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Tony Blouin, PhD.
Acting Director, Environmental Management Services

DATE: February 17, 2006
SUBJECT: Union Street Flooding
ORIGIN

At the North West Community Council Meeting of January 26, 2006, Item No. 4.17, a motion was
passed stating “Councillor Goucher advised that he received a final report, commissioned by HRM,
from SGE Acres. Motion passed to have the report forwarded to the Bedford Waters Advisory

Board and staff for review and comment.”

RECOMMENDATION

It is recommended that Community Council forward this matter to Regional Council for
consideration amongst other capital priorities as part of the 2006/07 Capital Budget deliberations.

BACKGROUND

The rainfall event of March 31, 2003 was extreme, and resulted in flooding of many properties
throughout the Halifax Regional Municipality, and in other parts of the Province. One area that was
affected was Union Street in Bedford, located adjacent to the Sackville River. A number of homes

on Union Street experienced property and/or basement flooding.
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On September 30, 2004 and on January 11, 2005 staff forwarded to the North West Community
Council information reports (see attached) on this issue. Subsequently Councillor Len Goucher
requested that Environmental Management Services engage an engineer to investigate the concept
of raising the effective height of the bank of the Sackville River, adjacent to Union Street, in order
to provide additional flood protection to approximately 25 homes which are located in the
floodplain. The study was to also investigate the possibility that recent high flow events indicates
a trend of increased frequency of extreme events.

SGE Acres Limited was retained to undertake this study. Their report, Union Street Flood Control,
has been completed and has been circulated to the North West Community Council and the Bedford

Water Advisory Board (BWAB).

DISCUSSION

Staff have reviewed and accepted the contents of the SGE Acres Limited report. The following is
a summary of the key findings:

- Presently some homes on Union Street could experience flooding during the 1 in 5 year
exceedance probability event, that is, a 20% probability in any given year that the flood
would be equalled or exceeded.

- Raising the effective height of the bank of the Sackville River by 600 mm should protect the
residences from a 1 in /20 year exceedance probability event and this would have a
negligible effect on flooding of structures on the opposite side of the River and upstream
structures. It is expected that water levels in these areas would increase by one or two
centimeters (approximately 3/4 inch). Ifraising the effective height of the bank (via concrete
blocks or other means) is to proceed, an engineering design should first be undertaken.

- A statistical analysis concluded that, based on historical data, there has not been an increase
in the frequency of extreme events. Recent high flow events are likely due to the natural

variability of flows.

Throughout the past three years that this project has been discussed between Councillor Goucher and
staff, Legal Services has consistently maintained that HRM is not legally responsible or liable to
provide the proposed flood protection measures at Union Street. Accordingly, Environmental
Management Services has assigned a low priority (Category 5, in accordance with Regional
Council’s Priority Rating Process) to this project. As a result, given the severe under funding of
wastewater/ stormwater works in HRM, the Union Street project continues to fall outside of
Regional Council’s annual capital funding envelope.

Staff certainly empathize with the flooding faced by the homeowners on Union Street and staff fully
understands why Councillor Goucher wishes this project to proceed immediately and be constructed
prior to Spring, 2006. This project is not currently within the 05/06 Budget and therefore must
proceed to Regional Council for consideration and removal of offsetting capital funds from the 05/06

Budget.
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At this late date, staff are not confident that this project can be approved by Regional Council,
funded, tendered, designed and built prior to Spring, 2006. As a result, staff recommend that
Community Council forward this matter to Regional Council for consideration amongst other capital
priorities as part of the 2006/07 Capital Budget deliberations.

Should both Community and Regional Councils wish to proceed with the project, staff recommend
that the next step would be to engage an engineering firm to provide an appropriate design. A
properly engineered design is required to mitigate against a failure of the new system. The potential
consequence of a failure of this type of system can be significant (ie. catastrophic mode of failure
resulting in a wave of water) and if HRM was found to be negligent in how the improvements were
undertaken then HRM could be liable for damages. The engineered design would provide detail as
to how to add 600 mm (24 inches) in height to the existing 200 metre (650 foot) long berm (via
concrete blocks, earth fill, etc.) and confirm the overall stability of this new configuration.
Preliminary estimates for the complete project (assuming earthen fill) are in the range of $200K to
$250K, excluding contingency funds. Prior to proceeding with this work, the status of land
ownership and easements would need to be confirmed. Staff have made a preliminary review and,
at this time, it is unknown if HRM has the legal right to access all land along the alignment of the

existing berm.

There are many homes located within floodplains in HRM. Proceeding with the Union Street project
could potentially raise expectations among citizens that Council intends to fund a program of flood
protection measures for all homes located within HRM floodplains. Staff does not know the extent
of these areas but expects that it may be vast, and a flood protection program would be a very
substantial cost to HRM.

If it is Regional Council’s objective to provide flood protection for residents throughout HRM, then
it may be a consideration to investigate the option of a larger water control structure project upstream
on the Sackville River. Such a structure might provide better value for money in terms of providing
flood protection for many more potentially impacted properties within this floodplain.

BUDGET IMPLICATIONS

None directly resulting from this report.

FINANCIAL MANAGEMENT POLICIES / BUSINESS PLAN

This report complies with the Municipality’s Multi-Year Financial Strategy, the approved Operating,
Capital and Reserve budgets, policies and procedures regarding withdrawals from the utilization of
Capital and Operating reserves, as well as any relevant legislation.

ALTERNATIVES

Community Council could forward this matter for consideration by Regional Council as an addition
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to the 05/06 Budget. Staff are not optimistic that the project can be properly completed prior to
Spring 2006 and therefore recommend that this project be given appropriate consideration by
Regional Council during the 2006/07 budget deliberations.

ATTACHMENT

1. Information Report - September 30, 2004
2. Information Report - January 11, 2005

Additional copies of this report, and informpion on itg,status e obtained by contacting the Office of the Municipal Clerk at 490-

4210, or Fax 490-4208.

