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1. SUMMARY AND CONCLUSTONS

1.1 Summary

The town of Stephenville has cxperienced periodic
flooding throughout its history. The predominant causce of
this flooding on Blanche Brook and Wayrm Creek has bcen ex-
cessive rainfall during the spring months leading to rapid
snowmelt and ice jams at various man-made constricticens.
Floods have {requently occurred during auvtunn months as wel
the two most recent of which were experienced in late Rugust,
1973 and November, 1974.

Subsequent to the 1873 event, the Town of Stephen-
ville requested (through the Newfoundland Department of

Environment and Provincial Affairs), that Environmen:t Canada

I

thao

h

corduct 2 ootuedy o looding »robleom,  Gnin rapert 1o tho
result of that study.

A brief description of the local cconomy, the
basic physiographic and climatic forces at work in the arca,
as wall as an account of the most recent floods of record
arc contained in sections 3 and 4.

The nature and extent of the flood hazard is des-
cribed in section 5. Waler surface profiles for floods of
various magnitudes (1:100 year, 1:20 year and Mean Annual
events) werce determined based on a hydroloaic and hydraulic
analysis. The areal extent of flooding was detcrmined by
applying the profiles resulting from the 1:100 year and
mean annual floods to a topographic basc map of the flood-
plain. The base map woes compiled from cxisting maps and
adjusted using field survey data. The {lood hazard is alco

1



discussed in terms of depth of filooding and velocity of flood
walers.

The flood damage potential in the Stephenville
floodplain is discussed in section 6. Quantitative impressions
of the current and future flood damage potential were detexr-
mined to provide a benchmnark for the evaluation of Lthe vari-
ous potential structural and ncn-stcuctural adjustments.

The average annual flood damage potential on the
Stephenville floodplain has been estimated at about $500,000,
most uf which would occur at bLhe brewery. This estimate is
based on several assumptions, che most important of which
are: {1} the existing dyXe along the brewery bank would not
withstand a flood eguivalent in magnitude to the mean annual
£lczd and (2) the damadgy ¢Gabllaabes dl che Lorewery ace based
on interviews with brewery staff and could be gsomewhat
biased. The implications of potential future development
on the level of wvulnerabhility are also discussed.

Various structural adjustments, ranging from reg-
ional alternatives such as upstream storage, floodways,
and diversions, to mores localized alternatives such as dykes
and floodproofing are discussed in section 7. What anpeared
to be the more promising measurcs were subjected to con-
ceptual design. An analysis of the cost of these measures
and their potential to reduce the physical extent of the
hazard is also discussed.

Non structural wmeasures are assessed on a similar
basis in section 8, although the discussion is substantially

more qualitative in naturce than the assessments made in



section 7.

The various potential structural and non structural
solutions are discussed in scction 9. Based on arguments
summarized in that section, several adjustments emerge as
being supcrior. These suggested adjustments are essentially
the conclusions of the report and arc presentcd below.

1.2 Conclusions

1. Because of the topographic features of the
Stephenville floodplain, there is no significant differcnce
in the areal extent of the hazard between the 1:100 vear
flood (Map 1) and the mean annual flcod {(Map 2). However,
the depths of flooding resulting from the above events
could differ by up to 3 feet.

2, It is cstimated that $500,000 in "averace annual
flood damages" is the level of wvulnerability in {he Town.
Approximately 96% cof this total is located at Labatt's
Brewery, where it is estimated that over 5 feect of water
will be on the floor of the building in a 1:100 year event.

3. In genecral, regional solutions to the flooding
problem arc expensive and generally not as effcctive as
local solutions which are designed to protect critically
vulnerable areas on the floodplain.

4. A continuing program designad to clear trees
and debris from the channel of koth Blanche Brook and Warm
Creeck, should be initiated by the Town.

5. Any new construction on the floodplain should
be required to be floodnroofed according to acceptable

standards. In the Stephenville case, prohably the best way



to accomplish this goal is to require foundations to be
built to specified minimum elevations in order to avoid
increases in damaye potential. Such a regulation should
also include all Harmon Corporation land that 1s currently
vulnerable. Recognition should be given in the establish-
ment of these standards to the fact that the 1:100 year
flood line as estimated on Map 1 does not necessarily de-
fine the entire floodplain,

With the creation of these minimum elevation stan-
dards for new develooment, the onus will be placed on a
nrospective developer to domonstrate that his concept is
compatible with the flood hazard.

6. Certain portions of the floodplain may provide

srgnificaent Jlow carryving capacity or a “reliet valve" fov
floodwaters during major events. Because of this, care
must be taken to ensure that all new construction is both
located and landscapcd in such a fashion that flooding at
other locations is not aggravated.

7. A rudimentary early warning system could be
useful for the area. The possibility deserves a limited‘
amount of further study regardless of which adjustments are
adopted. However, if floodproofing is selected as a sol-
ution at cither the brewery or upstream of Main Street, a
detailed assessment of the potential effcctiveness of an
carly warning system should be made.

8. The Town should institute a policy of not per-

mitting any changes to the physical regime of the drainage



area without first considering what effects these changes
are likely to have on the flood hazard. This would apply
not only to the channels of Blanche Brook and Warm Creek
but also in the watershed generally, as in the case of
monitoring forest cutting plans and practices.

9. All new public facilities constructed across
either Blanche Brook or Warm Creek shonld be designed to
pass the 1:100 year flood without materially affecting
upstream flooding. To help prevent jamming, any new bridge
construction should incorporate an open-span design.

10. The feasibility of altering, reconstructing
or removing existing bridges, some of which constrict flow
and act as a catalyst for ice or debris jamming, was not
evaluated because it would be impossible to justifv thesce
strategies on the basis of flood control alone. It is
suggested, however that as bridges become obsolete or re-
gquire major alteration, consideration should be given to
the flood hazard. Onc obvious examplce of this problem ex-
is5ts at the Mississippi Drive bridge. This styvucture has
baen suvbject to periodic damage in the past and will con-~
tinue to be in the future. The elimination of the bridge
would not materially affect flood levels, but it would elim-
inate the recurring ccst of repairing the bridge. Local
traffic cculd be routed up Georgia Drive if the bridge were
removed.

11. Bank protcction works at T and J's Motel will
eventually ke required to protect the slceeping unit from

damages.



12, Three different regional structural alterna-
tives (floodways, diversions, and upstream storage) were
investigated and found to be economically infeasible. One
local adjustment (channel realignmont near the confluence)
was also found to be unceconcmical,

13, The cexisting dyke along Blanche Brook at the
brewery is not considercd to be structurally competent to
withstand the hydrostatic and erosional forces which will
occur under major flocding events. Signs of erosional dam-
age and sloughing are alrcady evident.

14. Dredging of the river channel below the brewery
was found to he economically and tcechnically feasible in
relation to the prevention of Fleood damages at the brewery.
vowever, whe capipal cosc of Lhis altecrnative was foaad o
ba higher than both dyking and flocdproofing both of which
would achieve the same level of benefits. A potential benefit
of the dredging alternative is that it would provide a larger
amount of protection in an event greater than the 1:100 year
flood than either dyking or floodproofing.

15. Dyking and {loodproofing are sufficiently close
to each other in economic terms that further detailed study
would have to be made of both possibilities hefore one could
be chosen over the other. Floodproofing appears to be super-
ior on the basis of oreliminary cosl-benefit comparisons,
but risk considerations, the non-universality of the solution,
and the potential development beacfits of land make the two

possibililies of roughly cgual attractiveness.



A program of either dyking or floodproofing should be
coupled with intelligent land use planning in vulnerable
areas to ensurc that catastrophes are avoided should the
measures fail or should a larger flood than the 1:100 year
event occur,

16. Whichever alcernative is selected for the
brewery, bank protection will be required {see discussion
of dyking proposal} and the local drainage system at the
brewery should be improved. The existing drainage ditch
south of the brewery should be diverted to a point just
upstream of the Recreation Centre bridge.

17. It became quite apparent during the resident
survey (Apvendix A) that the level of public awareness of
and concern aboul the £lcod hazard was not very high.  The
only way to ensure that all activity in the drainage arca
is considered in tsrms of the flood hazard is for this
awareness to be increased. A program to ensurc that the
porulation of the area is adequately informed of the floed
hazard should be initiated.

18. Restrictive zoning has been used effectively
in the recent past to ensure that economic growth is compatible
with the flood hazard, and its usefulness should be considered
in future developmment plans. However, there appears to be no
sound economic rcason for excluding conforming land uscs from
the floodplain. To do so would be to ignore the potentially

high economic utility of the land in question.






2, INTROCDUCTION

Parts of the Town of Stephenville, arc subject to
periodic flooding by both Llanche Brook and its major trib-
utary, Warm Creek. As a result, the implementation of many
of the recommendations in the current municipal plan depends
on answelrs to several guastions concerning the flood hazard,
such as:

l. What can be done to protect existing davelopment?

2. What is the nature and extent of the flood hazard?

3. How often is flooding likely to recur?

4. Should development of the vulnerable areas bc peor-
mitted?

To obtain answers to these guestions, Council sought
tence from the Newifopundland Department of Provinaial

assl

il

I

Affairs and Environment, who in turn rcguested that the In-
lard Waters Directorate of Environment Canada (Atlantic
Fegion), investigate all pertinent aspects of the flcooding
problem in Stephenvilie.

This reporlt is the result of that investigation.
It describes both the nature and extent of the floced problems
in the Town of Stephenville. Tt also provides a preliminary
cvaluaticn of altcrnative means of floeod control and suggests
measures for reducing flood damage potential that could ke
considered by the Town.

The Appendices to this report are pregented in a
scparate volume. TIncludced in these Apwvendices are (A) the

results off a resident survey conductced in Stephenville in



October, 1974, (B} the mcthods used to determine flood mag-
nitudes, {C) the technical aspects involved in both the
production of the two flood hazard maps and the evaluations
of variocus structural alternatives, and (D) the text of a
press rclcase by the Minister of the Environwent for Canada,
Mme. J. Sauve, concerning the creation of the National

Flood Damage Reduction Program referred to above. The

flood hazard maps are locaiged in a scparate jacket on the
Irack cover of this recport.

The study area encompasses Blanche Brook to a rmoint
just upstream of the Hanson Highway Bridge and Warm Creek
to the outlet of Noel's Pond. Tlooding occurs above Noel's
Pond, but consideration of this part of the problem would
Nave required an evalosallon 0L L wdied ouubDly 1050 L0d L Lohs
of flooding, which would have been outside the scope of the
study.

The study did not consider the possibility of re-
locating wvulnerable assets. Obviously, one alternative
would bhe to move the brewery off the floodplain,; but the
limited data base available during the study would not have
permitted an adequate assessment of this alternative.

To the extent possible, institukbional considerations
have been reflected in the analysis. Por example, if it is
projected that growth will occur in a specific location be-
cause of the policies eanbodicd in the Development Plan,
then this informaltion has bcen included in the floodplain

study. liowever, this report has been primarily concerned
;
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with the solution of the flood problem in Stephenville and
the question of responsikility for the problém has not been
addressed. It was felt that such a consideration would
have been beyond the mandatce of this study. As a result,
the various options are discussed entirely in terms of the
flood problem itsclf. XNo opinions are expressed in the re-

port concerning who should pay for werk resulting from the

report or who should be held responsible for damages result-

ing from floods.

One recent institutional develooment that should

be considered is that the federal government is at present

initiating a Flood Damage Reduction Program through Environ-

ment Canada. This will be a federal-nrovincial program de-

sianed o reouce Yl1ond damaces bhv vaisions we2ans, Notabhlv.

—_———— —

1t will seek to restrict and discourace future development

in designated flood risk zones which will be defined on

special offically approved mans. In censidering the options

outlined in this reowort, the authorities concerned should

consider also the implications the FPlocd Damage Reduction

Program would have if it were to be applicd to Stephenville.

(A copy of the Preszs Release announcing the Program is con-

tajined in Appendix D).
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3. DEGCRIPTION OF 0L AREA

Stephenville is located on St. George's Bay on the
west coas£ of Newfoundland. The principal streams flowing
through the Town are Blanche Brook and its tribputary Warm
Creek, which joins it onc mile from its mouth.

3.1 Physicel Featurcs

The DBlanchie Brook watershed, as shown on Figure 1,
drains an area of approximately 51.2 sguare miles. Blanche
Brook, which drains the wesicrn half of the area, rises in
the Indian Head Range at an clevation of 1,550 feet and flows
southwesterly over a distance of 15.3 miles Lo its oullet
at St. Gecorge's Bay. Warm Creck, the major tributary of
BDlanche Brook, drains the eastern helf of the arca. It alsc
rlows to the gscuthwest from its source in the Indian Head

350 fest over 12 miles.

3}
L

Range and drop .,

At one time Blanche DBrook and Warm Creek met near
the middle of existing airport runways, but during construc-
tion of the Harmon Alr Torce Base in 1941, the channel was
realigned as shown in tigure 2 . L.ater, airport expansion
{circa 1952) precipitated further changes when most of the
regime was dredged to its present location. The exception
to this was ncar the mouth where a further change was mado
in 1955, Since 1955, local marine currents have shifted the
mouth southward to ils present position.

The princival physiograpnhic properties of the basin

as a wholc and for the two major branches are given in Table 1,
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Sclected Physiographic Vrovertiecs

Rlanchw P*ﬁmh Watcrshed
Total DBasin Blanche Brook Idrm Craok
Drainags Area 53.2 sq. mi. 24,3 syg. mi, 25.2 sg. mi.
Length of Channel 5.2 miles 14.3 miles 12 miles

Differencoe in
eclevation source 1,550 feot 1,530 feet 1,358 feast
to meuth

Slopa 101 ft./nmile 107 f¢. /inile 112 f£./mile
Percent of arcea

controlled by 57% 21.7% 9549
lakes and swanps

1. Parameters are given for that wortion of the basin up-
stream of confluence of Blanche Brook and Warm Crcek.

-

I'or thc most part, the basin is forested with extensive
swampy areas in its uppoei reaches. The entire arca i=s the vro-
duct ol intense glaciation with outcrops of granitic and
basic rocks o the Precambrian era. The lowlonds ayxe coevered
with glacial drift and cutwash deposits., NAs a resuli, the
strcams have doveloped meanders, are gencrally shallow, and
have coorse gravel and cobble beds.

3.2 Cli ma te

The ¢limate of western Newioundland is influcnced
by the same conltinental air masses as those affecting the
rest of castesn MNorth Ammcerica. Becausa of this, the entive
area gonerally experiences a wide ronge between summer and
winter tempceratures. However, the clinate is also afifected
by the cold Labrador current which has the cffect of narrow-

ing this range.
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Metcorologia records have been ket at the Stcohen-
ville airport since 1942. Although not renresentative of
climatie conditicns in the entirce basin (because of the
statlion's proximity to the coast), thege records represent
the best information available, The range in tempecrature
and precipitation in the interior portion of the watcrshed
would of course bho morce pronounced.

The mean daily temperature in the Stephenville area

. : & o ) : - -
is aporoximately 41°F (5°C). The coldest month 1s FPebruacy

-

with a mean daily temperabture of ZZUF (—GOC) while the
warmest montn 1s August with a mean dally temperaturc of
61°F (16°C). The mean daily temperature ranges from -17°F
(-27°C) to 87°F (31°C).
The weeiin Anfilar Ciobal geecioliation 1l Lite @ieniun
ville area is approxkimately 43 inches (1092 mm) consisting
of 31 inches (787 mm) of rain fza2l1l and 128 inches (325 cm)
of snowfall. Precipitation is well distributad over the
yvear, Autumn is the wettest scason, and November is the
webitest month (4.5 inches — 114 mn) . After MNMovembor, there
is a general decline In precipitation until a minimum is
reachod in April (2.2 inches - 56 mm). Little igs known a-
bout {he water equivalenc of the snowpack during the winter
and soring months. The average annual znowpack for the

. - . - . 1 . .
lHumbevr River Dagin was egtimated” to be aboutbt 10 inches

1.Shawinigan kngincering Company Ltd. = Walters Reosources
Study ol Newloundland-Labrador
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(254 mn) during mid-march and varvicd from 0 to 18 inches
(457 mm) during the period from 1926 to 1968.

