figure 1 summarizes the impacts reported by 
survey respondents. The most common obstacle to 
the delivery of safe drinking water was the loss 
power, reported by 23 respondents. Nearly half of 
the respondents who lost power also experienced 
some amount of pressure or water loss (11 respondents). Drinking water systems that did not lose 
power did not report any loss of pressure or water. Several drinking water systems also reported loss of 
telemetry equipment or electrical components (eight respondents). In some cases, this loss of 
communication was caused by damage to radio devices.  

Four drinking water systems reported 
contamination of drinking water sources. Most 
commonly, drinking water systems with 
contaminated drinking water sources also 
experienced flooded well fields. Two drinking 
water systems reported contamination in the 
distribution system. Reasons for contamination in 
the distribution system varied from water mains 
exposed by the storm, to leaks and unauthorized 
water use drawing contaminated water into the 
distribution system. Two drinking water systems 
reported that Hurricane Irene resulted in 
problems related to the chemicals used for water 
treatment. One drinking water system did not 

have access to the treatment chemicals it needed, and another drinking water system reported that the 
storm caused chemical spills or releases. For example, at the Deerfield Fire District, Mass., flooding at 
the well house overturned chemicals, which caused a loss of some chemical supplies.  

In extreme storm events, drinking water system 
personnel need access to system facilities and tools to 
respond to emergencies and to address damage to 
their drinking water system. Thirteen drinking water 
systems reported impacts that diminished their ability 
to respond to the impacts of the storm. All of these 
respondents experienced difficulty reaching their 
drinking water system due to road closures, flooding, or debris in the road, and six drinking water 
systems experienced interrupted communication due to loss of radio or cell phone capabilities. One 
drinking water system reported inadequate or insufficient staff access to facilities. While these impacts 

Maintaining Power 

Survey respondents indicated that one of their 
primary obstacles to the delivery of safe drinking 
water to their customers was the loss of power. 
Access to a backup power source is essential for 
maintaining service. Survey respondents 
recommend considering on-site fuel storage and 
the generator’s fuel tank capacity when installing 
a generator. 

 

Lessons Learned: Staffing 

Emergency situations often require additional staff, 
additional time from existing staff, and in some 
cases, contract staff or vendors in order to respond 
to an emergency situation. A staffing plan for 
emergencies should be included in an Emergency 
Response Plan. 
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are unlikely to cause long-term impacts on the drinking water system, they did affect these drinking 
water systems’ ability to respond to an emergency situation; such potential problems should be 
identified and discussed in a system’s emergency response plan.  

Most drinking water systems that participated in this survey reported that they endured the storm 
without any impact on their critical customers (e.g., hospitals) or services. However, five respondents 
reported a variety of impacts to their residential customers, such as boil water notices (two drinking 
water systems); bottled water provisions (three drinking water systems); or disruption in service due to 
infrastructure damage (three drinking water systems). None of the respondents reported any 
interruption to business functions as a result of the Hurricane (e.g., accounting functions, billing 
functions, payroll functions, etc.). 

Following Hurricane Irene, the most common safety precaution required by the survey respondents was 
additional water sampling (11 respondents). However, several drinking water systems increased water 
sampling in conjunction with other precautionary measures, such as bottled water provisions, boil water 
notices, and “do-not-use” notices. 

Out of Power 

Many respondents experienced challenges related to unexpected loss of power. Most of the 
respondents that experienced a loss of power indicated that their emergency generators prevented a 
loss in water pressure for the duration of the power outage. However, two respondents reported a 
failure of their system’s emergency generator, one of which required a precautionary boil water notice 
for impacted customers. Even drinking water systems with fully-functioning emergency generators 
experienced problems that may have been avoided with additional advanced planning, such as ensuring 
the availability of diesel fuel to run their emergency generators.  

Overall, comprehensive and reliable emergency power generation appears to be one of the most critical 
aspects of emergency response during and following Hurricane Irene. The need for emergency power is 
also one of the most straightforward problems for a drinking water system to anticipate. Several 
respondents emphasized the importance of 
ensuring that generators are able to operate for 
prolonged periods of time and developing a 
maintenance schedule for each generator used by 
the drinking water system. The Deerfield Fire 
District, reported that their generator is tested 
automatically on a weekly basis to ensure its 
functionality. However, backup power for small 
drinking water systems with remote facilities was 
identified as being difficult and costly to maintain 
since these small facilities may have minimal fuel storage capabilities. The Aquarion Water Company 
reported that power generators at some of their small, remote facilities were approximately the size of 

Recommendation: Sampling 

Drinking water systems found that communication 
with power providers was critical and recommend 
establishing clear lines of communication with these 
providers. Drinking water systems that had 
developed comprehensive emergency power plans 
that incorporated communication protocols for 
internal and external power sources found that they 
were able to deal with power issues efficiently and 
avoid prolonged power outages. 
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a household generator and required constant 
refueling—as often as twice per day. It took 
significant manpower to keep these generators 
fueled during and after the storm. 

In addition to backup power generation, 
respondents emphasized the importance of 
maintaining communication with the drinking 
water system’s external power provider. The 
Aquarion Water Company reported some 
difficulty communicating with its power supplier 
due to the many demands on the power utility 
following the storm. To respond to similar 
situations in the future, Aquarion will try to 

establish means of communication ahead of time, including developing a list of power utility contacts.  

Furthermore, drinking water systems may rely on the power utilities for more than just power service. 
For example, the Regional Water Authority of Connecticut reported that downed power lines prevented 
them from accessing parts of their facility, and the drinking water system needed the power utility to 
clear the lines before they could travel on the road. In this case, communicating with the power utility 
was important for access to drinking water system facilities. 

Communication is Key 

Overall, eight survey respondents reported general communication difficulties or challenges as a result 
of Hurricane Irene. Most of these drinking water systems identified barriers in communicating with their 
staff or repair and maintenance crews (six respondents). Other drinking water systems experienced 
communication problems with their customers (two respondents), local emergency agencies (one 
respondent), state emergency agencies (one 
respondent), the Federal Emergency Management 
Agency (FEMA) (one respondent), the state drinking 
water program (one respondent), the media (one 
respondent), and vendors (one respondent). The 
communities served by the Regional Water Authority 
of New Haven, Conn. experienced a widespread loss of 
telephone communication. The Regional Water 
Authority was, therefore, unable to receive calls from its customers. However, the drinking water 
system was able to maintain communication with its main water system office, which contacted 
distributors and other important entities. 

Respondents of the survey identified several lines of communication that were critical to their drinking 
water system before, during, and after the Hurricane. Clear channels of communication with customers, 
regulators, neighboring drinking water systems, other utilities, and media outlets were all acknowledged 

 
Fallen tree on power lines made travel to the 
drinking water treatment plant dangerous. 

-Photo courtesy of Mark Decker of  
Norwich Public Utilities 

Recommendation: Communication 

Survey respondents indicated that having 
established clear channels of communication with 
regulators, neighboring drinking water systems, 
other utilities, media outlets, and other local 
emergency responders prior to the storm was 
invaluable during and following the hurricane. 
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as integral to the drinking water systems’ ability to provide service during and after the storm. Eleven 
respondents provided pre-hurricane notification of emergency response actions or instructions to their 
customers, and seventeen respondents provided some form of post-hurricane emergency response 
notification. The Aquarion Water Company focused on keeping town managers and politicians in the 
loop during and after the storm through a liaison program, which designated contacts in order to 
facilitate communication. 

Several survey respondents indicated that they communicated directly with customers to notify them of 
any problems with their water supply. For example, Aquarion provided emergency notifications to 
approximately 60 customers whose water supply was disrupted by a main break from an uprooted tree, 
and the Deerfield Fire District communicated directly with four of its water customers to notify them 
that the system had to shut off their water supply due to an exposed water main. 

 

Emergency response and communication to customers should be well planned and clear to avoid 
confusion and to reach the intended audience. The Regional Water Authority in Connecticut did not 
have backup generators in small pockets of the drinking water system, causing some customers to be 
without water for a short period of time. The Authority supplied bottled water to residents that were 
without water for several days due to a prolonged power outage in one area. Due to proactive advanced 
planning, the Authority reported that they felt prepared to respond to their customers’ needs.  

Communication systems within the drinking water system should be developed and tested in advance of 
emergency events. Survey respondents indicated that emergency response planning, training, and 
organized pre-storm preparations were keys to successful operation and response in the event of a 
storm. The Aquarion Water Company emphasized that ensuring that all of the appropriate people are in 
touch prior to the storm is an important preparation step. Emergency response staff should have clearly 
defined roles and responsibilities, which should be well understood prior to a storm event. Furthermore, 
respondents suggested potential communication barriers between drinking water system staff should 
be identified and documented as part of an emergency response plan. 

Keeping Communication Under Control 

Two drinking water systems reported that they experienced external communication problems due to information 
mismanagement outside of the drinking water systems. In Rhode Island, the local media reported inaccurate 
details on a boil water notice to the town served by the East Smithfield Water District, causing more than 8,000 
water customers plus many other Smithfield residents who lived outside East Smithfield Water District to be 
concerned about the safety of their water. In reality, the warning only applied to approximately 200 customers. 
For future emergencies, East Smithfield Water District will take extreme care in dealing with the media, ensuring 
that the media correctly presents necessary information. 

