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FORKWARD

During the preparation of the report entitled An Evaluation

of Flooding in Stephenville, Newfoundland, December 1975, it was

decided that additional documentation would be desirable, Since much
of this documentation was of a teghnica] nature, and not directly
pertinent to the conclusions and recommendations embodied in that
report, it was further decided to prepare Appendices to which those
interested in further detail concerning the methodologies employed
could refer. This volume presents these Appendices. Use of the
technical Appendices should only be made with reference to the main
text where more explanation of the rationale underlyina the methodol-

ogies is provided.
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1. INTRODUCTION

As a part of the process of acquiring baseline information
about the flooding problem in the Stephenville area, a survey of
residential attitudes, perceptions, and other socio-economic charac-
teristics was undertaken. The guestionnaire was designed to provide
information about those floodplain manacers who actually live with
?he hazard on a day-to-day basis. In some flood hazard areas, it
is appropriate to investigate attitudinal differences between those
living off the floodplain and those living on it. However, in the
Stephenville case, there did not appear to be sufficient reason to
do this, so only those people living in or very close to the vul-
nerable zone were interviewed.

The survey was administered over a three-day period in
October, 1974 by a single interviewer. As far as possible, sample
selection was made on a random basis. The approximate hazard area
was outlined on a map of the Town and houses were then chasen within
this area. Twenty-three interviews were carried out in both develop-
ment areas 8 and 10, as well as at Wheeler's where a flooding problem
also exists. Figure A-1 illustrates the approximate Tocation of the
sampled homes. The randomness of the sample was undermined by the fact
that sometimes people were not home when the interviewer called. Also,
in several cases people were new residents of the area. In many of
these cases, people would not answer our questians because they felt
they had no concept of the flooding problem in the area. It proved to
be very difficult to explain that they were part of a random survey and

as such their answers would indeed be of value to us. However, since
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many of these potential respondents could not be convinced, our sample
was accordingly biased towards those who have lived in the area Tong
enough to have formed some concept of both the nature and extent of the
hazard. In fact, three-quarters of those eventually interviewed had
tived on the floodplain more than five years. Althouah a majority of
the floodplain occupants probably have lived in the area more than five
years, it must be recognized that a bias does exist in the results.

The interviews were carried out informally, with questions being asked
(and often answered) indirectly at times. Since no perceptible differ-
ences occurred between the answers received in the different hazard
areas sampled, it was felt that it would bec appropriate to collate the
information in only one summary rather fhan doing a separate summary
for each hazard area. This was in fact done, and the resultant summary

is included with this Appendix (See Annex 1}.

2. Interpretation of Survey Results:

Part of the survey included questions and observations con-
cerning the property itself. Most of the residences are one storey
single family dwellings. Most have half basements in which the furnace
is normally located. The houses are, for the most part, over ten years
old with about 62 percent being more than 15 years of age. The founda-
tions are either concrete (73%) or wood (27%) and all are in good to
fair condition. Virtually all respondents are on town sewer and water
mains, with only about 25 percent having any sewer or water outlets
located below the first floor. Only 13 percent have finished basements.

Hot air heating predominates throughout the study area.
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From this brief descriptive summary, it is possible to draw
a few generalizations: 1) Basement flooding is not likely to cause
very severe problems in the area in terms of dollar damages. The fur-
nace was usually the only item cf value Tocated in the basement, al-
though in a minority of cases a washer and dryer were also present,
Since only 13 percent of the houses have finished basements, the poten-
tial for damage is not particularly great: 2) Sewer and water service
disruptions on the floodplain are minimal since 95 percent of the res-
pondents indicated they had never had any flood related problems with
these facilities: 3) Given the generally cood conditions of most of the
foundations in the hazard area, it is not anticipated that structural
damages would be very severe. Floodwaters might be expected to cause
damage to building materials and utilities, but they would not cause
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A fow questions wern asked regardinog the socio-cconomic
characteristics of floodplain residents, fis it turncd out, most of tro
respondents were woman whose ages varied so mucli that no bias was obvious.
The length of residence on the floodplain is auite long, since 3/4 of the
responidents had bcen there more than fifteen years. This inference is sub-
stantiated by a review of the history of the Town, from which it mav be
seen that the flood hazard area on Blanche Brook is the oldest establisnhed
residoential area in the vicinity. Further evidence is founc in the fact
that a majority of neonle in the floodnlain own clear title to their land
while about another 22 percent are currentlv paying on a mortgage.

The final obscrvation that can he made concerns the nature of
employitant of breadwinners on the floodnlain. Interpretation of tre ra-
sults of cuyestion 4 would Tead to the conclusion that residents of the
study area are primarily engaged in low to middle income employment.

Questions 6 to 15 were designed to reveal various aspects of
residential attitudes and perceptiorns. Several interesting features Gte-
came apparent from the answers to these queostions:

(a) Flooding is not perceived to be a large enough problem to

cause most nreople to seriously think of moving from their pre-

sent dwellings, although abtout 123 percent indicatoed ther had
given substantial thought to the possibility;

(b) In-spite of this apparent immobility on the part of the re-

sidents, a large majority did not know about the hazard before

moving to the arca. Of those who did know only a fow were very
concerned about the flood problem. This lcads to the probable
conclusion that flooding is simply not, at present, a very large

problem in the eyes of those who live on the floodplain,
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(c) The frequency of flooding was secn to be quite high among

the survey sample. Flooding once in every five years was fore-
cast by ahout 60 percent of those surveyed. Apparently, in the
residential arcas frequent winor flooding is the dominant trend;
(d) Clogged river channels, combined with heavy rainfall were

the most often cited causes of flooding in the area. However,
ravid snow melt and ice jams were wentionad quite freguently as
well. Structures, cspecially bridges, were seen as traps for
debris in summer floods and for ice in winter floods;

{e) A rccurrent observation in survevs of this tyve is that
people feel that solving the preoblem is someone elsc's respons-
ibiTity. Such appears to be tne case in Stephenville as well.
Tho Tavna mainrity af neaanla falt that the Town of Stenhenville
should baar tne responsinility for their personal infringement

of the ftloodnlain;

(f) An interesting feature of the observation in(5) above is that
it is the Town authorities rather than the provincial or federal
levels of government that necple felt snould be handling local
adjustments to flooding. Since it is the municipal government
which has historically beaen involved in the flood reaction in this
arca, sunport is found for the theory that where pnarticular
institutions have become involved in flood reaction over a number
of vears, these institutions tend to he cxpected te perform these
informail functions in the future;

(g} ¥hen pressed for a specific answer, concerning which adjust-
ments  to the hazard should be made, a majority indicated they

had not thought about it and thus had no opinion. Of the remainder
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of those surveyced, most felt that flooding would not happen
again, since the Town had dvked the stream banks.  adjust-
ments suggested by respondonts were structurally. ratner than
non-structurally, oriented, possikly because structural ad-

Justments had historically been made by the Town.

Information concerning historical fleooding was sought in ques-
tions 16-27. Ffrom the answers to these gquestions for following inferences
may be drawn:

{(h) A majority of respondents did experience scme flooding in
the August, 1973 flood, although mest suffered rio damage
whatsoever.

(i) By far the most significant econemic costs inflicted wera in
TEIMS Or @voiuance and Cigdhup.  There was aiso daimage in
some cases to furnishings and other contents, altiough this
was not very severe in terms of dollars. Structural damage
was minimal,

(3} virtually no post-flood effects ware experienced in the flood-
plain except for some minor structural damages.

(k) Although about 64 percent of tre properties were flooded in the
summer of 1973, only 45 percent suffered any damage at all.
With one exception this damage was minimal. Flooding occurred
on only the outside property about 30 percent of the time,
while approximately 30 percent of the homes incurred no floeding
whatever. In the remaining 40 percent of the homes, water levels
ranged from 4 inches to 3 feet above the basement floor,

In no cases sampled did the water reach as high as the first

floor. Little damage was incurred since over three
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quarters of the houses have half-basements or crawl spaces rather
than full basements.

(T) Advance warning time prior to inundation appears to have been at
most one hour and in many cases no warning was received at all.
Alirost everyone whose property was affected replied that no one had
informad them that there would he a flocd. Indications are that the
Lulk of the floodwaters in the 1973 flood had subsided within
a day and by the time two days had passed virtually all the excess
water had run off. Tnis fact, in combination with the small
amount of lcad warning timz, attests to the "flashy” nature of
tra watersnad.

(m) Reaction to the 1973 flood consisted primarily of moving items to
iy pieCes, o Do of vranch dicging, and Dunping ol weier from

basernents,  TNesidents anvear to he quite comnlacent about the haz-

ard, possibly becausa severe damages are rarely, if ever, in-
flicted on any Targe scal=. Ther=2 is no discernible terdency on
the part of floeanlain occupants to consider any substantial ad-

Justments to tne hazard. Cver tne years, minor adjustments have

been made (e.g. sump pumps, "slung" furnaces, raising appliances,

etc.) but these hava not been very major or very costly.

3. CONCLUSIONS
The most obvious impressions obtainad from the survey concerncd the

extent of the preblem., It appears that in residential areas, damages are per-

coived to be insianificant, except in @ very few cases. The people are not,
for the most part, very concerned about the hazard and there is a general feeling

that since the dyke has been built, the bulk of the problem has heen solved.
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Those exposed to the hazard cither do not think about it at all or
they are gencrally quite commlacent about its notential for endancorving their

nroperty.
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ANNEX 1
SIMMARY OF RESPONSES

RESIDENT SURVEY

Location:

The following questions are designed to provide basic information
anout the flooding nroblem in Stephonville on Cold Brook. Please indicate
the one answer in each'qucstion wmich best anproximates the truth. Enswers
to all questions will pe ield in strictesi confidence and it is vital that all
auastions be answered by the same parson. Pleasa fill the form out carefully
as the validity of the study's conclusions depends on your efforts.