The maximum amount of preccipitation recorded at
Stephenville airport in a 24 hour period was 3.7 inches (94
mm} . This cccurred on I'ebruary 22, 1246, and was primarily
in the form of rain. The February date is significant in
that if the righi conditions were Lo exist in advancoe of

nd during such a storm, a large volume of water could be

ju}

released from the snowpack as well as the rainfall itself.
This could in turn result in extremely high flood waters.
Becausc of the time of ycar, there is alco a high probability

that such a flood would be complicated by ice jams.

3.3 Beonomic Features

Stephenville expericoncod raricd growkh after the
esteblishment of the Harmon Air Force Base in 1941. Growth
rates averaged about 5% per annum in the Town and its imme-
diatc cnvirons between 1941 and 1961. After 1961, declines
were experienced untill abeut 1966 when thoe Air Force DBasc
was finally closed down. Subscauently, the Town began to
grow again, and now the population is cstimated at aporox—
imately 10,000 for the Town itself. This contrasts with a
1966 ccnsus figure of 5,810, so some measure of economic
recovery is apparent over the past ten ycurs.

Throughout the period when the Harwmon Base was in
operation; the local economy was almost entirely dependent
on the Basc. Since the Base closcd, the Narinon Corporaticn

has becoan encouraging expanded and more diversified ccononiic

21



activity. Though the 7Town is now heavily reliant on the
Lincrboard Mill for its prosperity, it now has a much
sounder cconomic base than at any time prior to the depart-
ure of the Americans.

The floodplain itsclf has never figured very prom-
inently in the local economy. The few recsidential properties
located on it represcent only a small proportion of existing
and planned housing lacilities in the Town. Although there
is a large absolate amount of commercial and industrial in-
vestment in the vulnereble area, proportionately this in-
vestment is not particularly aignilficant. Total cmployment
by enterprises within thoe approximate 100 year flood line

mated to be only about 50 people Apnart from the

.I'-'

ig ast
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rajor employer likely to be affected by flooding.

Some noew construction has taken place on the flcod-
plain in recent years. Thae Federal Building is one aoxample,
and the owner of P and J's Motel was recenitly granted a
building permit which enabled him to expand his facilities
even though a flood warning appearced on the pecrmit., DBoth
the browory and Muuber Motors tegan operations in their
currvoent locations after the Uarmon Corporatinn was formed,
Virtually no roesidential construction has occurred on the
[loodplain since the municipal plan became public knowlodge
and restrictions were placed on development in the flood-

plain (Sce Cigurc 3).,
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In short, althouﬂh cconomic investment on the fleood-
plain is substantial, it docg not roepresent a large propor-
tion of the total industrial or housing stock and much of
it was placed on the {loodplain after the Harmon Base was

closed.






A. REVIEW OF PAST I'LOODS

Mo rcliable documentation cowld be found for any flood
prior to 1969, Tt is known that periodic {Jooding has occurred

but the only available ewvidence of this 1s the fact that the

.C.0. Club (where Huaber Motors is prescontly situated) had
expericncoed flooding uwo to 2 feet on the main floor at diff-
arent tinmes.

lNowoever, it is known that the {looding events dos-
cribed below wore notb ag severe as future floods are likoely
to be, basaed on a raview of moteorciogical records.

4.1 Floecd of May 19-21, 1969:

Heiavy snowmelt combined with scvere roin caused high
flows in both Warm Creck and Blanche Brook. Ico was aopar-
antlv now o lavge Tactor in this flood.

On Blanche DRrook, the residential area upstream of
Main Streclk was ileoded as tne banks were overtopped at
bends in the river located ncar Mill Place and Maxwell Ave-
nue. IMlood watcrs {loved through lccal depressions approd-
imately parallel to the river, flooding several basemonts
and some cutside property.

Most of the flood wators rcecturnced to the Brook just
above the Main Strect Bridae, but Main Streel was also over-
topped ncar the present Federal Duilding allowing some of
the overbank flow to rejoin Blanche Brook several hundroed
feect below the bridge.

Backup of water at the Mississipnpl Drive bridge on

Warm Creck caused overtopping and erosion of



the roadway. Overbank flow occurvaed west of tha bhridge
between the church and overrass cmbankment, then under the
overpass bto the arca below thoe Carolina Avenue Bridge.

Near the confluecnce of Warm Creck and Blanche Brook,
flood waters coveraed Che ficld near the curling rink and
Lhe brewery., Another orea (looded was on the airport side
of Blanche Drook above the oresenit St. Stephen's Recrcation
Centre Bridge, buib no damage was reperted at this lecation.
Various municinal agencies assisted in flood relief, and
the Town provided fill at cost Lo residents who sustained
croslon damage.

Following the 196% flood, the 'Town initiated a nro-

gram to ailleviate tho nroblem, During the summer of 1970,

Chn o chonr2T 2f Dlormehs Rresal whve Ansrnanad and matarials
P N - S R [ [ .,]_ I T 1= 1 = = T T3 e |- ¢ X7 T ;e
dredged Trom cthe channel wore usaed to form rudimontary dvkes.

The work was dono hy the lleavy Fguinment School ab a minimal
cost to tho Town. During thiz hulldozing operation a waker

line was =sovered. This line was revaired, huek the now cover

+as insufificient to withstand the lce gouging that occurrad
during the svring flood in 1973,

4.2 ¥lood of May 15-17, 1972:

Spring runoi i combined with raiufall caused Warm
Creek to rise, wash out thoe causcway  ab Mississipol Drive,
and threaten the bhridge on Caroline Avenue, 16 was necessary
to crect temporary dykes along the odge of Warm Creek to pro-

tect the low ground arcund khe Harmon gymnasium and the

broewery.
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Debris carriced by the floocdwaters cloagged the cul-
verts under the bridge on lNississinnl Drive, forcing water
to flow cver the bridge jtscelf and the pavement at both conds
(sea Figuwre 4). Before tho water washed out the vyoadway,
WwOrK crews attempted, uncuccessfually to clear thoe klockoed
culverts.

I'lood waters backed up behind a culvert bridge on

-

"Migsouri Drive, the water flowed over the pavem—cnt, and

formed a waterfall over the cdece uniil a gsection 0f earth-

[P

411 (abLoutr 10" - 15' thick) cd]la?ﬁid (see Figure 4). The

[ = 3

remains of this structure were later removed to clear the

channel. The road has never been rebuilt.

4,3 of Pehruary 2-%, 1973:

The woerst recovded ice ceonditions in the nhistory of
the Town occurred on Blanche Brook when f£loating ice niled

up across the Main Street Bridge (see I'zgure 5). Th

o}

wooden sidewalk on the Bridoe had to be replaced, bhut tho
bridoge itself was not damaged. The Canada Manpower 0ffice
and Building 450 on the Harmon Complex were slichily damaged
when icoe was [orcod againsht them.

411 buildings closce io the Main Strect Bridge had
their parking lots blocked with ice which was piled un o
10 fect high in places. Water rosce almost to the floor lovel
of the Indian Head Co-op, ond also flooded Minnesoba Drive
opposite the brewery. TFlooding of the brewery was provented
by the temporary dylces which had been Luilt in the Spring

of 1972 whoen similar, hut less extensive ficoding occurred

in the arca.

29






F: v

HE S E s Em EE EE e

E1 &3

N a e aE Ea e

S |

FLOOD OF MAY 15 - 17,1972
SELECTED PHOTOGRAPHS

""" The Georgian

-

MISSISSIPPI DRIVE

MISSOURI DRIVE

The Western Star
MISSISSIPPI DRIVE

The Western Star

31

FIGURE 4







| I I [

FLOOD OF FEB.2-3, 1973
SELECTED PHOTOGRAPHS
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FLOOD OF NOV. 1,1974
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£

-‘i—"“L"_ ’T’ = l

The western Star.

L

B

|
e
_The Western Stag
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4.4 T'lcod of Avgust 2-3, 1973:

The worst reocorded Tlooding in the Town's histoocy
occurred when a lalke sumner storm dumnoed two inches of 1rain
on the area. The main highway into the Town was under watoer
in at least two Pplaces and a bridge was washoed out near
Wheeler's Night Club above Noel's Pand.

Basements in the Mill Place arca were Flocded as
Blanche Brook swelled to several times i1ts normael size.  The
water line which was damaged during the 1969 flood, and whiclh
had been left dangerously exposced by ice gouging in the Spring
flooed of 1273, was severed again. Many residents were with-
out water for about two days untll the line was repaired.

The Towan then spent approximately $21,000 on encasing the

: ~ e A P S e ~ P gy - , iodu
.1""‘ R Y L R B O TR A e R At B a T o 13 ceDlsy Snooan Lo QYOI L [THYE

)

problems [rom fce gouging.

Wienkially severs damages were averled at the Hanson
Highway and Main Street bridges by clearing several truck-
toads of trees and other debris from Lehind the bridgos.

Llven so, the bridges were sufficiencly blocked Lo causc some
cencern for their safcty (scc Figure 6).

High water broke through the temporary dykes pro-
tocting the brewery and reached a heighl of abwout 1.5 fectl
above flocd level. Vamages of approximately $70,000 wore
inflicted on the ascets of the brewery {(cee Figurc 7). In—

e

terior matevrials and equivment as waell as inventories of

both good: in process and finished qoods were damaged.



Sowe damage was inflicted on the vesideontial area
north off Main Stroeck {(Devalopmenk Arvrea %), bub by far the
most severe eflfncts were folt at the browoery.

4.5 Mloocd of November 1, 1974;

Heévy rain caunsced Ulooding nroblems at Cold Drook,
Nocl's Pond and Stevhenville. The community of Cold Brook
was isolatod by the washout of the wooden bridge on the
main road conncaoting that community with Stephenville. Res-
idents of Noecl's Pond (Wheoler's area) were aizo revortoed
to have gxpericnced Flocding, The blanche Brook channel had
become swollen and the Town's Works Dopartment was hard
pressed Lo vrevent debris from niling up underncath the

Hanson llighway Bridoge (500 FMigure 5).
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5. AREAS SUBJRCT TO INUNDATION

This scction of the report deals with the delincation
of the coxtent of flooding under 1.100 year, 1:20 vear, and
mean annual recurrence intoerval floods. Tt shonld bhe bovne
in nmind that the fleod hazard map as developed is bascd on
cxisting river channel conditions, and a variety of assunmp-
tions lhat are describoed below. The following paragraohs
‘summaryize the various steps taken in the preparation of the
flood hazard map. TFor 2 more detailed accounting of the
procedures follewnd, the reader 1s referred to Appendix C.

In this roport, the 1:100 yvear recurrence iniorval
flood is defined to have a 1% chance of occurring in any

given year; the 1:279 year flood is &efined Lo have a 5%

zhansze of occury ! "o 1o any given vear and thoe mean Jeruaa’
flood,witich is the arithmotizc mean of each annual flood cover
a long period, is defined to have a 50% chance (approximaie)
of geceurring in any given yeaxr. The 1:100 year flood, for

example, would ooccur (statistically) once in a 100 year

period. However, cheroe is a chance, albeif snall, that the

-

e

1:100 year fleood could occur two years in a row or even owice
within the same year.

5.1 Tho Bace Maco

To develop an accurate flood hazard wan it 15 oesscon-
tial io have a suitable and accuvate topograpliic man, Two
basic sources wero cmoloyoed in developing the basce man uvsed

in this study. fThegse werce:
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1Y Basic Tayvour Dinn, Wrnost larmon Complox:
Scale: 1" = 400 Test, Conlour Interval: 5 feet; Comniled
by Honningson, Duarham and Richacdoon Tne., Cmaha, Nebraska
for the U, S. Department of the Al: Force and;

21 Topograchic Mapping, Town of Stephoenville;

(W]

Scale: 1" = 200 leoct, Contour Intcoval: Eeet; Comnplled
by the Yhotogravhiic Survey Corporation Ted, basaed eon 1958
photoyraphs and revisoed based on May 1963 and Scotemboer 1266
photographs.
The former map was hlown up to a scale of 1" = 200
feat and spliced with the latter to form the kasae map. The
; |

mapping of the Harmon Connlex avpears in places to be dis-

torted, therefore the Final basa map is net of uniform

- T oy eniian e e A LAPILEE Ml B T e P B T A | 1 =gty P
vreand Sy CANA R e e A [N e e i B R s S SRS I -ﬁ'-l e

veys, the topogranhic features of the floodplain woere wovised
broughb un to a coasistent and golatively accurare state,

, 1o ~hanges were made to the basic planimetric map.

2.2 Water Surface Profiles
Water surface profiles were dovoelopod or the Mean
Annual, 1:20 year and L:100 year rocurrence interval flobds
under three conditicns; (1) no blockage {ice and debris) at
constrictions, (2) 30% blockago at cach constriction and (3)

OO lockayn al cnch censtriction.

Annual Flood

The water surface profile develoved for the mean

Aanmual flood is sbhown on Figurs § and on Table 2?2 for Blanche
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Brool and on Pigmre 9 and Table 3 for Warm Creel regspectively.
The solid lines on Figures € and & ropreseonl thoe estimated
water surface profiles under free flowing conditbions. The
water surface profile for the sitvation when coch of the
constrictions would be Ffully blocked by ice and debris i«
shown on Figures § and 9 by a dashed linc and tabulated on
Tables 2 and 3 for Blanche Brook and Warm Craeck respeoiively.
(Profiles were alzo developed for the condition when the
cross-section would be reduced by 30% at each constriction,
but these are omitied here)

5.2.2 1:20 Year Recurrence Interval Flood

The water surface profile developed for the 1:20
year recurrence interval flcod i1s shown on Figure 10 and on
Takle 2 for Blanchs Broook snd on Pignre 171 and on Tahls
Tor Warm Creek.

[ W]

2.3 1:100 Year Recurrence Interval FPlood

The water surface profile develened for the 1:100

year recurrence interval flood is shown on Figure 12 and

]

on Table 2 for EBlanche Brook ard on IMigure 13 and on Tablo 3

for vWarm Creaol.

5.3 belineation of Flood llazard Areas

The rear extent of flooding was determined by
applying tho wotoew surface clevations derived for the liean
Annual and 1:100 year recurrence interval flocds o tho
topoyraphic base map. It must be pointod oul thac, as

available mapping shoved only 5 fool conbtour intervals,

the arcal oxtent of flosding in general could ne doefined
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feol. in the vertical. llowever, il is

(]

only within 1 2,
believed that the ground survey information has inmprovoed
the acvcuracy to + 1 feoet. Neverihceless, it was oxtremely
difficult in some instances to discoern appreciable differ-
encoes in areas flooded between the Mean Annual and 1:100
yvear cvoenies.  The key colement in assessing the actusi hazard
of a particular flood situation is Lhe depth of flooding
and in some instances the velocity of the flood waters.
In this study, three facitors were considered in defining
Lhe {leod regime: (1) the aveal extent of fleooding, (2) the
depth of the fleod waters, and (3) the veloclity of the flood
watoers.

Certain assumptions, basic to these factors, were
necessary in dafining the fleed harard arcas Thosoe assvumn-

tions are explained below.

(1) The cxisting £i11 along the banks of Blanche
Brock near the brewery will protect the brewery
to @ certain extent undoer minosr floods., Nnowever,
in view of the instabkility of the fill, as well
as its velatively evodible nature, it is unlikely
to provide substantial proteciion in a significant
flood. It was therefore assurmed in this study
that the fill was a temporary measare and wonld
not provide proteccion from even the mean onnual
flood.