Report Prepared by:

vid Ellis, P.Eng., Sr. Environmental Engineer 490-6716
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Dirgetor, Emdmn)ngum’f/lanagemem Services
DATE:  August, 2004
SUBJECT: Upijoh Street Flooding
[NFORMATION REPORT
ORIGIN

i

September 23, 2003, Ttem No. 12.1 - Request

At the North West Commmunity Council Meeting of
Union Street Flooding.

for Status Reports, & motion was pasged requesting a statvs teport On

BACKGRQUND
The rainfall event of March 31, 2003 was sxaeme, and tesulted in flooding of many properties

throughout the Halifax Regional Mumicipality, and in other parts of the Province. One are2 that was

affected was Union Street in Bedford, located adjacent o the Sackville River. A number of homes

on Undon Street expericnced property and/or basement flooding.
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HRM staff has analyzed thie reinfall data collected by Environment Canada for the March 31 rainfall

ovent. Fora watershed the size of the Sackville River watsrshed, this rainfall was approximately

equaltoalin 15 year rainfall event. A review of the weather recotds preceding the storm indicates
thar other factors (€& high water Jevels in lakes and rivers, wet ground and spowmelt) contributed -
to the actual stormwaler munoff being mmuch greater than that normally expected from a 11n 15 year

avept

StafFhasreviewed flow data from ap Environment Ceneda monitoring station located near the mouth
of the Sackville River. This data indicates that the peak messured flow rate at the mouth of the
Sackville River was approximmly equal to the 1 1n 100 year flow estimeted for the Sackville River
inthe hydro—technical study conducted by the Canada-Nova Scotia (CN S) Flood Reduction Program,
The peak flow at the measuring station occurred: at approximately 11:30 pm on March 31, 2003.

The Undon Street properties which fooded are located within the 1 in 100 year floodplain of the
Sackville River, identified jn the CNS Hydro-technical Study. It is therefore predictable that these
properties would have flooded during the March 31,2003 event, 2s-2 result of the flood levels in the
Sackville River and the floodplain where these homes are located. ‘

It ia the understanding of staff that the drainage ditch that runs along the back of the properties on
the east side of Union Street flooded on March 31%. The drainage ditch was upgraded in 1996 as 2
cost-ghared project with & Jocal developer, Redden Brothers, who weze developing land in the local
watershed at that time. The ditch was intended to carry stormrwater from the watershed and convey
' that stopmwater to the Sackville River. The upgrading work was not intended to contro] flood weter
from the Sackville River, although the outfhll of the storm system was extended to reduce to Some

extent the impact of the river o the ditch-

Also, a berm wWas constructad soﬁth of the Union Street access road into Bedford Place Mall at that

time, in oxder for the contractor to gain aceess to Carry out a portion of the upgrading work on the
diteh. The berm was ot intended or designedto coptrol ox to prevent flood water from the Sackville
River from entering into the upgraded drainage system, ot into the floodplain of the Sackville River
where the Union Street properties that flooded are located.

The Bedf&d Watershed Adviéory Board (BWAC) requested that HRM staff do an sssessment of the
the BWAC meeting and

March 317 flooding 2t Union Street. On September 11,2003, staff attended ’
presented the findings of the asgesement. A number of residents from Union Street attended this

meeting.

It bas been suggested that HRM copsidex raisiog the banks of the Saokville River adjacent to Union.

Stroet, in order o protect the homes which are Jocated in the floodplain, This proposed solution.
would also require the existing local drainage channel to be piped; and perhaps 2 portion of the
existing Sackville River chanpel to be excavated, The cost 1o construct these works is rastimated: to
be $500,000 or perhaps more depending on the required scope of work. Additionally the following

- potential problems with this approach should b oonsidered:

I aLs": W aaal Al teanlig P MO DA s D0y
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- Reising the fiver bank will remove amajorpartofthe nstural floodplainneas the mouthofthe

dver, which will have the effect of constricting flow and creating higher flow levels upstreamd,
which may result ip moxe flooding upstream 2nd perhaps exposing Upion Qpeet residents 10

additional flooding from upstream ATeds.

Lo Raising the benk of a river of constructing engineered works to act as flood econtrol (L.e.
within the natural floodplain) i8 generally not copsidered to be a preferred approach, Flood
control works tand, to give residents a falee sense of secutily- These works have the potential

to fail in cxtreme evenis, and the resulting damage 19 often worse than the damage from

natural flooding.
- Worlka inariver suchasthose propoged above erd regulated by various Federal and Provincial

Departments such 23 Fisheries and Oceans and the Department of Epvironment and Labout.
Depending on the exact scope of Work, compliance withthese regulations pay be difficult and
add sigrificant cost 10 the project. Preliminary contact bas beep made with NS Department

of Enviromment and Labour.

- Another possivle dpproach to the Union Strect situation 15 10 apply flood proofing technigues
at the individual homes. Poasible techniques include landsceping; sealing openings below
certain flood Jevels and relocating electrical penel and furnaces 1o higherlevels. Itis strongly -

recommended that professionals be consulted prior to making amy changes auch as those

described above.

A proposal to use Jersey barriexs for flood conirol has been jdentified 23 a.possibility, ADY technique
to keep flood weiexs out of any pert of the-floodplain will have the effect of raising the flood levels
in the river, thexeby increasing flooding of other properties. As digcussed above, this can possibly be

mitigated by excaveting a portion of the river channel. :

Although the provision of Jersey barriersin the flood plaip mey not recuire provincial approval, a0y

excavation of the rver channe] to mitigate mcreasedﬂoodjjgwould require provincial approval, and
there is no guarantes that such approval would be granted.

Staff of EMS met with staff of the provinei a] Department of Environment and Lebour on July 2210
eonfirm their position o0 this matter.

protect properties Jocated in the floodplain of rivers from flooding.
However, Regional Council could direct staff 10 investigate what options are gvajlable to reduce the
risk of flooding &t Upion Street and assess the resulting impacts o1 the area. Ifthis course of action
is chosen, staff recommends that & qualified consultant be hired to evaluate the available options,
examine regulatory jmplications, develop cost estimales and cost recovery approaches, analyse the
associated risk and make recomendations 43 to he feasibility of each. option. This study could be
funded from a Local Improvemnent Charge or an Azea Rate 1o be recavered from 2 defined Charge
Area, Any works that may result from such & study could similatly be ftmded from & Local
Jmprovement Charge or ATea Rate.

