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1) INTRODUCTION

Floodproofing incorporates the use of designedcsiral treatments to render structures flood free,
impervious and/or immovable. Dry, passive floodfireg to the level of the Regulatory Flood is the
preferred approach and shall be given primary camation for all new construction (CVCA 1990).
Ancillary structures such as garages and shedsl{ysuithout basements) are wet-floodproofed towall
free flow and equalized pressure of water through dtructure, while also being rendered immovable.
Designing floodproofing for a given structure masnsider the hydrotechnical effects of the floodeT
Flood Plain Planning Policy Statement Implementation Guidelines, July 1986 and thé€redit Valley
Conservation Authority Policies for Floodproofing of Buildings and Sructures, June 1990, have
established threshold criteria for velocity and ttepf flooding. Dry-floodproofing is acceptable tpa
maximum velocity of 1.7m/sec. and a flood depthfrexisting grade of 0.8m plus a 0.3m contingency
freeboard. These criteria are implemented as uppéts to which flood damages can be acceptably
reduced within feasible economic limits. Above dmelyond these limits it is argued that uncertainty
replaces effectiveness in the design of floodprapfiThere are no explicit policy criteria for wet-
floodproofing but the above noted figures are reabte benchmarks.

2) HYDROTECHNICAL DESIGN CONSIDERATIONS
The following phenomena occur during flooding:

- Hydrostatic pressure

+ Velocity - Hydrodynamic load
« Velocity - Shear stress

« Frequency of flooding

« Duration of flooding

+ Ice jamming effects

Hydrostatic pressurés the single most important consideration in dpmofing design. Hydrostatic
pressure is directly correlated with flood depthd asaturated soil depth in contact with a structure.
Hydrostatic pressure is equal in all directions ants perpendicular to a given surface. It canuotiér
defined into vertical odown, horizontal ofateral, and uplift obuoyant pressures. The imposition of an
enclosed structure in flood waters (including basets below saturated grade) unbalances localized
hydrostatic pressures. The tendency of lateralspresis to overturn, shear, or displace an enclosed
structure or vertical elements thereof. The tengeridouoyant pressure is to differentially heavwgture,

or float an enclosed structure or horizontal eleimémereof.

For conservative design purposes a fully satursdddorofile, irrespective of soil type, should @gsumed

to exist at the time of flooding. Hydrostatic press should as a result be considered both abaye an
below grade. Below grade hydrostatic pressure ieragned by isolating the volume of available water
from the volume of soil. In addition, standard fdation design considers lateral earth pressures. Fo
floodproofing, lateral earth pressure should besmm®red using the submerged unit weight of soitallo
pressure below grade will be a combination of theva considerations.
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Saturated subgrade and the bearing capacity (cesipeestrength) and settlement failure potential in
various soil types must also be clearly consideMate that bearing and settlement design must also
respect the extra load induced by the monolithtanesof reinforced foundation walls and floor slatisat

are a design response to the hydrostatic pressures.

Hydrodynamic loads a manifestation of the pressure moment inducedn object by the depth of flood
waters in ‘motion’. This can also apply below grafisignificant piping of water exists. It is assed)
however, that under fully saturated soil conditisapsurface movement is nominal. The dynamic effect
of water in motion can be converted into a corresient hydrostatic pressure but within the allowable
velocity range defined by policy the additional ggere due to hydrodynamic load is minor and further
consideration is unwarranted.

Sheer stress a manifestation of the tractive or constantéorequired to move an object and keep it in
motion. It is a commonly analyzed variable in weterse erosion study and applies to floodproofing
consideration from the perspective of potentialuscdamage around a structure triggering structural
failure. It is a function of water depth, slope amedultant velocity. It is sufficient to say that pads,
berms, and floodwalls must be designed to be emasisistant under identified velocities.

Frequency of floodings a reflection of the observed or statisticaureence interval of various stages of
flooding. Headwater areas, smaller watershedsyudoahized watersheds may produce a larger peak flow
in response to the rainfall distribution of a 1:1¢®ar storm compared to the peak generated from a
Regional Storm. Downstream in a major system sucth@ Credit River the Regional Storm peak will
supersede the 1:100 year. Flood susceptible areies worse case peak flow scenarios (or in othedsvo
the Regulatory Flood) will have different recurrenprobabilities. It is assumed that no explicit
floodproofing design modifications can be madethar above considerations.