T. Sex: tale 2 {9%) Femala 19 (83%) = PRoth 2 (9%)
2. How long have you lived here? less tnan one ycar 1 (4%)
1 yr. to 2 yrs. 2 (9%)
Zowrs. L0035 yrs. 3 (i)
Sote Woyears  5.(227)
more than 10 yrs. 12 (52%)
3. low old are you? Under 35 2 (39%)
35-50 2 (35%)
over 30 6 (26%

4. QOccupations of breadwinner and resoendent, if avplicable:

respondent Breaduinner
professional 2. (14%)
nroprictor, sales, wanager P _5.{337)
clerical o v
Tabourer i {4.57F A Y45
fisborman, voodsman o T A
housewife 20 (87%)

other (specify)
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Rggppngpntf Breadwinner
Ho Answor 1 {Asy -
Unemployed _ 1 (a.57) i
Some arc retived, disabled,
dead. e 8 (357)
Do you: own your house with no mortgage 13 (57¢)
own your house with a mortgage 5 (e2cy
rent your house 5 (227)

other (specify)

flas the threat of flooding caused you to think at all about moving from
this house?

a lot 3 (13%) .
some 1 (4.57)

hardly at all IR P G130 N
not at all I L 5

other (specify)

How often do you think flocding is apt to occur in Stephenville?

once a year 8 (35¢)

once cvery 3 years 3 (13%)

once cvery 5 years 3 {13%)

once every 10 years 1 (4.5%)
less often 2 (9%)
unpredictable 3 {13%)

don't know 2 {9) .
never 1 (4.5%)

other (specify)

Did you know about the flood hazard here when you moved in?

Yes 6 (26%) No 17 (747) N/A



9.

19.

11.

T T o i T,

KESPOHSES
9 {227)
1 (27)
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When you were deciding to move here did this knowledge bother you

influence your decision?

a lot 2. (97)  e——p
some

a little _ 1 (4,5%) =
none 3 (132)  semiy

do not know

N/ B 17 (748

othar (specify)

Ynowing what vou do now about the flooding nazard, would you move

again 1f you had it to do over?

33%

Yes 10 (43%)

40 L C TS N
Do not know 2485y
A - _—
other (spzcify) 1.(4.57) o, Ans.

that do vou feel has 13 3
proclem in Stephenville dovn throual hist

in importance, and so on.
1 1o Answer
clocged river channels
cutting of trees in river basin
more storm drains heing vut in
heavy rainfall
ranid snow melt
ice jams

structures in the river course
(dams, bridges, cte.)

ory?

RESPONSE NANKED

or

here

been the malorccontrinuting factor to the flooding
If vou feel more than one
of the answers Lelow apply,.nlcase rank them as 1st in importance, 2nd.

(1 (2) (3)
4 (107) 4 (10%) T (2%)
1 (2%)
h (12%) 3 (7%)
4 (100) 1 (27)
I {29) 2 {57)
A (10%)



I . RESPCONSES RALKLD
[FESPONSES (1) () _
10107) 11. (cont.) Don't know 4 (10
17 (17) other (specify) 6 (15) 1 (10°)
1. Piver course chianaes
2. Brook too Tow, vron't fleood again i
3. Made worse by work done on birook
4. Roads not taken care of -rocks back in brook.
5. D.OH. - 3 bridacs plugged, unolugged on furthkerest from mouth

1973.

12. Vtho is most responsible for protecting people from floods?

(Please rank your answers) 1 RAlK 5

it is the individual's responsibility j-___g‘ 1
town authorities 15 (85 ) -
provincial government i 1 (4.5}
federal government ) o
other (specify) _ _
No answer 3 -
don't know 2 {97)

13. Who should be held resnonsible for damages caused by floods? RANK
individual owners of damaged proverty 'WTTT%QTW-__EL—MM
town A6 (737) 3 1 {4%)
province L 9 I
federal 1 (an)

combination of federal, provincial
other {specify)

Mo Answer 3
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(Ho answer for questions 14-27 from one resident)

HYhat do you feel is the best way to deal with the flooding problem here
in Stephenville? Comments?
Don't know/MNo answer __ 14 {61%)
Decpen Stream == 2 (94)
HWon't Flood Again/Town Did good job 3 (13%)
Manholes Upstream for Nunoff 1 {4%)
Buildup Streets with Trenches on Each Side 1 (4%)
Fix Bridges to Prevent Clogging 1 (4%)
Finish Banking Upstream, Lowar Culverts 1 {47
(" number of neople indicated that flooding was an act of God,
over which they had nc control.)
Intervieuwer: Categorize answers into one or more ranks as below.
Try to get a feel for the raspondent's comprehension of the con-
cents which were not mentioned,
s Littie or A
Possibilities: o Concert | Unnessary | Rank ,
compulsory flcod insurance 14 (70%) 1 (5°) 1 (54) 2 {1044 2 ¢
voluntary flood insurance 12 {77:) 1 (5913 &~
flood proofing 1 (67%) 3 {147) 3 (141 (57)
Toss bearing 5 (38%) 6 (d46%) ; T (82)Y 41 ¢
land use reqgulation 18 (81%) 3 (14%) g 1 (5
watershed treatment 15 (83%) 2 (119) ; 1 (6%}
channelization 4 (19%) 5 (24%) ;9 (4372352 (10241 &
dvking/levees/dams, etc. 5 (739} ¢ (277) ;5 (23359 (18%7 2 (4
crnrgency forecasting 7 (507) ¢ (437} ; i 1

(Percentaces represont attitudes toward cach possibility,
i.e. Read 7's across)

Would you pay for flood insurance on your nroperty?
Yes 10 (45%) Mo_ 7 (327) Maybe_ 5 (23%)

N or
If so, how much per year? . Pon't know
Less, bhan 5 ”l![lo



SUMMER 1573 TLOND

16. Mas your property flooded in 19737

Yes 14 (647)

o 8 (367)

12 suffered no damage at all (557)

17. Please indicate the nature of the damage that you suffered in the 1273

flood and vour estimate of the dollar value.

Tvpes Descrite _talue
" tal Dam- Structural 1 - tile, gyproc wet and moldy
zges incurred . y
sc result of 1 - concrete driveway cracked and fell ,
73 flood) i
- . ]
Furnishings T - furnace sviitch. water heater coating
tools, machaniczl aguirnment | electric]
sav r
1 - boxes ¢f books, trunks of clothing, ¢
ringer washer E
¥ v
Avoidance ! 6 - raise articles off baszment flood . 00 man hrs. total
- dig trenches
Cleanup considerable clean-up 50 man hours
otherwise, nothing

18. Have you noticed any damage to your property since the flood that could be

attributed to the Flood? If so, specify the nature and estimated cost of

¥ake quantitative judgements of values where possible,
Attention to detail and consistency should be given.

this damage,

Nome: 13 (597%)

Yes:

1 (5%)-walls cracked and warped

1 (5%)-house was settled in middle, nothing serious

2.(37%) -N. f\pp]'icéb]e



19. How high did the water reach inside the house (to the nearest inch)
during the 1973 flood?

56% 9 (39%) {4" to 3'} inches above basement floor or ground - 4", 4", 8"
i, 2, 2",
447, ____inches above ground floor 2;', 3

7 {30%)  only on outside property

7 (30%)  #. Applicable

20, How long before the flood occurred did you know there would be a flood?

3 (19%) __{approximately 1 hour)
13 (81%) {no time or don't know)
7 {no answer)

21. ho told vou thera would be a flood? Experienced; watched water rise.

No one 13 (87%)

Othor (2222ifr) 3077 mpignnsun, d_sres_radiu {aflerfact)
dot fipplicable 7
o answer 1
27, fow lena was it before the flood waters subsided?
less tivan 1T day 8 (57%)
1-2 days 5 (36%)
1-2 weeks 1{®
Don't know 1 gomnes
ot applicable 7
ho answer 1. _
23, Doscribe in detail vour reaction to the 1973 flood. 'hat did you do to

avoid damage?  What would vou do if another similar fleed occurred now?
How did the water enter the house? tow long did it stay? Gencrally
describe how it affected your houschold.

Avoidance - 2 trenched around house

.2 1ifted itews off basement floor; stayed up al 1 night_mopping
and_pumping



23. {con't)
Generally, homes are not flooded: half-basewents are prevalent wicth
nothing but furnace (if that) in_them; residents simply watc: waters

rise and take flooding in stride.

24. What steps have you taken regarding the flood hazard since the 1972
flood?

The general feeling is that nothing further can or should be done

to avoid flooding of property. Any steps toward Jesscning darage

have been taken before 1973.




The August
Stephenvil

spring mon

25, llow
probl

26, Can vy

OTHER YEARS' FLOOD DATA

1973 flood was somewhat different from most floods that occur in
le, since flooding usually occurs in the late winter or early
ths rather than in the summer.

nes a winter fleod affect your household? Indicate any particular
cms winter is likely to bring:

Similar to summer flood 7 (327)

other {specify) 5 (23%) - summcr floods were worse, espacially 1969

experienced. e e S
5 (23%) - never any flooding of their property
0 5) - 1073 flood was only one in 50 years to hit

! lie answer.

ou remerber dates and time of yzar for any pravious floods on 3lanche

2roor?
1972 - 1_(107)
1962 - 6 (607)
19g4 - 2 (209)
1961 - 1 _(10%)
He -9

Resident lLess than 2 vears - 4

Yoarly scepaue - 3



27. Over the yecars have vou made anv adjustments to the floodiing probleom
on your property?
Mo 15 (657)

Yes 5 {357)

What type 2 (25%) raised house; 2 {257) raised washer-dryer:

1_(12¢) installed sume pumn: 1 (127) no Tonger store anything in_

half-basement; 1 (127) installed "slung" furnace; 1 (12%) more fill

on around.
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28. General features of property:

single family dwelling 20 duplex 3 mobile home  other
(877} (13%)

- number of floors (exclude hasement) 1 - 15 (65%)

13 -3 (132

2.-5 (22n)

- is there a bascment? full  C (26%)

half 17 (74%)

is the vascment finished? Yes 5 Ho 18 Furnished?  Yes 3 ho 2
(227) (78%) (13%) 9%
ot App. 18
78%
age of house 10-15 years - 8 (357} 38%
16-20 years 16 (43%) 487
nore than 20 years 3 (13%) 14
Con't bnow 2 (S7)
type of heating system: electric 2 hot air 14  hot water 2 other &
(97) (64%) (9%) §
Yooanswer -]
sewage facilities: city main __ 21 septic tank 1 other 1 (outhouse
51%) (4%) (4%)
do you have water or sewage outlets in the basement? Yes 5  MNo 17  No Anc
23% 77%
iras vour sowage water systom over Leen affected by flooding?
Yes 1 Mo 21  How? ~ khen? Hdo answer 1
{5°) (957)
is the foundation concrete blocks 10 form concrete 7 wood 6 other
(437) {30%) {27%)

in what condition is the foundation? poor  fair 5§  good

18-
{22¢) 78%Y
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- is the furnace located below ground level? Yes

18 No
{78%)

1

@y

no furnace 4

a7
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1. GENERAL
This report describes the hydroloay studies carried out Lo
develop flood flows for use in computing the water surface profiles

on Blanche Brock and Yarm Creek under flood conditions of varyinag mag-

nitudes.