(2) The blockage of the rviver channcl at various con-

strictions by icc and debris is well documented

[ O]
e



in the Stephenville avea. Sibmifilcant lce block-
ages have developed in the vast on Blanche DRroolk,
eunoeially at the Main Stroelt and Hanson High-
way BDridges. [n goneral, it waos assumed bhat
chooo bridogss with niere would bocome [ully
blocked under cxbtrome [loods, while bridges wilh
clear spans would Secaome partially (50%) blockod.
Because of bthe low hydraoulice caracity of culvert
causeways, it was inmakerial which assunption
was used. Uorder these assumptions the areal
extent and deoth of flooding immediately upstream
oy constriotion would be similar des-
pite the magnibtude ofF the fland, The velocity

2T Pl nnd wabe so, Tvonvew s wina i e cdond Teankly
diffearent.

In certain areas, land may be f£loode

diverted from the river channel u
which may nek retuci to the river channel for

o ceonsiderable distance downstream, An example
o Lhils occurs along Dlanche Zrook, whoro woater
At oone volnt overitops Birookside Drive but doeas
not: re~enter the main channel for a censiderable
distance downstream., This has bheen termed
"overland fleoding” in contrast to "overbank
flooding”. The topoygraphic detail available is
inadequate Lo allew tho oxtent of flooding in

those arcans Lo e outlined orogisely.  The flood

GO
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hazarwd maps as developsd distinuglish betwoen
overbank flooding and overland f{looding.

5.3.) Delineation of the Arcal Extent of Flooding

Waler surface elevacions under the Mean Annual and
1:100 vear recurrchce interwval floods were extracted from
the water surface profiles (presented in paragraph 5.2)
and applied te the topographic base map to determine the
areal exitent of flooding. Additional topographic detail
obtained from the field surveys was also used, but this
information was not plotted on the flocd hazard wmap. The
shaded arcas on Mars 1 and 2 (see foldouks in back cover
of report) veprescnt the extent to which overbank flooding
occurs under Mean Annual and 1:100 year floods respectively.

by iy ) N T MV | ST oy e 5 ek AL PESITL, TR L, SRR o, FRV O .
e croso—Halobed sorgas represent overliang ifloodlng,

T
N

was noted in the precedinyg paragraph, in most circumstances
rot all of the cross-hatched area would be subjcct to in-
vindation. The exact location of flooded arcas within the
cross-halched section would depend entirely on local topo-
graphic features. As such, the crossz-hoteched areas represent
an exaggerated estimate of the areal extent of the hazard.
Because topographiec detail is limited, and recog-
nizing that design elevotions may boe wmore apprapriate in
terns of ficodpronfing now coustruclion, water surface el-

evations are depicted on Marcs 1 and 2 at variouws key lo-

cationo.,
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5.%.2 Depth of Fleoding

A oy variable in esbimobiag exisbting or fubure
flood damage potential 1s the deosth of fleood waters rolative
to the clevation of damageable assets. The relative depths
of Flooding ot varion: Koy Tocaions on the Cloodolain are
shosm on Figure 14, Por exampin, ik is ecsbtimated, bearing
in mind the assumption noced above, that the brewery floor
vould be under 3 feet and 2 feol of water for the 1:100 year
and Mean Annuad floods, respectively. Or, from another por-

speckive, 1f a stvucturz ware to boe constructoed on tha flood-

=

i
)
N
B
)
\
2
ik
n
{3
U
—_
Ui
O
s
fu

nlain northeas i nnes Coive) bDoidao,

the minimum foundabion elevation, toe ensure fiood protoction

ity of Flood Watars

Another key paramater in terms of damage potential
is the velcecity of flood waters cver the flocdplain. Log-

ically, velovities will diminish away from the river to a

point where still water conditions exist. Any development

=1 -

on the fleodplaln must recognize bthis facit. For erxample,

a strucktura on the floodplain norktheast of the conflucnce

v
-
_
=
o

bridge located in the grey area cliose L river pank may

impede flow and cause fleceding upstream. In general, the
cross~hakched areas on Maps 1 aind 2 would e relatively low
valocity zenes with thoe possible exception of localized
arcas winera the topoygraphic feacures are riverine in nature.

Mt is anticivated that volocibics in the area of the browery

could be ralatively damaging urnder a sovere ©ilood.

('.n (2
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6. I'LOCD DAMAGE POTENTIAL

Prior to evaluwating poszsibice adijustments to the flocd
havard, it is5 necessary (o estimote the damages that would
Lbe caused by floeding ¢t different stages, so that any pro-
posed adjustments can be seen in their prover perspectives.
Accordingly, this scction of the raeport presents a discussion
of flood damage potceni:ial in the Stephenville area.

The term "flocd damage potential"” may be defined in
different ways. In this report it is defined as the degrec
to which physical assets of the residents of Steohenville

arc exposed to the flood hazard at any given moment in time.
An attempt is made to quantify this degree of euposure in
monetary teurins, but it should be noted that most of thase
valuesg arxe grpss cstimates eonly. Thisg 15 6 because the
objnctive of the study was mainly to acguive impressicns of
Lhe magnitude ol the total problewn rather than to attempt

a detailed appraisal of the vulnerability of each asset

located on the floodplain. These guantitative imerecssions

are used as bhenchmarks for evaluating the warioug possiblc
adjustments to the hazard.

Aside from its spatial aspects, flond damage potential
has temporal dimensicns to be considerced as well.,  Since
ceonomic activity 1s a dynamic phonomenon, Lt may Lo assumsd
that current damage potential will differ from futurce damage
potaential., %o the extent wossible, future changes in the
level ol total vulnerability are discusscd on the basis of

currcnt: plans. The first priority however, is to acquire a

G



sultable benchmark, reprascontod by an asbimakb

tlood damage pokential.

6.]_(|1xtbrk Danage ”fﬂ~w1| Gaal

The totai peotential for lood damaae

down into several sub-headings Floods may c©

damages to physiecal assets, as wien wakber act

Indirect damages a

clectrical cirouits; ebo,

the floed, but are not dirsctly vwelated to th

£

Avoidance effort in anticipation of a ficod a
of employees to perform Lhelr normal duties b

place of work has been Flocdoed are bobh examp

a ol current

may e brokon
ause direct
vally ruins

re causad by

e water.

nd the inability
ecause their

les of indirect

ve offects such

damagrs. [Mlooding can also have redistributi
as occur whon ong versun's property is flood
LR eyl ;'Ef!, - I s S T R e LSS FTR R ST GRTIE e

that expense by being in a positien to ropail
damaged items. In this

placed apeon direct damages, although beth ind

1, # i | 4

distributive effects arc briefly discussed,

ages are ignored,.

6.1.1 Direct Damages

During the study, two Flood hazard ma

duced., One 1llustrateos bthe areal extent of £

Lean annual Eloed conditions and one depicts

event, Doth these maps are discussed elsewhe

nort as to assumpbions made in thelr prpsarat

possible limiktations of

ihis section,

GO

section ofF the vreport,

these maps are used to 1llustrate

ed {this perscn
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c owr replace

emnhasis i

irect a d re-

Intangible dam-—

DS were pro-
looding under
the 100 voear
re in the ro-

ion and the

information presenked on them, T

exisking
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valnerability under two differont sets cf assunptions. By
investigabing the level of this valnerabililty implicd by
each wmep it i possible to obLair an impression of what

the slage-damage function wight Jool like in the Toun, given
the existing cconomic scrvckurs,  Thus, the potential costs
of various adjuatments wmay ba secen in the perspective of
the Level of henefits they woeuld be likely to yield.

In Stephenville both residential and non-residential
structures are exposed to the hazard. DBoth tvpes are dis-
curnsed below., It should be re-emphasizad that all quanti-
tative valuecs estimated in this section are develcped only
to give an iiwpression of the overall magnitvde of the flood
pruhlem.

Since there arve iwo flaeod hazard maps, a description
of the level ¢f wvulnerakility suggested by each is in order.

The 100 Yearh Tvendt:

The Stephenville floodplain contains residential
and non-residential structures. Parts of both types are vul-
neracle to damages.

In the case of residential structures, there are
various methods suggested in the literature for estimating
direcl damages, bubt none is entirely applicable to the
Stephenville caso.  The estimating functions selected for
use here are those developed by nhcres Libd. for Galt, Ontario

-
in 1968, These Functions have been adjusted to allow for

. G. Ltd., Guidelines for Analysis - Stream-

Vol. 2 preparcd l[or the Governments of Canada and
Ontario Joint Task Torce on Water Conservation Projoct
in sonthern Ontario, 1968,

Flood Damages, Secondary Flood Control Bencfits,

]



inflakbion, As the significance of vasildentbianl damage po-

tential in Steohonville La miner, it is belicved that

Lt somewhak arbilrary annlication of the Acres functions

to the situation will not materially doetract from the -jen-
cral validity ofF the cstimates.

The houses that would e affected by looding aro
all located on "lanche firook, whare there are approximately
twenty—-Tive homocs in the higher nhazard (overbank) zone. Of
thase, most are low to modium guatity skructures, ‘The depkh
of floeding on the first floor would appear o be a maximum
of about two fuot under 1:100 vear conditions. Since the

first floors of many houses have been raised off the ground

by foundaiions or mounds, a conservative ezstimate of average
[ S S T Cowesrorr Doorsl T awou ol e Ofia TooL .

Using the Acres Ltd. functions, the average damage o con-

tents on the lCirst floor in homes of similar quality to

thogse which exist in the Stephenville flocdplain would be

about $3063. Spread cvoer 25 hoo=3, the total potential for

first Eloor contents damage is therefore estimated at $§9,900.
Contents damages 1o basemonts may be estimaied in

a similar fashion at $28 ver home for a tohkal of 5700, This

figure does nol account for Furnaces or hot water heaters

located in the basemonts. If an average damage per home to

thoese items of $50 ig ousumed, the total bhasement damage

3. Unless orthorwine specificd, all voalues are aiven in
1974 doilacs.
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potential boecomes roughly 51,950,

Structural damage 1s not expeoted to ba very sig-
nificant., The shallow dopths above the {irst floor imply
that very little water vressure damage would be caused and
the aoparcently short duration of most Stephenville Floods

would mean that minimal dawmages would be inflicted on wall-

rJ
r.-.l
—
-
>
o

boards, pan ete., An arbicrary estimate of about
$2,500 is vsed for homes in the overbank areas.

There are approximately 52 units located inside the
low-hazard {overland) zone. Since damages in this area vary
cignificantly with topographiec characteristics, estimation of

thely magnitudes is virtually impossible. Historical data

indicate, however, that damages in these low-hazard areas

il s ! LA mpiy : - L . I = o i -
are not vepry sionifigant o in the absence of belter dalsa,

the potential for direct damages will be assumed to be nil.

Combining the first flogr and bascment estimates
derived akove, the total direct damage potential is approx-
imately $14,350 ar $575 per honme.

Direct damage estimation for non-residential struct-
ures is even more difficult because of the specialized usecs
made of these buildings. In Stephenville, non-residential
buildings subject only to low damage potential arce 1 aud J's
Motel, thoe T'ederal Building, the Cormack Scliool, the Co-op
and Warehouse and the gymnasium. No attempt is made here
to guantify the dollar vulnerability of mest of these places,
pbut it is probably safe te say that damagos will novmally

be guite minor cven in the assumed {lood conditions.

GO



T oand J's Motol is subject to damage nok Erom the
water ikself, but Lrom crosion which will cause slumping
of its foundation supports. OTvidence of slumping on the
banks was secen duving Ficld o-ips 1o Coitober 19740 Thisg
arosion potential is especiaily acute under the assumed
Hood cenditions since the waler would overtop the Hanson
lighway and re—entor the brook over the orodable bank on
the corner of the slecning section of the motel. Undoer-—
ining of the foundation could bring significant :itruckural
nroblems.  The magniicude of those preblems i1s difficult to
determing, bult it is estimoted that about $2,500 could be
required to restore the foundation to nre-flood conditiens
should a L:100 year fluod actuzlly occur.

Wit BheE Wigh-wagirc fdin: Thorn are five doherto-

k]

idential Luildings suscepitible to damage: Stechenville Build-

1
v

ing Supplics, Labatt's Brewgry, Humber Motors, the Curling
Rirnk, and the Wesmount Realty Puilding.

The Humber Motors building is located in a hollow
and during perieds of heavy rain or floeding, water collects
in a lew spol behind the building. Under 1:100 year flood
conditions, the floor of the building would be flooded to a
davth ol aporoxinarely 1.7 foet, The showroom would likely

t

swlilor cdomage to its Tacacior walls and fleooring, but bevond

that 1t ig anticivalsd that most of the cabenobiles could be

moved to higher ground in tho event of o fleod.  1n the ro-

[

pate shop Lehind the showroonm, some itoms, such as Lools or

clectrical ogquipment might bo damaged. Overall, it 13 not

70



anticipated that there would be much damaage beyond some
minor structuvral problems. Accordingly, 51,500 is cstimatoed
for the bLuilding in the 1:100 year cvent.

The Curling Rink is located on the peviphery of thoe
hazard zonc. It Ls anticipated that about two fecot of
water would inundate the building under the asgumod con-
ditions, and it is quitc possible that significant damages
could occur here. No investigation of the building was
undertaken during the study, but it is probaeble that most
of the damage would occur to the cooling nlant. A valuc of
$5,000 is arbitrarily assumcd here for estimation purposes.

The Wesmount Realty office is located upstream of
an assurcd blockage point (Main Street bridge). The wate:

3

lovel here would e between 38 and 22 Toet e [loor of

I
Lm el e

Ly

tli¢ building has been surveyed at 39.7 Ifeet, so no water
would be inside the structure in the 1:100 yvear ecvent.
Fowever, shbould jco bo associated with the flood, it could
block at the bridoe and fetch up on the cutside bank of
the Brook, therchy causing structural damage to the build
ing. Given the uncoemplicated nature of the structure, it
is esctimated that only about $1,000 in damage would bhe in-
flicted.

The grouvnd level at the Stephonville Ruildings
Supplies siructure is about 37.5 feel. The building itsclf
may be assuntd to have a first floor clevation of ab least

38.0. Aat that point in the strcam the flood lince 18 silu~

ated at approximately the same heighti, so 1t may be ascumed

71



that tho building would cxuerience only insigificant damage
from the wator, Possibly, debris backuan {(fco, troos, obc,)
could cause nminor damage to Lhe exterior of the huilding.
$500 is arbitrarily estimated under that assumption. Tha
ice preoblem would not likoly be as severe here as at the
Wosmount Realty Office since thwe Latter 1s on the oukside
hank and would thervefore probably be subject o groabter
ice pressure,

The Labkatt's Brewery is the most vulnerable struct-
ure in Stephenville. The brewery process involves exacting
standards of both cutomation and cleanliness. Brewery em—

an effort to obtain guantitative

ployees were in

impressions of the degcee of volnerabilicy to Flood damages,
Aand the cllewing Tocks o I S Y

1

rlrst, 1f kie ayke Fails there 1z, at present, vir-

r

tually no time Lo react. The water has normally entored

-ne brook) .,

T

the building from tnhe rear loading doors {(facing
The current dyke was bullt after the August 1973 [lood and
almost no cone in the Town oxpects this dyke to withstand a
major flood in the future. Significant slumping was vigsible
after even the relatively minor November 1874 flood.
Ploodwateors aflected virtually all aspects of the
business in the 1973 storm. Water rcachad a lovel of 18
inches ingide the building, causing damacves toe walls ond
office equipwent in the administration scctiocns. Sludge was
introduced into most of the bheer processing rooms, and tho
witter alno caused shollage of finitshoed producis in the rear

of the building.
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Six inches in judged to be a significant inficction
point on the staye damage Tumction (sec I'igure 15). At

this polnt, same expensive capibtal Installabicns begin to

be damaged, Several of these installations arce [loodproofod
up to six Inches. Much of the cguipment 1= guch thaco, once
flooded, it cannot Lo reuscd because of either divt or rust.
Those items thatb are damaged above a six inch level arve not
nunarous, but they are the most crucial to the process and
the most expensive to replace. Once damaged, the goods-in-
process inventory must normally be totally discarded because
of guality control and sanitation requirements. At a level
of two feet another inflection woint is rcached. At this

point, vital electric panel control boards would be rendered
I ! 1

Ny e B e Moy rae {}-l'rw.—"-(.'.-‘- [ Sl S TTTY v =% F L IEE T o = g TS = |""-—'-- Ty
Jol Ll wre swaloa LTl o L 20 A5 : g LS BT L ol (RS Y

gy

Ve v S Y i)

replaced since repair is virtually impossible.