Duration of floodingis the result of a complex interaction betweerofiresponse, channel conveyance
and storage. Runoff volumes, peak flows, and chamydraulics can be either calculated or derivexanfr

a combination of empirical and gauged data. Gelyertdle higher the rainfall intensity, and the gbor
the catchment length, the quicker the responsmsein flood waters. The change in rainfall intépsiver
time and the downstream tributary inputs then enflce the duration of inundation and recession ef th
hydrograph. It is assumed that detailed analysf®otling duration is not a practical requiremedrdttcan
be incorporated into floodproofing design criteria.

Ice Jam effectsre local or reach specific influences creatingkiaaater impoundment and downstream
surges upon break-up. Generally, ice jamming iy @nkignificant concern on the main branch, of the
Credit downstream of Cataract ie. below the ‘FarKs$iere is no known quantitative way to analyze the
specific hydraulic effects or statistical frequerafyice jamming in correlation to the Regulatorgddl or
any lesser flood stage. It is assumed that detaledysis of ice jam effects is not a practicaligles
consideration.
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3) DRY-FLOODPROOFING
31 STRUCTURAL

Standard wall construction such as siding on frabmek veneer on frame, solid brick, and concrete
block, provides inferior defence against floodirf§fandard techniques are extremely susceptible to
leakage damage, hydrostatic pressures, and comgedseructural failure.

The most common structural approach to dry-floodping a building involves waterproofed monolithic
foundation walls i.e. reinforced and extended abgraxle, reinforced gravity slab basement floors, or
slab-on-grade with no basement, and some consinierfar subsurface drainage. Floodproofing treatmen
should respect the structural requirements of thiak® Building Code 1990, the National Buildingd&o
and the National Standard for Masonry Design (C.SCAN3-S304-M84) as applicable.

The tensile strength of standard masonry block rhasé walls 87-10” thick is limited against lateral
hydrostatic pressures. The use of cast in placeretenand/or high slump grouting of masonry blocks
combined with steel bar grid reinforcement is ditranal consideration to support extra verticaldpand

for horizontal temperature and shrinkage contrdlisTstyle of reinforcement has been translated to
floodproofing design. Likewise, the thickening aminforcement of basement floors has been a simple
extension of ‘bigger is stronger’ thinking for fldproofing against buoyant pressures. Reinforcedswal
must be securely anchored to both the basement figmcally by cast in place re-bar, and the fitebr

sill plate, typically by anchor bolts. The firsbir header joist should be mechanically anchoratdgsill
plate or alternatively the first floor joists cae bmbedded in concrete if a cast foundation walisisd.
The use of pilaster wall support for long spans #Hreuse of intermediate structural walls and/eelst
post tensioning to transfer loads are additionahdddeas, that have not seen wide use however.

Reinforcement can also be addressed by pressueé ttelough subdrainage. There are two schools of
thought on this subject. The first is to use clagface caps and/or clay backfill around the fouimstato
prevent or slow infiltration of rain and/or the d&gy rise of groundwater. In a sense this repnes¢he
use of relatively impervious soil to 'fatten' theufhdation. The argument against clay backfill iatth
depending on the actual soil grain size and shape clays are plastic and expansive, meaning et t
actually absorb water and swell thus adding to ammining the hydrostatic pressure against the. wal
Clay backfill can only be used if good quality cahtexists and if appropriate waterproofing of the
foundation is used.

The second and more widely accepted concept isidorporate a subdrain system with mechanical
pumping to alleviate pressure (also to lessen piatdrost effects as in a typical gravity subdraystem).
The sump system should collect water from freendingi backfill along the walls and tinder the slating
perforated pipe surrounding the footings. An autiicnsubmersible pump should be placed in a covered
sump pit. The basement floor should have a pos#iope to a floor drain connected to the sumpTgie
pump can be sized to have adequate capacity ind&laith the inflow of water. A flow net analysisliw
help determine the pumping rate. A continuous soofgower and separated operating switch is requir
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for the pump and should be located above the ogeticy freeboard above the flood elevation. Gravity
draining sump systems are often not feasible ufided conditions. Municipal services do not genigral
exist in rural flood damage areas and as a resiuéieadraining outlet would likely be in the flogudiain
downslope towards the watercourse. In additionyitraystems may not be able to discharge water as
fast as it inflows. The pumped system should havewflow pipe located to discharge above the flood
elevation or can be connected to municipal stormese if a backwater valve is installed in the seavi
connection at the lot line (if allowed by municigahndards).