Following a water main break in the distribution system of the Aquarion Water Company, Conn., the drinking 
water system alerted town officials of the problem, and the town officials communicated directly with the water 
customers. The town’s warning was stronger than was necessary, leading many people to unnecessarily boil their 
water. In the future, Aquarion will specifically request that communication to customers be handled only by the 
drinking water system in order to ensure that the correct message is conveyed. 
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Administrative and Business Functions 

None of the survey respondents reported any disruptions in administrative and business functions. In 
other words, none of the survey respondents indicated any interruptions in billing, payroll, or other 
accounting functions. Survey respondents indicated that they did not experience problems with their 
purchasing authority, and did not permanently lose any data. Furthermore, no damages to 
administration buildings were reported, so that drinking water systems did not have to relocate 
administrative services as a result of the Hurricane. In order to ensure open communication channels 
with regulatory and media contacts, United Water temporarily moved its operation center to Idaho, far 
removed from the storm.   

Recovering from Hurricane Irene 

Survey respondents did experience disruptions in their operations as a result of Hurricane Irene. The 
duration of these disruptions varied in length: many drinking water systems reported that they were 
able to remain fully functional during and following the storm (11 respondents); nearly all drinking water 
systems were able to regain full operation within two weeks (27 respondents); and only one drinking 
water system indicated that they were lacking operational capabilities for more than one month 
following the storm. A breakdown of the recovery time required by survey respondents is provided in 
Figure 2. 

Figure 2: Amount of Time Required for Systems to Become Fully Operational Following Hurricane 
Irene 
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Survey respondents did indicate they have had difficulty repairing all damages caused by the Hurricane. 
Some drinking water systems indicated that they were still working to repair damages from the 
Hurricane at the time of the survey, approximately eight months after Hurricane Irene hit. Lingering 
repairs ranged from removing debris from the premises to repairing reservoir spillways. Only seven 
drinking water systems reported that they sustained no damages as a result of the Hurricane.  

 

Several drinking water systems that experienced delays recovering from the storm also encountered 
difficulty reaching their 
infrastructure due to road 
closures, flooding, or debris in 
the roadway. In Rahway, N.J., 
road damage prevented United 
Water employees from 
accessing the treatment 
facilities after the storm, 
delaying repairs to the drinking 
water system. The Deerfield 
Fire District also indicated that 
road closures made it very 
difficult to access the system 
and required several additional 
hours of driving on detour 
routes. Damage to road 
infrastructure is often outside 

Long Road to Recovery 

At the Deerfield Fire District, Mass., the power supply was out for four days following the storm, and the water 
system lost its backup power supply due to damage sustained to the generator at the system’s single well house. 
Without power or a backup source of power, Deerfield relied on an existing emergency interconnection with the 
Greenfield, Mass. water system in order to provide a reliable water supply to its 1,200 customers.  

After regaining power at the drinking water system, Deerfield conducted extensive water quality testing. The 
drinking water system was contaminated with high levels of coliform due to flooding at the well house. 
Deerfield’s superintendent “shocked” the system with powder chlorine and flushed the system for several hours, 
but test results continued to show coliform contamination. It took several rounds of treatment and testing, and 
after ten days on Greenfield’s water before Deerfield was able to bring its water treatment system back online. 

Advanced emergency planning and diligent testing ensured that Deerfield Fire District customers received a safe 
water supply throughout the recovery process. Deerfield identified the emergency interconnection with 
Greenfield as extremely important as it allowed them to switch to Greenfield’s water as soon as they 
experienced water supply problems from the storm. 

 
Road block due to storm damage in New Haven, Conn. 

-Photo courtesy of John Triana of South Central 
Connecticut Regional Water Authority 

©2012 Water Research Foundation. ALL RIGHTS RESERVED.



the control of drinking water systems, but survey 
respondents suggested that reevaluating emergency 
plans to include evacuation and access procedures 
could help avoid setbacks due to road closures and 
other physical barriers.   

Some drinking water systems that experienced damage 
to their drinking water system’s infrastructure indicated that the lack of dependability of aging 
infrastructure and equipment rendered the system more vulnerable to damage. Timely maintenance 
and replacement of infrastructure is important to improve the overall resiliency of drinking water 
systems, especially during a large storm event. Furthermore, survey respondents emphasized the 
importance of designing infrastructure to resist potential damages from storms. For example, designing 
reservoir spillways to adequately handle a 100-year 
storm and using radio controls rather than fiber optics 
on supervisory control and data acquisition (SCADA) 
systems are measures drinking water systems can 
adopt to resist infrastructure damage from flooding. 
Drinking water systems may also benefit from having 
mitigation and recovery plans for critical infrastructure, 
such as major distribution pipes that cross rivers.  

Financial Impact of the Storm 

In order to help understand the financial impacts of Hurricane Irene, survey respondents were asked to 
distinguish between costs resulting from damage to infrastructure and those resulting from emergency 
response or system inefficiencies. The survey also included targeted questions to help explain how 
systems recovered costs resulting from damages incurred by Hurricane Irene.  

Type of Costs 

Over 32 percent of survey respondents (21 respondents) reported that they incurred financial losses as a 
result of Hurricane Irene. Figure 3 summarizes the costs reported by respondents. In total, they reported 
costs of approximately $48 million. Survey responses suggested that the costs resulting from the storm 
were varied, but they illustrated clear commonalities. The most common costs reported were those 
associated with using alternative energy sources to power the drinking water system and damage to 
drinking water infrastructure (12 respondents each). Costs incurred for emergency response activities (9 
respondents) followed closely behind.  

Lessons Learned: Road Blocks 

A major obstacle that many survey respondents 
faced was road closures. Respondents 
recommended evaluating emergency response 
plans to include evacuation and alternate access 
routes to assist crews during emergency situations. 

Recommendation: Infrastructure 
Maintenance 

Survey respondents recommended timely 
infrastructure maintenance and replacement as 
key to maintaining the resiliency of infrastructure 
and reducing damages during a major storm 
event such as a hurricane. 
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Figure 3: Type of Cost Reported by Drinking Water Systems  

 

 Several drinking water systems indicated that Hurricane Irene required significantly more time and 
effort than normal by key drinking water system personnel, such as operators, engineers, and 
maintenance staff, to address the drinking water system’s needs during and after the storm. Drinking 
water system personnel were needed to monitor emergency equipment and generally supervise the 
drinking water system. One respondent indicated that road closures added significant time required to 
inspect and restore the drinking water system. Problems that were less frequently reported included 
removal of debris, loss of customer sales revenue, and 
loss of administrative functions. These costs are often 
difficult to quantify but should not be overlooked as a 
significant impact on those who manage drinking 
water systems. In particular, drinking water systems 
with fewer staffing resources should anticipate 
additional supervision and associated costs during and 
following extreme storm events.  

Figure 4 compares the total cost and average cost per person (or customer served) for each type of cost 
reported by survey respondents. The greatest total cost reported by any one drinking water system was 
over $40 million or $5.37 per person; the average cost incurred by water systems that reported at least 
some financial impact was much lower, approximately $2.3 million per drinking water system, or $4.60 
per person. Considering the entire universe of respondents (65), both those who indicated that they 
incurred damage from the storm as well as those who did not sustain any damage from the storm, the 
average financial impact from Hurricane Irene was $751,878 per drinking water system, or $3.33 per 
person. The highest costs were those associated with the replacement of water treatment, storage, or 
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Lessons Learned: The Cost of Staffing 
an Emergency 

Respondents reported additional demands on staff 
during the storm, such as increases in travel times 
and emergency response. Drinking water systems 
should anticipate the additional personnel costs 
required during extreme storm events.  
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distribution system equipment or components. Only five respondents indicated that their drinking water 
system incurred costs to replace infrastructure, but these costs amounted to approximately $2,609,000 
in total or an average of $521,800 per drinking water system. Twelve drinking water systems reported 
costs associated with providing alternative energy sources, and these costs amounted to approximately 
$792,000 in total or an average of approximately $66,000 for each of the 12 respondents.  

Figure 4: Magnitude of Costs Incurred as a Result of Hurricane Irene 

 

While it was common for drinking water systems to experience some financial impact as a result of the 
storm, extreme financial setbacks were rare. Only four drinking water systems (six percent of 
respondents) reported financial impacts of $1 million or greater. The cost per person for these four 
systems ranged from $4.54 to $36.45. Four other drinking water systems reported costs greater than 
$100,000, with their cost per person ranging from $0.89 to $116.21. All of these drinking water systems 
suffered some form of damage to their infrastructure, usually to major components such as a reservoir 
spillway, well house, or water mains 
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drinking water systems that reported a cost in that category.  
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Figure 5: Magnitude of Costs Incurred as a Result of Hurricane Irene, Continued 

 

Few drinking water systems reported costs associated with a disruption in service. Only two 
respondents reported costs from bottled water provisions, which amounted to $1,500. The Deerfield 
Fire District, Mass., reported loss of sales revenue of $4,800. Deerfield experienced contamination of its 
drinking water sources and was required to evacuate the treatment plant. Due to flooding damages, 
Deerfield was unable to access chemicals needed to treat the water. This particular drinking water 
system was not fully functional for nearly two weeks following Hurricane Irene and had unrepaired 
damages for more than a month following the Hurricane.  