With the above comments in ming, a2n attempt to guan-
tify the existing damage potential at the brewery way bo
madc.,

To begin with, the Floor of the brewery is situvated
at Yevel 1€.7 and the flood level at thalt point is estimatoed
at about 23.9 feet. Therefore, the 1:100 yvear flood will
mean obout 5.2 Ieet of wabtor inside the brewery.  ‘ithe 1973
flood reached @ level of 1.5 feet and causced an cstimated
570,000 worth of damoges adjusted to curront prices.  This
figure is used os o basis for cstimating currenlt vulnerahility
at hicgher stages, s shown in Table 4, PPigures glven are

N

arizitrary, lLoing cssentially based on conversations with
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brewery staff. As such, biascs of opinion have probably
influcnced the estimates.  Thoe total of about S510,000 in
damage potential under 1:100 year conditicns ig, howevoer,
considerced to be grossly representative of the brewery's
overall flood vulnerability. 1f over five feet of watcr
were to inundate the building, there is no question that

damages would be very extensivo.

An estimate of the potential for damages at the
brewery at different stages is shown in Table 4. This
illustrates the gsensitivity of the stage-damage relationship
at the two inflection points mentioned above - i1.e. 6 inches
and 2 feet,

-

The Town of Stephenville itsgelf is also vulnerable
fo damaces from a floed of the assumed magnitude. Bridgss
could wash out or become damaged; dykes could slump; and
water lines could bea broken. The current study assumes
that the existing bridges weuld in fact withstand the 1:100
year floed. To assune othorwise would necessitate detalled
engineering studics of these structurecs. NWonpetheless, it
is possible to say that cleanup and minor repair could guile
possibly cost the Town an estimated $2,000 in the event of
a 1:100 vear flood.

The estimatod dircet damage potential under 1:100
yeayr conditions is summarized in Tabkle 5. The relative im-

portonce of the browoery is covident and measures to alleviate

the floed harzard should recognize this imbalanco.
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TABRLYE O

SUMMALRY OF ESTIMATED DIRECT DAMAGE PQTENTTALI

TOM OF STEPHENVILLE

Hlzan 1:100

Annnal Yoar
Location 'lood S RaTeTe
tosidential Structures 2,300 14,350
Curling Rink = 5,000
Towinn of Stephenville 1,000 2,000
Humber Motors 1,nco 1,500
Wesmounbt Easalty 1,000 1,000
T & J's Mpotel - 2,500
Stephenville Building Supvlies - 500
Takatrble Arauarye 402,000 511,000
Totals 407,300 537,850

1. Does not include potential damage to roads or bridges.

1y
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The Mean Annual Fleod Lvent:

Table 5 summarizes the estimated direct danaage
potential caused by a 100 year return flood. 1In order to
make an evaluation of the relative soverity of the 1:100
vear flcod, the mean annual ewvent was mapped and an estimate
of damage potential was made using procedures similar to
those used for the 100 year flocd.

In the mean annual case, there are 30 overland and
4 overbank homes affected. Using the same estimating piro-
cedure as above, residential damages under mean annual con-
ditions become roughly $2,300.

In the case of the five non-residential structures

noted above, neither the Curling Rink nor T ond J's Motel

&}

would be vulnerable £o mean annual floodirc. The water

-

leveld o the fleor at Humber Motors would be reduced to

.9 feet It is ecstimated that not more than 51,000 worth
of damage would likely occur here. The Wesmount Bealty

building 1s wvulnerable more to iecc than to the water itself
30 water levels do not affect the damage potential. The
$1,000 previcusly estimated applies as well in the mean

annual case. The estimated direct damage potential under
mean annual ficod conditions at the brewery is aboub $4062,000.
The breakdown of this figure is found in Table 5 along with
the assumptions used to develop it. The Town of Stephenvillc
would alsc suffcer some damages in the mean annual event, but
probably not more than an estimated $1,000. Damages at
Stephenville Building Supplies are estimated to be nil under

the aoosuned flood conditions.



Genenrald
From Table 5 it is apparent that the major damage

poiential in the Town .2ccrues te the brewery. An estimate
of the averaye annual value of flood damages has been cal-
culated for the brewery {sea Figure 16) since more points
on the functicn are known [{or the brewery than for the
rest of the Town., This cstimate is approximately $4730,000.
A rouch estimate of the averaoe annual figure for the whole
TlToondplain would be slighitly highar than this, say S300,090,
Whon interpreting fhis walue, two points must Lo

remempored,. Firsk, 1t doos not mean that % million dollars

worth of damages will cocur every year; damages in this
analysis are assumed to depend on water depths, which are
no moTe ycitcal thean the oocurivenos of major fleoods,. The
estimate reproasents the average annual loss which migat be
expected to cgour pover a 100 year period.

Second, the estimate is totally dependent on flood
depths. Since assumptions made in estimating the areal
oxkent of flooding will colten materially affect the flood
stage, these assumpticons also affect the estimated damage
lavals, In the Stephenville case, the brewery accounts forc
virtually all the vulnerability. Therefore, assumptions
concerning flood stages at this location are vital. Specif-
ically, an assumption was macde that the current dyke would
Fail at the brewery under even mean annual coaditions.
furthesrmnre, the worst possible corbinations of events have

beon aseribed to both the mean annval and the 1:100 year

AN
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floods.  The net effect of these assumpltions is thot the
cstimate of fleod denth at the brewevy 1is probably over—
estimated. The damage cstimate showvld therefore be inter-
preted in the same way. Another reason that the % millieon
dollars annual cstimabte should be interpreted carefully is
that the only scurce of data used for the estimate was
interviews with brewery staff, honce the cstimates probably
reflect sune biases.

While the total wvulnerability in the Towa is ex-
tremcly high kecause of the brewery situation, the average
annual estimate should be viewed only as a maximum approx-
imation of that wulnerability. Although it does provide
an indication of the magniitude of the damage potential in
the Town, it should not be vsed for rigid cost-bencfit
analysis when potential adjustments are considercd.

6.1.2 Indirect Damages

The stronger the economic linkagos hetween install-
ations on the [loodplain and those located in the economic
unit, but not on the flecodplain, the greater will be the
level of indirect dameges. This is so because the dig-
ruptions caused by fleoding to the general economy will be
more prenounced where greater economic ties exist. It is
customary practice in damage estimation excrolises, to add
on a vercoentage of direct dawages and label it indirect
damagcs. However, as mentioned earlier in this report,
the linkages in the Stephenville case are nol strong.

With thn excephtion of the brewery, it may be realistically

81



assumed that indirect danmages are negligible., Tn the
brewevy's case, the major indirect costs would be in the
form of lost man days [or workcers at the nlant.  If we
further assume that werkers normally employed in the brew-

ing process would simply transfer their (paid) effort to

helping with cleanup, thon indircct damages become relatively

ingignificant in the browvery's case as well,

As for traasportaticn Jdisruptions, the airport

3 == -
i

would ke virtually unaffected by the assumed flood and any
road arieries that bocare impaszsable could be gulite sasily
cirvcumvented, Therefore, the total potential for indirect

damags will be assumed to bhe insiognificant.

6.1.3 Redistriburivo Effocts
'hie maser cffeotg hore wonbyd cadiiate from prolblom
at the brewery., Should the browery be closnd down for

Liiree months as assumnd, Lhelr agenbks would 2ither have to

do without beer or obtain i1t elsawhere. The redistributive

nature of this eventuality is obwviousz. Also, damaged equip-

ment would have to be nurchased (probably From Ontario or
Quebec) . Therefore supplicrs in those provinces would
likely Benefit from a severe flood in Stephoaviile, Should
Lridges become damaged or even washed out, local or reg-

1onal construction contractors would prebably become th

w

benaficiaries of the Town's flooding problem. Mo attempt
is made in this report to guantify the redistriputive

offects of either the mean anneal or the 1:100 year flood.

I
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6.2 I'uture Damage Potential

To ascertain how significantly [loed damage potential

in Stephenville might grow, the current development plon

was reviewed, and the following points cmerged.

It is anticipated that the population of the Town

and its immediate hinterland will grow to apporoximately

20,000 within the next decade. Most of the cmployment to

"support this population will have to come from a signif-~

icantly expanded industrial base. This industrial basc

will be attracted to the area by existing facilities

at tho

Harmon Compleox, and it will heopefully serve a provincial and

passibl
ville Municipal Plan, most of the necessary housing

additicns will hocome zvailable in Devalopment hroo

y a national market. In acocordance with the Stephen-

the DREE fundcd project expands. It is expected that units

built in this area will satisfy most increases in local

housing yoguirements in the foreseeable future. Queen Street

will probabkly become a major link between residential dis-

tricts, (uspccially Area 13 and the West Slrcet rogion) and

emplovment locations (Harmon and Area 6) The trailer park

in Area 6 is being relocated and most of Area 6 will

SR aa Pl

ually o given over to commercial enterpriscs according ho

the current dovelopment plan.

The floodplain itself encompasses essentially Dev-

elopnent Arcas 7,

-

8, 9 and 10 (sec Figure 3). Within Arca

a substantial amount of develepment has already occurred

in the form of a new shopping mall, a new school complex
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and a ncw Federal brailding.  Plan

of a Ltwo million dollar motel dow

Bauilding,  Since Minnesota Drive
lanson Highway, it

the major access route for incemd

the future, In this case, the br

near the brewery will be a wital
portation system. This bridge is
both ice and high wakor, and thoe
loss cannokb be ignored.

In Area 8 thers2 have hoen

skructed since the Town adopted t

F'or the mast part; Ehe curraenk =o

=0 Lelel gousiopren T DA
instance of recent new conskrucki
cv Toand Ty Motael,

Possibly becausa the dyke
alleviate the floeding preblem in
suggested that available lots in
to take advantage of existing wat
Accordingly, the Provincial Plann
lot plans for the Town with recar
housing stock in bobth Aveas 8 (74
The northernmost section of Avea
commercial highway, and it is exp
lHanson Highway connecticn will be

Streest arterial function agrows.

is anticipated

s oxist for the construcktion

nstream of the lFederal

has been exteonded to the
that this rozd will be

ng traffic to the Town in

idge con Minnesota Drive

link in the Town's trans-

veriodically bulfeted by

ponsibility of iks cventual
only two new hnuses con-
he llunicipal zoning plan.

ning classification of ro-

" s o
nerot to.  4he oHly-gtncer

on has been the cupansion

5 have been bullt to help
Area 8, 1t has now been
the area might be infilled

or and sewer trunk lines.
ing OFfice has drawn up

a4 to the expansion of

LR T
31 4Ll

yoand 10 {34 sites),

8 igs currently =zoned as

ected that the Quoen Strectlt-
nngraded as the Queen

imL

Privs, no residential or
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industrial development is anticipated for this secction of
Arca 8.

The section of Area 10 most exposcd te (locding ig
prosently zoned for “onen space amcul Ly" (sec Miogure 17)
and no plans apparently exist to alter this classification.
North of the llanson Hichway no cvidenco was JTound to suggost

that expansicn of any significance mighi cccur in the for-

i

‘secable future.

On the llarmon bank of Blanche Brook, the only ryecent
development has beesn the construction of Humber Motors and
the renovation of the brewery. The study team found nothing
to indicate that significant capital investment would soon
be made in this area. The current efforts of thoe Harmon

Corporation arpear to be directed more toward the utilizatbion

i

Fa

of existing capacity than toward its expansion.

In agenaral, some future develooment on the floedplain
might occur in Develoomant Arca 8§ where housing is apwarently
desired, It might also occur below Main Street east of
cucen whed @ commerical expansion appears to be imminent.
Before permitting this grewth on the floodplain, it is im-
portant that the Town's history of flcood vulnerability be
taken into consideration in planning any new facilities.

Although it is difficult to speculate about the
future with much certainty, there are a few points about
currant plans that should be made. First ol all, tho -

isting municipal develepment plan calls for infilling in

rogidoential areas on both sides of the Blanche Brool abovoe
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Main Stroet. Of about 108 units planned, approximatel

will be inside the 1:100 year floed line and anothey |

hoe in the overbhank zone,

1f the planned wotcel is in fact buili downsire

of the Federal Building, it weould probabkly have to be
in ¢either a medium or high flood hazard zonce., Unless

-

voo27

8 will

5T
Ay

luilt

suit-

able precautions are taken {(e.g. in the form of floodproofing),

the Town's overall susceptibility to the flood hazard would

increase with its construction.

Given the overwhelming dominance of the brewer

¥oprol-

lom in costimates developed so far, it is not likely that the

percentadge increase in total wulnerability to flooding

in

Stephenville as a result of these plans will be very great.

L
-
{
A
-
oy

Howoevesr, the absniule legvel of this incr

large, cespecially as the downtown land hocomes more hic

devalapad.

I+ has besen estimated that the averages annual
damage potential in Stepherville is in the order of .5
dollars. While care must be used in interpreting this
it dees provide what was criginally intended-a rough
ion of the magnitude of the vroblem.

The sensitivity of this magnitude to changinog
diticns docs not appear to ba very great, mainly becau
the prominence of the brewery's damage notential in th
estimates and because of underlying assumptions made 1
cotimating procoss.

Tw mhort, the {locd prohlem in Stephenvilloe is

lood
T:\E'i jL.] j (ST
figure,

hpIrresss

Con-
se of
g total

n the

e



cmically quite exbonsive. dloweover, (ho above analyasis

shiows that the problem has nore local than regional sol-

ul tons,

to the

A Lho falleowing discussion of nossible adjunslments

hazard reaffirms this conclusion.



7. STRUCTURAL MEASURES FOR ‘J'-'L{)pl!jf'-.}-’-f\('.]-'. REDUCTION

The terms of reference for this study call for "a
preliminary evaluation of alternative measuwres of [lood
control" ., 'hig scction of the roport deosovibon tho various
design concepts, and their assoclated costs, of those
structural nmneasures judged to be technically feasil:le. TL
must be emphasized that the level of design does wol. go
boyvord the conceptual stage; much of the data employed in
tli+ design investigations were very judgemental. Similarly,
the unit costs, which were derived {rom various asources
including contracktors and consulting engineering firms in
Western Newfoundland and other parts of Allantie Canada,
used to provide cost estimates must be cousidered “order of
magnituvde" in nature. Should serious censideration ha given
to any sktructural alternative, detailed desion invnﬁtiqafLunh
will have to e carried out by a recognized professicnal
consulting engineering firm. In view of the adverse envi-
ronnental effects that could result from the construction
of many of the structural measures investigated herein, a
thorovgh environmental impact assessment should be carried
out in conjunction with the design investigations. This
will allow i{he incorpcration of environmeontal orotection
features in the desidn concept.

i number of structural alternatives ranging [rom
regional flood control measures such as upstream storage,
{loadways, ctc. Lo more localizod measures such as dykes,

channel improvements, floodproofling, ete. wore considered.
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Al alltercalives wore not

'or exawnle, sbhrucitucal

concepk, which wore

Clhicy aukselt wore not congsicdercd i

rationale for their rejection is

The approach taken in

is Lo eutlinas the concent of eac]

assocliated cost and i1ks ef Fooctlive

chysical reduction of Lthe floodi:

comparlison of benefibs and oosla

cific suggestions is roserved to

7.1 Regional

Consideration was

| baE vy N ges
. B i 2 ] g LA

[Nl

they would provide relief to Ethe

part of it. These included

of a Eloodway {s) and

wio e

1y

ikle, The former, because of 1ts

(i.c. watcr suppnly~flood conkrol)

thorough analysis.