FIRM does not have & program to
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‘IheMGA ensbles the ; X Areas for the purpose of funding storm water worké‘
- e Chiarge Arca could beias ginall as the Union Street properties which flood. Another possibility

is that the Charge Area be Comiprised of the full Sackville River Watershed. There is some logic to
the Jatter approach in that the ful] watershed contributes flow to the Sackville River.

| iy

None at this time.

g with the Municipality’s Multi-Year Financial Strategy, the approved Operating,

‘This report complhie
Capital and Reserve budgets, policies and procedures regarding withdrawals from the utilization of

Capital and Operating reseTves, as well 23 eny relevant legislation.

ALTERNATIVES

Noperecommended. However, staf could be dirested by Regional Council to fund a project through
the Capital Budget (only efier an offsetting project(s) has been removed fiom the budget) to reduos

"

the opportunity of flcoding of Union Street properties from the Sackville River. If this epproach 18

taken, it is possible that similar requasts will be reoeived from other property OWners neat the

Qackville River or near other rivers in HRM, to resolve their flooding problems caused by the effects

of river flooding. It is expested that the fnanciel implications of this could be significant.

ATTACHMENT

Sketch ~ Location of Sackville River ‘Watershed

Additional coples of this report, and informasion on its status, can e obtained by contacting the Officn of the Municipal Clerk at!

4904210, or Fx 4904208, :
Report Prapered by: o .
P M e ?:i% Ei gmf oot 4906942

4506958 J
et

Report Approved by

mara————
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TO: Chairman and Members of North West Community Council
= ﬁ
SUBMITTED BY: S -
Brad Angyish P.EnM
Directof, Environmeniai-Management Services
DATE: January 11, 2005
SUBJECT: Union Street Flooding
INFORMATION REPORT

.

ORIGIN

At the North West Comupunity Council Meeting of September 30, 2004, Item No, 4.1.4, a motion
was passed requesting staff review the idea of using concrete barriers as an interim measure for the

Union Street Flooding issue and report back.

BACKGROUND

The rainfall event of March 31, 2003 was extreme, and resulted in flooding of many properties
thronghout the Halifax Regional Municipality, and in other parts of the Province. One area that was
affectod was Union Street in Bedford, located adjacent to the Sackville River. A nunrther of hores

on Union Street experienced property and/or basement flooding.
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DISCUSSION

Staff have previously submitted an Information Report (see attached September 30, 2004 report) on
thig matter to the North West Community Council. The current request asked staff to consider the
feasibility of usfng concrete batriers as an interim measure for the Union Street Flooding issue.

"“The concept of concrete barrers (Le, Jersey bariers) was addressed in the September 30, 2004
report. The report stated “Any technique to keep flood waters out of the floodplain will have the
effect of raising the flood levels in the river, thereby increasing flooding of other properties.” Based
on this staff does not recommend concrete barriers, even as au interim rmeasure.

Thisreport complies with the Municipality’s Multi- Year Financial Strategy, the approved Operating,
Capital and Reservo budgets, policies and procedures regarding withdrawals from the utilization of
Capital and Operating rescrves, as well as any relevant legislation.

ALTERNATIVES

None recommended.

ATTACUMENT
Information Report dated September 30, 2004

Additional coples of this repors, and information gn its status, can be obtained by comacting thw the Muniolpal Clerk at

490-4210, or Fax 490-4208.
Report Prepared by: id Ellis, # Eng., Sesior BAvironmental Englucer (490-6716)

Report Approved by:

PP 1t
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TO: Members of North West Community Council

SUBMITTED BY: J‘L)b‘!\@'ﬂ!ﬂ- Quew\x?

/%\ Dot Lowther, Chair, Bedford Waters Advisory Board

DATE:

SUBJECT: Union Street Flooding - SGE Acres Report

ORIGIN

At the North West Community Council meeting, held on January 25, the Community Council tabled
the SGE Acres report and referred it to the Bedford Watershed Advisory Board for input and
comment.

RECOMMENDATION

It is recommend that North West Community Council recommend that staff proceed with the
proposed installation of Jersey Barriers along the right (westerly) bank of the Sackville River from
the existing barriers up to the service road off Union Street leading to the Superstore.
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BACKGROUND

This matter had been raised at the Bedford Watershed Advisory Board meetings on numerous
occasions. At the January 12, 2005 meeting the Board passed a motion recommending that HRM
staff initiate interim measures to prevent flooding of the Union Street area and provide a staff report
on a permanent solution.

DISCUSSION:

See draft minute extract dated February 8, 2006.

BUDGET IMPLICATIONS

There are budget implications inherent in the recommendation. They are unknown at this time.

FINANCIAL MANAGEMENT POLICIES/BUSINESS PLAN

This report complies with the Municipality’s Multi-Year Financial Strategy, the approved Operating,
Capital and Reserve budgets, policies and procedures regarding withdrawals from the utilization of
Capital and Operating reserves, as well as any relevant legislation.

ALTERNATIVES

1. North West Community Council may choose not approve the recommendation.
2. North West Community Council can approve the recommendation with amendments.

ATTACHMENTS

1. Minute Extract February 8, 2006
2. SGE Acres report dated December 2005.

Additional copies of this report, and information on its status, can be obtained by contacting the Office of]
the Municipal Clerk at 490-4210, or Fax 490-4208.

Report Prepared by:

Stephanie Parsons Legislative Assistant 490-6519




BEDFORD WATERSHED ADVISORY BOARD
Draft Minute Extract
February 8, 2006

4.1.5 Storm Water Management: Union Street Area

. A report entitled Union Street Flood Control - Final Report dated December 2005,
commissioned by HRM to SGE Acres was circulated to the Committee for
discussion.

Councillor Goucher advised that the report by SGE Acres was tabled at the January 25,
2006 meeting of Northwest Community Council and was referred to the Bedford
Watershed Board for input and comment. The scope of the report was to determine what
the impact of the installation of 600 mm by 600 mm barriers to water levels upstream and
the adjacent properties along Union Street. The report indicates that there would be
negligible impact.

A discussion ensued and board members had differing views as to the purpose of the
report and wether or not a trend exist as per the statistical analysis provided by SGE Acres,
given the fact that a number of residential homes have been flooded in recent years.

Those who agreed with the analysis commented that the report indicates that there maybe
a change in the future but there is no trend at this time.