2. DESCRIPTION OF TUHE AREA

Blanche Brook watershed is located in the southerly portion
of the west coast of Newfoundland. 1Its location and topography are
shown on Figure B-1. 7The total watershed area is 51.2 sguare miles.
The brook rises in the Indian Head Range at an elevation of 1,500 feet
and flows southwesterly over a distance of 15.3 miles to its outlet
into St. George's Bay. Llarm Creek, the larcest tributary of Dlanche
Brook, drains the eastern half of the drainacve arca and enters Rlanche
Brook within the Town of Stephenville, approximately one mile above
the river's mouth. !larm Creek also flows to the southwest from its
source in the Indian Head Rance and drops & total of 1,350 feet over
a Tength of 12 miTes to its confluence with Blanche Brook.

Physiographic parameters for the basin as a whole and for

the two major hranches above their confluence are given in Table B-1.
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JABLE B-1

Selected Physicgraphic Proporties

Blanche Brook Hatershed

Total Rasin Blanche Brook* Harm Creek*
Drainage Area 51.2 sq. mi. 24.3 sq. mi. 25.2 sa. mi.
Length of Channel 15.3 miles 14.3 miles 12 miles
Bifference in
elevation, source 1,550 feet 1,530 feet 1,350 feet
to mouth
Slope 101 ft./mile 107 ft./mile 112 ft./mile
Percent of area
controiled by 57% 21.7% 95%
lakes and swamps

*
Parameters for basin upstream of confluence of Blanche Brook and

Warm Creek.

Most of the basin is forested with extensive swampy areas in
the upper reaches. The bedrock aeology of the area consists of cranitic
and basic rocks of Precambrian age. In the highlands there is little
or no cover of unconsolidated earth materials. The lowlands are covered
with glacial drift and outwash deposits. As a result, the streams have
developed a meandering pattern, are cenerally shallow and have coarse

gravel and cobble beds.

3. CLIMATC

Meteoroiogical records have been kept at the Stephenville
airport since early 1942. It is considered that these data are not
representative of the c¢limatic conditions of the entire basin because
of the station's proximity to the coast. However, the record at the

station provides the best information available for the area.
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The mean daily temperature for the period 1942-70 at
Stephenville is 40.9°F. The coldest month is February with a mean
daily temperature of 21.6°F. The mean daily maximum and mean daily
minimum temperatures for the period are 47.3°F ind 34.5°F respectively.

The mean annual precipitation at Stephenville for the period
1942-70 is 42.5 inches. The mean annual rainfall for the period is

31.4 incies gnd the mean snowfall is 128.6 inches.

A, FLOOD MAGNITUDES

Analysis of the flooding problem in Stephenville requires
estimates of the magnitude of flood flows to te expected for various
recurrence intervals. Since no streamflow records are available for
Blanche Brook or Warm Creek, a review of the data from several hydro-
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tion of thesc data to a regicnal flood frecuency analysis using a
method developed by Poulin (1971)]was examined.

4.1 HKydremetric Data

Recorded hydrometric data in the Stephenville area is ex-
tremely sparse. The closest hydrometric station is on the Harry's
River below the Highway 47 crossing. This gauge has only been in op-
eration since 1968 and therefore has too short a record to be useful
in flood frequency studies.

The locations of several other hydrometric stations in the

wastern portion of Hewfoundland arc shown on Figure B-2. The periods

1. Poulin, R. Y. [1ood Frequency Analysis for Newfoundland Streams,

Hater P]annlnu and Operations Branch, Department of Lnvironuent,
Ottawa, 1971
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of record and drainage arcas for thesc hydrometric stations are aiven in

Tabhle B-2.

Daily mean flows and instantaneous peak fTows for cach day at

these locations are published annually by the Inland MWaters Dirvectorate,

Environment Canada, Otlawa.

TABLE B-2

HYDROMETRIC STATIONS

Station Mo,

- —

Station

Drainage Area

02YJ001

02YK002

02YK004

02YLOO1

0220901

0220001

Harry's River below
Highway Bridge

Lewaseechjeech Brook at
Little Grand Lake

Hinds Brook Near Grand
Lake

Upper Humber River at

Seal Pond i

MAaa.n Meiemia -4
[T TR v v oL

ﬁﬁ'te Bear Lake

Grey River near
Pudops Lake

245

180

200

812

1968-73

1952-67

1959-73
*

1850-73

1904-69

1958-67

*
Record dates back to 1937, however, only considered reliable since 1950,

4.2 Redgional flood Frequency Analysis

can be used to predict the magnitudes of floods of moderate return intervals

on streams in Newfoundland.

The regicnal flood frequency curve relating

recurrence interval and the ratio of the flood magnitude to the mean annual

flood is shown on Figure B-3,

flow records at 17 gauging stations in Newfoundland.

This curye was developed by analysis of stream-

In order to estimate

The regional flood frequency relation presented by Poulin (1971}

i Pefiod d% Record

b LSS
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the magnitude and frequency of floods in a basin, it is necessary
to compute the mean annual flood at the site. This is done by
application of an equation developed by mnultiple stepwise lincar

regression which has the following form:

0.99252 )1.07620

MAF -~ 5.563 (X1) . (X2 0.24023

(x3)-1.08832

- {x4)
bhere: MAF == mean annual flood

X1 =~ drainage area in square miles

X2 = mean annual runoff in inches

X3 - percentage of drainage area controlled

by lakes and swamps 6

X4 = channel slope in ft./10° ft.

The following limitations are placed on the use of the equation

to reflect the data used in the derivation of the formula:

drainage areas between 75 and 1,700 square miles

runoff between 25 and 85 inches

percentage of drainage area controlled greater than 50%

main channel slope between 1,000 and 13,000 ft./]Ob ft.

As can be seen from the basin characteristics (Table B-1) tte
drainage basin area and the channel slope of Blanche Brook fall outside
the limits of the analysis. Caution must, therefore, be exercised in
its application.

4.3 Determination of Flood Magnitudss

Application of the regional formula yiclds a mean annual
flood of 1964 cfs. or 38.3 c¢fs./sq. mi. for Blanche Brook at its
mouth. For comparative purposes, the mean annuat! flood for each of
the hydrometric stations listed in Table B-?2 has been computed from
recorded data as well as from the regional formula. The results

are given in Table 3-3.
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The percentage difference hetween the recorded and estimated
mean annual floods indicates that the regional formula can he used
with a fair deqree of reliahility in western Mewfoundland. Based on
the reqgional analvsis the estimated mean annual flood discharge ranges
from 8.3 cfs./sq. mi. for the Grey River to 32.4 cfs./sq. mi. for
Harry's River. Compared to these values, the estimated mean annual
flood unit discharge of 38.3 cfs./ sa. m. ohtained for Blanches Brook
seems realistic. The higher unit discharge for Blanche Brook is
attributed to a smaller drainage area, a much steeper channel slope

and a lower degree of control provided by lakes and swamps.

Tahle B-3
COMPARISON OF RECORDED AND ESTIMATED

MEAN ANHEIAL FLGOD

Orainage

ean innual Flood (mean daily discharge)

Station Area  PRecorded' Estimated % Pecorded = Estimatec
. 5q. mi. (cfs.) (cfs.) Diff. cfs./sq.mi. cfs./sqg.mi.

Harrv's Piver below 245 7,500 7,038 .8 30.6 32.4
Highway Bridge

Lewaseechjoech Brook 180 2,800 3,531 + 26.1 15.5 19.6
at Little Grand :

take ; i

linds 3rook near 200 3,700 3,012 2.8 15.5 15.1
Grand Lake

Unoer tumber River 812 - 19,500 20,663 +6.0 . 24.0 _ 25.4
at Seal Pond :

dhite Bear River at 308 6,332 4,916 -22.4 20.6 16.0
Uite Bear Lake

“rov River npear 379 3,175 3,144 -1.0 8.4 _ 8.3
Fadops 1ake ‘ '

Bianche Brook at 51.2 - 1,964 - - 38.3

Mouth

b ———

S

L



It would also be possible to estimate flood maanitudes for

Warm Creek and for Blanche Brook upstream of the confluence with
Yarm Creck, by applying the reoional mean annual flood regression

equation. However, since the drainace areas of both of these sub-

basins are far below the lower limit of drainace area imposed on the

use of the equation, it was decided to accept the mean annual unit

f1ood discharge {38.3 cfs. per sq. mi.) as also being applicable to
the two sub-basins, This yields mean annual flood discharges of 965
and 930 respectively for lWarm Creek

above the confluence. These figures can be used in connection with

and Blanche Brook irmediately

Figure B-3 to derive the estimated flood discharges shown in Table B-4.

Tahle R.1

MEAN DAILY FLOOD DISCHARGE {cfs.)