Some damages caused by the storm occurred less frequently, but incurred a higher cost per person on 
average. Figure 6 illustrates a comparison of the frequency in which damages occurred and the per 
person cost. While infrastructure replacement was needed infrequently, it caused the highest per 
person cost of all other damages. In contrast, the use of alternative power was highly reported in the 
survey, but the cost associated with alternative power was relatively low at only $0.33 per person on 
average. 
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Figure 6: Comparison of Damages According to Frequency and Costs per Person 

 

Geographic Impacts 

Table 3 provides a summary of the costs reported according to state. The state with the most 
respondents reporting costs was Massachusetts (6 respondents), followed by New York and Rhode 
Island (four respondents), Connecticut and New Jersey (three respondents), and Virginia (one 
respondent). Of the drinking water systems that responded to the survey, those in Connecticut and 
Massachusetts most frequently reported costs (100 percent of respondents in those states). In contrast, 
only 21 percent of survey respondents in Rhode Island reported costs (4 out of 19 drinking water 
systems). Approximately 50 to 60 percent of respondents in Massachusetts, New Jersey, and Virginia 
reported costs, and no drinking water systems from Delaware, North Carolina, Pennsylvania, or South 
Carolina reported any costs.  

The financial impacts of Hurricane Irene were felt by respondents located in several states along the 
East Coast, including Virginia, New Jersey, New York, Connecticut, Rhode Island, and Massachusetts. As 
illustrated in Table 3, on average, the respondents located in New York experienced the highest costs 
from the impacts of Hurricane Irene—over $11 million per drinking water system, or $5.45 per person. 
Drinking water systems in Massachusetts reported the highest costs per person cost at $25.22. The 
lowest total financial impacts were reported for drinking water systems located in Rhode Island, costing 
an average of $187 per drinking water system, or $0.07 per person. On a per person basis, drinking 
water systems in Virginia reported the lowest costs at $0.01 per person.  
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Table 3: Reported Costs According to State 

State 

Number of 
Drinking Water 

Systems  Total Costs 
Reported 

Average Costs 
Reported by 

Systems with at 
Least Some Cost 

(21) 

Average Costs 
Reported for all 

Respondents 
(64) 

Population of 
Drinking Water 
Systems that 
Reported at 

Least Some Cost 
(21) 

Average 
Cost Per 
Person In 

Survey 
Reporting 

Costs 

CT 3 3 $412,727 $137,576 $137,576 796,388 $0.52 
DE 1 None           
MA 10 6 $1,905,307 $317,551 $190,531 75,534 $25.22 
NC 1 None           
NJ 5 3 $1,172,000 $390,667 $234,400 922,847 $1.27 
NY 4 4 $45,372,500 $11,343,125 $11,343,125 8,325,173 $5.45 
PA 2 None           
RI 19 4 $3,550 $888 $187 50,605 $0.07 
SC 1 None           
VA 2 1 $6,000 $6,000 $3,000 446,067 $0.01 
Total 65 21 $48,872,084 $2,327,242 $751,878 10,616,614 $4.60 

*Average cost per person is calculated by dividing the total costs reported by drinking water systems in the state by the sum of 
the populations served by those drinking water systems. 

Costs According to System Size 

Drinking water systems of all sizes incurred costs from damages caused by Hurricane Irene. Table 4 
provides a summary of the financial impacts of Hurricane Irene according to drinking water system size. 
Average total costs per system increased along with system size. Very small drinking water systems 
serving fewer than 500 people reported the lowest costs on average and in total. Drinking water 
systems serving more than 3,300 incurred the greatest costs per drinking water system. On a per person 
basis, the largest costs were reported by medium-sized drinking water systems serving between 3,301 
and 10,000 people ($72.27).  

Table 4: Reported Costs According to Drinking Water System Size, for Survey Respondents Reporting 
at Least Some Cost 

Population Served Total Cost 
Reported 

Number of 
Water 

Systems 
Reporting 

Costs 

Average Cost 
per Water 

System that 
Reported Costs 

Total Population 
of Survey 

Respondents at 
Water Systems that 

Reported Costs 

Average Cost 
per Person 
Served by 

Drinking Water 
Systems that 

Reported Costs 
a. 25-500 $2,740 3 $913 475 $5.77 
b. 501-3,300 $94,079 2 $47,040 3,492 $26.94 
c. 3,301-10,000 $807,408 2 $403,704 11,172 $72.27 
d. 10,001-100,000 $2,476,357 7 $353,765 228,740 $10.83 
e. >100,000 $45,491,500 7 $6,498,786 10,372,735 $4.39 
Not Available $0 0 $0 N/A N/A 
Total $48,872,084 21 $2,327,242 10,616,614 $4.60 
Source: Population estimates retrieved from the Safe Drinking Water Information System (SDWIS) online at 
http://www.epa.gov/enviro/facts/sdwis/search.html.  
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Long-Term Financial Impacts 

Most drinking water systems indicated that Hurricane Irene did not impact their debt service 
obligations. Only two respondents experienced an increase in their debt service obligations as a result of 
the Hurricane due to issuing bonds to recover their costs. Both of these drinking water systems incurred 
costs of at least $1 million from the impacts of the storm, and they each requested emergency funds 
from FEMA.  

Five drinking water systems experienced an increase in operating costs as a result of Hurricane Irene. 
Two respondents were able to estimate the increase in 
operating costs to be between one and 10 percent, and 
two others estimated an increase between 11 and 25 
percent. There appeared to be no pattern regarding the 
type or magnitude of damages sustained by these 
drinking water systems. All but one of these respondents 
sustained some type of infrastructure damage (such as 
flooding or damage due to falling debris).  

Based on survey responses, small drinking water systems were most vulnerable to long-term impacts on 
their operating costs. Three of the five drinking water systems that reported an increase in operating 
costs served 3,300 or fewer people. This trend suggests that smaller drinking water systems may be less 
equipped to recover financially from damages caused by extreme weather events. While the nominal 
costs of damage to small systems may be significantly smaller than those faced by large systems, their 
costs are likely to be larger relative to their total operating costs, assets, and financial reserves. 
Consequently, these costs could have substantially larger impacts on their long-term operating costs. 
Furthermore, increases in operating costs are distributed over a smaller customer base, which may 
result in a larger financial burden per-person when costs are recovered through customer billing. 

Recovering Costs 

Fourteen respondents sought reimbursement to help cover the costs they incurred as a result of 
Hurricane Irene. Most commonly, these respondents requested assistance from FEMA (13 respondents). 

Respondents also reported requesting reimbursement 
from insurance companies (four respondents), their states 
(three respondents), and the Natural Resources 
Conservation Service (NRCS) (one respondent). 

Eleven of the 14 drinking water systems that sought 
reimbursements served more than 10,000 people, and six 
of those drinking water systems served over 100,000 

people. Only two respondents serving 3,300 or fewer people sought financial reimbursement for the 
costs incurred as a result of the storm. This trend suggests that there may be barriers for small drinking 
water systems in applying for reimbursement. 

Lessons Learned: System Size and 
Emergency Response Costs 

According to the results of this survey, 
medium-sized systems (serving 3,301 to 
10,000 customers) incurred the greatest cost 
per customer to respond to and recover from 
Hurricane Irene. 

Lessons Learned: System Size and 
Operating Costs 

Small drinking water systems (serving 3,300 
or fewer customers) were most vulnerable to 
an increase in operating costs as a result of 
Hurricane Irene, according to survey 
respondents. 
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Most of the respondents who sought reimbursement were able to recover at least 50 percent of their 
costs incurred by the impacts of the storm. Four drinking water systems were able to recover as much as 
95 percent of their costs. However, the financial relief was not immediate, and drinking water systems 
were responsible for bridging the gap between the time when the costs were incurred and when the 
reimbursements were received. Some of the survey respondents indicated that they did not have 
trouble making ends meet while they waited for funding. For example, the Aquarion Water Company, 
Conn., will be able to recover costs from the storm through a temporary increase in rates over a 3-year 
period. However, not all drinking water systems are able to pass temporary rate increases and may have 
to wait several months for relief funding. While drinking water systems indicated that the 
reimbursement process went smoothly with their FEMA representative, the process was not swift. For 
example, the Regional Water Authority in Connecticut waited approximately three months before they 
received follow up to schedule a kickoff meeting with their FEMA representative. Some drinking water 
systems indicated that they were still waiting for a response from FEMA or for state bonds to be issued 
at the time of the survey in March/April 2012.  

In the absence of relief funding, drinking water systems should be prepared to take the necessary 
actions to obtain the funds required to provide safe drinking 
water. One approach a drinking water system may take to 
improve the amount or speed of relief funding is to diversify 
its potential reimbursement sources. For example, in 
Rahway, N.J., United Water applied for reimbursements 
through the City of Rahway’s insurance company and FEMA. 
At the time of the survey, the drinking water system had 
received some relief funding from the insurance company, 
but none from FEMA. United Water based its financial planning on an expectation that FEMA funding 
would take nine to twelve months to receive. An effective business continuity plan would include viable 
financial options to maintain drinking water services in cases where drinking water systems do not 
receive relief funding or experience significant delays in the disbursement of these funds.  

Requesting Reimbursement in New Haven, Conn. 

The Regional Water Authority in New Haven, Conn. requested relief funding from FEMA following Hurricane 
Irene. Within the first week following the storm, the Authority assigned a staff member to start the reimbursement 
process with FEMA. The City of New Haven management arranged a meeting with political subdivisions, including 
the Authority, to begin the process. Soon after the meeting, the Authority identified their eligible expenses and 
submitted the necessary forms to FEMA. It took nearly three months for FEMA to contact the drinking water system 
regarding their application. By the time the drinking water system heard back from FEMA in November, the 
drinking water system faced internal delays working through the required documents due to the holiday schedule. 
The Authority indicated that it was difficult to assemble all the needed information, which required following up 
with several people to clarify expense records. The Authority relied on their FEMA representative, who looked out 
for their interests and provided assistance throughout the process. 

