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THE PETERBOROUGH Flood – FROM THE INSIDE

D. E. Burritt1
1.  Engineering Services Department, Otonabee Region Conservation Authority, Peterborough, Ontario, Canada

Abstract: Like most cities in Ontario, the City of Peterborough was settled on the floodplain of a major river.  Land use patterns resulted in substantial watercourse and floodplain alterations and aging infrastructure.  On July 14, 2004, municipal flood vulnerability was exposed due to an unprecedented severe storm system.  Rainfall receipts varied from 115 mm to 235 mm in 40 hours across the City; values well in excess of 100-yr municipal design standards, and similar to rainfall distributions applied for flood standards.  Flood impacts exceeded $100 million against an assessment base of $5.7 billion and 3,900 disaster relief claims, the most expensive disaster for this municipality.  Extensive coordination was required with many non-governmental relief organizations to manage response efforts.  This flood event resulted in extensive re-evaluation of flood emergency management processes within the municipality.  The observations from this re-evaluation are presented as three (3) main themes: communications, emergency preparedness, and, flood forecasting and analysis.  Strategies to implement these observations will result in more reliable identification of possible flood emergencies, as well as more efficient emergency response.  Substantial engineering analyses are required to identify strategies that balance engineering feasibility, costs, and community acceptance.
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1. Introduction

The City of Peterborough is a community of 70,000 people situated in the Kawartha Lakes region of Eastern Ontario, northeast of the City of Toronto and west of the City of Ottawa.  Within the 54 square kilometer area, there are 30,300 permanent homes and 11 farms (City of Peterborough, 2004).

The City was settled on the plains of the Otonabee River, amidst the physiographic features of the Peterborough Drumlin field1. The Otonabee River, the largest river in the area, runs from north to south, and bisects the municipality.  There are eight (8) other watercourses that traverse the City and eventually outlet into the Otonabee River; four (4) to the west of the Otonabee River, and four (4) to the east of the Otonabee River.

The rivers to the west of the Otonabee River, from north to south respectively, are: Riverview Creek; Bears Creek; Jackson Creek; and, Byersville Creek, of which Jackson Creek is the largest.  Jackson Creek runs through the downtown area, and is the only river with real-time accessible stream discharge information.  These streams are highly altered and developed within the boundaries of the urban area, resulting in very rapid flood response times.

The rivers to the east side of the Otonabee River, from north to south respectively, are: Thompson Creek; Curtis Creek; North Meade Creek; and, South Meade Creek, of which South Meade Creek is the largest subwatershed.  These watercourses tend to respond more slowly than those on the west side of the Otonabee River.

As part of a Flood Risk Mapping study, the floodplains for all watercourses were established, based on standardized criteria.  Floodplain mapping, as illustrated by the black dashed line, on Figure 1 indicates that there are substantial portions of the municipality that are vulnerable to flooding.

Within the developed urban areas, flows are conveyed to watercourses by a network of storm sewers and overland flow routes.  However, aging infrastructure, insufficient storm sewer capacity and poorly defined overland flow routes can all contribute to urban flooding events (UMA, 2005).

The combination of drumlin characteristics, highly altered watercourses and floodplains, aging infrastructure, and historic land use patterns all contribute to increased flood vulnerability.  While flood standards and flood occurrence probabilities for the watercourses are well known, vulnerabilities in the urban area were not.  Further, the actual consequences of flooding do not appear to have been thoroughly understood until after the flood event of July 14-15th, 2004.

1.1 The Flood Event

On the afternoon of July 14, 2004, Environment Canada issued a heavy rainfall warning for the southern Peterborough County and Kawartha Lakes forecast region, which includes the City of Peterborough.  Forecasted 24-hour rainfall amounts of 40-70 mm were predicted overnight; the higher amount of 70 mm expected only if thunderstorms were to occur.

Upon receipt of this weather forecast, the Otonabee Region Conservation Authority, the agency responsible for flood forecasting in this region, completed a local flood forecast.  In addition to the forecasted rainfall, other risk factors were considered, including:

· Stream levels – Water levels were at typical summer conditions (less than 2 m3/s) and well below flood thresholds.