Recurrance Interval

Location MAF 10 yr. 20 yr. 50 yr. 100 yr.
Blanche Brook at
Confluence 930 1,395 1,600 1,841 2,046
Harm Creek at
Confluence 965 1,448 1,660 1,971 2,123

4.4 Adjustments to Instantaneous Peak Discharge

Since the regional analysis was developed on the basis of mean

daily flows at each of the hydrometric stations, the estimates in Table B-

4 also represent mean daily flows.

For flood studies the maximum dis-

charge or instantaneous discharge is required rather than the mean daily

discharge.



One means of adjusting estimates of mean daily flood flow
to the corresponding instantaneous flow is provided by Fuller's

.2
equation :

% =+ 203

0

Khere:

Qp = instantancous flood flow

0 = maximum mean daily flow

A = drainage area in sSquare miles

A comparison of the factor Qp/O aiven by Fuller's equation
with similar factors computed for several hydrometric stations in
western Hewfoundland where instantaneous peak discharces are recorded
is shown in Table B-5. Fuller's equation appears to yield reasonable
racylte for ctatione witheut ciomificant nat

wal nv awtificial ctaowra
T2 CroaviiTichial SICra

but consistently over estimates the ratio fcr hichly controlled stations.

TABLE B-5

RATIO OF THSTANTANEQUS TO MEAN DAILY PEAX DISCHARGES

Ratio O /Q
S A,
Fuller Hydrometric Degree of
Station Fquation Records Control
02YL001 1.26 1.13 75%
02YK004 1.40 1.00 95%
02YKO02 1.40 1.02 100%
0270001 1.33 1.03 997

2. Creager and Justin. ilydra-Electric llandbook, 2nd Cdition, John

Wiley and Sons, Inc., paae B, T950 and llandbook on the Prin-

ciples of Hydroloay, Canadian HMational Committee for the Inter-

national !lydrological Decade, D. M. Gray (ed.), 1970, p. 8.20.
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Because of the differences in runoff response of the two
sub-basins, Blanche Brook and Yarm Creek, separate adjustment factors
were anplied to each. Warm Creek is highly controlled by natural
lakes and swamps and by floel's Pond which is an artifically controlled
water supply reservaoir. The Blanche Brook branch on the other hand,
is anly 22 percent controlled. Thus, its runoff response is much
quicker and peak flows are greater than for the Varm Creek branch.

The mecan daily flows on Blanche Brook were increased by
applying an adjustment factor of 1.768 estimated from Fuller's equation.
For Yarm Creek, the mean daily flows were adjusted arbitrarily by a
factor of 1.2 which reflects the much greater control in the sub-basin.
The resulting instantaneous peak discharges for various recurrence
intervals for each sub-basin are given in Table B-€

The Swomation OF Chesg igures wiiCh represenls Lhe JdisChiarye
c¢f Blanche Brook belecw the confluence is also aiven., A frequency curve

tor Slanche Brook dovnstream of the confluence is shown on Figure B - 4.

Table R-A

INSTANTAHEQUS PEAK DISCHARGE {cfs.)

Location Recurrence Interval
MAF 10 yr. 20 yr. 50 yr.
Blanche Brook at Confluence 1,643 2,464 2,828 3,256
Warm Creok at Confluence 1,157 1,736 1,992 2,294
Blanche Brook Below 2,800 4,200 4,820 5,550

Confluence

100 -
3,618
2,547

6,160
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5. CONCLUSIOHS,

Flood discharge values for various recurrence intervals have
been esilmated for Blanche Brook and Yarm Creck. The basis for dcvelop-
nent of the flows was a regional analyvsis for Mewfoundland streams
which was developed by Poulin (1971). The estimated flows were adjusted
to give peak instantaneous values for use in estimating flood staces in
the Town of Stephenville. The combined flow below the confluence of

the two branches is as follows:

Recurrence Interval Discharce (cfs.)
Mean Annual Flood 2,500
10 year 4,200
20 year 4,820
50 year 5,550 .
100 year 6,060 17+ "“7’-‘“\

0f these totals, Blanche Brook contributes approximately
59 percent of the total peak discharge while lYarm Creek contributes

41 percent.
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1. INTRODUCTION

The Water Planning and Management Branch through its Atlantic
‘Reqiona1 Nffice undertook a study of the flooding problem in the Stephen-
ville area in the fall of 1974. This appendix summarizes the hydraulic

and conceptual design analyses in support of the study.

The objectives of the hydraulic studies are threefold: (1) to
delineate the areal extent of the mean annual and the 1:100 year recurrence
iﬁterva] floods based on existing hydraulic conditions, (2) to establish
criteria for various structural and non-structural alternatives aimed at
minimizing future flood damages, and (3) to evaluate the effectiveness of

each alternative or combination thereof.

The basic objectives of the conceptual design investicaticns were
to compare costs and hydraulic effectiveness of the various structural

alternatives in protecting land and property from the effects of flooding.

In this appendix a description is given of the following main
topics: (1) Field surveys. This embodies the determination of cross
sections at several hydraulically strategic positions along the watercourses
involved, including sections near constrictions. (2) Backwater analyses.
The purpose of these analyses is the determination of water surface cleva-
tions and profiles for the mean annual, 1:20 year and 1:100 year flooding
events. (3) Flood hazard map. On this map are depicted the areas along
the water courses inundated under the conditions of the nean annual and
1:100 year floods. (4) Dam and reservoir. This is one of the structural
alternatives studied for the purpose of flood control to reduce water levels

in the water courses during periods of potential flooding. (5) Dykes. This
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is one of the other structural alternatives to prevent flood waters from
overflowing the banks of the water course onto plains wﬁich are considered

to be of some economic and social importance. The dykes are analysed with
respect to design, type, slope protection, materials and cost. (6) Channel
re-alignment. It is proposed for this scheme, to divert the flow in Blanche
Brook away from the river bank adjacent to the brewery, by excavating a new
channel to carry the full flow. The cost and hydraulic effectiveness have
béen analysed. (7) Dredging. Two plans were investigated for lowering the
water levels to such an extent to enable the water courses to pass a 1:100
year flood, with two feet of freeboand, from a point 500 feet above the
bridge near the Recreational Center, up to a point a few hundred feet below
the Carolina Avenue Bridge over tarm Creek. Both plans were exarined with
respect to hydraulic effectiveness and cost. (8) Diversion. Two schemes were
studied, on=a fovr Rlanche Drook. and the other for Yarm Creek. Tne object was
to divert the flow from the natural channels to new excavated channels sc¢ as
to by-pass the flood plains of Blanche Brook and Yarm Creek. Quartities

and cost estimates are presented.

2. FIELD SURVEYS

2.1 General

The purpose of the field program was to cbt&in accurate data on
the physical properties of the channel and adjacent flood plain of both
Blanche Brook and Warm Creek in the Stephenville-Ernest Harmon area. This
information would then provide a physical basis for hydraulic analyses.
In addition, the data would also serve to verify and/or modify existing
topographic mapping of the area. Field work was carried out during the

period Qctober 21-December 7, 1974.
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The location of the field survevs is shown on Figure C-1. A total
of 34 cross-sections were cbtained at strateqic hvdraulic locations along
both streams. Riverbed profiles of each stream were also obtained. Ir total,.
approximately 9.4 miles of level lines were run comprising 3.8 miles of river

profile and 5.6 miles of c¢ross-sections.

2.2 Field Procedures

A field reconnaissance was carried out to identify appropriate
sites for cross-sections, These were identified on the following detailed
topographic maps: Stephenville, Scale 1:2,400, Contour Interval - 5 feet,
Ernest Harmon Complex, Scale 1:4,800, Contour Interval - 5 feet. Horizontal
control was limited to identifiable features on the topoaraphic maps. Sec-

tions are related to each other by chaining along the riverbank.

Seven bLiass plugs werc placed, ont on cach of the six highwoy
bridges and the other on the weir at the outlet of MNoel Pond, for the
purpose of vertical control. Temporary bench marks were established at
each section. Three level nets, originating at a Geodetic Survey of Canada
Monument located near the confluence of Blanche Brook and Warm Creek
(Carolina Avenue Bridge), were run. Two of these were closed on the same
monument while the other, W1 to 15, was closed on another GSC monument.

In all cases, the level of accuracy was within +.2 foot. In most instances,
cross-sections were closed on a temporary bench mark, or on one of the

seven brass plugs. Only on a few, closure was not made due to time constraints.

Each section was run perpendicular to the stream and in a straight

line. This necessitates line cutting on occasion. The under-water portion






c-4

$2681°°D30Q

sbeuleyy co+o -
uoli29g ~55010 | -89 wewsem
aN3oan

suoneindwon o nesphH Ul pas(
SUOI8G-$5017) JO UOIE20

AANLS dO01d FTTUANIHLALS

ALVHOL 21T SHILYA ANYINI- NOIDIY IINYLY
TAENYD LNIVINQHIANG

e

X31dWOD NQWHY

SHAVYHDOL0Hd TvId3aVY t¢6l WOHL a3 T7IdWO2D = 310N

1\

L0028 =, 1 3TIWOS ALVWIXOHdAY

o

FIGURE C-1






C-5

of each cross-section was taken from a shore station using a cloth tape for

horizontal measurement and the level rod for vertical measurerent.

2.3 Physical Description of Streams

2.3.1 Riverbed Profiles

A centerline profile of the riverbed was obtained during the course
of the field program for Blanche Brook and Warm Creek. The riverbed profiles
for Blanche Brook and Warm Creek are shown on Figures C-2 and C-3 respectively,
In general, both riverbeds within the study area are gently sloping, with few
exceptions, and as such subcritical flow conditions orevail. In terms of
channel slope, Blanche Brook can be categorized into two distinct reaches,
from its mouth to its confluence with Warm Creek with a slope of 0.00575
foot/foot,and from the confluence to the hHanson lHighway Bridge with a slope

of 0.0115 foot/foot.