The Regional Water Authority indicated that maintaining good expense records would improve the request 
process. Furthermore, taking photos during the event serves as a helpful reminder about who was involved at any 
given point and what equipment was used.  

Recommendation: Insurance 

Insurance coverage may affect 
emergency fund relief eligibility. Sitting 
down with an insurance agent may help 
drinking water systems prepare 
financially for future emergency costs. 
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Survey respondents reported several approaches for working with FEMA to receive reimbursement for 
the costs associated with Hurricane Irene. There is no “right” way to execute the reimbursement 

process, and each system should identify which 
approach is right for their situation. For example, the 
Deerfield Fire District found that it was most effective 
and efficient for them to communicate directly with their 
assigned FEMA representative rather than going through 
the town administrator. Direct contact with FEMA 
enabled Deerfield to most effectively communicate the 
needs of their drinking water system and ensured that 
Deerfield was informed of critical meetings and 

deadlines. On the other hand, in Rahway, N.J., United Water worked through its local emergency 
management coordinator in order to request FEMA relief funds. United Water manages the drinking 
water system for the City of Rahway and found that the City’s participation relieved the drinking water 
system of some of the burden related to requesting reimbursement funds. 

Two respondents that anticipated a reimbursement of between 51 and 95 percent of their incurred 
costs through financial assistance from FEMA or their state also reported an increase in operating costs 
between 11 and 25 percent. In fact, these were the only two systems that reported this level of increase 
in operating costs as a result of Hurricane Irene. These responses suggest that, even when financial 
assistance is available, it may not be sufficient to offset long-term financial impacts caused by extreme 
storm events.  

Some survey respondents reported difficulty obtaining reimbursement from FEMA for damages that 
should be covered through insurance. Insurance requirements vary by system depending on their 
individual options. The Deerfield Fire District discovered that their well house sits on a flood plain and 
should have been covered by flood insurance in order to 
qualify for FEMA and other emergency fund 
reimbursements. While FEMA covered the cost of 
Deerfield’s damaged generator in this instance, the system 
was instructed to obtain flood insurance for future 
reimbursements. However, Deerfield discovered that their 
insurance company would not insure the generator unless 
the generator was located in an enclosed structure. 
Drinking water systems hoping to position themselves for 
emergency relief funding may encounter similar obstacles, and the Deerfield Fire District encouraged 
other drinking water systems to sit down with their insurance agent to discuss their insurance options in 
order to prepare for similar situations.  

 

Lessons Learned: Financial Assistance 

Drinking water systems reported that 
reimbursement from FEMA arrived several months 
after the costs were incurred. Drinking water 
systems can anticipate this kind of delay in their 
business continuity plans in order to maintain 
drinking water services in cases where there are 
significant delays in the distribution of relief 
funding to drinking water systems. 

Recommendation: FEMA 

Identify the best way for your system to 
handle communication with FEMA early in the 
process. Drinking water systems found that it 
was important to coordinate with the 
appropriate entities to determine the primary 
FEMA contact and to establish clear lines of 
communication to keep all parties informed 
of the process. 
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Resource Sharing 

During storm-related emergencies, the ability to share resources can be very important, particularly for 
small drinking water systems with limited resources. Several survey questions were designed to better 
understand the challenges drinking water systems faced when trying to share resources and what 
mutual aid mechanisms proved most useful to drinking water systems during and following Hurricane 
Irene. 

Very few drinking water systems in the survey indicated that they shared resources with another 
drinking water system. Five drinking water systems indicated that they shared resources in the form of 
manual labor, materials, and power generators. All of these drinking water systems were large, serving 
more than 100,000 people, and nearly all of these drinking water systems incurred large costs as a result 
of the Hurricane. A least one of the respondents indicated that their assistance went to small system 
operators. None of these respondents reported any consistent mechanism through which they provided 
assistance. One drinking water system cited informal mutual aid requests, and another drinking water 
system provided assistance to other systems managed by the same company. 

Nineteen respondents indicated that they did not share resources with another drinking water system. 
Fourteen of these systems reported that they received no requests for assistance, while four drinking 
water systems indicated that they were unable to share resources because they did not have any 
resources to share. Three of the systems unable to share resources were very small (serving 200 people 
or less). Even drinking water systems that 
may have been equipped to share resources 
may have faced barriers to provide 
assistance. For example, United Water of 
Rahway, N.J., indicated that road closures 
due to flooding presented an additional 
barrier to assisting other drinking water 
systems. In cases like these, drinking water 
systems can use their local emergency network to find new routes or other ways to provide assistance 
to drinking water systems in need of aid.  

Opportunities for Improvement 

Drinking water systems can take advantage of several 
opportunities to improve their emergency preparedness 
through locally-initiated planning processes. For example, 
the Aquarion Water Company, Conn., updates its 
emergency preparedness plan every five years through 
Connecticut’s Water Supply Planning Process.  

               
Critical infrastructure and controls should avoid the flood plain. 

-Photos courtesy of Nancy Trushell of United Water Pennsylvania 
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Building Strategic Partnerships 

Five drinking water systems reported that they developed new or stronger partnerships as a result of 
their experiences during Hurricane Irene. Several drinking water systems worked with state or local 
entities, such as offices of emergency management and environmental protection, and boards of public 
utilities. One drinking water system reported that a strong relationship with a neighboring town 
provided opportunities for mutual assistance. In this case, the neighboring town’s highway department 
provided assistance when a bridge failure caused a problem with the drinking water system’s 
transmission main. Another drinking water system reported that chemical and fuel suppliers were 
responsive and helped address the drinking water system’s resource needs following the storm.  

The Regional Water Authority of Connecticut 
developed a new partnership with the City of New 
Haven Emergency Operations Center as a result of 
Hurricane Irene. During Hurricane Irene, the 
operations center assisted the drinking water system 
by notifying them which roads were closed during the 
storm in case an emergency evacuation was needed. 
In the future, the Authority will maintain 
communication with the operations center to help 
with evacuation plans. 

These drinking water systems found that diverse and strategic partnerships provided them with the 
resources they needed to address unexpected failures during and following the Hurricane. As in the case 
of the Regional Water Authority, drinking water systems can supplement local emergency assistance 
with partnerships with utilities, public works, and public service providers in neighboring towns. 

Emergency Preparedness and Business Continuity Planning 

Emergency preparedness is multi-faceted and requires comprehensive planning on the part of the 
drinking water system. An emergency response plan is a critical piece of emergency preparedness and a 
requirement for all public drinking water systems.  

Adaptation through Experience 

Through this survey, 22 drinking water systems 
confirmed that they had a written emergency 
preparedness plan when Hurricane Irene hit. 
However, only 11 of those drinking water systems 
indicated that they received adequate guidance from 
their emergency response plans on how to respond to 
the storm. These drinking water systems also 
indicated that they do not have an immediate need to 

Recommendation: Partnerships 

Diverse and strategic partnerships can provide 
drinking water systems with support and resources 
needed to address unexpected failures during storm 
events. 

Partnerships with utilities, public works, and public 
service providers in neighboring towns can help 
supplement the local availability of emergency 
assistance. 

Documenting Infrastructure Capacity 

Survey respondents learned a lot about the 
capacity of their infrastructure during Hurricane 
Irene. Documenting information about how 
various system components functioned during and 
following the storm can help a drinking water 
system better prepare for future emergencies. 
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improve their emergency preparedness plans as a result of their experiences from Hurricane Irene. Only 
one drinking water system reported that it had no emergency preparedness plan in place. 

Eight drinking water systems indicated that 
they will be strengthening their emergency 
response plans based on their experiences 
during and following Hurricane Irene. Four of 
these drinking water systems identified the 
need to improve coordination and 
communication procedures. These drinking 
water systems primarily aim to improve their 

access to emergency equipment and communication with emergency responders. Four of these drinking 
water systems incurred costs over $1 million each as a result of the damages caused by the Hurricane. 
They all experienced infrastructure damage that impaired their ability to deliver safe drinking water 
immediately following the storm or in the long-term. Problems these drinking water systems reported 
included flooded well fields, loss of a well house or treatment plant, damage to reservoir spillway, 
damage to dams, and difficulty with communication or reaching the drinking water system due to road 
closures.  

Two drinking water systems indicated that they have no need to make significant changes to their plans, 
but they will be making general updates, such as updating contact information. One drinking water 
system also identified the need to update their plan to reflect actual infrastructure capacities. Accurate 
assessments of critical infrastructure, such as spillways and dams, will be important for mitigating 
damages caused by extreme storm events. 