The Chair suggested that:

. the berm be leveled
. the existing barriers be secured
. additional barriers be installed up to the service road leading to the Superstore

He commented that the proposal is not a permanent fix but will mitigate the current flooding
issues until such time that resources are available to address the entire area.

Councillor Goucher clarified that the intent of the report was to advise HRM on the
impact of installing barriers, specifically, assurance that there would be no impact on
flows upstream and on adjacent properties before installing them. The question to the
Board is whether they concur with the report that there would be no impact

Ms. Loney raised concern with providing a recommendation when the report suggest that
other information is required to determine the capacity of the ditch. Councillor Goucher
commented that the drainage ditch was outside the scope of the report.

After further discussion the following motion was placed given the fact that the report by
SGE Acres indicates that the proposed protection plan has a negligible effect on flooding



of structures on the opposite side of the river and upstream structures.

MOVED BY Mr. Dean, seconded by Mr. Reeder that the Bedford Watershed Advisory
Board recommend that North West Community Council recommend that staff
proceed with the proposed installation of jersey barriers along the right (westerly)
bank of the Sackville River from the existing barriers up to the service road leading
to the Superstore. MOTION PUT AND PASSED.
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Executive Summary

Halifax Regional Municipality engaged SGE Acres Limited to conduct a study
regarding flood control in the Union Street area in the Bedford region of Halifax,
Nova Scotia. Several residences along Union Street have experienced flooding in
recent years due to high water levels in the Sackville River. Water levels have
been a concern to these residents on at least four occasions in the past three years.

This flooding is not a recent problem. In 1981, a hydrotechnical study of the
Sackville River concluded that some homes in this area were within the twenty
year floodplain'. Based on current modeling, some of the residences on Union
Street could experience flooding during the 1/5 annual exceedance probability
(AEP) event, that is, a probability every year of 20 percent that the flood would be
equaled or exceeded.

There is a proposal to install 600 mm by 600 mm concrete blocks to the top of the
right (westerly) bank of the Sackville River to provide some flood protection to
these houses. The current study concludes that water levels would reach the top
of this proposed barrier in a flow of 102 m>/s (exceeding the estimated 1/20 AEP
event). Water levels in the location of structures on the opposite side of the river
and upstream would be a few centimeters higher as a result of this proposed flood
protection. Water levels would be about 1100 mm above the existing level of the
right bank in a flow of 126 m>/s (estimated 1/100 AEP event). The design of
flood protection should include an allowance for freeboard.

Modeling of the adjacent storm drainage system was outside the scope of the
present study. In large floods high water levels at the outlet of the stormwater
culvert could reduce the capacity of the culvert and lead to flooding. The capacity
of the culvert and drainage ditch should therefore be checked.

Due to the occurrence of several high flow events in recent years, some members
of the public have an impression that there is a trend of increasing frequency of
extreme events. To address this concern, a statistical analysis was performed on
flow and rainfall records in the area. This analysis concluded that based on
historical data, none of the data sets show significant trend and the recent events
are likely due to the natural variability of flows.

Final Report — December 15, 2005 SGE Acres Limited 16896.00




Recent research by Environment Canada suggests that in the future, however, the
frequency of extreme precipitation events may increase. One study predicts that
an extreme precipitation event in Greenwood, Nova Scotia that has a
classification of 1/100 AEP today, could become a 1/10 AEP event by the 20505,
For this reason, it would be prudent to be conservative in the design of flood
protection.
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1 Introduction

In September 2005, Halifax Regional Municipality (HRM) engaged SGE Acres
Limited (SGE Acres) to complete a flood control study for a portion of the
Sackville River in the Bedford area of Halifax. A general location plan and an
aerial photo of the study area are included as Figures 1.1 and 1.2, respectively.
Recent high flow events have lead to flooding of residences in the Union Street
area; the purpose of this study is to examine the effectiveness of the proposed
flood protection plan. In addition, this study examines the public perception that
there is a trend of increasing frequency of extreme events.

Throughout this report, the term ‘annual exceedance probability’ (AEP) is used to
describe the severity of floods. This is the inverse of what is often referred to as
the ‘return period’ (in years). A flood with an AEP of 1/100 has a probability of
one percent of being equaled or exceeded in any given year.

1.1 Scope of Work
The main objectives of this study are as follows.

e Comment on the proposed flood protection plan.

e Determine any additional flooding that may occur as a result of the
proposed flood protection plan.

e Comment on the frequency of flood events.

e Comment on the perception of a trend of increasing flood frequency.

The assessment described herein relates only to estimating water levels with or
without flood protection. No assessment of structural and geotechnical issues has
been completed, nor has an assessment of the use of concrete blocks as water

retaining structures been made.

1.2 Background Information

The Sackville River is urbanized and channelized along its lower reaches and has
a mild gradient. Flooding of residential and commercial properties in the
floodplain has occurred various times over the years.

The most recent severe flooding occurred in March 2003. There have been
several events since that time (November 2004, and two events in May 2005) that
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have also led to water levels of concern to local residents. Most of the flooding
has occurred on the east side of Union Street, just upstream of the intersection
with the Bedford Highway. It is flooding in this area that is of prime interest to
this study.

In 1981, a “Hydrotechnical Study of the Sackville River” (1981 Study) was
completed as part of the Canada — Nova Scotia Flood Damage Reduction
Program'. In the 1981 Study, the 1/20 and 1/100 AEP floodplains were
delineated, and some of the houses of concern to this study are within that 1/20
AEP floodplain.

Currently there are sand bags and jersey barriers along portions of the top of the
right bank. HRM is now considering the installation of 600 mm by 600 mm
concrete blocks to this bank as a permanent flood control measure.
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2 Site Visit and Survey
2.1 Site Visit

On September 27, 2005 following a kick-off meeting with HRM, Kevin Skebo
(Project Manager) and Joanna Barnard (Lead Engineer) visited the site to gain an
appreciation for the layout and topography and to plan the required survey. The
temperature was approximately 15°C, and it was cloudy with some rain showers.

Starting on the left bank near the Sun Tower, Ms. Barnard and Mr. Skebo walked
along the river bank first downstream to the Bedford Highway Bridge, then across
the bridge and upstream on the right (westerly) bank as far as Towers Bridge. In
the area of the planned flood protection they walked along the bank to view the
partially completed jersey barrier wall, the drainage ditch and the sandbagging,
and also along Union Street to see the front of the homes.