· Soil Conditions - Soil conditions were calculated to be in the “average” range (a value of 22 on a scale of 11 to 31), using Ontario’s Antecedent Precipitation Index (API) method (OMNR, 2007].

Flood risk assessment concluded that there was a possible risk of flooding in low-lying areas adjacent to watercourses.  A Flood Safety Bulletin (FSB) was issued to local municipalities, including the City of Peterborough, and to the public, to advise that river levels would increase and pose a public safety concern.  Significant flooding was not expected at the time; however, severe weather forecasts and stream conditions were monitored at frequent intervals following issuance of this FSB. 

The stability of the storm system proved somewhat variable, as at 7:07 p.m., the heavy rainfall warning was cancelled and at 11:50 p.m. it was re-issued.  The forecasted precipitation was for 50 mm, with occasional thunderstorms producing higher amounts locally; a forecast reasonably within the previously determined flood risk assessment.  There was no understanding that the local amounts produced would be at least double the forecasted volumes. 

However, by about 2:00 a.m., many citizens were experiencing sewage backups in their basements and contacted the municipality for assistance.  Receipt of public complaints became the primary form of notification that severe flooding was occurring throughout the municipality.  As the number of calls for assistance increased, and the types of problems broadened, the municipality invoked its Emergency Control Group.

By about 8:00 a.m. on July 15th, the storm system was moving out of the area, but the aftermath of the severe rainfall was clearly visible.  Most roads, particularly in the downtown area, were impassable due to the depth of standing water and to debris accumulation.  Power supply was inconsistent across the City, resulting in numerous and scattered power failures.  The reliability of both landline and cellular phone networks was uncertain.  Sewage backups and overland flooding into homes resulted in hydro disconnects for approximately 650 homes.  Beavermead campground, located at the confluence of South Meade Creek and the Otonabee River, and full of campers, was completely inundated.  The municipal sewage treatment plant was reporting loss of treatment capability and was discharging raw sewage directly into the Otonabee River.  Approximately 60 residences downstream of the discharge point were self-evacuated [City], and boil water advisories were issued.  The shaded, or red, areas on Figure 1 illustrate the extent of affected properties within the municipality.  This summary, produced after the flood event, is not a complete list of all properties; rather, it depicts only the property owners that requested any form of assistance from the municipality.  The size of the red blocks represents only the parcel fabric size; it does not represent severity of the impact.  It is interesting to note that the majority of affected properties were located outside of river floodplains. 

A quick review of river conditions at 8 a.m. revealed that seven (7) of the nine (9) watercourses in the City were in full flood condition, namely: Riverview Creek; Bears Creek; Jackson Creek; Byersville Creek; Curtis Creek; North Meade Creek; and, South Meade Creek.  Gauged water levels on Jackson Creek had been extremely high but had already peaked.  In fact, recorded levels on Jackson Creek were so high that it was known on the morning of the flood event that all previous records had been exceeded and discharge values could not be reliably computed.  Water levels for the four watercourses west of the Otonabee River were reported to be decreasing.  In contrast, water levels on the watercourses to the east of the Otonabee River were still rising, and did not peak until the evening of July 15th.  Field inspection suggested that floodplain limits might have been exceeded in certain reaches of some of the watercourses.  Of all the watercourses flooded, Jackson Creek and Curtis Creek appeared to produce the most damages.

Reliable anecdotal information at 9 a.m. on July 15th reported rainfall amounts of approximately 150 mm across the municipality.  These results were generally consistent with the level of flooding occurring on the watercourses.  To further complicate response efforts, weather forecasts for July 15th and 16th predicted another thunderstorm system that could generate an additional 60-90 mm of rain.  This forecast was an important consideration for the responses organized by the emergency control group.

Updated flood risk assessments concluded that while severe flooding was occurring, there was also a significant risk of recurrence during the subsequent 24 hours.  A flood warning message was issued for the City of Peterborough.  This message reflects the most severe flood concern, and is issued when flooding is imminent or occurring, and when municipalities must take appropriate actions to assist their citizens.