On the other hand, Warm Creek contains four distinct reaches in
terms of channel slope as follows: (1) from its confluence with 3lanche
Brook (mouth) to the culvert bridge (section W3) with a slope of 0.00€83
foot/foot, (2) from the culvert bridge to the wier opposite the thermal
generating plant (section W6) with a slope of 0.015 foot/foot, (3} from the
wier to the railraod causeway (section ¥9) with a slope of 0.00583 foot/foot
and, (4) from the railroad causeway to Noels Pond with a slope of 0.00132

foot/foot.

2.3.2. Channel Cross-Sections

In general, the 34 cross-sections were taken perpendicular to the
general flow of the river and included the flood plain on either side to
verify existing topographical mapping and to aid in the delineation of the

flood hazard area. A sample of such a cross-section is provided in Figure C-4.
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The main channel of Blanche Brook is typically 80-14C feet wide
with a maximum depth of approximately 5-10 feet relative to its flood plain.
On Warm Creek, the defined channel is somewhat smaller wifh tvpical widths

of 50-80 feet and maximum depths of 4-5 feet.

2.3.3 Constrictions/Obstructions

Special consideration was given to the various man-made structures
which cross the stream and in some instances act as constrictions thus re-
ducing the hydraulic capacity of the river. The major structures are

summarized as follows:

(a) Recreation Center Bridge (near mouth of Blanche Brook)
This bridge is a clear span which hydraulically resembles a short

box culvert. Under high flow conditions, the channel upstrear of the bridge

is zporeximately 250 fael wido | 52 feat at the unstream extremity of the

wing walls and 31 feet at the narrowest section at the bridge.

(b) Confluence Bridge (on Blanche Brook just upstream of con-
fluence of Blanche Brook and Warm Creek)
This bridge crosses Blanche Brook in three spans each being
approximately 24'-8" long, giving a total width of 73'-8". The piers are
at a slight angle to the flow. Two of the openings have a gravel deposit.

The approximate width of the natural channel upstreamn of the bridge is

115 feet.

(¢) Main Street Bridge (Blanche Brook)
This bridge crosses Blanche Brook in three spans each being 24'-6"
long for a total width of 73'-6". The piers are sp]ayed at an angle of

approximately 20° to the flow. Gravel deposits on the western side of the



channel have considerably reduced the hydraulic capacity of one span. It is
felt that the recent construction of a street into the.river upstream of the
bridge will add to this probler. Severe ice jamming at this bridge has re-
sulted in significant flcoding problems in the past. The approximate width

of the natural channel upstream of the bridge is 95 feet,

(d) MNatural Constriction {Blanche Brook, BB-9)
Bedrock outcrops act as a natural constriction to flood flows by

reducing the average channel width from 120 feet to about 70 feet.

(e} Hanson Highway Bridge (Blanche Brook)

This bridge crosses Blanche Brook at an angle of approximately
45° to the direction of flow. However, the bridce piers are roughly
parallel to the principle direction of flow. The bridge consists of four
spens varyino in width fvom 20' o 23' &" measurad along the bridge for a
total width of 80 feet. The width of the channei upstream of the bridge
is approximately 265 feet. Severe jamming, caused by ice and debris has

occurred at this location in the past.

(f) Carolina Avenue Bridge (Warm Creek)
This bridge crosses Warm Creek in a single span. The channel up-
stream of the bridge is approximately 80 feet wide, 56 feet at the upstream

end of the wing walls and 33 fect at the narrowest point at the bridge.

(g) Culvert Bridge (Warm Creek-Mississippi Drive)

This is a causeway structure containing 8 culverts at differing
heights above the river bed. Seven culverts are three feet in diameter
while the remaining one is 5 feet in diameter. The hydraulic capacity of
the culverts is low in relation to flood flows. This has led to damages

in the past as a result of overtopping and erosion of the highway bed.
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(h) Abandoned Hiér {arm Creek - opposite Thermal Plant)

This sturcture has been abandoned for the past several years and
serves no useful purpose at the present time. The headpond has been infilled
with sand and gravel. During high flow, water is diverted around the wier

resulting in significant flooding.

(i) Washed-Qut Causeway (Warm Creek)
At one time this causeway served as a bridge across Warm Creek.
However, it was washed out by some prior flood. This constricticn does not

pose any significant problems related to flooding.

(j) Rajlraod Causeway (Warm Creek)

This earth - fill causeway, constructed in recent years, has four -
four-foot diameter corrugated metal culverts, each 61 feet in length. The
culverts hove been conctructoed 2hove the ratural bed and as such create a

ponding effect. While the hydraulic capacity of the culverts is Tow, the

only potential flooding damage is to the structure itself.

(k) Railroad Bridge (Warm Creek, just downstream of ioels Pond)

This bridge consists of four narrow openings each about 6 feet
wide between massive piers which are spltayed at an angle of 45°% to the flow
of water. This bridge effects the water level of Noels Pond during flooding

conditions owing to its Tow hydraulic capacity.

(1) Highway Bridge - Noels Pond (Warm Creek)

This bridge, constructed in the early 1970's crosses Warm Creek just
downstream of MNoels Pond in two spans each of which is approximately 35 feet
long., It is felt that this bridge does not significantly affect the hydraulic

capacity of Warm Creek.



2.3.4 Channel Morpholoay

The lower reach of Blanche Brook, below its éonfluence with Marm
Creek, is an artificial channel constructed just prior td 1952. The channel
bed in this reach consists of coarse to medium gravel overlain by estuarian
clay and silt deposits. Further upstream, bedrock is overlain with thin
deposits of coarse gravel and cobbles. In the upper reach bounded by the
Hanson Highway Bridge, the channel consists of a thin mantle of coarse gravel
ﬁnd cobbles underlain by bedrock which is exposed at several locations. The

bedrock is classified as greyish sandstone of the Carboniferous period.

2.3.5 Hydraulic Properties

In view of the nature of the channel bed as described above, a
Mannings Roughness Coefficient, "n", of 0.04 and 0.03 was selected for
Blanche Brook and Warm Creek, respectively. In cases of significant over-
bank flow, Manning's "n" was adjusted upwards as was the velocity distribu-

tion coefficient "a".

For each cross-section, the areas and hydraulic radii were computed

for various depths of flow. A sample (BB-8) is illustrated in Figure C-5.

2.3.6 Man's Influence on the River Regime

Over the years, man has dramatically influenced the regime of the
river system through various activities including encroachment on the flood
plain, the construction of bridges/causeways, and major alteration in the
course of the river. With the construction of the U.S. Air Force Base in
1940, the lower reaches of Blanche Brook and Warm Creek were diverted into
drainage ditches bypassing the site. Since that time, the Base was expanded
several times with attendant drainage/diversion ditches being constructed on

each occasion. The result of this activity was to alter the course of the
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Blanche Brook and Warm Creek significantly. The site of the present day
brewery is very nearly situated on the old river bed and as such directly

in line with the natural course of the river,

Of course, other Tess dramatic changes have also occurred. Develop-
ment has been encroaching on the flood plain and in view of present plans,
there is every indication that this will continue. The implications of this
are two-fold. Firstly, new development of the flood plain has the potential
of increasing flcod damages. Secondly, new development has the potential of
increasing flood magnitudes by reducing the capacity of the river to carry
flood flows. The construction of highway and railway bridges/causeways have
in some instances reduced the flow capacity of the river by creating con-

strictions and obstructions,

3. BACKWATER ANALYSIS

The standard step method for natural channels as described in Chowl
was used to compute water surface profiles under the flow conditions resulting
from mean annual, 1:20 and ]:100 year recurrance interval floods as determined
in Appendix B. Special consideration was given to the effect of bridge piers
and culvert bridges on the hydraulic regime. The water surface profiles were
determined on the basis of 50% and 100% blockage due to ice and debris at each
constriction. Appropriate profiles were selected in each case based on rational

selection of the most likely condition.

3.1 Methodology
3.1.1 Open Channel Flow

The standard step method of backwater analysis was applied using

the following input data; (1) Riverflow, (2) Initial Starting Elevation,

1. Chow, Van Te, Open Channel Hydraulics, McGraw-Hill Book Co., N.Y., 1959.
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(3) Hydraulic properties of each cross-section, and (4) Manning's Roughness
Coefficient. Backwater calculations were carried out in a downstream to up-
stream direction when the flow regime was subcritical and vice versa for a

supercritical flow regime.

The procedure is an interative or trial and error process. Re-
ferring to Figure C-6 and following the principle of continuity, the fol-
lowing may be written:
2

1 = 2+, o

Z+Y-|+(1]___
2 g 2 g

1
In the above equation, it was assumed that eddy losses, he’ would
be minimal and as such was set to zero. This assumption is valid in that
(1) the sections were chosen such that the reach they represented was
relatively uniform and (2) the value of Manning's “n" was selected such

that eddy losses would be accounted for in the friction loss component, hf.

The friction losses, h;, was determined by applying the following

emperical reltationship:

(y 2 2 )
hy = S, ax=(S.; + S, ) . ax = n2 T OAX (Il——— ¥ IZ___) (2)
f f =77 of fe { ° i (, 4/3 473y -
0———7;—-——) 4.44 (R] R,
Referring to figure C-6, the following relationships can be drawn:
_ 2

H2-22+Y2+0V2

PR (3)
and
Hy = Hy s M (4)

Using the above reltationships, two estimates of H2 are determined
given an estimate of Y2. If the estimates of H2 differ more than the level
of accuracy required, a new value of Y2 is assumed. This process is repeated
until a common solution is arrived at, thus satisfying the conservation of

energy principle as described in equation 1.

h
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Another approach which was used to minimize the number of jterations

was to determine a value, AYZ;

_ aH .
Mo (5)
1-Fr,” + 35, aX
2 f
__2
2R2
which was applied to the previous estimate of Y2.

At each section, it was determined whether the flow regime was
supercritical, critical, or subcritical, to ensure that backwater calcula-
tions were being carried out in the proper direction. This was accomplished

through application of the following equation:

AV, = Qlfalg oooeii U (6)
This may be solved by a trial and error process whereby an
estimate of Dc is made from which both sides of the equation are estimated.