7ol Ploodway

Floodway

Conceptually, a

oly Targe artificial channel

would convey the

wilhoult causing

inprovemontcs to the oxisting

consicerocd in

MmZasures,

Lhis

initially given to

e - —— - - - e - e ek o
el onail N TG Eag S chnac,; 1 CoOsc

unstream storage, the
stream diversion(s).

discarded, at the oubset, as

which,
flood wakers through
gignificant fiooding.  This

chiannel to a

Lho came Light,

such as tho Floodway

vicwed as cconomically infeasible atk

1 detail, However, thae

nrovided.

section of the repori

1 structural measure, 1ts

miess, in bterms of the

1 problem, The overall

P
Cie

doetailing of spe-

ancktion 4,

nlternativoes

f Yo g e
caregea

nossib-

v e oy oy
B e I Lo - (O S0 ] B e S

entire floodplain or a large
provision
The lalbter two
3 Jreing econcomically infeas-
5 dual purpeose possibilities

was subjocted o a more

wistld consist of a relativ-

under [lood conditions,
the town of Stephenville

could range from

scoarate channel

(=



which would divert the flood watoer around the flood hazard
arcas, To be effective, from a recgional Dorépuctivc, two
such Tloodways would be reqguired in the Sterhenville area
- on¢ for each stream. This alternative did nob reccive
detailcd consideration princivally because ©f the hian cost
involved., Apart from Lhe large volumes o©f excavation in-
voived, scveral highway bridges/tunnels would have Lo be
constructed and/or roeconstruvcted/relocated.

7.1.2 Diversion

Concep:tually, a diversion invelves the conveyance
of waler from one walershed inco another, This normally
anvolves diversion woiks, usuaslly a swall dam, and an arti-
ficial canal ipto an adjuacenk watershed where prasumably

- e B N | _— £ == a1 oL e ——— Ay T | ~ v e B - S Y v m~ —
s blonal f£land water=z w0uld ok oreaedik o nroblom. "ero

-

il

are several

1iall scale diversion vossibilitios on Warm

Creek while none are apparent on Blanche Nrook. However,
tho cost of these small-scale diversicon works would far
outweigh potential flood control benefits,

Two large scale diversions, one for cach siream,
were examined in gsomewhat more detail. Thoe selecticn of
both routes was based on an analysis of available tope-
gravhic mapping and interpretation of aerial photographs.
A nlan vicw of cach rouke is shown on Figure 18, The di-~
version channel for Warm Cresk would divert {loodwaters
from Noel's Pond, iy.Lo lNaddy Pond and eventually into Port

Harmon.  The diversion channel for Dloncho Brook would di-

vert water from Blanche Rrook upstrean of Stechenville into
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the Gadoens Brook watershod. the cost of the diversion
channcls alone was estimated to boe oloze to $2 million.
the cost of diversion works (dam), channelization of Cadons
Brook, construction and/or velccalion of mulbiple hridges
along the Noel's Pond - Porl Harmon ronte, the loss of
valuable land {development area 12) associated with the
Blanche Brook diversion, ete. whon combined with the cost
of the basic diversion channels, would undoubtedly make
this a2lternative unattractive relative to other struckural
measuroes. It was therefore decided not to develon this
alternative further.

7.1.3 Upstream Storage

-

The provision of a dam(s) and attendant rescervoiris)
for theo purpase ¢f steoring [locd woters for loter relceass
dovmstre.m 18 a vell recoonized structural meothod of flood
contrel. If promerly designed, constructed, and opercted,
this method will normalily contain all flood waterg up to
the design filood. One veyry sericous disadven! oge associated
with this method, however, is the fact that complete pro-
tection can never be provided and because investaent on the
floodplain is often accceclerated after upstroam storage has
been provided, catastrophic damages may result. Of course
there are somne additional benefits associated with this type
af endcaver 1f multiple uscs such as water supply, vecreation,
ete. canh bo lucorporated.

Three sites {FPigurc 18) in the Blanche Brook water-

shed were identificd through »vn analysis of availlable topo-
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graphic mapping. 1t was decided to investigabte the cost of

the larcest site {(Dam 3) . Mo prosooctive sites were [onnd

on Harm Crock.

Deschiption vf the Site: pam site 3 is strategically lo-

cated on Blanche DRrook below four major kribultaries and is
]

considered to be the closcst silte te the Town of Stephenville
that would be technically feasible, The location of the dam
is shown on 'tgure 18 and in more detail on Figuare 19, A

vroflile of the existing ground eleovation along the axis of

the dam is shown on Figurc 20. 7The site 1s limited to an

elevation of 350 foect (Lockwood, Ressler and Barltett Inc.
Mapping) by topogravhic features. At that elowvation, tho

maximoem height of the dam would be about 70 feet, while the

- ' ; | a s . 1T o
| pely i S O R A GO S 2 5 K A SO PR PR o7 P e O 27 0 i 4 I v 3 gLk ik L\'l'}_f',.

section. The areca of the reserveir at an elevation i 350
Feet would be arnroximately 470 acres.

Information on the surficial and bedrock goology of
the area is relatively snarse. The informatiocon that is avail-
able suggests thatbt the bedrock is overlain with a veolacively
thick layver of glacial drift censisting of minor gravels,
sands, silts and clavs. it has been assumed that the founda-
tion for the dam would be compeotent for an carthfill dam.
However, Mhe surficial denosils would probably be relatively
vervious and of such a thickoness thab a posibtive cutoff wall
would be imuractical.

Hydwologie Considerations: A hydrograph (Figure 21}, reore-

I sl

sontative of the 1:100 yeor (lood at dam site 3, was sclocted
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Lo il
Limitoed

from a prior study by Shawmont Newfoundland andl
modified to correspond to data presented in Appendix B.
An analysis of the hydrooraph indicates that 12,000 acre-

feot off flood control storage would be required to cormmletoly
control the desian flood at this site. The storage avail-
ablae ot Regervoir 3, howover, is only 8,700 aciro—-feot or
about 3,300 acro-feet short of the regquired amount,

The flows were routed throuch the reservoir on a

6-hour basis using

Tho

letermined by adding the es-
timated lateral inflows between the dam and the town to the
ocuted inflow from the reservmir;

The outlet works were desiaoned to vass a flow un Lo
1,000 cfs, at & stage of 15 feet, which is considered (o ho
the flow at which little or no damage oeccuis in the Blanche
Brogk reach upstream of the confluonce. Under the foresgoing
design criteria, i1+ is estimeted that the reserveoir could Lo
emptied in 4 days.

The spililway was caegigned to pass the 10,000 vonr
recurroice interval fleood, the magnicude of which was detexr—
mined Lo be 5,900 cis basced on an analysis carried oot by
Shawmont Mewifoundland Limited and which was verified by

several techriguos.

indicated

standard hydrolcogic

flew in Blanche Brook was d

routing techniques.

Design Conaepf: s garlier, an earthfill dam was
considernd te be the only type technically and cconcmically
q. Water HLH nly System for Stevhenville Tnd lk’vt.r1 a1 Area,

Shawmornl f{\J-OIHHHl\HLH

Limitod, Septl mbher 1970,



feasible in view ol {owdabion coaditions and the availabil-
Lty of wmaterials,  The design concent thet “oilows i basad
on a reviow of various successful dosigns derived from var-
Lous sources; nobably thoe United Stakes Bureauw of Roalam-
ation. A zonsd embankment tyvee of Jdam with o relatively
small inpervious core woo solected in view of the remoteness
(20 mitos) oi clay /=114 d.cooiits. n view of che assumed
pervions nature of the foundation, a c¢loy/silt kay and up-
stream blanket were incornoraked into the coro to provide
protection against scepaco.  The core would bhe flanked by
local material sleped ak 3:1 on Lhe upstream face and ab 2:1
gradually increasiog to 4:1L on the downstrecam face for stab-
1lity. The crest width was taken as 20 fect. The upstream

R I B R N LI

- . - I . ~en Yy oo
L N T B O Bl L N R T I Py Ay Y L S Sy W L Sy vkt e Y o [ e b

3 foot laver of ric-rap cvenly graded from 1 oot Lo 3 fcet
in diameter resting on a 1 foot mat of gravel filtor Lo pro-

1.

vent erosion of the embankment. The downslbroam {fece would

e protected against wind and raintall by a 1 fook layer of
cobbles, A cross scctolonal view of the esbanlknoent 13 shown
on Figure 22.

S PP 8] ? t

Spiffway and Cuitfed Worniks: The oubleb structure would con-

sist of a tunnel located near the lowest part of tho danm.

Tt was determined that a roinforced concrote lining oo foot
thick, 6 feet by 6 foet (inside divensions) and 300 oot
long would be adequate to pass a flow of 1,000 cfs at a

head of 15 feeobk. Appronriante structural features such as

a sluice gate, a mechanism to adjust the gate and an access

shatt woere consldered 1n Lhe cost eostinabtes.
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A reinforced concyoete svillway was designed Lo poss
the 1:10,000 year {Jood flow. The spilllwoy would boe 300
feet wide and 4 feet high at the crest {including an 1 foot
allowance for frechoard).

At the base of the reinforcoced concrote downshute,
a stilling basin would be necessary as well ¢s gome exca-
vation to channel the (iow away fromn the Lor of the dam.

Hydiofogic/Hudnaulio Efdecdiveness: As cas proviously io-

dicaited, an upstream storage volume of 12,000 ocre-feet
would be reguired to eliminate, to tho degree possible, the
existing flood damage potential along Blanchoe Brock under
the 1:100 year flood evenl. This would mean that flood

flows along Blanche Brook, upstream of its conflusnce with

4

Wary Cregk; wanld ke about 1.100 cfs gndar the 17100 vy,
cvent., Hoivrever, even 1if this ovtimum level of storage is
provided, fleod flows in Blanche Brook below the conflucnce
would still be as high as 3,600 cfs. Under this conditicn,
the water surface elevation at the hrevery would be about
21,5 feet which is about 7.5 feet beolow the 1:100 vear ro-
currence interval flood elevation or about 0.5 foot highor
than the mean annual fleood elevation. The velogity of flood
waters in the krewery arca would be reduced considerably,
thus reducing the damage notential and the level of bank
protection that would be requilrted.

The foregoing relates what could be technically
achieved with respeoob to upstream storage developaent.  Thoe

Tollewving iz aw analysis of effectiveness of the danm/roucrvoir
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altornative, as desaervibod i Lhe Cocreogoing scoclions, wnder
che 10100 yvear Flood cwvent. Fhe mindmam rogulatod Flow
downstrean of the dam would be avproximately 700 ofs which,
when combined with local infleow, would represenk a flow of
approXximately 1,800 cfs or about the mean annual Flocd up-
sktream of the Minnescola Drive bridge. The Flow downstream
of the gconflucnce would boe ahoub 4,300 ofs or about the 10
veayr rocurreénce interval fleod. The water lavel at the
brewery would be about slevation 22.0 feet or about 2 feet
lowar than the 1:100 vear recurronce interwval flocd level
or about 1 foot higher than the meoon annual flood.

Quantilivs and Cost Estinafes: The total guantity, unit

cost and capital cost of cach major component of the dam

i e e L T e gty e L= P - ok - . - 1 — -~ AN ] i -
AllG T SEITVOT S [ T W L A L Tat )i G, Sfn al low o of AR T3l

cenktingenaies and 10% for final design, econstruction super-

vision and administration hawve boe provided in the estimate.

As can be seen, the total first cost of the dam has been
estimated to be 8.1 million. Inaod on Aan atrortizakion

period of 50 years and an interest rate of 10%, tho average
annual cost is estimated to be aboub $2L1&6,000. This Jdoes
not include any allowance for cperation and maintenance.

As shown on Table 6, the largest cost item is khe

compactbod clay/si1lt material which would form the core,

oy oand uostroam blanket of the doa. The design concopb

as wresented herein is vicwed Lo be o on thoe conservatbive side.

Tt ig ootimated that should a less conservalive desion be

adopted in the Tinal analysis, the tokal first cost of the

T 01 Y
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SUMMARY

TABLY 6

Gr FPLRST COST

DAM SITE 3 - BLANCHE BROOK

ITtem

Earth Fill Dan

Clearing and
Stripping

Excavation

Compacted

Clay/5ilt

Gravel/Sand/Silt
£ill (compacted;

Rip-rap
Gravel, Cobbles

Resorvollr
clearing

Reinferced
Concrete

{a) srillway

(b} cublelb works

Gate and
appurtenances
Suly Total
Contingencics
at 20%
Sub Total

Enginecring Design,
vision and Ad-

ministration at 10%

supE

Tatal Pirst Cost

e

Quantity Urtit

. %!
73,500 v

38,400 v

361,000 vl

307,000 v

54,500 vl

12,200 ydB

420 acres

1,750 ydg

550 vy

Unit

Cost
($)

3.00

.00

e

ey
&
-

A0T5

GO0, 50

185.00
8L, 00

1 unit 12,000,010

- joh

- job

Jon

Al quantitics and unit costs arvc [

111

oaverials

Armount

(5)

520,000

1,381,500
202,500
mR, 000

252,000

323,800
161,800

12,000

7p351,000

725,100

$8,066,100

in place.



daw could be reduced by up to 2 million. This would in-
volve decrcasing the scize of the core and eliminating tho
upstream blanket. Should local material Le suitable for

the core, a further cost saving of up to $500,0060 covld be
realized. [t 1s therofore sugacested that when congidering
this alternative furtbher, the average annual cosc could lie
somewhoere boebtween S550,000 and 8820,000,

Summary:  In order to provide slightly over 70% of the
reguired upstream storage to elisninate the flood damage
notential, under the 1:10Q v-ar event, along Blancho Brook
upstream of the confluence, it is esbtimated that the cosu
lies between $5.5 and $8.1 million. 2As far as the browery
is concerned, it is esktimated that, even 1F
snodeveloved Lo 1bs fellesl dagves, Lhe 10100 vear (lood
evont would ba reducced to condibions slightly above those
resulting from mean annual flood. It was therefore decided
not Lo pursue further investigalbion of additional sites,

davelopment such as the incorooecaticn of additicnal live

storage for water supply. A cursory examination of prior

watoer supply investigations carrizd oukb Yor the Stephenville

area suggests that there are probably morce econonical ways
ol meebting water demand. WNevertheless, officials of the

Town of Stephenville and the Harmon Corperation may wish to

consider this fuvither as conditions change.

172

upstream storage

Mo consideration was given to a nulti-purpose storage
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7.2 Local Allgrnntiggi

Regional structural measure:s such as thosoe just
desceriboed are rarely cconomically viable for commumitics of
the size and damage pelential of Stevhenville., Rather,
structural alternabives such as dyles, channel imbrovement,
floodproofing, channel realignment, etce. which arve designed
to protect the mest vulnerable areas usually prove te he
cconemically viable in wmost instonces provided that an effoc-
tive bkalance betwsen non-structural and structural solutiecns
is obtained. F'or the purpcse of this report, the Stephen-

ville area has heen divided into three sub-arcas which are

considored to have similar preoblems or which can be sub-—-

jected to similar floed control measures, These arsas are
{see Figure 23;; Lub-area 1, which ingloedee thal povticon of

the fleoodplain southeast of the confluence of Blanche Brook
and Warm Creck including Lakati's Brewery and Humber MHotors;
Sub-area 2 which includes that portion of the floodplain
northwest of the confluence arca and south of Main Strect-
Carcline Avenue including the Tederszl Building and the
Shopping Mall (partial}; and, Sub-area 3 which includes all
the flocdplain on Blanche Brook north of the Main Street
Bridaoc.