Foundations should be waterproofed to the floodatlen with an appropriate ‘flexible’ coating i.gap
and crack filling synthetic or asphaltic hardenifiquid. Geotechnical membrane coatings for
waterproofing have also been used but they rechigh quality placement for a good seal and are
susceptible to damage upon backfilling. Uncoatest iceplace concrete can be considered waterprabfed
certain admixtures or treatments have been incladedf watertight expansion joints are used.

The final structural consideration for dry-floodpfmg is the use of watertight seals and closuredaors

and windows located below the flood elevation. Eheptions are considered active approaches in that
they require human intervention at the time offtbed to ensure closure. These treatments do nat ha
proven record even at less than worse case scdlmrhing due to failure under hydrostatic pressamd
incomplete seals from negligent maintenance or pooduct quality. They are generally not considered
acceptable for dry-floodproofing and therefore mmemings are allowed below upper threshold policy
criteria.

3.2 COLUMNSAND EXTENDED FOUNDATION

Construction on columns (posts, piers, piles) oasideration for basement free lightly loaded fam
structures such as cottages. Heavier load striecsueh as 1 or 2 story dwellings without basemargs
more appropriately built on extended foundationlsviilat create a crawl space. Columns and cravaespa
foundations are useful on moderately sloping lariene a slab-on-grade floor cannot be conveniently
located. Column and extended foundation constroatennot be subject to depths and velocity higher
than policy criteria. Analysis of hydrostatic presss cannot be effectively undertaken for colummar
crawl space foundations and associated footingerelts relatively little water displaced by a colum
array or flooded crawl space and as a result tee fnovement of water around respective structural
elements equalizes pressures. Buoyant pressuiiag act large spread footings may be the only design
calculation that can be done.

General principles to be followed for column coustion include using only concrete for below grade
components and backfilling with compacted freerdraj material. Lateral knee or cross-bracing betwee
columns and anchoring the column securely to thérfg and floor construction adds stability in faee

of uncertain hydrostatic effects. The disturbedugsurface around each column should be stabifaed
potential scour at flood velocities.

Extended foundation walls must be wet-floodproofesdper the appropriate details in section 4) WET-
FLOODPROOFENG.
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3.3 FILL PADS

Fill pads are used to raise grades to flood fregsttaction elevations or to at least lower the poad
depth of flooding against a proposed structure. galds must be built with appropriate compaction,
drainage, side slope stability, and erosion pradactA fill pad does not necessarily require an émous
core. Fill pads cannot be built higher than 1.1movabexisting grade i.e. 0.8 m flood depth + 0.3 m
freeboard as per policy. Fill pads are not appetprover deep organic soils. Shallow organic saifs be
removed to achieve a sound foundation for a filll.pkh is assumed that hydrostatic pressures are in
equilibrium with saturated earth pressures aroufildi@ad.

Fill pads should be built using well drained cleaaterial compacted for integrity and stability. &kig
vegetation and topsoil should be scraped and tsystiould be placed in 0.3m lifts. Compaction 5/®
Standard Proctor Density, as per standard pradtigequired. Side slopes should be built to 3:¥)(br
flatter unless specified differently by the enginé&ell graded sand and gravel with a small fractod
clay (granular ‘B’) is considered most approprifie compaction while topsoil coverage should achiev
final grades. Fill pads should be planted and riitetled with seed/sod and/or native vegetation as
appropriate. Only at velocities higher than 1 m/sleguld erosion protection of the wet face of bpdd

be considered, with vegetative bioengineered optiaking precedence.

34 BERMSAND WALLS

Berms and walls are essentially freestanding impasvdams used to hold back or divert flood waters.
They differ from fill pads in that hydrostatic psese will act on the wet face, and potentially oallw
foundations, due to the artificially created drgesiThey can be used independently or in assocjatig.

a berm (with impervious core), a wall, or a berradgd up to a wall. Berms and walls are structuyes b
definition and cannot be subject to flooding gre#tan policy criteria. Special consideration doainage

on the dry side must be made.