This is continued until such time as both sides of the equation balance.

The energy coefficient, . , used in the above equations was
assumed to be 1.3 which represents a median value as reported in the
literature. In the case of overbank flow, this value was adjusted up-

ward to account for a wider varijation in velocity.

3.1.2 Constrictions

There are 12 structures within the study area which in one way
or another influence the hydraulic characteristics of the river. These
include two bridges with clear span, 5 bridges with piers, 3 culvert

bridges (one of which is partially removed) and 2 wiers.

Contraction and expansion losses resulting from bridge abutments

were estimated using the following emperical formulae:

(V12 VD) (7)
Ah=k("]‘2‘g__0_') o



The coefficient, "k", of contraction was assumed to be 0.2 while
the coefficient, "k", of expansion was assumed to be 0.3 based on a review

of the literature.

The losses due to bridge piers were determined based on methods
developed by Yarnell, Koch, and Carstanien as detailed in the 11terature2.
The methodology has not been repeated here for the sake of brevity. In
addition, pier losses are relatively minor in relation to other losses in

this instance.

There are two wiers within the study area, one at the outlet of
Noels Pond and the other near the existing thermal electric plant on ¥arm
Creek. In addition, flows over streets and tridges were determined based
on the wier concept. The state of flow over a broad crested wier may be
described by:
Q= CLHY 2 (8)

Historically flooding has been associated with blockages by ice
and/or debris at the various constrictions. To evaluate the effect of
blockages, a sensitivity analysis was carried out. This involved the
determination of the backwater effect of the various constrictions under
three conditions; (1) free flowing, (2) each constriction blocked 50% and
(3) total blockage at each constriction. Should the super-structure of any
constriction be overtopped, the resulted water surface profile was calculated
assuming that the flow regime resulting from flowing under the super-structure
was analogous to a submerged orifice while the water flowing over the super-

structure may be approximated by assuming that & broad crested wier

2. Hydraulic Design Criteria, Waterways Experimental Station, U.S. Army
Corps of Engineers.



C-19

approximates the flow regime. The flow regime resulting from a submerged
orifice may be approximated hy the following:

- io
0] CA ,_gHO ..................................................... (9)

3.1.3 Starting Elevation

A small amount of ground truth data exists dealing with the hydraulic
regime in the downstream portion of Blanche Brook. The starting point adopted
for this study was the bridge near the town's recreation center. The following
steps were carried out in the determination of a starting level:

(i) The critical depth was found to be 12 feet (9 feet Geodetic)
and 10.2 feet (7.2 feet Geodetic) for the 1:100 and 1:20 recurrence flood
interval, respectively,

(ii) The tailwater elevation below the bridge under hichtice

would be 6-8 feet plus losses or about 9 feet. In any case it is felt that
a 9 feet elevation would be attained despite the high tide condition since
a well defined river outlet does not exist under 7 feet Geodetic. At
elevation 9 feet, the flow regime downstream of the bridge is subcritical.

(i111) The state of flow upstream of the bridge was determined to be
subcritical. Since the critical depth at the bridge was computed to be about
3 feet higher than the normal depth of the upstream channel, an M] profile

is indicated.
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(iv) The submerged orifice, equation 9 above, modified to take
into account approach velocity, was applied to determine the losses
through the bridge. Based on this analysis the starting level was detcrmined
to be 11 feet Geodetic and 9 feet Geodetic for the 1:100 and 1:20 feet re-
currence interval flood under a free flowing condition. This was modified

in the analysis by the effect of channel blockages.

4. THE FLOOD HAZARD MAP

This section of the report deals with the delineation of the extent
of flooding under 1:100 and 1:20 year recurrence interval floods. It should
be borne in mind that the flood hazard map as develoned is based cn existing
conditions. The following paragraphs summarize the various steps taken in

the preparation of the flood hazard mao.

4.1 The Base HMap

One of the prerequisites to the development of an accurate flood
hazard map is the availability of a suitable and accurate topographic map.
Two basic sources of mapping were employed in the development of a base map.
These were; (1) Basic Layout Plan, Ernest Harmon Complex, Scale: 1" = 400
feet, Contour Interval: 5 feet compiled by Henningson, Durham and Richardson
Inc., Omaha, Nebraska for the U.S. Department of the Air Force and (2) Topo-
graphic Mapping, Town of Stephenville, Scale: 1" = 200 feet, Contour Interval:
5 feet compiled by the Photographic Survey Corporation Ltd. based on 1958
photographs and revised based on May 1963 and September 1966 photographs.
The former map was blown up to a scale of 1" = 200 feet and spliced with
the latter to form the base map. It must be pointed out that the mapping

on the Harmon Complex appears in places to be distorted and as such the
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final base map was not of uniform quality. llowecver, based on field surveys,
the topographic features of the flood plain were revised and brought up to a

consistent and relatively accurate state.

4.2 Water Surface Profiles

Water surface profiles were developed for the Mean Annual, 1:20
year and 1:100 year recurrence interval floods under three conditions:
(1) no blockage at constrictions, (2) 50% blockage at each constriction

and (3) 100% blockage at each constriction.

4.2.1 Mean Annual Flood

The water surface profile developed for the mean annual ficod is
shown on Figure C-7 and on Table C-1 for Blanche Brook and on Figure -8 and
Table C-2 for Warm Creek. The solid line in Figure C-7 and C-§ represents tre
estimated water surface profiles under free flowing conditions. Because of
the history of channel blockages at the various constrictions by ice and
debris, the estimated water surface profiles shown on Figures C-7 and C-8 by
a dashed line represents the condition whereby all constrictions are fully
blocked with ice. Profiles were also developed under the condition when the

cross-section would be reduced by 50% at each constriction.

4.2.2 1:20 Year Recurrence Interval Flood

The water surface profile developed for the 1:20 Year Recurrence
Interval Flood shown on Figure C-9 and on Table (-1 for Blanche Brook and on

Figure C-10 and on Table C-2 for Warm Creek.

4.2.3 1:100 Year Recurrence Interval Flood

The water surface profile developed for the 1:100 Year Recurrence
Interval floed is shown on Figure C-11 and on Table C-1 for Blanche Brook and

on Figure C-12 and on Table C-2 for Warm Creek.
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4.3 Delineations of Flood Hazard Areas

The arecal extent of existing flooding was determined by applying
‘the water surface eievations derived for the Mean Annual and 1:100 YOar ro-
currence interval flood to the topoaraphic information available. It nust
be pointed out that becuase of the limitations of existing mapping in terms
of topographic detail (5 foot contour interval), the areal extent of flooding
can only be defined within #2.5 feet in the vertical. This accuracy was,
however, improved substantially when the ground survey information was utilized
and it is felt that the accuracy was improved to #1 foot. Despite this fact,
it was extremely difficult in some instances to descern appreciable differences
between the Mean Annual and 1:100 year floods in terms of areal extent. The
key element to consider when comparing the actual hazard of a particular flood
situation is the stage which will reflect in the depth of flcoding ancd in
some instances the velocity of flood waters. In the final analysis, the
following three factors were considered in defining the flood regime; (1) The
areal extent of flooding, (2) The depth of the flood waters and (3) The velo-

city of flood waters.

Certain assumptions were necessary in defining the flood hazard
areas which are basic to all three factors above. The following is a listing

of the major assumptions with a brief discussion on each:

(1) It was assumed in this study that the fill is a temporary
measure to combat flooding and as such would not provide protec-

tion from even the mean annual flood.

(2) As a general rule, it was assumed that those bridges with
piers would become fully blocked under extreme floods while

bridges with clear spans would be partially {50%) blocked.
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(3) In certain areas, land may be flooded by waters which are
diverted from the river channel upstream and which may not
return to the river channel for a considerable distance down-
stream. This has been termed overland flooding as compared
to overbank flooding., The flood hazard maps as developed

differentiate between overbank flooding and overland flooding.

4.3.1 Delineation of the Aerial Extent of Flooding

Water surface elevations under the Mean Annual and 1:100 year re-
currence interval flood were extracted from the water surface profiles as
presented in paragraph 4.2 and applied to the topograohic base map to deter-
mine the aerial extent of flooding. Additional topographic information ob-
tained from the field surveys was also used. The shaded areas on iaps 1 and
2 represent the extent tc which overbank flooding occurs under Mean Annual
and 1:100 year floods respectively. The cross hatched areas represent over-
land flooding. As indicated in the preceding paragraph, it must be pointed
out that in most circumstances the entire area would not carry overland flow

and as such this is viewed to be a conservative estimate of the flood hazard.

Because of the limitations with respect to topog¢raphic detail and
recognizing that design elevations may be more appropriate in terms of flood-
proofing new construction, water surface clevations are depicted on iaps 1

and 2 at various key locations,

4,3.2 Depth of Flooding

One of the key variables in terms of estimating existing or future
flood damage is the depth of flood waters at the site of damageable goods.
The relative depths of flooding at various key locations on the flood plain

are shown on figure C-13. For example, it is estimated, bearing in mind the
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assumption as stated in paragraph 4.3 above, that the brewery floor would
be under five feet and two feet of water for the 1:100 year and Mean Annual

floods, respectively.

4.3.3 Velocity of Flood llaters

Another key parameter in terms of damage potential is the velocity
of flood waters over the flocd plain. Quite logically, velocities will di-
minish away from the river to a point where stagnant water conditiors exist.
Any development on the flocd nlain must take cognizanca of this Tag', vor
exanple & structure on the flood plain north-cast of the confluence bridge
located in the grey area close to the river bank may impede flow and cause
flooding upstream. In general, the cross hatched areas on Maps 1 and 2 would
be relatively low velocity zones with the possible exception of localized
areas where the topographic features are riverine in nature. It is anticipated

that velocities in the area of the brewery could be relatively damaging under

a severe flood.