7.2.1 Dykes

Thio proteetion of flood prone land by a system oo
dykes is a wel! recoganized and olbten practiscd flood conlrol

method. Quite crten, however, dvkes arc not construcbed to

tho design standards which cre necessary LO Qnsure SUcooss.
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The following is a listing of the design standards, adoploed
from voricus practical applications notably theose of the
United States Bureau of Noclavation, uvsed in this sluady,

{1) The crest elevation ol the dyke must be of
gufficient height to prevent overtooping during the 1:100
yvear recurrence interval flood with adequate allowance for
wind and wave action,

(2) The dvke must provide protection against sceopage,
boih throucgh and under the dvke section,which could lead
both to the developnment of small uvnderground channels
(piping} and saturation of the dyke section. Under either
condition, the probability of dyke failure is high.

{3 The s5ide slopes must be constructed such that
adeguat o hank srabiliby and overall airucrural stabiliey 1o
orovided.

{4) The dyke, along the water side, must be pro-
tected against the erosional forces of water combined with
the forces created by ice and debris. Velocities of up to
10-12 fect per second can he expected along that vortion of
the dyke uncar the brewery while velocities of 5-§ fcet per
second can pe expocted at most othor locaticons.

{57 The land behind the dyke must be drained of all
water, resulting from uncontroclled secpage and logal runoff,

to prevent flooding and to enhance the structural stability

ol the dyke .



Sub-Axrea I: A dyke, reconstructed after the August, 1973
Mood presently oxisbs clong Blancho Brook and Warm Croock.
The dyke has served Lo proebeck the brewery from minor flood-
ing. Howewver, cigns ol sloughing are already ovident and

it is doubtful thot: it could withstand a flood of the mag-

nitude ol the mean annual | lood.

Design Concept: Two design concents for the basic dyke were
cxplored. The firsk consists of a homogenecus embankment
consktructed from logal materials, the second a zoned embank-
ment consisting of a ciay core and cuteff trench flanked by
local materials. TIn each case, the existing fill would be

excavaled. The raticnale for this is based on the require-

ment that the materials used in the ceonstruction of a ner-

manent dyke must be compacted in layers (preferably © inches)

by appropriate equipment (oreferably sheepsfoot roller).

The zoned embankment type was selected as the basic design
concept: based on the assumption that the existing material
would not provide adeguate protection agalnsk scepage, an
assumption which should be verificd by soil testing before
further design work is carried out. An estimate of the cost

of a homogeneous dyke is also provided for comparative pur-

NOBes.

Layout and Cross Sccetion:  The layout {for the dyke is shown
on Migure 24, As can be scon the dyke consists of two basic

scctions.  The firslk scebion, vrotecling Labatt's Oreowery,

Lhe Curling Rink and Ll Gymaasium, is about 2,400 feeb in
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length, while the remaining scclion, protceciing Humbor
Motors, iz aboul 1,000 fecot in length.  There are some
complications around the Carolina Avenue bridge, wheoere

the dyles would have o be cextondod along the castorly
approach road on both =ides, and along Warm Croeck whore
spacc limitations moy be a vrobloem near Humber HMotors,
Thesce should be thoroughly invesligated during final design
activities. An chvious alternative tc the former would be

1

to increase the grade of the approach road to an elevation

F

comparable to the elevation of the bridoe.

rh

The crest elevation of the proposed dyke is shown
in Figure 25 together with the 1:100 year flood profile and

the ground elevation of the 1and on which t

he founded, An allowance of 2 feet has beon provided

freeboard. As can be seen, the top elevation of the ex-

isting dyke protecting the brewery is similar to that pro-

o

posed.
The dyvke, as shown on Figure 24, concists of & ¢lay
key extending 5 feet below the existing ground elevation,

a clay core extending abowve the clay key to Lhoe crest of
the dyke all of which would b flanked by till material
(gravel/sand/qailt) which igs assumned to be the compositicn
of the oxisting dvke. The side of the dyvke coxposced to tho
stream would be sloped at 3:1 and protected with truck-
dumped rip-rop 3 feet in thickness and ranging in size from

Y oton to 1 ton evenly graded. The opposite side of the dyke

would be cloped aic 2:1 and protected with vegotation (scoded).
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All malerials excopting rio-ran are to be compacted in 6
inch lavers by a mechanical moans {Hheupsfoot.rollmr).

As described previously, Blanche Brook will follow
the vath of least resistance and eventually culb through
the existing dyke, or for that matter the proposed dyke,
unless propey protection is provided. The Brewery lies
directly in the "firing line" of Blanche Brook so to speak.
Several methads of bank protection were investigated. It
became apparent that armour stone (4-5 tons), which can be
chtained from a local quarry and which should be of good
quality, is the leask costly and, judging from the literature

the most effective bank protection measure. Decause of its

Migure 24, is about 350 feet in length.

Drainage Netwerk: A drainage diteh iz reguired behindg the
proposed dyke to drain water which scens Lhrough/under the
dvke and/or which results frcm local runoff. 17his is re-
gquired to maintain the structural stakility of the dyke
whnlich may weaken under saturated cenditions.

The cutlat of the existing drainage ditch would have
to bz blecked to prevent backup of the stream into the Flood--
plain at that lgcatiocun., It is pronosed that a new drainaao
diteh be provided which would transmit water from the flood-
plain to a point just unstrcam of the Recreation Centre

Bridgo, 1t is also proposed that a culvert bae placed vndor
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the easberly approach road ko the Carclina Avenue Bridgoe to
provids drainage of Lhe Humber Moltors Properby. The lay-

out for the drainage notwork is shown on FPigure 24.

Nuantities and Costk Eskimabkes: The quankities, unit coslk
and cost estimate of each major compenent of thoe dyke »nro-
posat s chown on Tablie: 7. The estimake includes an allow-
anca of 20% [oc contingencies and 10% for final design, con-
struction supervision and adiministration. The total first
Ccosi nas -con ostimated o be approximately $252,000. By

a7

way of compariscon, the totzl First cost of the homocecucous
dyke was cstimated to be approximately S200,000.

Aodylce of this nature, designed and constructed to
rigid standards, should provide an cconomic life of at least
50 years provided preoventative maintenance is carried out
on a routine basis. Based on an interest rate of 10% aod
an amcrtization pericd of %0 years, and assuming a nominal
annual maintenance cost of $3,000, the average annual cost
or khe dyke i1is gcotimated ot $28,000.

Lt should be remembered that irregardless of the
alternabtive adaontad, with the possible exception of upstrcam

staor.ge, thatbt bank protective works snould be strongly con-

sidered. The above estimabe includes this cost ($75,000).

Sub-Asecw 7+ Because the fleood damage potential of this por-

Lion of Lthe fleoaodplain is negligible at the present time,
no considecabion was agiven to dvking. UHowever, future dov-

clovment such as the provoscd motel could be nrotectod by

| 6

Lhis

e



TABLYE 7

SUMMARY OF FINST COST

PROPOSLED DYKE -~ SUB-AREA

1

ITtem Quantityl Unil
: 3
Excavation 4,400 Vi
- . .3
Clay Core-Koy 9,000 vd
Sand/Cravel/s8ilt G,850 v &
—_ - 3
Rip—rap 10,650 vd
Armour Stone 3,400 Eon
. N 2
Grass Seeding 42,300 fu
Miscellaneous - -
Sub Totel
Contingencies ai 20% - job
Sub Total - -
Engineering Design
Supervision and i job

padministration ot

10%

Total First Cost

1. All guantities and unit o

place.

DL are

11.

ror

.00

.00

go

.10

Amount

(5)
13,200

58,500

$252,200

materials in



dykes similar Lo those desgribed above. However, 1L is
felt that flocdproofing would boe o more wviable method.

This will be discussed in section 7.2.4,

Sub-Area 3: In view of the relatively low damage potential

in this reack of the brook, sxtongive flood control measures
were not considored to be warrantod,., The only wractlical
mzasure thal emerges here is the ungrading and extention

of the existing Brookside Drive couwled with bank proktective
WOTHS .,

BDrookside Prive can boe considered to be a dyke which,
if npgraded and extendad, wouwld provide protection against
major flooding with the excention of a small area just up-
stream of the Main Stroet bridge. Here a "relief valve" for
8 tre ovens oL Sericus
ice jamming which occurs from time to time. Otherwise the
Main Street Lridge could bhe jecvardized.

A nrofile of eyisting 2rockside Drive is shown on
Figure 26. The 1:100 vaear flood nrofile as developed in
this study is alse shown. It 1s suggested that Brookside
Drive be upgraded to the elevation indicated, which incor-
porakes a freecboard all:awance of 2 feet. It is alsao sugges-
ted that Brooksilde Drive be extended northerly about 500 feet
o pravent (lzseod waters from getbting in behind the dyvke.

The arcal extent of the improvemonts reguired together with
representabive cross secticns is shown on Tigure 27. 1L is
aleo suggesited thab all storm draing, culverts or ocpenings

of any Kind that drain into Dlanche Broox, 1 any, boe sioppoed

s

—
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up to prevent backup. 14 is sucgested that rip-rap be oiaced
along Breookside Drive o wrovonis grosion of the dyke.
Approximately 9,300 cu. yards of fill (in placce)
would be reguired to upngrade and extend Brocokside Drive.
Baseod on oa unit cost of S4.50 oo cu. yard and allowing 2070
for contingoncies and 10% {for final desiqgn, contraclh super-
vigion and administration, the total first cost of improving
the height of the roadbed is estimated at $55,000. This does
not include reswvriacing. Based on a unit cost of §5.00 wer
cu. yard with similar allowances for contingencies, etc.,
the total first cost of rip-rap is estimated at $58,000.
It is possible that the cobbles which presently ex-
ist in and along the banks could be used to protect the
]

dyke and a@s such & signficiant cost gaving coul

al 1
ot

At i @AY= O
It is suggested that where the river chancges direction (i.e.
the flow 1s dircoted towards the dyke), rip-ran be provided.

Thosa areas which should be rip-rapped are shown in Figure 27.

7.2.2 Channel Imorovements

As with a dyking system, the improvement of the hy-
draulic capacity of a watercourse is a well recognized
structural alternative emnloyed in the nrevention of flocad
damages. Concepftually, this involves the decoening and/or
widening of the ehannel such that it can carry river flows
at Jower water levels and as such reduce Tlood levels. As
was indicated in the provious section, bank orotective works
woinld still e reguived helow Lhe confluence of Blanche

Drook ond Warm Creeck. The gide slopes of the channol oxca-



vaiion must be designed Lo ensuro bank stability consistont
with the physical/mechanical pronerties of the solil.

The mothodoliogy usaod Lo ovaluake the hydraulic
effectiveness of tho varitous dredging schemos investigated
is similar to that used to developn the flood profiles in
section $.2 and may be lfound in Ancendix C,

Sitb-Axea !: Blanche Brook, from its mouth te its confluence
with Warm Creek, is an artificial channel constructed orior

—_

to 1952 in conjunction with the expansion of the air base.
It is not known whether or not the hydraulic capacity of

this reach has been reduced covor the vears by sediment bulld-
up. However, the dron in water surface elevation owver Ehis

reach is aoproximately 13.3 fect ander 1:100 yesar fleod con-

alriong, Lrowsea pilers e Qo] Ui anivéss boane plie Cooan—

ibility of dredging tlils rench of the rivoer.

besign Conecept: Two dredaing schemes were explored in detail
to assess the cost/effectiveness of the range of possible
schemes, Both schenes involwved the lowering of the existing
rivervbzd by three feet from a point about 500 feet upstream
of the Recreation Center bridge un to the Caroclina Avenue
bridage. Channel imurovemenk usstream of the Carolina Avenue
bridge was not considered because of t+he fact that the Caro-

lina Avenue ridge would have to undergo a major struckural

modification before any such dredaing would be effective.

Layvoul and Cross Scoction:  Scheme 1 involved lowering the o
riverbed elevabion by 3 feel on the average and widoning

the charnel 80 focob, whore necessary, abt the base along



|

§

Elonche Brook and Lo 60 fect, where necessary, alb the base
along Warm Creck. The side slobes were taken att 2:1 which
is considered to be adequate from Lhe voint of view of bank
stahility considering the natuve of the materials Involved.
The areal extent of Scheme 1 1s shown, together with repre-
scntative cross scctions, on Figure 23.

Sclieme 2 was similar to scheme 1 with the excention
¢l the Blanche Brook reach where the base width was expandcod

to 1060 feet

Hydraulic Effcctiveness: The water surface elevation near
the brewery was determined to be 20.5 feet and 17.7 feet

for schemes 1 and 2 respectively. This may be compared to

an estimated elevation of 23.9 feet which occurs under ex-
1s5t1ing channel conditicns for the 1:100 wyvear flood. The
relationship bestween volume of channel excavation and water
surface elevatici near the brewery is plotted on Figure 28

to permit extrapolation. &As indicated in Section 6 of this
report, there would be virtually no flooding damage at the
brewery when the elevation of Blanclie Brook, near the brewery,
is below 19 feet. Theraefore, referring te Figure 29, aporox-
imataly 170,000 y63 of material would have to be excavated
from Dianche Brook to eliminate the fleoding problem at this

locotion.

Cost Estimates: The unit cost of dredging can be extremely
variable depending on the type of materials cxcavated, the

o biiod of disposal, site econditians, the availability and
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capability of local contractors, etc. It has been assumed
that the material can bhc excavated by conventicnal drag-
line and hydraulic bucket equipment and that the material
would be deposited within a 2 mile radius of the side.
Bascd on a limited analysis of recent dredging and excavation
costs a unilt cost of $4.00 per cubic yard was devcloped.
The cost of dredging was thercfore deternined to bce
$6860,000 to provide complete protection against flooding.
The cost of lesscr orotection, say scheme 1, would be $360,000.
It was concluded that dredging in this arca was not econ-
omically feasible in comparison to the dyking alternative
based on the following rationale:
(1) The high initial capital cost
(?) Relatively short econcmic life, say 10 years.
aintenance dredging would have to be carried
out on a regular basis.
(3) Bank nrotection would still have to be nrovided
at the brcwery at an estimated capital cost of
$75,000,

{(4) Tlood problems would be almost as cxtensive at
Humber Motors.

Sub-Asea ?: Because of the rclatively low damage polcntial
of this portion of the floodplain, channcl improvements,

per se, were not considered. Because of the design of the

Minnesota Drive bridge, dredging in this reach of Blanche
Brook is not Jikely to be effective unless of course the
bridge is reclocated/reconstructced. The cost of realigning
the channel was considered, however, in view of the erosion
potential near the brewery. This will be considered in a

latter part of this report (section 7.2.3).
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Sub-Area 3: As with sub-area 2, the relatively low damage
potential in this rveach of Blanche Brook would not justify
dredging, somc of which would involve rock. It is felt
that, to be effcctive, the Main Street bridge would have to
undcrgo a major structural change and that, because of the
physical properties of the existing channel, significant
volumes of material would have to be removed, However, this
is not to say that the chiannel clearing and maintenance pro-
gram iniltiated by the Town in 1970 should not he continued.
In fack, this type of wrogram is viewed as a very necessary
measure. The environmental impact, especially on the fish-
aery resource, should however be considered,

7.2.3 Channel Realignment

Another structural measurs to relieve the confluence

Al

arca from high velocities and water levels is to rcalign
Blanche Brook to neet Warm Creek downstream of the wpresent
confluence, The realignment plan studied directed t:e Blanche
Brook [low in a gradual ave from just below the Main Strect
bridge, through the existing sports field, to rejcin the

Warm Creek [low just south of thc school (1,700 feet down-=
stream of the contluence).