Floodproofing berms can be made impervious by catiga of non-swelling, non-plastic cohesive
clayfills. It is usually appropriate to use cohesand relatively impervious till in the berm cor&igh can
be keyed into a deeper excavation to improve theffeffect. Surrounding fill quality and placenten
should follow the guidelines noted for fill pads.

Floodproofing walls must respect the same struttaomsiderations as reinforced foundation walls
described for dry-floodproofing, e.g. cast in plamancrete or grouted and reinforced masonry block.
Design variations from standard gravity wall coanstion can include cantilevered or expanded spread
footings, and tapered or flared wall faces to eokantegrity. The use of precast interlocking ‘desir’
block walls or armourstone walls can only be coasad in combination with impervious fill bermed on
the flood side.

Subdrainage and local surface drainage must bedssad for berm and wall construction. Conventional
subdrains will be inundated during flooding. A sumip constructed behind a flood wall with either
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conventional piping or filter/blanket drain ditchesuld require water to be mechanically pumped away
A deep cut-off wall e.g. sheet pile, sunk beloviheita berm or wall is an option to help block sufzme
water. If a berm or wall will have the effect ofrmbng surface drainage on the flood free side theps

pit may be enlarged appropriately or grading chartgedivert runoff may be made. Flap gates indalle
on surface drainage pipes put through a berm ofr tesadl to leak and fail when inundated under flood
conditions and are not recommended.

4) WET-FLOODPROOFING

Wet-floodproofing allows water to enter, move withiand exit a structure to prevent differential
hydrostatic pressures (lateral and buoyant). Waeteiproofing is generally only acceptable for non-
habitable structures such as garages and shedmtéd earlier, the hydrodynamic load of flood watier
motion is minimal within policy criteria. As a rdgudetailed structural treatments designed tosfiemthe
hydrodynamic load of water within a structure tdoandation are not required. Conversely, when a
structure is inundated the buoyant hydrostaticquesis in balance with the vertical or down pressu
Standard construction practice of anchor bolt atraant between wall sills and foundations is adexjuat
should be noted, however, that quickly peakingdla@ters can rise against a structure faster thanete

of inundation.

A temporary imbalance in hydrostatic pressure nfapid heave light load frame structures such asish
This can be overcome by building a concrete slabndation (instead of wood) with standard anchoang
by sinking foundation posts below grade, e.g. ‘sobes’, with standard anchoring. Irregardless ef th
type of wet-floodproofed structure, every attemptotient a principal opening to the direction oé th
flood, to prevent differential change in water lsviaside and out, should be made. In turn theozilshbe
ideally a second opening opposite to the prinagpening to allow flow through of flood water. Opegs
do not necessarily need to be of equal size.

Building materials subject to water damage, e.gwdl, panelling, insulation, should not be usedmnmn
wet-floodproofed structures. Walls should be ursfi@d concrete or wood. Concrete block walls should
be filled with grout to prevent air pockets andregs of water. Wet-floodproofed structures shoultlbe
serviced with anything more than electricity, megtthe specific requirements noted in the following
section.

5) ADDITIONAL DESIGN CONSIDERATIONS
A complete analysis of flood conditions must aleasider the following points, as appropriate:

- hydraulic grade of existing municipal sewers and fotential to back-up to foundations and
basements

« potential for impact to and back-up of private gepystems

- affects to private wells

« maintaining internal building services such as i@&@iiteating, gas, electricity, water, and telephone

+ site design to limit flood ‘exposure’
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Check valves or gate valves are options that ptepesssure siphoning of piped sewer flows from
reaching private homes.

Septic systems may be subject to lateral and buoyassures and may be damaged in a flood. A
watertight cap be used to prevent ingress of flmaters to the main tank and appropriate valvesbean
used to prevent back-up into a structure.

Drilled well casings can be extended to a heigbwalihe flood.

Incoming electricity and telephone lines can gehetae located above the flood elevation. Electrica
control panels, wiring, and outlets must alwaysabeve the flood and freeboard elevation. No elesitri
equipment or appliances should be below the floledation except a submersible sump pump with
protected wiring. Underground gas and water lin@s loe served by check valves for closure. If these
services enter the structure below the flood elema protected waterproof utility shaft can beigiesd

to convey them above the flood. Note that the almmresiderations are contingencies against leakagde a
failure of dry-floodproofing treatments that woulkskult in basement flooding.