 

Two respondents identified the need to develop and incorporate special provisions for critical facilities 
or highly vulnerable customers in their emergency response plan. These survey responses highlighted 
that drinking water systems should carefully examine the unique vulnerabilities of their system and 
customer base. One of these respondents will develop an annex to their emergency response plan to 

            
Woodcliff Lake Dam of United Water New Jersey usually passes 3 MGD daily (left). The dam 

passed at a rate of 3,000 MGD during Hurricane Irene (right). 
-Photos courtesy of Jim Glozzy of United Water New Jersey 

Recommendation: Regular Planning 

Drinking water systems reported that having an up to date 
emergency response plan was critical to its effectiveness in 
responding to the storm. Drinking water systems can make the 
most out of their emergency response plan by reviewing and 
updating information on a regular basis so that they are 
prepared when a storm occurs. 
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address the needs of specific oceanfront communities, which are likely to be more vulnerable during 
extreme storm events. Furthermore, mitigation and 
recovery plans that address damage to facilities that 
could result in significant service disruptions should be 
included in emergency response plans. These critical 
facilities require careful assessment even if damage to 
these facilities is unlikely to occur.  

Adaptations to improve emergency preparedness can 
range from simple corrections to an emergency 
response plan to more drastic changes to a drinking 
water system’s infrastructure. For example, the Deerfield Fire District, Mass., reported that Hurricane 
Irene revealed that the system’s only well house is located in a flood plain. This discovery introduced 
new emergency preparedness needs to the Deerfield Fire District, such as flood insurance and 
evaluating new source options that are not in a flood plain. In Rahway, N.J, United Water will change the 
controls at the City’s pump station from fiber optics to radio to have more reliable communication with 
the pump station during extreme storm events. 

Every drinking water system, whether large or small, 
has the potential to improve its emergency response 
procedures and emergency preparedness. However, 
only one of the seven survey respondents that intend 
to update their emergency response plan 
documented their planned changes in an After Action 
Report. For an example of an After Action Report, see 
Appendix B: Sample After Action Report. 
Documenting successes, failures, and lessons learned 
in an After Action Report can help drinking water 

systems maintain a record of their experiences, develop targets, and stay on track for planned 
improvements.  

Practice Makes Perfect 

Following the development of emergency 
response plans, drinking water systems should 
exercise their procedures and plans in order to 
identify remaining vulnerabilities and further 
improve their emergency preparedness. Thirteen 
of the survey respondents confirmed that they 
conduct drills on a regular basis to exercise their 
emergency response plans, and 12 of those 
drinking water systems believed that they had 
identified the potential vulnerabilities of their most 

Emergency Response Communications 

In anticipation of Hurricane Irene, United Water 
participated in a meeting to facilitate 
communication with the primary emergency 
response groups in Rahway, N.J., such as the police 
department, fire department, town officials, and 
other drinking water systems. United Water 
indicated that this meeting was an effective way 
to establish lines of communication in preparation 
for the storm. 

Documenting Lessons Learned 

Documenting successes and failures in an After 
Action Report immediately following an 
emergency event can act as a record of 
damages, response protocols, recommendations 
for future emergencies, and recommended 
improvements. This report does not need to be 
lengthy, but may include several lists, pictures, 
and next step items. 

 
Inspecting infrastructure at United Water New 

Jersey, NJ. 
-Photo courtesy of Alan Weland, 

United Water New Jersey 
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critical assets before Hurricane Irene hit. Eleven of those systems had also preemptively taken steps to 
secure those critical assets. United Water reported that it relied heavily on its emergency response plan 
in order to respond to the storm in Rahway, N.J. The drinking water system emergency response plan is 
updated annually, which proved to be critical during the storm. By identifying critical assets and 
ensuring they were functional prior to the storm, United Water was ready when Hurricane Irene hit and 
reported that emergency equipment worked as expected. 

Ten drinking water systems reported that they do not conduct drills on a regular basis to exercise their 
emergency response plans, but most of them felt that they had identified the potential vulnerabilities of 
their most critical assets and that they had taken steps to secure those assets. Only two drinking water 
systems submitted responses indicating that they did not regularly conduct drills and that they had not 
identified the vulnerabilities of their critical assets. Neither of these systems, however, experienced 
significant damages from the Hurricane. 

Safety First 

During extreme storm events, safety is a primary concern for drinking water system managers. Safety 
provisions can be written into emergency preparedness plans and reviewed during drills. The tragic 
death of Mike Garofano and his son, of Rutland City, Vt., highlights the importance of establishing and 
following safety guidelines for drinking water system staff. Mr. 
Garofano, a long-time drinking water system employee for 
Rutland City, voluntarily left home with his son during the height 
of the storm to check the inlet valves at a nearby reservoir to 
protect it from storm runoff. It is believed that a berm gave way 
while Mr. Garofano and his son were checking the reservoir, 
sweeping them away in the flood waters. The storm had 
transformed the typically small stream into a torrential channel, 
destroying the utility intake house and turning what is normally 
a safe environment into a danger zone.  

Hurricane Irene exposed the dangers drinking water system staff 
can potentially face during storm events, and it did not go 
unnoticed. In response to Hurricane Irene, the Regional Water 
Authority of New Haven, Conn., reduced the maximum wind 
speed in which drinking water system staff are allowed to make 
repairs from 70 miles per hour (mph) to 50 mph. Critical evaluation of safety procedures should be a 
regular part of updating emergency preparedness plans in order to ensure the safety of drinking water 
system staff, even at the expense of the drinking water system. 

 

 

 
-Photo courtesy of AWWA Streamlines 

 
Mike Garofano and his 24-year-old 
son were swept away by flash 
floods while checking water utility 
intake pipes in Rutland, Vermont. 
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Get Connected 

Public drinking water systems typically have several emergency response mechanisms available to them 
to help make connections in the event of an emergency. These response mechanisms include local 
incident command structures (ICSs), emergency operations centers (EOCs), and state 
Water/Wastewater Agency Response 
Networks (WARNs). Sixteen of the 
respondents confirmed that their drinking 
water systems were part of the local ICS or 
EOC. Five respondents indicated they were 
not part of these organizations, and two 
respondents were unaware of their system’s 
participation in these organizations. Based on survey responses, large systems serving more than 10,000 
people were more likely to be part of their local ICS or EOC. Only one of the eight small- and medium-
sized systems that experienced negative economic or operational impacts from Hurricane Irene 
indicated that they were part of their local ICS or EOC prior to the storm.  

Seventeen survey respondents indicated that they have received ICS training, even though only 15 of 
those drinking water systems were part of the local ICS or EOC. Fourteen of the drinking water systems 
that reported ICS training served more than 10,000 people, further supporting the trend that large 
systems are able to access these resources more easily than their small drinking water system 
counterparts.  

Twelve drinking water systems indicated that they were 
part of their state’s WARN when Hurricane Irene hit. Nine 
of these drinking water systems were also part of their 
local ICS or EOC. Once again, the small- and medium-sized 
drinking water systems were less likely to be WARN 
members. Half of the very large systems that experienced 
negative impacts from the storm reported that that they 
were part of their states’ WARN. One very large system 
also indicated that it joined its state’s WARN after 
Hurricane Irene. Based on survey responses, small- and 
medium-sized drinking water systems appear to be less 

likely to connect with these emergency response mechanisms.  

Take Advantage of Resources 

The Aquarion Water Company, Conn., was 
able to successfully provide assistance to 
smaller drinking water systems by loaning them 
equipment, such as generators, during and 
after Hurricane Irene. However, Aquarion 
remarked that some utilities were reluctant to 
reach out for help, requiring Aquarion to 
actively contact these smaller utilities to let 
them know that help was available and what 
kind of assistance they could provide.  

Recommendation: ICS 

Drinking water systems identified their ICS as an important 
resource for responding to the storm. Regularly updating their 
ICS, keeping staff well-informed about their ICS and making 
sure that all roles are taken seriously were identified as critical 
actions for being prepared for an emergency. 
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There were no geographic trends regarding the 
likelihood of participation in a state WARN or 
local ICS or EOC. All the states with drinking 
water systems that reported negative economic 
or operational effects (with the exception of 
Pennsylvania) also had survey respondents that 
participated in both of these emergency 
response organizations. Drinking water systems 
of all sizes could improve their ability to weather 
storms by reaching out to state or local 
emergency response networks and improving 
their connectedness to these resources. All of the 
drinking water systems that indicated they had 
established beneficial partnerships during their 
response to Hurricane Irene were also part of the 
local ICS or EOC and WARN (with the exception of 

one respondent that was unsure).  

Drinking water systems reported a variety of ways that being connected to their local ICS helped them 
respond to the storm. The Deerfield Fire District reported that one of the primary benefits of ICS training 
was gaining the understanding of how authority is delegated to those who are knowledgeable about 
how to respond to various aspects of an emergency. The Regional Water Authority of Connecticut 
indicated that they worked with their ICS in advance of the storm and felt that these preparations 
helped them respond to emergencies that arose during and after the storm, such as a break in water 
supply to some of their customers. In Rahway, 
N.J., United Water also reported that ICS training 
helped keep staff calm while responding to the 
storm and made it easier for them to follow the 
emergency plan. The Authority emphasized the 
importance of making sure their staff 
understand their roles in the ICS and take them 
seriously. The Authority keeps their ICS current, 
updating information up to twice a year, and 
frequently participates in exercises with other 
groups through the state to ensure that the ICS 
remains fresh for staff.  

Enduring the Storm 

Nineteen drinking water systems had 
redundancy or backup equipment for their most critical assets prior to Hurricane Irene. Only 15 percent 
(two of 13) of the drinking water systems that had backup equipment for all their critical assets 

 
Spillway flooding in Westfield, Mass. 

-Photo courtesy of Charles Darling of  
Westfield Water Resources Department 

 
Communicating during the Storm. 

-Photo courtesy of Alan Weland of  
United Water New York 
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experienced a loss in water pressure, whereas 40 percent (four of 10) of the drinking water systems with 
partial or no backup equipment suffered a loss in water pressure.  