By 7:00 a.m. on July 15th, the municipality declared a state of emergency.  Three (3) adjacent municipalities also declared states of emergency.  This declaration allows the municipality to access any provincial resources and disaster relief funding.  A group of provincial agency representatives attended the municipal emergency management centre to provide local field support for social services, emergency management, infrastructure, and damage assessments.  Disaster relief assistance was offered immediately from other municipalities and non-government relief agencies.

Most roads remained impassable on July 15th.  Most downtown businesses were severely flooded, and all were closed.  City departments, notably Social Services, Public Works and the Fire Department, were overwhelmed in responding to continued calls for assistance.  The municipality issued frequent public information notices to inform residents of the latest conditions, and to direct them to the appropriate support services.  The municipality’s Public Information Centre was manned for continual operations (i.e. 24/7), and processed 13,000 calls over the following 17 days.

By Friday July 16th, water levels in all watercourses had receded back within their banks, and the flood event had ended.  However, recovery activities were only starting.  At this time, there was no real understanding of the significance of the impacts and the length of time it would take the community to recover.  Field assessments by agency and municipal staff revealed substantial damages to private and public infrastructure, including underground services.  Monitoring and documentation efforts targeted the condition of storm and sanitary sewer systems, especially the sewage treatment plant, and roads.  Response and recovery efforts were focused on providing evacuation centers and social support networks, managing relief volunteers and managing public information centers.

1.2 Post-Event Impacts

Post-event assessment by the municipality revealed the following damages:

· Approximately $19 million in direct and indirect damages to public infrastructure, including $14 million damages to roads alone;

· No lives were lost.  However, in excess of $100 million total damage (against an assessment base of $5.7 billion).  This value does not include damages to private property since damages due to surface flooding are not considered insurable losses in Ontario;

· 3,900 claims for disaster relief funding filed to the Province;

· 6 buildings were evacuated, including a seniors residence;

· 28 medical emergencies;

· 1,868 basements pumped;

· 196 rescues;

· 1,000 gas and 500 electrical disconnects;

· 12,500 metric tonnes of garbage produced (against a normal of 3,000 metric tonnes);

· 54 million gallons of sewage on the day of the event (against normal loading of 10 million gallons per day) and 16 million gallons per day 1 month later;

· 4 evacuation centres opened;

· Emergency food issued to more than 1,000 households;

· More than 10,000 meals served by the Salvation Army;

· More than 4,000 household cleaning kits and 500 personal care kits issued by the Red Cross;

· Emergency clothing issued to 1,300 people;

· Emergency financial assistance provided to more than 100 households; and,

· Co-ordination of 503 volunteers providing 8,400 person hours over 12 days.

The impact on the community from this short-lived, but intense, flood event was unprecedented for the municipality.  Intensive de-briefings after the event identified a number of substantial lessons learned for the public agencies involved.  Highlights of these lessons learned are discussed in the following section.

2. OBSERVATIONS

This flood emergency was a sobering experience of the impact of floods on communities.  De-briefing and post-event analysis of numerous elements of the flood event led to a number of significant lessons learned.  The “lessons learned” are presented in three (3) themes: communications, emergency preparedness, and, flood forecasting and analysis.

2.1 Communications

Flood emergency de-briefing identified a number of deficiencies with respect to communications.  For example, the municipality must rollout emergency information quickly via all media outlets.  Statistics, stories, pictures, required actions and directions all provided a sense of normalcy and control for the public.  The public must be given the ability to participate in the emergency response and recovery efforts.

The municipal public information centre processed 13,000 calls over 17 days.  Municipal employees normally dedicated to other tasks staffed the centre.  As a result, there was a great deal of stress on these employees to manage their new responsibilities.  These employees experienced a tremendous amount of transition stress once they returned to their regular duties.  The municipality identified this transition stress as a significant concern to be addressed in subsequent planning processes. 