Following the walkover, they drove north (upstream) looking at the river where
possible, as far as the DND lands to see where new pedestrian bridges were being
constructed.

2.2 Survey

A limited survey of the area of interest was done by Servant Dunbrack of Halifax
in the week of October 3, 2005.

The surveyors determined the following.

s Elevations of the low points of homes and commercial buildings on both
sides of the Sackville River in the area of interest;

e Cross sections at the three bridges upstream of the site;

e Elevations of the top of the bank in the area of the planned flood
protection;

e Elevations of Union Street in the area of the planned flood protection;

e The location of the start of the rapids just below the Environment Canada
(EC) hydrometric gauge;

e A cross section at the fish weir upstream of the area of interest.

Data were provided to SGE Acres digitally, in the form of a drawing, on
October 12, 2005.
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3 Flood Hydrology Analysis
3.1 Methodology
The steps involved in the flood hydrology analysis are as follows.

e Complete a frequency analysis on maximum daily and instantaneous flow
records from the Sackville River.

e Complete a frequency analysis on maximum daily flow records from
nearby basins and develop regional flood frequency estimates for the
Sackville River. ,

o Compare the results of these two methods and develop flood estimates for
the current study.

o Complete a trend analysis on rainfall and flow records from several
stations in the region to address the public perception that floods are
occurring more frequently.

3.2 Review of Hydrometric Data

EC maintains a network of hydrometric stations that measure flow and water level
on rivers throughout the country. One such station is located on the Sackville
River, in the reach of interest of the current study.

Flood frequency analyses were completed on this flow record as well as those
from four other hydrometric stations in nearby basins, listed in Table 3.1. Of
particular value are records on two rivers that extend back into the 1920s, on East
River (gauged at St. Margaret’s Bay) and Beaver Bank River. The Sackville
River record is only 35 years long and thus these longer records are valuable for
comparison.

A time series must pass standard statistical tests before a flood frequency analysis
can be performed. All series were found to be independent, random,
homogeneous, and showed no statistically significant trend.
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Table 3. 1 EC Hydrometrlc Statlons

01EJ004 Little Sackville River at Middle Sackville 13.1 1981-2004
01EHO003 | East River at St. Margaret’s Bay 26.9 1926-1995
01DG003 | Beaverbank River near Kinsac 96.9 1922-2004
01EJO01 Sackville River at Bedford 146 1970-2004
01DGO006 | Shubenacadie River at Enfield 389 1975-1995

3.3 Flood Frequency Analysis

A flood frequency analysis was performed on flow records from the Sackville
River hydrometric station as well as the four other stations in surrounding basins,
as summarized in Table 3.1 above. A statistical software package (HYFRAN)
was used to fit several distributions to the series of annual maximum flows. The
results were used to update the regional flood frequency analysis completed by
SGE Acres in 2003 for the Bedford Basin area.

The resulting flood frequency curve is shown in Figure 3.1. It was obtained by
applying the average ratio of instantaneous to daily flow from the Sackville River
record to the daily flood estimates. The value of the adjustment ratio is 1.29,
which is similar to the regional ratio determined from the 2003 regional study
completed by SGE Acres for the Bedford Basin area.

Table 3.2 provides the estimated frequency (AEP) associated with four recent
flood events that lead to water levels of concern in the Union Street area.

Table 3.2 - Estimated Frequency of Recent Events

1/20 to 1/50

V‘March 31,2003

November 26, 2004 1/5
May 9, 2005 1/5
May 27, 2005 1/3

As shown in Table 3.2, the largest event so far this year corresponds to an event
with an AEP of approximately 1/5 based on the results of the frequency analysis.
The March 2003 flow of 106 m*/s is close to the 1981 estimate of 109 m*/s for the
1/100 AEP event, which was based on regional flood frequency equations
developed using data up to the late 1970s. The 1981 study indicated that the
estimate seemed abnormally low. The present analysis, using over 20 years of
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additional data, confirms this judgment, and indicates a higher probability of
experiencing such a flow (1/20 to 1/50 AEP).

As described in Section 3.4 below, at present there is no statistical evidence of
trend. The additional data provide a better indication of natural variability in the
time series, and therefore improves the estimate of extreme events.

It should be noted that recent research completed by Michael Pancura and Gary
Lines of Environment Canada suggests that due to climate change, the frequency
of flood events is expected to increase in the future’. In particular, the projection
of the maximum annual 5-day total precipitation event at Greenwood NS from the
base climate period (1961-1990) to the 2050s (2040-2069) would experience a
10-fold increase in frequency (that is, a 1/100 AEP event would become a 1/10

AEP event by 2050).
3.4 Statistical Analysis of Trend

Annual maximum daily flow records from three hydrometric stations and
maximum daily rainfall from two climate stations were analyzed to investigate the
public perception that there is a trend of increasing frequency of extreme events.

Appendix A includes a summary of the statistical analysis undertaken by
Dr. Leonard Lye of Memorial University’s Faculty of Engineering.  This
appendix also provides illustrative time series plots which show the recent period
compared to the entire period of record for the three hydrometric records. The
conclusion of this analysis is that there is no significant trend in any of the data
series, and that any apparent increase over recent years is likely due to natural
variability. This is not to say that there will be no trend in the future. In light of
the recent research completed by Pancura and Lines, and the uncertainty
regarding the effects of climate change, it would be prudent to be conservative in
the design of flood protection.

Figure 3.2 illustrates the annual maximum time series for the Sackville River and
the Beaver Bank River. There is good correlation between these two series for
the overlapping period of record and therefore the Beaver Bank series (which has
a much longer period of record) can be viewed as a surrogate for the Sackville
River in terms of pattern and relative magnitudes of flood events. The actual
values are lower because the Beaver Bank River basin is smaller. Although the
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recent high flow events are noticeable on these plots, it is apparent from the
Beaver Bank series that similar high flow events have occurred in the past. A
large range of natural variability is visible on the Beaver Bank series and the
recent cluster of large events does not seem out of proportion.
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4 Hydraulic Modeling
4.1 Methodology

A hydraulic model of the Sackville River from Consumers Bridge downstream to
the outlet in the Bedford Basin was created in HEC-RAS, a two-dimensional
backwater model developed by the U.S. Army Corps of Engineers and widely
used in the industry.