Drinking water systems with more redundancy or backup equipment were also less likely to require boil 
water notices or bottled water. Drinking water systems reported a range of costs in order to maintain 
these resources, usually in the range of tens of thousands of dollars.  

Figure 7: Number of Drinking Water Systems with Redundancy or Back-up Equipment for their Most 
Critical Assets 

 

Ten drinking water systems had continuity plans, but only six of them indicated that they provided 
adequate guidance and direction to address their emergency situation.  

Case Study: Best Practices from United Water  

Drinking water systems managed by United Water that were affected by Hurricane Irene provided 
organized response and follow up activities that offer valuable insight into water system coordination 
and preparing for and responding to future emergencies. Three United Water divisions (New York, New 
Jersey, and Pennsylvania) examined their responses to the storm and compiled a set of what they 
believe to be their best practices. 

In New Jersey, United Water runs one of the largest facilities in the state, supporting more than 60 
communities in Bergen and Hudson counties. The primary effects of Hurricane Irene on United Water in 
Rahway, N.J., included damage to the water treatment plant due to flooding, loss of radio telemetry 
communications, difficulty reaching the drinking water system due to flooding or road damage, and loss 
of cell phone coverage. In New York, where United Water serves water to 275,000 people in Rockland 
County, the company experienced more extensive damage as a result of Hurricane Irene. Physical 
damages to the drinking water system included damage to dams and stream-bank erosion, loss of a well 
house due to flooding of the well field, damage to the drinking water system from fallen debris, and 
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damage to distribution mains as a result of erosion. United Water was without power for four days, and 
experienced severe flooding, loss of water, and loss of storage. The drinking water system staff also had 
difficulty accessing the drinking water system due to road closures from flooding and debris. 

The following sections highlight some of the emergency preparedness actions, best practices, and 
lessons learned by United Water New Jersey and United Water New York, which together supply water 
to more than one million residents in Bergen and Hudson Counties in New Jersey, and Rockland County 
in New York.  

Emergency Preparedness in Action 

In Rockland County, N.Y., United Water found that employee emergency response training proved to be 
invaluable during Hurricane Irene. In addition, the company implemented a pre-storm checklist in order 
to ensure it was prepared for the effects of the storm to the most practicable extent possible. 

 

United Water reported several key approaches that helped address the needs of its water system. In 
particular, the importance of developing a plan was emphasized, training staff to follow the plan, and 
following the plan when the storm hit. United Water identified the importance of communicating and 
cooperating with the community and regulators. Given the proper preparation, water systems can 
respond to a storm rapidly with decisive actions. 

United Water identified several actions that ensured seamless business continuity during and after 
Hurricane Irene. A remote command center was established in Idaho and other remote locations in 
order to ensure continuous communication. While remote command centers may not be feasible for all 
water systems, advanced consideration may help water systems identify solutions to weaknesses in 
their communication systems. United Water also ensured that staff members were on site and prepared 
to respond to the storm before Hurricane Irene hit. These precautions, along with extended hours from 
water system staff, helped ensure continuous operation. Emergency supplies at water systems, such as 
food and water, enabled water system staff to safely stay on site until roads could be reopened 

Example Preparation Checklist Actions, United Water 

 Prepare staffing availability schedule for all departments 
o Employees Safety 
o Customer Service 

 List of emergency generators and their current locations 
o Locate portable generators at key locations in case of transportation issues 
o Test run all generators and top off fuel tanks 
o Contact (via RCOEM) the National Guard for generator availability 

 Test Emergency Hydraulic Pump  
 Perform Dam Inspections 
 Prepare water quality check list 

o Top off all treatment chemicals 
o Keep chlorine residuals elevated in case of sewage run-off 
o Clean and calibrate turbidimeters, flush head loss gauges 
o Prepare for jar testing to confirm coagulant dosages 
o Coordinate sampling procedures with Haworth lab 
o Maintain high level in storage tanks 
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following the damage of the storm. United Water dispatched additional backup resources to the hardest 
hit areas following the storm. Furthermore, coordinating with power utilities to achieve priority power 
restoration helped United Water regain power supplies quickly following the storm. 

Prior to the storm, United Water analyzed its reservoir capacity in Bergen County, N.J. and modeled 
different rainfall amounts anticipated during 
Hurricane Irene. Based on these modeling results 
and with an executive order from the State of 
New Jersey and approval by the New Jersey 
Department of Environmental Protection 
(NJDEP), United Water was able to lower the 
water levels in the reservoirs to ensure the 
safety of the dams. The modeling results were 
highly representative of what actually occurred 
as a result of Hurricane Irene and provided 
United Water New Jersey with the foresight to 
address problems before they occurred. 
Furthermore, United Water conducted a post-
storm engineering inspection of its dams and 
reservoirs to ensure that they remained structurally sound. 

United Water New Jersey also prepared for the storm by communicating with critical networks prior to 
the storm. For example, United Water held meetings with the Office of Emergency Management (OEM) 
and mayors of the towns below the reservoirs prior to the Hurricane to set up an emergency 
preparedness plan with the communities. Management was in constant contact with the local 
municipalities, counties, police, and other town departments, as well as with United Water New York, to 
ensure that all the critical contacts were prepared for the approaching storm. 

United Water New Jersey also made provisions for operations staff to stay at the water treatment plant 
during the storm. Staff were supplied with rollaway beds and delivered food when they were able to do 
so. These preparations enabled some staff to remain at the plant for two days to respond to the impacts 
of storm as quickly as possible. Customer service staff was also able to keep phone lines open to 
customers throughout the storm, and all facility locations remained accessible. Overall, United Water 
prioritized the safety of its staff by restricting staff movement during the storm. United Water regularly 
conducts safety drills with field crews prior to any potential extreme weather event to ensure that they 
are ready to deal with hazards when they arise.  

Organized Response 

United Water New York performed several actions following Hurricane Irene in order to assess damages 
and quickly address problems. Within the first 24 hours following the storm, engineering staff inspected 
all facilities that had not been flooded. The company dispatched the personnel necessary to respond to 
the damages, including engineering, construction, production, and metering staff. Equipment, such as 

 
Food supplied for staff at United Water New 

York, NY. 
-Photo courtesy of Alan Weland of  

United Water New York 
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generators and water buffalos, was dispatched with the staff so they would be prepared to address the 
needs of the impacted areas. United Water also sent contractors into the field to assist with needed 
repairs. United Water Pennsylvania mobilized a Rapid Alert Phone system to keep its customers 
informed during the storm and provided reminders to ensure the safety of all employees, as well as 
customers. 

Examining the Response  

A retrospective analysis of responses to the storm highlighted several approaches that helped drinking 
water systems address the impacts of the storm. In Rockland County, N.Y., United Water conducts an 
annual review of its Emergency Action Plan with the county and community, which provided an 
opportunity to review actions taken during Hurricane Irene. The drinking water system identified the 
importance of reviewing the events of the storm, critiquing its response, and sharing conclusions with 
other drinking water systems.  

In Pennsylvania, United Water identified a few key communication and collaboration actions that were 
highly effective in its response to the storm. The system used United Water resources from New Jersey 
and Delaware to restore one of its treatment plants within a few days following the storm. It also 
collaborated with the Pennsylvania Department of Environmental Protection to quickly lift a boil water 
advisory. Furthermore, United Water organized a Pennsylvania call center to respond to questions and 
concerns about drinking water system services, responding to over 1,800 phone calls in a single day. 

Continuing to Improve 

All of the United Water systems discussed above conducted post-storm examinations of the actions they 
took during Hurricane Irene in an effort to continue to improve their emergency preparedness and 
ability to respond to storms like Hurricane Irene. These retrospective analyses produced valuable insight 
for the United Water drinking water systems and identified new tools the water systems can use in the 
future.  

Following the storm, United Water identified the potential for communication using social media tools, 
such as Facebook and Twitter, in order to reach out to customers more quickly and effectively. United 
Water also identified additional locations for emergency water stations. 

For future storms similar to Hurricane Irene, United Water will improve its communication strategy by 
conducting pre-storm briefings, communicating with the highway department, and developing a cellular 
coverage map. Each of these approaches will enable the system to send and receive critical information 
to ensure that the necessary parties are equipped with the information they need to respond to the 
storm. The drinking water system will also prepare its incident command teams by organizing 
assignments, shifts, and accommodations prior to the storm. 

Following Hurricane Irene, United Water identified the importance of developing mitigation and 
recovery plans for high-risk facilities. The unprecedented flooding in the area highlighted the importance 
of establishing reliable stream crossings. The systems worked closely with power utilities during the 4-
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day power outage following Hurricane Irene. For future emergencies, United Water will establish a 
single point of contact to ensure efficient communication with the power utility, and will provide critical 
information about its energy needs. Finally, United Water updated the emergency equipment necessary 
to address the specific generator needs for each of its facilities and potential water tanker delivery 
needs. 

United Water’s Environmental Services Group, which has operations and maintenance contracts with 
nearly 100 communities throughout the nation, highlighted the importance of business continuity and 
planning prior to the storm. Safety plans during cleanup should be specific in order to ensure the safety 
of drinking water system staff, and communication procedures within the system should be improved. 
The group also identified the importance of improving clients’ understanding of the economic impacts of 
events like Hurricane Irene. Furthermore, improving coordination with adjacent utilities can ensure the 
reliability of interconnections. 