This realignment scheme would reguire the excavation
of about 60,000 cubic yvards and the closure of the existing
channcl. The oxcavation alone could cost $240,000 {at $4.00

-
Der ydj). The swvorts [Licld would have to bhe moved and one
or two now bridges constructed. The only benefit would be

the reduction of high velecities at the confluence and there-
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fore, the removal of the necessity of bank protccltion at
that location ($75,000). Of coursc, the flood hazard in
sub-arca 2 would be virtually removed under thc 1:100 ycear
flood. It would bossibly, however, altcer existing devcelop-
ment plans. In view of the high cost, it was dcecided not
to pursue this alternative further,

7.2.4 Floodoroofing

Besides erecting major structures to protect assets
on the floodplain, it may also be possible to protect them
by floodproofing. In contrast to other structural measures
which normally imply protection from a distence, floodproof-
ing usually implies protection by altering the building to
be protccted (or activity within it) in such a manner as to
make it less wvulnerable to the ficcd hazard.

One type of fleoodproofing is the usce of materials,
which are less susccptible te water damage, in the constlruct-
ion cof new buildings. This would have anplicability to
future development on the Stephenville floodplain, not to ex-
isting vulnerability.

A second type of floodprooiing is the placing of
new structures hiagh enouglh: such that a design flood (1:100
vear event or greater) will not significantly affect then.
This type of floodproofing has alrcady been uscd in Stephen-
ville in the construction of the Federal Building. The
costs associated with this measure are very much dependent
on site conditions and as such are extlremely difficult to

gencralize. In most cases, however, the additional cost
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that must be borne by a prospectivoe developer is substantially
less than the additional flood damage notential that he will
expericnce if he fails to {loodproof his new building in

this manner.

A third possibility 1s to allow the water to cnter
thie building, but to insulatce key installations against
damages by means of shut-off valves, concrete casings, otc,

The final tyoe of fleodproofing is to seal off the
buillding cntirely. This males the oxteorior of the building
the only line of defensc. It is also vossible and sometimes
desireable to combine the latter two approachces, depending
on the particular building involved.

The cuarrent damage  votential on the floodplain Is

P e e R Y | 1 v nﬂ_ﬁt1nn
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§ cfF whig vronnrk 'This domage potential
oxists at both residential and non-residential structures.
The latter include Labatt's Brewery, Humber Motors, Wesmount
Realty, Stephenville Building Supplies, and the Curling Rink.
The possipility of floodorooiing each of these locations is
addressed below.

At the outsct, it must be stated that withecut a de-
tailed evaluation of cach bHuilding in terms of its capability
to be floodproofed, it is extremely difficult te develoon a
reliable cost estimate. Cost estimates, therefore, are in-
dicative cnly.

Sub-Axea I: The wvulnerable locations in this sub-area arc

Labatt's Browery, [Humber Motors, and the Curling Rink.

For the Curling Rink, 1t avpears that the best type
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of floodproofing would be to pecrmit the flood waters to contox
the structure and tc provide floodproofing for only electrical
and mechanical installations, The 1:100 year flood level
would inundate the curling surfacc to a depth of about 2 feet.
Although the curling rink itsclf was not specifically studiced
during the project, it is anticirated that the only damage
potential of any consequence from such & flood would be to
the electrical and mechanical installations.

In the absence of first hand knowledge of the design
of the building, it is assumed that a concrete wall, 100
fect in length (total), threc fect high and onc foot thick
would bhe adequate to protect these installations. It has
been assumed that the assets to be orotectad are presently
located on a concrete slabh and that some scaling would be
required. A rouch estimate of the cost of carrying out
thesc measures in the assumed conditions would be approx-
imately $4,000.

At llumber Motors it appcars that the 1:100 year
event would inundate the building to a depth of ahout 2 feet.
It has been assumed that the rolling stock located on the
property could be moved to hicgher ground in advancce of the flood.
All tools and cquipment should be stored above the flood
level. The building itself is not easy to floodovroof.
Should it be desired to do so, the easiest way would probably
be to ring the structure with an impervious matcrial (con-
crete wall-ecarth dyke-etc.). No cost of doing this has bceen

estimated because it does not appcar that floodproofing
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llumber Motors to this cxtont would be cconomically cofficient.

At the brewery, a critical situation would cxist
under 1:100 ycar conditions. Water would inuncdate the floor
to a depth of about 5 fecect., Due to the scale of damage
which would occur during even a small Flood, it would he
desirable to provent watcers from entering the building en-
tirely. It has been assumed that the building is structur-
ally sound and can wikthstand the hydrostatic forces involved.
In this regard, as has becn referred Lo in carlier sectilons
of this report, it has been assumed that bank orotcctive
works will be installed and as suchh the dynamic forces of
walktor, i1ce and dsbris will bo minimal.

There are aovproximately 62 windows (estimated diwen-
sitons: 4 X 8" which waould be partbially covered by the
flood watcrs. If floodwroofing is to be done at the bhrewery
chnese windows should be removed, the bottom three feet or
s0 be Llled In with concrete or solid blocks, and a new
window installced in the remaining 2-3 feect. Alternatively,
motal olates with tubber seals could be mounted in advance
of a flood and removaed after the flood threat has passed.,
The latter method would be more approvriate 1f inside light-
ing beocomes a factor. llowever, an early warning system
would have to be established.

There are six small door and eight large
loading deoor openings. Water tight doors of solid construc-
tion with good secals and intcrior fasteners would be required,

For the loading doorways thesc could be attached either in-



side or outside (preferable) the existing deors and would
have to bhe 6 feet high.

There arc two locations on the building exterior
where large tanks or machinery are located. These install-
ations should be surrounded by reinforced concrete walls
5ix fecet high., The concrete wall should be founded on a
concrete base which should extend under the equipment to
-the brewery wall.

Other fleoodproofing measures would include provision
of an carly warning systemn which might consist of a river
stage recorder, assigning versonnel to keep tabs on the
weather and hvdrologic conditioﬁs, cte, (sece Chapter 8);
sump pumos to remove any secpage and relieve uplift pressures
and valves to prevent backup of water in conduits into/from
the plant.

The bhest current estimate of the costs of carrying
out the activities mentioned above is botwecn $90,000 and
$120,000,

As an alternative to the above concept, a dyke, sim-
ilar in design features to that discussced under section
7.2.1, could be constructed around the brewery to an elaovation
of 25 feet. Appurtenant works such os sump punps, valves,
etc. would be reguired as well. In addition, an entrance
capable of being temporarily scaled would have to be provided.
The costs associated with this concept are very similar to
those described above. Lf, for cxample, it was determined

that the building is not structurally sound enough to support
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the floodproofling mecasures formerly described, the latter
conccvt could be adopted. On the other hand, the dyke
would occuvny a significant arca (about 30 fect at basc).
Assuming an amcrtization period of 50 years for the
flocdproofing measures in sub-arca 1 and a discount rate of
10%, the average arnnual cost of {loodproofing the brewory

and tho curling rink is cstimatod at between 59,500 and

Tt must: be raocognixzod that the above cstimate is
no mcre than an indication of the order of magnitude of the
total cost. Bubstantially more study should be made of both
the puilding and the possibilities for changing it, prior

to actually carrying out any floodoroofing mcasures.
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for sub-area 1, based on the costs of doing so comparaed
wich the xoected bhenefits. However, three factors wmust be
considered when comparing this alternative to others such

as the dyke. FPFirstly, it only protects the brewery and

the curling vink. No othoer assects in sub-area 1 would be
made less vulnerable by flocdproofing the brewery. Sccondly,
the adjustment depends on a fairly adequate warning syﬂtém.
Becauwse of this, and because of the timelag in human rcaction
to a warning, therce is a considerable risk factor attached

to this alternative at a location as highly suscepntiblce to
floocd damages as the brewery. Thirdly, bank protective
works, as-doscribod in section 7.2.,1, costing abkout $75,000

would be required to protect the brewery from being under-
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mined and structurally damaged by Blanche Brook.

Sub-A%xcea 7: There are no vulnerable structures in this arca.

However, the potcntial exists for investment and it is
suggested that all future developments be floodproofled,
e.g. by the usc of minimum foundation heights.

Sub-Anea 3: At both the Stephenville Lumber Supplies and

Wesmount Realty buildings, floodeoroofing is not judged to
be feasible. Damage potcntial originates nol from the water
itself, but from the ice, and flood wrotecltion against the
relatively small amount of ice damage does not seem to be
warranted.

In the residential areas upstream of Main Street,
it might be possible to undertake floodprocfing of the cs-
timated twenty-five structures located in the vulnerable
zone. The tyée and cost of floodproofing would have to be
determined on a casc by case basis. However, atltemnts have
bcen made in the past to generalize the cost of floodproof-
ing. One such attempt was by Sheaffer5 in the Bristoel,
Tennessce case. In this study, the averaoc costs of flood-
proofing twenty-one types of cstablishments were calculated
per foot of depth of flood water. As a result of his study,
the following function for estimaiting the costs of keceping

water out o©of the buildings was formulated:

5. Sheaffer, John R., PFloodproofing: An Element in a
Flood Damage Reduction Program, University of
Chicago, Geography Research Paper No. 65, Chicago,
1960.
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Cfp = 0.035 Msh

i

where Cflp cost of floodproofing in dollars

Ma = Market value of structure flooded
in dollars

h = water depth for which f{loodproofing
measures are designed (in feet)

This function could be applied to residential struct-—
urns in the floodnlain as follows: There are cleven homes
within the high hazard arca, denoted on Map 1 (1:100 yvoar f£lood)
for which tax asscssment information was available. An
averagoe market value (i) of $82,600 was determined based on
the premise that the assessed value is 75% of the market
valua, As noted in seclion 6, cstimated water depths in
these residential structures could be two feet. Thus the
cost vi [lovdoroofing the 23 vulnerable homes may be estim-
ated at:

Ctfp = (D.035) (B60D0) (2) (25) = £15,050 or $60) ver home.
Tt is entirely likely that the floodoroofing of homes on
the ocuter fringe of the vulnerable arca could bhce done for
less than $600 and it is ecgually likely that higher vulner-
abla homes would roquire merce than this,

Assuming an effective life of 15 years for the
floodnroofing mcasures and a discount rate of 10%, the

average annual cost of floodpnroofing sub-arca 3 becomes

roughly $2,000.



8. NON-STRUCTURAL MIASURES IMOR TLOOCD DAMAGE REDUCTTON

In addition te the various structural adjustments
possible there are a few non-structural alternatives that
appear Lo be at least partially fcasible on thce Stenhenville
floodplain, A brief deccription of cach is provided under
the following headings: watershed management, flood force-
casting and flood warning, zoning regulations, and other
considerations.

8.1 Watershed Management

In this revort, watershed management has been de-
fined to include the manacement of those activities which
can contribute to increasing the magnitude of flooding.
These activitieg include a wide range of land use practices
ranging from agriculture and forestry to urharn cxrpansion.

In the Blanche Brook watershed, two activitics, forest
cutting plans and practices and trece/dehris control, arc
viewed to be significant cnough to warrant management action
or at least future consideration.

8.1.1 TForest Cultting Plans and Practices

In a small watershed such as Dlanche Brook, land
use changes can influence {increasc) the magnitude and timing
of flooding. The removal of the forest cover, for cxamnle,
reduces the interception of precipitation and increascs direct
insolation causing snow Lo melt carlicer and more rapidly.
Flood pecaks can be further increased because of soil freezing
which 1s aided by the removal of forest litter and humus.

Exposed soils, puddled by rain in the fall, can become com-—
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plectely imparmcable when frozen. In contrast, foroslk soils
arc gonerally not frozen solid and usually retain some degree
of permeability, thus storing a component of the spring
freshet. The extent to which forcst cutting can increase
the flood peak is not well documented. Studies in the
United States have indicated that the flood peak could be
increased by up to 50%. llowever, Lt has also been concluded
that changes in land use can influence the runoff volumes of
small or medium sized floods, but have little effect on
major floods such as the 1:100 year flood described in this
report.

Much of the Blanche Brook watershed is forested.
Forest cutting has been coxtensive in some areas in the head-
wakbess, bub this is roiavively inor in relaticn to the
basin as a wholce. Tuture cutting nlans arc unknown at this
time. Tt is sugoaested that forest cutting mlans and prac—
tices be reviewod and monitorced and that apprornriate steps
be taken to cnsure thatb both envircamental and £lood hazard
concoerns as-ociated with them are allayed,

8.1.2 Tree/Slash Removal Program

The flooeding problem in Stephenville has historically
been complicated by trees and other debris being transported
downstrecam and getting hung up at constrictions (i.e. bridges)
in the Town. Stcep slopes in the upper watershed coupled
with the high degree of crodability of soils along the banks
of Blanche Brook appcar to have contributed to this problem
in the past and may be coxpected to continue to do so in the

future.



In order to offsct the impact on the flood problcm,
it might be feasible to carry out a tree cledring program
in the downstream reaches of the broock. Such a scheme
would involve the periocdic removal of debris from reaches
below the Hanson llighway in order to increase the channel
capacity in times of flooding. The cost of such a program
has not been estimated in this study, but it is readily
apparent that it would not bhe excessive and it could bc or-
ganized by the municipal government.

There also exists the possibility of tree clearing
and/or bank stabilization upstream of the Hanson Highway.
Tree clearing could be performed in conjunction with the
downstream program, but the effects of this orocedurc should
first be cvaluated in terme of its cffect on bank stability,
Although no evaluation was carried out, it is anticipated
that the costs of this type of program would be prohibitive.

8.2 Flood Forecasting and Flood Warning

If a flood can be prcedicted in advance and flood
bulletins issued, the inhabitants of floodnlains can take
individual or collective action to minimize their damages.
Public agencics are also given the advantage of preparing
for such emergency action as may be necessary during time
of flood.

Flood forecasting systems ideally provide accuratc
information on the areal extent of flooding, when it will
occur and the depth of waler for critical locations., 'The

development of a detailed flood forecasting system requirces



a considerable amount of effort, Months, if not yvears, may
pass before a reliable forccast can be issued.

The firslk step in the development of a forecasting
system 1s to identify the nature and extent of the flooding
problem. ‘This problem has been partially addressed in the
current study. lowever, substantially more data would be
regquired to adeqguately predict flood flows. This data
should include precipitation reccords, snowpack surveys,
temperature of the ambient air, wind swveed, sclar radiation,
deotailed cross-soctions and bed crofiles, ice surveys and
streamilow records.

The above variakles would have to be fully investi-
gated in preparing a detailed flood forecasting model for
the Stophenville flandnlain,  However, in small watersheds
like Blanche Brook, this ideal system would have to be
scaled down to keep the cost in line with the anticinated
benaefits., A few stage recocrding stations, at key locations,
connected to alarms may provide an adequate warning of rising
water levels. These stations, counled with a few resvonse
functions (i.e. relationshios between runoff-precipitation
and snowmelt), metcecorological data, and an accurate weather
forecast could renresent the most oractical solution to the
forecasting requirements in Stephenville. ilowcver, as in
the casc of the more sophisticated aporcach, i1t would prob-
ably take several years of data and cxperience to develop

a reliable flood forecasting system.



The use of a forecasting systom doces have some po-
tential for reducing damages in certain circumstances.
Accurate forecasting could he extremely fruitful should
floodproofing be adopted at the brewery. The forecast could
also be used to warn residents to move propoerty out of the
vulnerable zones.