Information from previous studies, surveyed cross sections and elevations,
topographical mapping, and data collected during the site visit were compiled for
model development. Once the model was set up, the results were compared with
known flow and water level data (both measured and anecdotal). Finally, the
proposed flood protection plan was modeled by extending the elevation of the
right bank vertically by 600 mm for about 200 m from Station 435 to Station 625.
Additional simulations were run to determine the required height of the barrier
such that it would not be overtopped in the 1/100 AEP event.

4.2 Model Development

The reach modeled in the current study extends approximately 1.4 km upstream
of the outlet to the Bedford Basin. A schematic of the model is presented as
Figure 4.1. The cross section stationing refers to meters above the most
downstream section, which is located approximately 85 m into the Bedford Basin
from the Shore Drive Bridge. Table 4.1 summarizes the locations of each of the
user-defined cross sections. For the purposes of the simulation, the user-defined
cross sections were interpolated by the model at a five meter interval.

_Table 4.1 - Model Cross Sections

Descripti

90 Bedford Basin. Constant water level of 0.5 m assumed at this location (results are
not sensitive to this assumption).

175 Shore Drive Bridge

435 Approximate location of control section where gradient becomes steeper and rapids

begin to form. This section has been assumed to be the downstream end of the
proposed flood protection and was surveyed for this study.

480 Location of the upstream extent of jersey barriers, which were located on the top of
the right bank at the time of the survey. This section was surveyed for this study.

510 Location of the Environment Canada hydrometric gauge, just upstream of Bedford
Highway #1480.

625 Copy of section 510. This section was assumed to represent the upstream extent of
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the prbposed flood protection.

1065 2002 Bridge (surveyed for this study).

1215 Towers Bridge (surveyed for this study).

1435. Consumers Bridge (surveyed for this study). Normal depth assumed at this
location.

The lower (downstream) portion of the modeled reach is steep (0.01 to 0.02 m/m),
and there exists a control section near the current veterinary clinic at #1440
Bedford Highway (approximate cross section 435). Upstream of this location, the
gradient of the river is milder (approximately 0.001 m/m), with some sections
having an adverse slope.

The channel roughness (Manning’s n) values assumed in the model were taken
from the 1981 Study, in which extensive field investigations and surveying were
conducted for the development of a similar hydraulic model of the Sackville
River. Channel roughness values varied from 0.025 to 0.035 in the modeled
reach; over-bank roughness was assumed to be constant at 0.045.

The natural river bank was modeled, that is the jersey barriers and sand bags were
not included. The storm drainage ditch and culvert between Union Street and the
Sackville River were also not modeled as this modeling was outside the scope of
work of the study.

Appendix B includes the geometry HEC-RAS input file for the existing case
simulation.

4.3 Model Comparison Events

Three separate methods of model comparison were used in this study: EC gauged
water levels for four recent events, estimates of water levels based on photographs
taken by HRM during the March 2003 event, and anecdotal evidence concerning
the water level in the area of interest during the November 2004 event. Each of
these is discussed below.

Figure 4.2 illustrates the simulated maximum water surface profile for the largest
event that occurred in each of 2003, 2004, and 2005. Also shown is the profile of
the top of the right bank of the Sackville River near Union Street, the profile of
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Union Street in this area, and the lowest ground elevation next to each structure
surveyed along the modeled reach.

4.3.1 Environment Canada Gauged Water Levels

Maximum flows and water levels at the hydrometric gauge for several recent
events were available from EC. The EC datum provided for this study is not
geodetic, but for model comparison, the difference between the EC level and
the simulated level was examined. This difference is expected to be constant.

Table 4.2 summarizes the measured and simulated maximum water levels
experienced during four recent events at the hydrometric station. As shown,
the difference between measured and simulated water levels is constant,
within a few centimeters, indicating that the model gives reasonable water

level estimates at this location.

Table 4.2 —- Model Comparison Results

comone | Memn | C o] T ) | ey
March 31, 2003 106 3.60 6.48 2.88
November 26, 2004 67.5 2.89 5.81 2.92
May 9, 2005 68.5 2.92 5.83 291
May 27, 2005 61.2 2.76 5.68 2.92

4.3.2 March 2003 Event

Photos of the flooding during the March 2003 event were made available by
HRM, and these were useful to confirm that the flooding predicted by the
model for the maximum flow of the event is similar to the actual flooding that

was experienced.

HRM also surveyed high water marks following the flood and indicated these
levels on some photos. Caution must be exercised when comparing the
simulated results with the water levels shown or marked on the photos since
the photos were not taken at the time of the instantaneous maximum flow.
The photos were taken during the day on March 31; the instantaneous
maximum flow occurred in the middle of the previous night (12:17 am).
Therefore, the simulated water levels would be expected to be somewhat
higher than shown on photographs.  Despite these uncertainties, this
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comparison is a useful one, and confirms that the model produces reasonable
estimates of water levels throughout the reach of interest.

Flooding of Union Street occurred at approximately Station 440 in the March
2003 event. It appears that the river flooded the overbank upstream, with the
overflow generally following the storm drainage ditch. The water flowed over
Union Street and back into the river near the location of the storm drain
culvert intake (not modeled). The model simulates the high water levels
upstream leading to overbank flooding, but does not reflect the rapidly
changing lateral and longitudinal flow patterns at this particular location.
With the proposed flood protection in place, this overbank flooding is not
expected to occur, so these local flow patterns are not of concern.

Appendix C includes photos of seven locations at which the simulated
maximum water levels during the March 2003 event were compared to the
photographed level. The HRM surveyed water level, elevations of roadways,
buildings, and bridge decks are specified where available to allow comparison
of simulated and actual flood levels.