As a result of the extensive flooding during Hurricane Irene, United Water identified several approaches 
for improving dam management. Availability and accessibility of staff and engineers are critical to 
successful dam management. The water system also emphasized the importance of maintaining 
communication with NJDEP sections of Dam Safety and Water Supply and the Board of Public Utilities. 
United Water hosted internal calls every four hours during the storm and 24 hours following the storm. 
Following these internal calls, United Water provided written updates to regulators such as NJDEP and 
the Board of Public Utilities. Reports from the water system during a storm event are critical for 
regulators to manage the needs of the state and provide information to the governor and other high 
ranking officials. While United Water was in regular contact with New Jersey’s OEM during Hurricane 
Irene; for future emergencies, United Water will likely send a staff member to the county OEM office to 
facilitate face-to-face discussions and coordination with other emergency responders. 

Two additional systems owned by United Water, drinking water systems in Toms River and Princeton 
Meadows, N.J., and a wastewater system in Plainsboro, N.J., identified several lessons learned. These 
facilities utilized the same best practices in preparation for the Hurricane as noted above. While the 
Toms River facilities were designed to withstand a major storm event based on its proximity to the 
coast, Princeton Meadows is located inland and was designed based on the flood hazard zone. As a 
result of Hurricane Irene, the Princeton Meadows treatment facility experienced three feet of flooding 
in the operations building, and the property had approximately six feet of water at the lower levels of 
the property. This represented a more significant flooding event than the facility was designed to 
withstand. United Water Princeton Meadows issued a press release asking customers to conserve water 
in order to minimize the inflow of wastewater to the wastewater system while repairs were being made. 
United Water worked in conjunction with township officials to utilize reverse 9-1-1 to be in touch with 
the community. Princeton Meadows mobilized contractors after the storm to help pump out the facility 
and locate temporary generators, as all of the treatment facilities’ generators were flooded. Additional 
contractors started to remove all damaged equipment and electrical equipment to return the facility to 
normal condition as quickly as possible. As a result of United Water’s fast response, the facility 
maintained compliance with their National Pollutant Discharge Elimination System (NPDES) permit.  

            
Lake Tappan Dam of United Water New Jersey before and during Hurricane Irene. 

-Photos courtesy of Jim Glozzy of United Water New Jersey 
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As a result of their experience during Hurricane Irene, Princeton Meadows will move the new generator 
outside of the treatment facility and elevate it on a platform above the high water mark that occurred 
during Hurricane Irene, protecting the generator from future flooding. Equipment that was flooded is 
also being raised where feasible to protect from future flooding. The wastewater facility staff worked 
well with township officials and emergency teams, which they already had a good relationship with, 
enabling a rapid mitigation to the storm damage and quick communications to customers. United Water 
Princeton Meadows identified that reliable contractor support was key to its emergency response 
success.  

The Toms River facility did not experience damages during the storm; however the facility flooded two 
days after Hurricane Irene hit the community due to coastal flooding and high tides. Due to the location 
of Toms River, the facility was designed to withstand flooding of the magnitude that followed the 
Hurricane; however, in the future, the facility staff will anticipate additional flooding within the first 24 
to 48 hours following a major storm event. 

Conclusions 

It is difficult or impossible to know what impacts a drinking water system will suffer as a result of a 
major storm, and it is often difficult to anticipate exactly the type of extreme weather events or 
emergencies a given drinking water system might face. However, drinking water systems can use this 
report to better understand the range of challenges that they might encounter, as well as 
recommendations for best practices to prepare for future emergencies.  

The lessons learned discussed in this report can be used to develop a more comprehensive emergency 
response plan. Survey respondents, however, indicated that effective emergency preparedness requires 
more than a written plan. Drinking water systems reported that it was important to actively and 
continually prepare for emergencies by regularly maintaining equipment, building partnerships, and 
communicating with other drinking water systems and emergency response teams in advance of a 
storm. Drinking water systems found that they could prepare for the storm financially by working with 
their insurance companies to insure their critical assets that may not be covered by relief funding. 
Diversifying their financial relief sources also helped water systems with their finances after the storm, 
particularly since FEMA reimbursement can take months to receive. 

Overwhelmingly, survey respondents reported that communication within and outside of the drinking 
water system was critical for preparing for and responding to the effects of a major storm event. They 
reported that effective communication spans a wide range of people, including drinking water system 
staff, customers, city and town officials, utility providers, emergency response and supply crews, and 
regulators. Setting up channels of communication before the storm hit helped drinking water systems 
address problems efficiently and effectively as they arose.  

The responses summarized in this report illustrate the need for dynamic emergency response 
preparedness. Specific emergency preparedness needs will vary from system to system, but many of the 
overarching considerations and case studies in this report can provide guidance for how drinking water 
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systems can better prepare for extreme storm events. With adequate planning and preparation, a 
drinking water system will be equipped to address problems as they arise. 
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Appendix A: Survey 

 
Operational and Economic Impacts of Hurricane Irene on Drinking Water Systems 
 

1. Was your drinking water system either operationally or economically impacted by Hurricane 
Irene? 

a. Yes ___ 
b. No ___ 

 
2. If no, please complete the contact information below and submit the survey. You are finished. 

a. Name of Respondent: 
b. Company: 
c. Responding on behalf of (facility name if different than above): 
d. Title: 
e. Telephone number: 
f. Email address: 
g. Water system name and address: 

 
3. If yes, please complete the contact information below and fill out the remainder of the survey 

questions. 
a. Name of Respondent: 
b. Company: 
c. Responding on behalf of (facility name if different than above): 
d. Title: 
e. Telephone number: 
f. Email address: 
g. Water systems name and address: 

 
 
Weathering the Storm 
This section identifies the types of damage and obstacles that your water system and its customers may 
have experienced as a result of Hurricane Irene. 
 

4. What types of impacts did your water system experience due to Hurricane Irene and its 
aftermath? (Please check all that apply) 

a. Loss of power ___ 
b. Loss of water pressure ___ 
c. Loss of water ___ 
d. Loss of storage ___ 
e. Loss of or inability to obtain needed treatment chemicals ___ 
f. Flooded treatment plant(s)___ 
g. Flooded well field(s) ___ 
h. Need to evacuate treatment plant(s) ___ 
i. Communication problems: loss of radios/cell phones ___ 
j. Communication difficulties/challenges with: (Select all that apply) 

i. Water system staff ___ 
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ii. Customers___ 
iii. Law enforcement___ 
iv. Fire department___ 
v. Local emergency management agency___ 

vi. State emergency management agency___ 
vii. FEMA ___ 

viii. State drinking water program___ 
ix. Media ___ 
x. Repair/maintenance crews___ 

xi. Vendors____ 
xii. Mutual aid and assistance partners___ 

k. Difficulty reaching your water system due to road closures, flooding, or debris in the 
road ___ 

l. Physical damage to well house or treatment plant from falling debris, flooding, or power 
outage___ 

m. Loss of well house or treatment plant ___ 
n. Contamination of drinking water sources ___ 
o. Contamination of distribution system___ 
p. Chemical spills or releases___ 
q. Damage to distribution system pipes ___ 
r. Loss of telemetry/SCADA equipment and electrical components ___ 
s. Insufficient or inadequate staff access to facilities ___ 
t. Insufficient staff to repair damages and operate facility ___ 
u. Physical damage to administration buildings due to falling debris, flooding, or power 

outage___ 
v. Other (Please list): 

 
5. As a result of any damage sustained during and following Hurricane Irene, please indicate 

whether you experienced any of the following situations: (Please check all that apply) 
a. Disruption in service due to infrastructure damage____ 
b. Disruption in service due to administrative/data system interruptions___ 
c. Issuance of boil water notices___ 
d. Issuance of “do-not-use” notices ___ 
e. Provision of bottled water ___ 
f. Problems repressurizing the distribution system____ 
g. Loss of revenue from water sales___ 
h. Loss of business systems: 

i. Relocated your administrative services___ 
ii. Authority to approve business functions ___ 

iii. Accounting functions ___ 
iv. Billing functions ___ 
v. Payroll functions ___ 

vi. Purchasing ability ___ 
vii. Permanent loss of data___ 

i. Inadequate facilities/supplies to provide for the needs of staff and emergency 
responders (food, water, sleeping facilities, command centers) ___ 

j. Additional water sampling___ 
k. Lack of available administrative staff ___ 
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l. Lack of available maintenance staff or operators ___ 
m. Other (Please list): 

 
6. As a result of Hurricane Irene, were any of your critical customers and services impacted? 

(Please check all that apply) 
a. Hospitals or other medical facilities___ 
b. Fire suppression___ 
c. Emergency responders___ 
d. Food processing/restaurants ___ 
e. Critical industrial customers___ 
f. Homeowners/water customers___ 
g. Shelters___ 
h. Wastewater/sanitation services___ 

 
7. Did you provide any pre-hurricane notification of emergency response actions or instructions to 

your customers? 
a. Yes ___ 
b. No___ 

 
8. Did you provide any post-hurricane notification of emergency response actions or instructions 

to your customers? 
a. Yes ___ 
b. No___ 

 
9. How long was it before your system was fully operational following Hurricane Irene? 

a. Our water system was fully operational throughout and following the storm ___ 
b. Less than 4 hours ___ 
c. 4 hours to 1 day ___ 
d. 1 to 3 days ___ 
e. 3 days to 2 weeks ___ 
f. 2 weeks to 1 month ___ 
g. More than one month ___ 

 
10. How long was it before all damages to your water system resulting from Hurricane Irene were 

repaired? 
a. No damage was sustained by the storm ___ 
b. Less than 4 hours ___ 
c. 4 hours to 1 day ___ 
d. 1 to 3 days ___ 
e. 3 days to 2 weeks ___ 
f. 2 weeks to 1 month ___ 
g. More than one month ___ 

 
11. Please provide any additional comments: 
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12. Please discuss any lessons that you learned as a result of weathering and responding to 
Hurricane Irene. If possible, please discuss these lessons learned in terms of your water system’s 
equipment, systems, materials and supplies, personnel, and finances.  