However, at least three factors operate against
the formulation and installation of such a system for the
Stephenville area. ¥First, there is not sufficient reliable
hydrologic and climatic data in the drainage area. The
cost of obtaining this data, in a watershed as physically
variable zs that of Blanche Brook, would probkably be pro-
hibitive. Second, the greatest damage potential exists at
the browery. Unless the brewery is to be floodproofed,
floed warning is not likely to be effective since most of
the damage potential is to virtually immoveablce assets.
Third, the flashy nature of the brook has been referred to
elsewherce., The short period of time between the origination
of the flood and the flood peak would make carly warning in
the Stephenville case extremely difficult.

In short, the use of a rudimentary forccasting
system appears to have some potential for reducing flood
damages. However, in this particular case, this usefulness
is limited and the level of investment made in forecasting

and emergency measures should be tempered accordingly.

8.3 Restrictive Zoning

Restrictive zoning has alrcady been applied to varts

of the Stephenville floodplain (Figure 17). However, the



llarmon Complex has not yeb been subjected to zoning to date.

In the current development plan for the Town, dev-
elopment area 7 is critical. Tt is here that most future
developmant is expected to take place. A scheool, shopping
mall and fcderal building have alrcady been built and more
growth is planncd. To zone this area of the floodplain for
no development does not sceom warranted, cspecially in view
of thoe successful floodoroofing of the federal building.

The copportunity costs that would be incurred herc as a result
of prohibiting investment would likely outweigh the potential
incrcasc in total wvulnerabllity.

A large proportion of development arcas &8 and 9 are
currently zoned for restricted develooment. If nothing 1is
0 crea, cthis zoning scems apuoo-
priate for all lots inside the 1:100 year (lood line. The
remaindcr of the lots (i.c. cutside of the 1:100 vear flood
line) could be develoved in view of theilr low degree of ex-
posurc to the hazard. Should dykes or other structural mea-
sures be adoptad for the arca, restricted development zoning
could bo removed. Ilowever, this is potentially quite dan-
gerous. If a flood larger than that for which the measures
arc designed  should occur, the incrcased damage poteontial
would ovtweigh the reduction in opportunity costs that
would result from the rezoning. These opportunity costs are
not likely Lo be very great in the first place, sincc there
does not appcar to be a scvere shortage of land suitable

for housing development in the Stephenville area. NAs a
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result, it would probably ke a prudent decision to maintain
zoning restrictions on the most vulnerable arecas even after
any adjustments arc made in these development arcas.

Development areas 26B and 27 are not currently
zoned since they fall within the boundaries of the Harmon
Complex. lowever, it does not avpear that extensive growth
will occur in these units as long as a flood problem per-
sists at the brcwery. There seems to be no reason why
future development should be prohibited in this area on
account of the flood problem, provided that [oundations are
built to minimum heights as suggested for development arca
7 and that these structurcs do not interfere with the hy-
draulic properties of the stream as referred Lo in section
5.3.3. To illustrate this latter pecint, take the hyrothet-
ical situation where a structure is placed in develonment
area 7 such that it constricts the flow of water under
flooding situations. There is a possibility that it might
jeopardize the new shopping mall.

In short, restrictive zoning has becen failrly effco-
tive in the past in ensuring that econcmic growth is com-
patable with the flood hazard, and its usefulness should be
considercd in future floodplain manacement. However, there
appears to be no sound reason for excluding conforming
land uses from the floodplain. To do so would be to ignore

the economic utility of the land in question.



8.4 Other Considerations

In addition to the three types of non-structural
measures discusscd above, there are a host of other tools
that can be utilized. Of these, the development of public
awareness about the flooding problem should come first,

All activity in the floodplain and much of the activity in
the drainage area should be interoreted in terms of its
potential impnact on the flood problem. The only way to do
this is to cnsure that the rcublic is aware of the basic
nature of the problem. Tt bocame gquite apparent during ithe
resident survey {(Aopendix A) that public anderstanding of
the flood hazard iz limited.

Flood insurance is sometimes suggested as a useful
ool in flocdpiain management. Tt would not be apvropriate
in Stephenville because of the obvious inability to spread
the risk of flood damages ovor cither time or space.

Other potential adjustiments which have only limited
avplicability to the problem are residential redevelovment,
tax policics to discouraqge developnent on the floodplain,

and warning signs showing mast flood heights.



9. EVALUATION OF TFFLOOD ADJUSTMENT ALTERNATIVES

There are several possible ways to deal with the
flooding problem in Stephenville. These range from comvlete
inaction tc complex structural soluticns involving millions
of dollars. Neither of these extremes is particularly
appealing. The various possibilities must be narrowed down
to enable practical choices to be madec.

In this section, the alternatives explored in scctions
7 and 8 arc compared on the basis of theilr varying impacts
on the flood problem. At the outset, it is important to
make a few statements explaining the scope of the section.

The variocus options are discussced centirely in terms
of the flood problem itself, TFor example, if floodproofing
a certain building is suggested, no opinions are cxpresscd
regarding who should pay for this work:; institutional con-
gsiderations are therefore virtually ignored. Not all con-
ceivable adjustments have been assesscd in previous scections.
Some have been rejected because their further investigation
would not be productive,

The objective of floodplain managemcnt should be to
reduce flood damages to the point where the costs of achiev-
ing these reductions just equals their value. That is, there
exists a floor below which it is inefficient to further recduce
flood damage potential. In this report, the costs of per-
forming adjustments and the benefits to be derived from them
have been quantitatively estimated. However, it has been

emphasizcd throughout the text that these quantitative values
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arc merely indicative since thoy provide only "order of
magnitude" impressions of the quantities involved.
Provided that this fundamental limitation to the
data is recognized, it is possible to carrvy out a rudi-
mentary cost-bonefit comparison of the various solutions
possible in Stephenville. Cach of the adjustments dis-
cusscd in sections 7 and 8 are evaluated in this light in
paraéraph 9.1 below. Those adjustments which are judged
to be superior are summarized in varagravh 9.2. All
penafit and cosk impressions wers determined in scctions
6, 7, or 8 above. The average annual costs are bascd on
an amortization peviod and cconomic life of 50 yecars. All

structural measures wore evaluated on the basis of the

=

:100 voar event. There 15 a risk involved in assuming
thot protection only needs to be provided for up to ihe
1:100 vear level., Due consideration should be given to the

=

possibility of higher denitude floods hefore any structural

alternative is odopted.

In addition to these risk factors, most structural
measures involve land enhancement benefits that have not
been quantitatively expressed in the analysis, but which
should also be considered in the asssessment of alternatives.

9.1 Determination of the Economic Viability of
Various Adjustments

1. Floodway: This would climinate the flooding problem,
but two fliloodways would have to be con-

structed {one for each stream). Major ex-
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penses for excavation and bridge and high-
way construction/relocation would be necess-—
ary. DEven though it is possible that the
benefits derivable from a floodway could
exceed the costs of constructing it, these
costs are so0 high as to make the alternative
unattractive when other measures are consid-
cered.
72. Diversion: This would eliminate the flooding problem
on Blanche Brook and Warm Creek, but would
cost about $200,000 annualiv for diversion
channels alone. Because of this very high
cest, no estimates of other costs (e.qg.
channel improvements on Gadons Brook) were
made. As with the floodway alternative, a
diversion scheme might be possible in which
the costs would exceed the benefits, but
when compared with other alternatives, the
relative efficiency of the diversion alter-
native is much lower.
3. Upstream This would reduce the 1:100 year event at
Storage:
the brewery to about 1:10 year event, thecre-
by saving an estimated $125,000 annually.
(The hydraulics involved with the dam/reser-
volr are such that the upstream storage scheme
evaluated in this report will provide grcater

protection to the brewcry in lower magnitude
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floods). The average annual cost of the
dam/reservoir complex was estimated at
betwcen $550,000 and $820,000. The costs
arc therefore sufficiently higher than the
benefits that no further consideration was
accorded this alternative.

4. Dyking This would protect the brewery, Humber Motors
Sub-Area 1:

and the Curling Rink as well as all land with-
in sub-areca 1 not yet developed. This will
involve savings of an estimated $485,000
annually in flcod damages., The costs of the
schome are estimated at about $23,000 annually.
As such, the altoernative is clearly viable.
However, it should be peinted out that there
is some risk assoclated with this alternative
should a catastrophic flood occur.

5. Dyking This would only be efficicent if more vulner-
Sub—-Area 2:

able development were to be located in the
floodplain., At the present time, the peten-
tial becnefits do not justify the expense.
Furthcrmore, it is clear that other measures,
notably floodproofing, would be a more effic-
ient method to prevent damage to future dev-
elopment in sub-area 2.

6. Dyvking This would save an estimated $10,000-$12,000
Sub-Area 3:

annually. The approximate annual cost of

upgrading the road is $5,900. In addition,
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it is ecstimated that rip-rapping would be
necessary along about 50% of the length of
Brookside Drive. This could cost an extra
$3,000 annually. Based on available data,
the upgrading of Brookside Drive appears
to be economically feasible.,

7. Dredging Under the optimal dredging scheme all of
Sub-Area 1:

the existing damage vpotential in sub=-area 1
(excluding Humber Motors) would be eliminatod.
This would mean savings of some $485,000
annually. The cost of this scheme would be
in the order of $68,500 annually, but this
does not include the large maintenance costs
that would be associated with the dredging
alternative on virtually an annual basis.

Nor does it include the costs of bank pro-
tection (estimated at $7,500 annually) which
would have to be constructed near the brewery
even if dredging were to be done. One ben-
efit of the dredging alternative is that
protection against catastrophic flooding is
substantially greater than for either flood-
proofing or dyking.

From available data, it appears that dredg-
ing is more feasible than floodways, diver-
sions or upstream storage, but not as effic-

ient as either dyking or floodproofing.
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8. Drodging Tnere is i1nsufficient damage potential in
Sub-Areas:
2 and 3 sub-area 2 to justify a drcdging scheme.,

In sub-arca 3 there 1s a significant amount
of rock in the channel bed which would sub-
stantially increasce the costs of the project.
In addition, considerable structural alter—
ations would have to be carried out on the
Main Street bridge to improve its hydraulic
cf ficiency and to vreduce the possibility of
ice/debris jams. The very low level of po-
tential benefits {(about $§15,000 annually)
would not justifly such large expenditures.

9. Channel Re- TFlood stagaes at the brewery would not be

aliagnment

SuL—Areas materially afrtected py tnis adjustment, but

1 and 2

velocities would be substantialtly reoduced.
In addition, a new bhridge would be redguired
across Blanche Rrook on Minnesota Drive and
a substantial amount of valuable real estate
in development area 7 would be affected,
Bank protection at the brewery would not be
required under the realignment alternative.
Excavation of the channel alone would cost
an estimated $24,000 and benefits realized
would not be commensurate with anticipated
costs. Because of these facltors and the
poor benefit cost position, no further con-

sideration was given to this alternative.
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10.

11.

Floodproof-

ing in sub-

area 1:

Floodproof-
ing sub-
areas 2 & 3:

Floodproofing Humber Motors against the

1:100 year event does not apéear to be
technically feasible within the limits of

the level of vulnerability at that location.
The annual cost of fleoodproofing the brewery
and Curling Rink is estimated at $10-13,000.
Additional costs associated with the required
bank protection near the brewery would esca-
late the annual cost to about $20,000. In
addition, the costs of a flood warning/fore-
casting system wpuld have to be included.

The benefits are the complete reduction of
damage potential at the brewery and curling
rink {(a saving of abcut £485,000 annually) .
Floodproofing is therefore viable for the
area and should be given further consideration.
However, it should be noted that £floodproofing
will protect only the buildings it is designed
for. No protection is offered to future dev-
clopment on the floodplain by the floodproof-
ing alternative.

Iloodpreoofing is not necessary in sub-area 2,
based on existing levels of development. 1In
sub—~area 3 the annual cost of flocdproofing
has been estimated at $2,000. When comparcd
with a benefit level in the order of $5,000-
$10,000 it is evident that floodproofing

would be viabloe,
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12. Monitoring Forcst Cutting Practices in the Basin:

No costs were estimated, but this would
appear to be a prudent practice for the
basin. If it becomes apparent that major
cutting activity is likely to occur in the
headwaters it would probably be worthwhile
for the potcecntial impact of that activity
on the flood hazard to be studied in more
detaill.

13, Maintaining a Tres/Slash Removal Program:

This appears Lo be worthwhile within the
Town limits. By keeping constrictions free
of debris, backwater problems will be re-
duced and the danger of washouts diminished.
It appears chat the costs of a tree clearing
and/or bank stabilization program upstream
of Hanson Highway would probably outweigh
the kenefits, althouagh this has not been
studied in detail.

14. Maintaining a Floocd Forecasting System:

This would only yield a favourable cost-

benefit position if used in conjunction with
the floodproofing alternative at the brewery.
Otherwise, no major effort should be expended

on this alternative.

15. Institution or Maintenance of a Restricted Zoning Policy:
This would be highly desirable in areas

where the hazard is extreme even if struct-
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ural measurcs are built, since risk factors
are associated with construction behind

dvkes (the dvkes could fail or be overtopped).
In less vulnerable locations, there appears

to be no reason why development should be
prohibited provided that it conforms to
appropriate floodproofing regulations.

9.2 Evaluation of Superior Alternatives

Based on the preceding analysis, no regicnal struct-
ural alternatives appear to be justified in the Stephenville
case. It is evident that neither anupstrcam storage scheme
nor floodways nor diversions would be as efficient as more
localized solutions.,

In the case of local measures, the flcced oroblen
in sub-area 1 can be mostly offset by the structural alter-
natives of dyking, dredging or floodproofing. All three are
economically viable, but dredging is not as efficient as
either of the other two. On the basis of preliminary cal-
culations, flcodproofing appears to be a supericr adjustment.
However, a number of gqualifications to this should be pointed
out. First, the level of detail and accuracy embodied in
both the cost and bencfit estimates is not sufficient to
discriminate between alternatives except on an "order of
magnitude" basis. The floodproofing and dyking alternatives
are close enough in terms of impacts that one cannot be sel-
ected over the other on the basis of costs and benefits with-
out more detailed study. Second, dyking will protect all

vulnerable land in sub;area 1 whereas floodproof{ing protects
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only isclated locations. Third, the floodproofing alter-
native would involve the creation of an ecarly warning
system, the accuracy of which is uncertain. The effcctive-
ness of the floodproofing technique would largely depcnd
thercfore, on an unknown elcment. TFor all these rcasons,

it is suggested that further investigation of the two alter-
natives should bhe undertaken prior to the adoption of either
one. llowever, it is likely that the optimal long term
solution to the problem in sub-area 1 will be dyking.

In sub-aresa 2, the current lovel of viulnervability
is low. DLven if new develcoment should occur in the area,
it is likely that the best way to offset the flood problem
would be to use non-structural wmeasures, such as the regu-
lafion of minimuam foundation elevations.

Apart from floodproofing structuras in sub-arca 3
or upgrading Brookside Drive, no niher structural altorna-
tives seem to be justifiable. There, a similar choice

exists here as would be reguired in sub-area 1. The cost-

. benefit considerations are as similary here as in sub-area

1, so the same arguments apply. Howcver, the land enhance-
ment benefits that would result from dyking rather than
floodproofing are probably more imminent in sub-area 3 than
in sub-arca 1, because it is likely that residential con-
struction would almost immcdiately follow construction of
a dyke.

Of the various non-structural measures considered,

all appear to have some applicability to the problem. A
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flood forecasting system would be more relevant if flood-
proofing were to be adopted and the monitoring of forest
cutting activity would be more applicable if major activity
were planned for the watershed. The restriction of necw
building construction by zoning for no development does
not seem to be warranted, but appropriate floodproofing
technigues, such as minimum foundation elevations, should
be regulated. A program to remove trees and debris from
the two channels should be considered.

Specific conclusions have been drawn from the above
analysis. These conclusions as well as other general in-
sights obtained during the coursé of tihe study are presented

in point form in section 1.2.
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