4.3.3 November 2004 Event

Anecdotal evidence suggests that during the November 2004 event, the water
level just reached the top of the right bank. Figure 4.2 illustrates this
simulated result in the model (at approximately Station 610). This flow of
67.5 m*/s corresponds to an event with an AEP of approximately 1/5, as
summarized in Table 3.2.
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5 Hydraulic Modeling Results
51 Simulations

Following the comparisons of model results, the HEC-RAS model was run with
flows corresponding to a range of AEP events as described in Section 3.3. Three
configurations were modeled: the existing case without flood protection (the input
file of which is included in Appendix B), the proposed 600 mm flood protection
extending about 200 m from Station 435 to Station 625, and finally a case with
the flood protection extending to the water level corresponding to a flow of
126 m*/s (estimated 1/100 AEP event).

5.2 Effectiveness of Proposed Flood Protection Plan

There are a number of residences on Union Street that have experienced flooding
in recent flood events. These residences are all located on the east side of Union
Street, between the road and the Sackville River. Table 5.1 illustrates the depth of
flooding predicted by the model (above the lowest point surveyed at each
residence) for the existing case, and with the proposed 600 mm flood protection

(fp.)-

Table 5.1 - Effectiveness of Proposed Flood Protection Plan

Residernice | exist | f. .; & p pil" SRR S CEpi it
#27 00 |00} 00 |00] 00 |00 01 [00] 04 00| 06 | 06
#29 0.0 100] 03 |00] 06 |00] 08 [00]| 1.0 | 1.1 1.2 1.2
#31 00 100] 00 |00]| 00 |00} 02 00,04 104 06 |06
#41 00 /00| 00 {00] 02 |00]| 04 100} 06 |07 ] 08 |08
Note:

- ‘exist’ case corresponds to the top of the right bank, with no additional protection.
- 'fp.’ case corresponds to a 600 mm concrete barrier on top of the right bank.

Figure 5.1 illustrates the simulated water level at model Station 610 (near Union
Street #41) for a range of flood events. This corresponds to the approximate
Jocation at which the right bank is first overtopped, as shown in Figure 4.2. The
existing right bank elevation and the proposed elevation of the top of the barrier at
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this location are shown, as well as the flow and approximate AEP of v
leads to these water levels.

The first homes start to be flooded in events with a flow of 68 m*/s (approximar.
AEP of 1/5). With the proposed flood protection plan, the homes start to be
flooded in events with a flow of 102 m?/s (approximate AEP of 1/20). Note that
the water level estimates do not include a freeboard allowance.

The proposed flood protection plan has a negligible effect on flooding of
structures on the opposite side of the River (on the Bedford Highway) and
upstream structures. Simulated water levels in these areas increased by only one
or two centimeters (water levels are shown in the table in Appendix D).

In order for water levels to be at or below the top of the barrier in a flow of
126 m*/s (estimated 1/100 AEP event), the barrier should extend at least 1100 mm
higher than the existing elevation of the right bank. The effect on water levels on
the opposite side of the channel and upstream would be an increase of
approximately two to three centimeters, see Appendix D.

Modeling of the adjacent storm drainage system was outside the scope of the
present study. In large floods high water levels at the culvert outlet could lead to
a reduced capacity in this drainage system, which could lead to flooding.
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6 Conclusions and Recommendations
6.1 Conclusions

Based on the results of the flood frequency analysis, the following frequency
estimates of recent events are made.

e March 31, 2003 flow of 106 m°/s has an estimated AEP between 1/20 and
1/50.

s November 24, 2004 flow of 67.5 m*/s has an estimated AEP of 1/5.

e May 9, 2005 flow of 68.5 m*/s has an estimated AEP of 1/5.

e May 28, 2005 flow of 61.2 m*/s has an estimated AEP of 1/3.

The results of hydraulic modeling of a reach of the Sackville River in the Bedford
region of HRM have indicated the following.

e Currently, residences along Union Street just upstream of the Bedford
Highway Bridge could experience flooding in a flow of 68 m>/s
(approximate 1/5 AEP event).

s Water levels in the river would reach the top of the proposed 600 mm by
600 mm concrete barrier in an event with a flow of 102 m%/s (exceeding
the estimated 1/20 AEP event), with a negligible effect on upstream river levels.

e The height of the proposed barrier would have to be nearly doubled (to
approximately 1100 mm) so that river water levels do not overtop the
barrier in a flow of 126 m’/s (estimated 1/100 AEP event).

There have been a number of large flow events on the Sackville River in recent
years that have lead to flooding of properties in the study area. They have also
lead to concern that there is a trend of increasing flood frequency. A statistical
analysis was completed on three annual maximum daily flow series and two
maximum daily rainfall series to address this perception. Results indicate that
there is no significant trend in the historical data records and that the recent
cluster of large events is likely due to natural variability. However, this does not
mean that there will be no increasing trend in the future. The effects of climate
change are still uncertain; some recent research suggests that extreme events will
occur on a more frequent basis in future.
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6.2 Recommendations

If HRM proceeds with the construction of the proposed flood protection, it should
ensure adequate hydraulic, structural, and geotechnical design. The design should
also include a freeboard allowance.

Any flood protection should be conservatively designed to account for the
uncertainty of the effects of climate change.

The capacity of the adjacent storm drain ditch and culvert should be checked to
ensure that flooding does not occur due to high water levels in the ditch.
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Union Street Flood Control Project

Statistical Analysis of Flow and Rainfall Data

Leonard Lye, PhD, PEng

A. Flood Data

Annual maximum daily flow data from three rivers in the vicinity of the project site were

analysed. The rivers were:

1. 01EJ001, Sackville River at Bedford (1970-2004), n = 35 years
2. 01DG003, Beaverbank River near Kinsac (1922-2004), n = 83 years
3. 01EJ004, Little Sackville at Middle Sackville (1981-2004), n = 24 years

Since the historical record for the Sackville River is fairly short (n=35 years), it is prudent to look

at nearby rivers to check if similar trends had occurred during concurrent years as well as in

earlier periods.

Statistical Analysis
1. Comparison of Flow Patterns

The three sets of time series data were each standardized by subtracting the mean and dividing
by the standard deviation of the respective series. This forces each series to have a mean of
zero and a standard deviation of one. When plotted together, it will reveal whether the flow
patterns of the rivers are similar. Figure 1a shows the all three standardized series plotted
together on the same graph. Figure 1b compares the Beaverbank flows with the Litile Sackville
flows, Figure 1c compares the Sackville and the Little Sackville flows, and Figure 1d compares
the Beaverbank and the Sackville flows. It is clear that for the concurrent periods, the flows of
the Beaverbank and the Sackville rivers are very similar in pattern. In fact they are almost
identical. This means that the Beaverbank River, which goes back to 1922, is a very good
surrogate for the Sackville River. The Little Sackville flows on the other hand do not match
either the Beaverbank or the Sackville rivers well. This is partly due to the fact that the Little

Sackville River is a small tributary of the Sackville with a much smaller drainage area.