5. DAM/RESERVOIR ALTERMNATIVE

5.1 General

The provision of a dam and its attendant reservoir for the purpose
of storing flood waters for later release downstream is a well recognized
structural alternative to flood control, If properly designed and operated,
this alternative will normally contain all flood waters to the design flood.
However, there are many disadvantages associated with this type of alternative
which require careful scrutiny. The following is a partial listing of some
of the disadvantages: (1) a high initial capital cost, (2) a possibility of
failure should a flood greater than the design flood occur, (3) the possibility
of higher damages should faliure occur, that is, new development may occur

simply because the dam/reservoir provides in the minds of planners/engineers

ok
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a certain security from future floods and (4) adverse environmental effects

in most circumstances.

0f course, there are manv advantages to a proposal of this nature
which again require careful scrutinizing. These are: (1) protection from
floods less than the design flood, (2} the capability for other uses such as
water supply, recreation and (3) potential environmental benefits such as

Tow flow augmentation, provision of wildlife {waterfowl) habitat etc.

5.2 Alternative Sites

Based on an analysis of available topographic mapping (NTS, 1:50,000
and 1:15,000 - 10 foot contour interval mapping as prepared by Lockwood,
Kessler and Bartleth Inc.) three sites, as shown on Figure C-14, were selected
on Blanche Brook for future analysis. ilo prospective sites were found on
Harm Creek or its tributaries. There i5 little nr no cpportunity of incorpora-
ting flood control storage in Necel's Pend in view of upstream flooding problems

and its existing use as a water supply reservoir.

5.2.1 Hydrologic Considerations

Based on a regional anaiysis of runoff as detailed in Appendix
B, Flood Magnitudes, the 1:100 year recurrence interval flood was deter-
mined to be approximately 3,600 cfs on Blanche Brook upstream of its con-
fiuence with Warm Creek. This has been accepted as the design flood for the
purpose of evaluating storage requirements. However, equally important in
this evaluation is the timing of the flood, its antecedent conditions, its
duration, etc. It was therefore essential to develope a flood hydrograph
for the 1:100 year or design event. Shawmont Newfoundland Limited in their

study of a Water Supply System for the Stephenville Industrial Area developed
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a flood hydrograph for 1:10,000 and 1:100 recurrence interval floods
utilizing the unit hydrograph technique. The flood hydrographs were
determined for Warm Creek at Noel's Pond on the basis of an analysis

of the worst series of consecutive six-hour rain fall perieds and a
base flow of 250 c¢fs. The 1:100 year recurrence interval flood hydro-
graph was determined from the 1:10,000 year recurrence interval flood
hydrograph by applying an arbitrary factor of .75. The resultant 1:100

year hydrograph is reproduced here in Figure C-15.

As can be seen, the peak flow developed for Warm Creek by the
regional analysis technique is about 23% lower than that determined by
Shawmont for nearly the same drainage area. This discrepancy may be ex-
plained by several factors, the most notable of which is the fact that
the natural and artificial storage on the “arm Creek system was taken in-
to account in the regional analysis technique. There is no indication
that storage was in Shawmont's study. In order to ensure consistency, the
ordinates of the 1:100 year flood hydrograph was adjusted such that the
maximum instantaneous discharge corresponded to approximately 3,600 cfs as
determined by regional analysis. The resultant hydrograph for Blanche Brook
at the confluence is shown on Figure C-16. The hydrograph was then trans-

ported to each site by adjusting the ordinates in relation to drainage area.

It is recognized that the methods adopted herein are relatively
approximate. However, they are judged to be within the realm of accuracy
required for conceptual design. Because of data limitations, there is little
opportunity to improve upon these estimates in this part of Newfoundland. As
the period of record for the Harrys' River matures, there will be an oppor-

tunity to improve these estimates substantially.
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Flow into Noels Pond in ¢fs % 1000
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Flow in cfs X 1000

BLANCHE BROOK FLOW AT CONFLUENCE
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5.2.2 Hydrologic Routina

The 1:100 year recurrence interval flood hydrbgraph as outlined in
section 5.2.1 was adjusted to represent the inflow to the'particular reser-
voir under review. An example of the resultant inflow hvdrograph to reser-
voir 3 is shown on Figure C-17. The resultant outflow from the reservoir
was then combined with the local inflow to Blanche Brook, downstream of the
dam, to provide an estimate of the resultant flow in Blanche Brook abcve its
cbnf]uence with Warm Creek. Downstream of the confluence, the partially
regulated flow in Blanche Brook was combined with the uncontrolled flow in
Warm Creek to provide an estimate of the river flow in the reach below. An
analysis of the storage potential of each of the reservoirs indicated that
reservoir 3 would provide substantially more storage than either of the
others. The stage-storage relationship at this reservoir is shown on Figure
C-18. An analvsis of the inflow hvdrograph. Fiaure C-17. reveals that the
total storage required to completely regulate river flow at this location,
relative to a base flow of 250 cfs, would be 12,000 acre-feet. In view of
the storage capacity of the site, 8,700 acre-feet, the regulated outflow
would have to be approximately 700 cfs which when combined with the local
inflow between the dam site and the confluence of Blanche Brook and Yarm
Creek represents a flow of about 1,800 cfs in that reach of the river, or
about the mean annual flood. The flow downstrear of the confluence would
be approximately 4,300 cfs,or about the 10 year recurrence interval flood in
that section of the river. The water level at the brewery would be about

elevation 22.0 feet or about 2 feet lower than the 1:100 year recurrence

interval flood as determined in Section 4.2.

Assuming that upstream storage sites provided the additional 3,300

acre-feet required to completely regulate flows between reservoir 3, the flood
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flows in Blanche Brook upstream of the confluence would be reduced to about
1,100 cfs thus virtually eliminating flooding in that part of the river.
However, because Warm Creek would not be controlled. the flood flows at the
brewery would still be as high as 3500 c¢fs which represents an elevation of
about 21.5 feet at the brewery, or about 2.5 feet lower than the 1:100 year
recurrence interval flood elevation as determined in Section 4.2, or about

0.5 foot higher than mean annual flood elevation.

Based on the foregoing, it was concluded that some protection
would be achieved by a storage development and that a preliminary cost
estimate of such works was warranted to put this alternative in perspective.
I[f reservoir site 3 looked promising, it would be necessary to evaluate

other sites in the headwaters of Blanche Brook for additional storage.

5.3 Concentual NDesian

5.3.1 Description of the Site

Reservoir 3, as denoted in this report, is strategically located
below the confluence of four major tributaries to Blanche Brook. At that
location, approximateiy 19 m12 or 79% of the Blanche Brook watershed would
be controlled by the proposed dam/reservoir. A profile along the axis of the
dam is shown in Figure C-19. To provide maximum storage at the site, the
crest elevation was taken at 350 feet. The maximum height of the dam would
be 70 feet, and the total overall length, including the small dyke section,

would be 3,800 feet,

No detailed information was available or obtained with reqard to
the surficial and bedrock geology of the area. Published geologic maps of

the area indicate that the bedrock is overlain with a thick deposit of
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glacial drift consisting of minor gravel, sand, silt and clay. The bedrock
geoloqy has not been classified although it would appeér. in view of outcrops
upstream and downstream of the site, to he a grey limestone with minor shale
of lower and middle Ordovician age. There are indications that a possible
fault exists near the proposed dam site. In view of the foregoing, any
further design work should not be carried out until more information as to

the geology of the area is determined.

5.3.2 Foundation

In view of the apparent geology of the site, it was assumed that
the foundation consists of a deep relatively pervious layer of glacial drift.
Because of this, a partial cut-off trench supplemented by an upstream blanket
of imperviocus material was adopted to reduce and/or control seepace. An
impervious downstream embankment zone was incorporated into the design to
prevent and relieve uplift. It was assumed that the foundation would be

stable and that settling problems would be minor.

5.3.3 Embankment |

In view of the limited quantity of impervious material available,
a zoned embankment dam was selected. A cross-section is shown in Figure C-20.
The basic core adopted consists of silt, clay and maine sand compacted in
layers, and ranging from 10 feet at the top to about 100 feet at the base at
the deepest point. The side slopes of the impervious core would be 1:1. Both
upstream and downstream sides would be comprised of Jocal materials consisting
of gravels, sands, clays and silt and are judged to be relatively pervious.
The core material may have to be obtained from the Port au Port area, 20 miles

away. The upstream slope was selected at 3:1 while the downstream slope was
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selected at 2:1 gradually increasing to 4:1 at the heel. The crest width
was taken to be 20 feet. The upstream slope could be protected acainst wave
action by the use of one to three feet quarried rock from the Stephenville
area. The rock would be placed by dumpina and would te about three feet
thick. A one-foot bed of natural gravel was selected as a filter hetween
the rip-rap and the fill. The downstream slope should be protected against

wind and rain fall actions by a 24 inch Tayer of cobbles.

To complete the closure of the reservoir at elevation 350, a small
dyke would be required measuring 500 feet long {approximately) 10 feet high
and sloped 3:1 on the upstream face and 2:1 on the downstream face. It would
be of the zone embankment type using clay for the impervious core and key.

A cross-section is shown in Figure C-20.

5.3.4 Snillway

The design criterion for the spillway of passing a 1:10,000 year
flood was adopted. An estimated flow of 5,900 cfs, based on the investiga-
tions done by Shawmont Newfoundland Limited, was selected. Using the rela-
tionship: Q = CLH3/2 and selecting a C value of 3.78, and a head of 3 feet

over the crest, a wier length of 300 feet was calculated.