The municipality has since upgraded its public information centre to a secure and dedicated facility separate from the emergency operations centre.  New hardware and software systems, including backup power supplies, have been upgraded.  Policies and procedures have been established to improve staffing and scheduling systems, including improved staff training.

During flood emergencies, municipal and provincial emergency personnel must work collaboratively to manage the emergency.  While the local municipality is always “in-charge” of the local emergency, there must be clear and timely communication to provincial support agencies so that resources and logistics can be provided in time.

2.2. Emergency Preparedness

The municipal experience with this flood event identified deficiencies with the current emergency plan.  Although there were emergency plans in place, there was no dedicated and fully functional emergency operations centre available.  Similarly, the emergency plan did not specifically address flood emergencies.

The lack of dedicated emergency operations space resulted in inefficiencies between agencies for communications, particularly presentation and discussion areas (“war rooms”).  There were also concerns for security of power supplies and admission procedures for participants of the control group.  

The municipality has now established fully functional, secure and dedicated emergency operations and training centre, complete with backup communication and power supply systems.  The new control centre would have improved the operations and coordination significantly during the flood event.

With respect to the emergency plan, a number of improvements have been made.  An administrative committee oversees the development and implementation of all aspects of the emergency plan.  The new emergency plan has made specific provisions for:

· Standing agreements and contracts for provision of emergency accommodations, food services, hardware supplies and bank accounts;

· Mutual aid agreements with neighbouring municipalities to share and cross-train staff.  In case of emergency, the municipality could draw on the resources of their neighbours, allowing them to service staffing and resource needs;

· New internal policies detailing provisions for shift-work and overtime hours, meals and accommodations;

· New policies to clarify the roles of volunteers.  In particular, the municipality learned that it needed to control the amount and qualifications of external help.  Coordinating volunteers consumed a lot of staff resources, so the plan ensures that the volunteers and/or organizations to be managed are experienced and require minimal supervision;

A specific flood emergency plan is under development with all partner agencies.  The plan will address the roles and responsibilities of each partner during flood events of any kind.  Discussions continue to ensure that objectives, tools and products, policies and processes are focused and effective.

2.3 Forecasting and Analysis

One of the concerns arising from this event was the inability to receive updated information in a timely fashion.  As a result, the forecasting agencies were unable to warn the municipality of the impending severity of the event prior to its occurrence.  Further, there is some indication that rainfall amounts of the magnitude experienced in Peterborough cannot be reliably forecasted.  The result is a situation where flood forecasts may have high degrees of uncertainty and/or result in decreased emergency response times.  In turn, limited response times increase reliance on predictive techniques and monitoring networks.

Currently, flood forecasting in Ontario does not explicitly define or include flood potential in urban areas beyond river floodplains, particularly for possible impacts due to sanitary sewer backups and overland flooding.  While the production of runoff and/or peak flow forecasts considers the effect of urbanization, predictions of resulting water levels and flooding are limited to rivers as the ultimate receivers of urban runoff.  As a result, emergency response personnel typically must apply an ad-hoc approach of allocating resources based on locations and types of complaints received by the public, and/or by reliance on corporate memory.  

The current provincial API method used as a “rule-of-thumb” to estimate runoff volumes is inadequate to represent urban flooding concerns; new techniques are required.  The municipality and conservation authority are in the process of identifying the locations and causes of urban flooding.  Then, appropriate prevention, mitigation or emergency response strategies can be developed.  Prevention and mitigation strategies would be implemented through municipal capital budgeting or administrative processes, while emergency response strategies would be implemented through the municipal emergency plan.

With respect to river flooding, flood forecasts can only be as accurate as the weather forecasts.  The extent of flooding can only be verified by collection of adequate field data for inundated areas and elevations, stream discharge information, and, rainfall amounts and distribution.  To review the reasonableness of flood standards, forensic analysis must move backwards from recorded levels, to discharge to runoff then to rainfall.   This is the opposite process from the methods by which flood levels are normally established.  However, such analysis is difficult to complete with confidence due to incomplete high water marks, debris effects in gauging data, spatial and temporal variability in recorded rainfall, and typical hydrologic and hydraulic modeling assumptions.