Site design considerations for new constructioriushe orienting and designing a structure so that it
presents as small a face as possible to the fldeflector berms or planting vegetation to redin@etjor
flows and/or potential debris can also be consdlet¢owever, no adverse impact to neighbouring
properties or flood plain storage will be allowed.

6) FLOOD PLAIN ALTERATION

Construction and fill placement in the flood plamight have the affect of altering the hydraulic
parameters of storage, conveyance, and water level.

Loss of flood plain storage is not acceptables ltaquired that a balanced cut be undertaken setofill
volume and/or and increase in structural intrusibhe cut and fill must occur at essentially equal
elevations. The balanced cut must be in lifts ofmmre than 0.5m equaling the fill/structural voluper

lift. The cut can only cross the elevation of lovdessign flood stages, i.e. 100 yr., 50 yr., 25 30.yr., 5

yr., 2 yr., if the fill/structural loss of storadalls below these stages. The cut cannot go loian the
next lowest flood stage below these stages. Thecammhot go lower than the next lowest flood stage
below the lowest point of intrusion. No alteratias low as the bankfull channel is allowed. See reidu

for an example application. An unbalanced cut ahd.&. net fill, may have the effect of increagilocal
flood plain reach water levels and will contributecumulative loss of storage and conveyance change
throughout the flood plain system.
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Figurel: Cut & Fill
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Even if a balanced cut can be achieved it is no¢ptable to alter the cross-section of the flo@dnpsuch
that conveyance is changed by a pinching or deepbehannelization affect. This might result in
increased downstream velocity and/or water leveld may increase upstream backwater levels, with
adverse effects on neighbouring properties. Gelyethle cut must occur on the same side of thedfloo
plain in close proximity to the fill/intrusion tanit the change in cross-section.

Hydraulic modelling study (e.g. HEC 2) will not becceptable to support significant flood plain
alterations involving cut and fill volumes equaldogreater than hundreds of cubic metres. Balanoéd
and fills are restricted to relatively small sitesd small fill volumes. Relatively small net filblumes will
only be acceptable at the discretion of the Autliafioverriding hydraulic conditions exist in tHi®od
plain. Hydraulic modelling may be required to detare if overriding local conditions exist.
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Flood plain alteration guidelines do not supersedereplace the current version of the C.V.C.A.
Watercourse and Valleyland Protection Policies r@ggiirements thereof.

7) SUBMISSION REQUIREMENTS
The submission package must include the followimgjreeering/architectural plans:

- Site Plan & Grading Sections with existing and j@sgd geodetic elevations confirmed by an
0.L.S. or P. Eng.

: Eﬁﬁgﬁ,%tlg?esailcgﬁbi showing floodproofing details

- Site Servicing

The submission drawings must clearly quote thedfldepth and velocity criteria, thus acknowledgimatt
the design addresses the relative severity ofltloel f It is also recommended that the submissiakage
include the following:

+ Solls Report
- Hydrostatic Pressure calculations
« Bearing Capacity calculations

Specific submission packages will require the follay:

+ Cut and Fill volume calculations
« Hydraulic Modelling HEC 2 Report including discumsj summary tables, mapping, and hard
copy of all input and output data

All plans and supporting reports/correspondencet tneistamped and signed by the design engineer.
8) CONCLUSIONS

Floodproofing design must respect many variablesluding a degree of uncertainty. Existing
floodproofed structures have not been widely ‘figlested’” under worse case scenario flooding.
Observations from significant post flood event®aaggest that phenomena such as surge wavesnuneve
forces in eddies, backwaters, and secondary flaanméls, erosion scour, and debris or ice load itpac
are factors with poorly predictable qualities.

Short of not building in the flood plain at all etlsafest forms of construction will be those tHemieate

the ingress of water and limit the adverse effdchyarostatic pressures. It has been argued that th
economy of scale dictates what can be reasonalbi\aed in structural treatment for floodproofing.
Compromises in structures may be a design decifionexample, eliminating basements is a clear way
to reduce the effect of hydrostatic pressure anapldly design. This document does not attempt to
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support or discount any specific opinion. The intehthis document is to give guidance towards the
significant factors of design.

Floodproofing is a viable component of overall filoplain management. These guidelines meet the need
to improve the consistency and reliability of implentation.
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