 
 

Financial Impact of the Storm: 
The following section is intended to quantify the financial impact of the Hurricane to your water system. 
You will be asked to provide estimates of the costs incurred to your water system as a result of the 
Hurricane. 
 

13. Please quantify the following costs: 
a. Direct damages to your infrastructure: 

i. Emergency response activities $____ 
ii. Repair of water treatment/storage/distribution system equipment or 

components $____ 
iii. Replacement of water treatment/storage/distribution system equipment or 

components $____ 
iv. Use of standby or alternative generators or other types of energy sources to 

restore power $____ 
v. Loss of chemical supplies $___ 

vi. Additional costs not captured above (Please describe): 
b. Disruption in service costs: 

i. Provision of bottled water $_____ 
ii. Loss of revenue from customer water sales $_____ 

iii. Additional costs not captured above (Please describe): 
c. Loss of administrative functions (e.g. billing, payroll, purchasing) $____ 

14. Please provide a total estimate of the cost impacts to your water system, if available $_____ 
 

15. Did you seek reimbursement for your costs incurred as a result of the Hurricane? 
a. Yes ___ 
b. No___ 
c. Do not know___ 

 
16. If you did seek reimbursement, from who did you request reimbursement? (Please check all that 

apply) 
a. Insurance 
b. FEMA 
c. State 
d. Do not know 
e. Other:  
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17. If you did, what percentage of the costs incurred by the impacts of Hurricane Irene were you 
able to recover (e.g., through your insurance, FEMA, other funding sources)?  

a. 0% ___ 
b. 1-25% ___ 
c. 26-50% ___ 
d. 51-75% ___ 
e. 76-95% ___ 
f. 95-100% ___ 

 
18. Has the financial burden from the Hurricane impacted your debt service obligations?  

a. Yes ___ 
b. No___ 
c. Explain:  

 
19. Have your operating costs increased (or decreased) as a result of Hurricane Irene (e.g., increased 

insurance fees or deductibles, increased maintenance costs) 
a. Increased ___ 
b. Decreased ___ 
c. Stayed the same ___ 

 
20. If your operating costs have increased or decreased, by what percent did they do so? 

a. 1-10% ___ 
b. 11-25% ___ 
c. 26-50% ___ 
d. 51-75% ___ 
e. 76-100% ___ 

 
21. Please provide any additional comments: 

 
 
Resource Sharing 
The following section will ask you a series of questions regarding whether or not you were able to share 
resources with other water systems. 
 

22. Were you able to provide resources (e.g. equipment, personnel) to other water systems in need 
during and following Hurricane Irene? 

a. Yes ___ 
b. No___ 

 
23. If yes, what did you provide and through what mutual aid mechanism (e.g. WARN, other)? 

 
24. If no, why not? 

 
25. What beneficial partnerships did you establish during your response to the Hurricane that you 

would call upon in future emergencies? 
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Emergency Preparedness and Business Continuity Planning 
This section addresses the tools available to your water system to prepare for and weather an 
emergency. 

 
26. Do you have a written emergency response plan? 

a. Yes ___ 
b. No___ 
c. Do not know____ 

 
27. If yes, did it provide adequate guidance and direction to address this emergency situation? 

a. Yes ___ 
b. No ___ 
c. It was adequate, but we are improving it____ 
d. Not applicable____ 

 
28. What changes are needed? 

 
29. Were these changes/actions documented in an After Action Report? 

a. Yes ___ 
b. No ___ 
c. Do not know____ 

 
30. Do you regularly conduct drills to exercise your emergency response plan? 

a. Yes ___ 
b. No____ 

 
31. Prior to Hurricane Irene, had you: 

a. Identified the potential vulnerabilities of your most critical assets? 
i. Yes ___ 

ii. No____ 
iii. Do not know____ 

b. Taken steps to secure those critical assets? 
i. Yes ___ 

ii. No____ 
iii. Do not know____ 

 
32. Prior to Hurricane Irene, was your utility: 

a. Part of your city’s or town’s incident command structure (ICS) or emergency operations 
center (EOC)?  

i. Yes ___ 
ii. No____ 

iii. Do not know____ 
b. If not, are you now? 

i. Yes ___ 
ii. No____ 

iii. Do not know____ 
c. A member of your state’s Water/Wastewater Agency Response Network (WARN)? 

i. Yes ___ 
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ii. No____ 
iii. Do not know____ 

d.  If not, are you now? 
i. Yes ___ 

ii. No____ 
iii. Do not know____ 

 
33. Have you had ICS training? 

a. Yes ___ 
b. No____ 

 
 

34. Do you have redundancy or back-up equipment for your most critical assets (e.g. source, critical 
mains)? 

i. Yes, all of them ___ 
ii. Yes, some of them ___ 

iii. No ___ 
 

35. Can you estimate the cost associated with maintaining asset redundancy and/or back-up 
equipment? $____ 
 

36. Do you have a written business continuity plan? 
a. Yes ___ 
b. No___ 

 
37. If yes, did it provide adequate guidance and direction to address this emergency situation? 

a. Yes ___ 
b. No ___ 
c. Not applicable 

 
38. If no, what changes are needed or what lessons did you learn? 

 
  
Closing 

39. Would you be willing to provide additional details of your experience through the development 
of a case study for this project? 

a. Yes ___ 
b. No___ 

 
40. Would you be willing to discuss your experience in a WaterRF-sponsored webinar to 

subscribers? 
a. Yes ___ 
b. No___ 
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Appendix B: Sample After Action Report 

The following After Action Report outline was provided by Norwich Public Utilities, Connecticut, as an 
example of the actions they took following Hurricane Irene.  

1. Pre-Storm Checklists: 

• Update Pre-storm Checklists with lessons learned 
o Temporarily Up P Card Limits and remove restrictions 
o Station Chainsaws at Plants  
o Backup gasoline supplies tested and communicated prior to storm 

 Public Works 
 Private stations 

o Make sure that plants have up to 3 days supply of food prior to storm 
o Perform radio checks day before storm will all facilities and vehicles 
o Add communicate with BL&P CL&P account representative prior to storm 
o Add procure 3 days of food for all locations. 
o Add obtain batteries and flashlights  
o Communicate to people about grinder pump operation. (Community Matters) 

2. Emergency Plans 

• Update ICS plans with lessons learned from storm 

• Communicate safety chain of command 

• Issue Storm chart Org chart with backups 

• Other resources allocated through ICS  
o Generators 
o 100 gallon Fuel Tank 
o Light trailers 

• Procedure / Guideline for declaring NPU emergency 
o When to implement ICS plans and checklists 
o Standby arrangements 
o Required employees and directions on reporting to work 
o Retirees, contractors and mutual aid 
o Payroll 

 OT arrangements 
 Supervisor training 
 New timesheets including 

• Time worked 

• FEMA Accounting and Categories 

3. Stockroom 

• Procure more air mattresses 
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• Have additional cell phone vehicle chargers on hand 

• Add more staff in stockroom during storm 
o Use as runners and loaders 

• Have necessities available for employee families (Water, flashlights cots etc.) 

4. Contractor and Mutual Aid  

• Create system overview, standards and safety guidelines package 

• Train all contractors and mutual aid crews prior to starting work 

• Improve checking in / checking out procedure 

5. Communication Improvements 

• Investigate communication systems or tools for coordinating Field control room and EOC 

• Post storm status in public areas for crews and employees  

• GIS map updated and available CS & EOC  

• Hold morning tailgates prior to starting work day 

• Radio communication 
o Primary channel for emergency 
o Secondary channel for all other 

• Engage new tools - Twitter, Face book, outbound calling, website other 

• PowerPoint updates in lunchrooms and EOC 

• Provide customers with pre storm communication and safety information  

6. Damage assessment teams 

• Utilize crews of two whenever possible. 

• Provide sectionalized circuit maps for assessment teams 

• Train additional people (Meter readers and others) and utilize non-trained as drivers 

• Investigate Trimble handhelds as solution for communicating damage 
o GIS 
o Photo 
o Description with pull down menu 

7. EOC improvements: 

• Increase clerical staffing 

• Train in ICS, roles and responsibilities, with all necessary departments present 

• Perform tabletop drills more frequently 1-2 times per year 

8. Facilities Hardening: 

• Investigate Hurricane Windows or shutters for EOC 

• South Golden Street Generator 
o Research larger generator for entire facility 
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o Identify and reallocate power on SG Generator 

• CNG Generator 

• Install generator at Royal oaks pump station 

• Fiber system on generators 

• At plants test generators under load monthly 

• Obtain sandbags in advance 

• Add transfer switch and quick generator connect at well site 

9. Equipment 

• Additional portable light trailer / generator 

• Individual tracking of assignments and equipment used 
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