The municipality and conservation authority have commissioned the development of new forecasting methods.  Predictive riverine flooding models will transform forecasted rainfall and/or snowmelt predictions to estimated river levels by applying specific rainfall distributions, isochronal hydrograph methodology and steady-state hydraulic rating curves.  In urban areas, rainfall runoff relationships are being established using hydrodynamic models and typical return period rainfalls.  Geographic information systems (GIS) are being utilized to generate maps of multiple stages, or zones, of flood vulnerable areas for both urban drainage and river floodplains.  Once each zone is identified, hydraulic analyses will be relied on to produce an understanding of the severity of the hazard(s), and to guide development of appropriate response plans.  Rainfall and physiographic conditions can then be monitored as triggers to flooding, and detailed flood forecasts produced, and improved messages issued to affected municipalities and the public.

Monitoring networks are required to produce the data needed to establish initial starting conditions for flood forecasts, and to monitor the actual responses of the rainfall system, urban drainage network, and river levels.  They should never be intended to replace judgment and decision-making by the forecaster or emergency responder.  However, network design is critical to ensure that appropriate types of monitoring equipment, density, and notification systems are adequate.  In Ontario, the design, operation and maintenance of the appropriate networks requires collaboration amongst multiple agencies, from federal to municipal.  In 2004, the hardware alarm systems malfunctioned; this requirement still has not been reliably satisfied, and alternative methods are under investigation.  Automated communication protocols must also target the appropriate individuals.  Monitoring systems should also provide for receipt of observations from members of the public.  Volunteer monitoring networks are under consideration as a useful tool to gather supplemental information.  Continued improvements in technology, such as text messaging and RSS feeds, will improve notification of relevant information to flood forecasters.

Forensic radar rainfall analysis was conducted following the event.  Generally, the analyses concluded that the radar underestimated the actual rainfall volumes but adequately represented the spatial distribution of the rainfall.  Application of real-time radar monitoring and notification systems was investigated, but remain cost-prohibitive at the local level at this time. 

The municipality has also commissioned engineering analyses to identify flood reduction options for each drainage basin.  Deliverables from these studies include revised floodplain mapping, including vulnerable urban areas, identification of infrastructure and/or watercourse improvements, development of new development policies, and, engineering design standards.  All studies are to be completed by 2009.  The municipality will then develop an overall prioritization strategy for implementation through its capital budgeting program.

3. Conclusions

In conclusion, the severity of the forecasted rainfall was significantly underestimated.  The resulting impacts were unprecedented for the City of Peterborough.  Observations in areas of communications, emergency preparedness and forecasting and analysis identified improvements that will prepare the municipality for lesser damages and better response for future flood scenarios.  Substantial engineering analyses are required, and must be undertaken with public consultation in order to determine the appropriate level of protection that is economically feasible for the community.

4. Acknowledgements

The author is grateful to Environment Canada for the weather data and subsequent meteorological analysis of the storm event.  

A special thanks is extended to colleagues at Otonabee Region Conservation Authority and the Ministry of Natural Resources, for their assistance in compiling historic information from many sources in the preparation of flood impacts and statistics.

Special thanks are further extended to staff at the City of Peterborough for their data and statistics, opinions, and guidance.

5. References

Chapman, L.J. and Putnam, D.F.. 1984.  The Physiography of Southern Ontario: Third Edition. Government of Ontario, Ontario, Canada.  

Jobin, D.. 2005. July 2004 Peterborough Flood Study.  Kiji Sipi Ltd., Ottawa, Ontario, Canada.

Klaassen, J. and Seifert, M.. 2006.  Extreme Rainfall in Ontario: The Summer 2004 Storms Study. Meteorological Services of Canada, Environment Canada, Downsview, Ontario, Canada.

Worsley, B..  2005.  City of Peterborough Flood Reduction Master Plan. UMA Engineering Ltd., Toronto, Ontario, Canada.

[image: image1.png]Institute for
Catastrophic Loss

Reduction —




Figure 1: July 2004 Flood Impacts
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