2. Analysis of River Flows
Each time series was subjected to several statistical tests:




a) Autocorrelation analysis — to test for independence of the series;

b) Analysis of runs — to test for unusual patterns of local trends and clustering;

c) Simple regression of flows with time — to test for long term trends; and

d) Plot of all flows above the 75" percentile — to check for unusual grouping of high flows

While (d) is not a statistical test per se, the plot will give a good indication as to whether the
recent consecutive high flow events are unusual or something that has happened in the past,

and part of natural variability.

(i) Sackville River at Bedford (n = 35) 1970-2004.

The results of the analysis for the Sackville River are shown in Figure 2. Figure 2a shows
that the autocorrelation function of the annual maximum flows is well within the 95%
confidence limits indicating that the flows are independent from year to year. Figure 2b
shows that the tests for clustering, mixture, trends, and oscillation all show non-significance
at the 5% level. This means that the flows are just a random series with no unusual patterns.
Figure 2c shows that there is no statistically significant long term trend in the flows (fitted line
is practically horizontal). Figure 2d however shows that for flows above the 75" percentile

(53.8 m®s), there seems to be three such flows since 2000 which has not occured since the

start of record on the Sackville River.

ii) Beaverbank River near Kinsac (n = 83) 1922-2004.

The results of the analysis for the Beaverbank River are shown in Figure 3. This river has a
very similar flow pattern to the Sackville River as seen in Figure 1d. Hence the results from
this river will shed more light on the Sackville River since the period of record is much
longer. Figures 3a to 3c all show similar results to the Sackville River in that all tests are not
statistically significant at the 5% level. That is, the flows are independent and random from
year to year, and there is no long term trend. Figure 3d shows all flows above the 75"
percentile (36.2 m%s). The period in common with the Sackville River shows similar high
flows were observed. However, looking back at the entire record of the Beaverbank River
reveals that such high flows have occurred in clusters in the 1940s and 1950s in addition to
that in the 2000s. Hence, the cluster of high flows in recent years is probably due to natural
variability rather than an increasing trend. The statistical evidence does not support an

increasing trend of high flows although once cannot be certain what the future may hold.




(iii) Little Sackville River at Middle Sackville (n=24) 1981-2004.
Similar analysis was carried out for the Little Sackville River and the results are shown in
Figure 4. All tests showed that nothing is significant at the 5% level. Flows are random and

independent, no long term trend, and there are occasional high flows.

B. Maximum Daily Rainfall Data

The maximum daily rainfall data for two weather stations were also subjected to statistical

analysis. The stations are:

1. Shearwater A Climate Station (n = 60), 1945-2004
2. Halifax Int'l A Climate Station (n = 41), 1961-2004

The maximum rainfall data for both stations were subjected to similar statistical analysis as

the flows. The purpose here was to check whether there were unusual patterns in the

rainfall data.

(i) Shearwater A Station

Results for the Shearwater station are shown in Figure 5. Figure 5a shows that the
maximum daily rainfall series is quite independent from year to year. Figure 5b and 5¢ show
that there is no long term trend in the data, and Figure 5d shows that the data is quite
random with nothing unusual as all tests were not significant at the 5% level. There is

however a very large rainfall event in 1971.

(ii) Halifax Int'l A Station

Results for the Halifax station are shown in Figure 6. The large rainfall event of 1971 is
clearly seen. The tests showed that the annual maximum rainfall is independent, random
and no long term trend. There is however an apparent increasing trend since about 2000

but this cannot be confirmed without a longer data set, and the analysis of additional rainfall

records in the area.

Summary
From a preliminary analysis of the flow and rainfall data, it can be concluded that the apparent

increasing trend observed in recent years is nothing unusual and is most likely due to natural

variability.
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Location #1 (Bedford Highway #1480, at hydrometric gauge location)
Simulated Level (STA 510)=6.5m
Lowest Elevation of Residence = 6.54 m

o E

(Looking across Sackville River, EC ydrometrlc aue visible between Esso and McDonalds signs)

Note: Photos taken on March 31, 2003. Flow unknown due touncertainty re: time of phob relative fo time of peak.
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Location #2 (Union St. #27, just downstream of Bedford Tower)

Simulated Level (STA 530)=6.5m
Lowest Elevation of Residence = 6.37 m
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Location #3 (Union Street #41)
Simulated Level (STA 615) = 6.6 m
Lowest Elevation of Residence = 6.04 m
Elevation of Union St. = 6.74 m

' regarding -
vel Suiy

Samze S
- Sign

(Bedfor ‘Tower in bacground on opposite side of Sackville ver '

Note: Photos taken on March 31, 2003. Flow unknown due touncertainty re: time of phob relative to time of peak.
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Location #4 (Sun Tower)
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Location #5 (Sunnyside Restaurant and Smitty’s, just upstream of Sun Tower)
Simulated Level (STA 840) = 6.8 m
Lowest Elevation of Building = 6.35 m

Main channel

Note: Photos taken on March 31, 2003. Flow unknown due touncertainty re: time of phob relative to time of peak.

Final Report - December 15, 2005 SGE Acres Limited 16896.00




Location #6 (Bridge constructed in 2002 downstream of Towers Bridge)
Simulated Level (STA 1065) =6.9 m
Elevation of Bridge Deck = 7.87 m t0 8.79 m

Note: Photos taken on March 31, 2003. Flow unknown due touncertainty re: time of phob relative to time of peak.
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Location #7 (Towers Bridge)
Simulated Level (STA 1215)=7.0 m
Elevation of Bridge Deck =7.53 m to 7.62 m

1z

of Towers Bridge)

SRS

(Dwnstrea Si

Note: Photos taken on March 31, 2003. Flow unknown due touncertainty re: time of phob relative to time of peak.
16896.00
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