The Tayout for the spillway is shown on Figure C-14. Based on
foundation and cost considerations, it was decided to locate the spillway
structure near the right embankment. The sill elevation was selected at el.
346 feet. The spillway would be constructed of reinforced concrete, 1 foot
thick, with side walls four feet in height. An anchor wall would be con-
structed at the entrance to the spillway, extending down five feet, to
provide stability against sliding. The downchute, a continuation of the

spillway through the dam, extends from elevation 346 to elevation 314 down
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the slope face of the dam. Its length is 72 feet,and the fall is 32 feet.
The side walls vary from 4 feet to 3 feet in height. A cross-sectional view

of the spillway is shown on Figure C-21,

At elevation 314, a horizontal stilling basin3 was inserted to
dissipate some of the flow energy. Based on this method, the dimensions
of the stilling basin were 300 fcet wide and 28 feet long. There would be
300 chute blocks, 6 inches wide, spaced at € inch centers, and 160 dentated

sill blocks. A sketch is shown on Figure C-22.

5.3.5 Qutlet Yorks

The outlet structure would consist of a gated tunnel located near
the lowest part of the dam, as shown on Figure C-20. An access shaft would
be incorporated to house the gate mechanism. The gate would be designed to
pass a flow of 1,000 cfs under a head of 15 feet to allow drawdown Lo occur
rapidly in anticipation of a flood peak. This represents, considering lat-
eral inflow between the dam site and the teown, a safe discharge under flood

conditions,

The hydraulic design of the outlet works was based on the following

. . .4 - 7
relationship: Q = AV2g Hu + Lt Sin 8 - D, 1.
S— | (10)
1+ Ke * E?.] h Ly
Rt 4/3

The slope was arbitarily 3elected at .0125, due to site conditions,
the entrance loss coefficient taken at .05, n at .015 and the length at 500 feet

and using these data and assumptions the discharge was calculated to be 1,260

3. Hydraulic Design of Stilling Basins and Energy Dissipators, United States
Department of the Interior, Bureau of Reclamation, Monograph No. 25, Type 2.

4, Design of Small Dams, United States Department of the Interior, Bureau
of Reclamation.
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TYPICAL CROSS-SECTION OF SPILLWAY
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cfs at a cross-section area of 36 feet, or a tunnel measuring 6 feet

by 6 feet , inside measurements.

It is assumed the box culvert is flowing full and control is at

the outlet.

The structure would be made from reinforced concrete and all walls 1
foot thick. 1t would be laid on a filter consisting of pervious gravel or
crushed stone to prevent uplift forces from acting on it. Pressure relief

would be afforded lengthwise through the porous material.

5.3.6 Intake Structure

The entrance to the outlet works should be rounded or bell mouthed
to reduce hydraulic Tosses. If a trash rack should be installed to prevent
jce and debris from interferring with the control mechanism, then considera-

tion should be given to minimizing hydraulic losses.

5.3.7 Terminal Structures and Dissipating Devices

The discharge from the outlet structure will issue at a high
velocity usually in a nearly horizontal direction. Deflectors might be
installed to direct the high velocity flow away from the outlet structure
and pass the downstream toe of the dam if erosion-resistant bedrock is at
shallow depths in the downstream channel. If softer foundations are
prevalent, then a dissipating device might be provided to absorb the energy

of flow before it is returned to the brook.

5.3.8 Outlet Channel

An outlet channel is required to convey discharges from the end

of the outlet works to the brook or watercourse downstream. The channel
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should be excavated to stable slopes and to dimensions of size to prevent

scour. Rip-rap may be required for this tvpe of proteCtion.

5.3.9 Control & Access Shafts

The size of the access shaft should be of only sufficient size in
dry well installations to provide operating room at the bottom of the shaft.
A 6 feet by 6 feet reinforced concrete manhole type of access shaft is shown
on the drawing, A smaller one, either directly above or offset from the
chamber, and just Targe enough to permit passage of removable and replacable

gate parts could be considered in final design work.

Selection of outlet work components should be based on the use of
commercially available gates or valves of relatively simple design rather
than on the use of special devices which will involve expensive design and
fabrication costs. Cast ireon slide gates, used for control gates, are
available for both rectangular and circular openings for design hydraulic

heads in excess of 50 feet.

A housing around the outlet works is sometimes installed when
operating equipment would otherwise be exposed, or adverse weather conditions
would prevail during operating periods. They are usually made large enough
to accommodate auxiliary equipment such as ventilating fans, heaters, air

pumps, and small power-generating sets.

5.4 Quantities and Cost Esitmates

The total length of the dam was divided into eleven panels along
its axis. The mean depth of each length was then determined from a crest
elevation of 350 above sea level. After these parameters were established,

the average area or average volume per lineal foot was then calculated.
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The volume for each sectional length was calculated by multiplying the volume
per lineal foot by the length of the section. The resulting volures were added

to give the total volume of material for each component, as shown in Table C-3.

fn estimate shown in Table C-4 is the total first cost of the dam/
associated dyke/flood control reservoir system for a storage capacity of
8,700 acre-feet. These estimates were increased by 20% for contingencies, and
a further 10% to allow for final design, construction, supervision, administra-
tion, etc. The unit costs were derived from various sources, including con-
tractors and consulting enfineers engaged in business in the western area of
Newfoundland, and other areas of the Atlantic Region. The total first cost
was estimated at $8.1 million. Obviously, these costs need to be revised

periodically, depending on changes in the economic situation.

Clay is a mainr item in the total estimate of the reservoir syster.
For purposes of information and clarification, the components of the unit cost
are presented. The estimated cost of purchasing, loading and hauling it 20
miles to the dam site, spreading and compacting this material, is $8.50 per

cubic yard.



Estimated Volumes of Earth Materials Required

MATERIAI
Compacted clay-silt
Compacted clay-silt

Compacted clay-silt

Gravel/sand/silt fill

Rock rip-ran

Gravel-cobbles

c-52

TABLE C-3

Top Elevation at 350

COMPONENT
partial cut off trench
core

upstream blanket

upper slope

down slope

upper side

down side
clearing & stripping

common excavate

for Dam

VOLUME (CU. YD.)

48,015
229,730
79,608

158,412
144,744

56,506

11,681
161,653
48,015
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TABLE C-4
SUMMARY OF FIRST COST

DAM SITE 3 - BLANCHE BROOK

. Unit"
Item Quantity Unit Cost Amount
($) $y

Farth Fi11 Dam
Ciearing and 3

Stripping 173,500 yd 3.00 520,000
Excavation 38,400 yd3 3.00 115.200
Compacted 3

Clay/Silt 361,000 yd~ 8.50 3,068,500
Gravel/Sand/Silt 3

fi11 (Compacted) 307,000 yd 4.50 1.381.500
Rip-rap 58,500 yd3 500 292,500
Gravel, Cobbles 12,200 yd® 4.75 58,000
Reservoir

clearing 420 acres 600.00 252,000
Reinforced

Concrete 3

{a) spillway 1,750 yd3 185.00 323,800
(b) outlet works 550 yd 185.00 101,800
Gate and

appurtenances 1 unit 12,000.00 12,000
Sub Total 6,125,800
Contingencies - job - 1,225,200
at 20%
Sub Total ~ job - 7,351,000
Engineering Design,
Supervision and Ad- - job - 735,100
ministration at 10%
TOTAL FIRST COST $8,086,100

* A1l quantities and unit costs are for materials in place.
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6. DYKES
6.1 General
The purpose of a dyke is to prevent flood water of a watercourse from
overflowing onto plains which are considered to be of sore economic and social
importance. Any proposed dyke constructed along the banks of a watercourse
must withstand forces of moving ice and water velocities, and erosion caused
by wind, wave and rainfall actions. Specifically strong forces caused by roving
water are in evidence in the area of the brewery near the confluence of Blanche
Brook and Marm Creek. This area is of relatively high economic importance and
remedial measures are needed for its protection. It is worthy to note that
the original course of Blanche Brook passed through the area of the brewery on
its way to the sea. It is necessary to construct a drainage system as weil. to
collect seepage through and underneath the dyke and any local run-off that would
be impounded by the proposed dyke. A dyke protected must also be properly main-
tained, because some deterioration must be expected over a period of tine. Two
basic dyke systems were proposed and evaluated; one is for the protection of
teBatt's brewery and Humbers Mbtors, and the other is to protect residences

west of Brookside Drive along Blanche Brook.

6.2 Hydraulic Design Criteria

The top of the proposed dyke system; (1} the LeCatt's Brewery -
Humber Motors dyke, and (2) the Brookside Drive, is two feet above the
estimated water surface level under 1:100 year flood conditions. Two feet
of freeboard is considered adequate since wave action will be at a minimum.
It is estimated that the maximum velocity of flow normal to the proposed
dyke in the vicinity of the brewery would be 10-12 feet per second (two times
the mean velocity). This is a critical section of the dyke and must be

adequately protected. Downstream from the brewery, the water velocity is
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parallel to the sides of the dyke and 1is approximately eqUa] to the average
velocity through any specified section, based on literature reviews. A
similar situation exists most of the way upstream of the confluence on Marm
Creek to the end of the dyke in the vicinity of Humber Motors. The flow in
Blanche Brook, adjacent to Brookside Drive, is not parallel to its banks.
There are some bends in the watercourse causing changes of direction in flow,
resulting in expenditure of kinetic energy. Hence the upstream faces of the

dyke in these areas must be adequately protected against erosion.

The functions of a drainage ditch are: (1) to provide structural
stability for the dyke by preventing its constituents from becoming saturated
and structurally unstable, and {2) to collect seepage and local run-off and

transoort the collected water away from the critical areas.

£.3 Constructicon Mothneds and Matapialg

The dyke embankment and Brookside Drive fill should be compacted
in six-inch layers by use of a roller type (sheeps foot) compactor to ensure
stability and tightness. Compaction would extend from the base of the dyke
key to (at least) the high water mark. Rip-rap would be placed on the stream
side ot in: dvke by truck dumping. However, armour stone, due to its weight,
should be placed by crane. No armour stone is proposed for the upstream

face of Brookside Drive.

Construction should be done during summer to minimize costs, when

in all probability, the water levels are at a minimum.

The availability of construction materials in the immediate area
has the obvious effect of moderating construction prices; whereas materials
such as clay, located, for example, 8 miles from the site has the effect of

increasing costs due to haulage.
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The consensus is that the nearest source of sufficient quantities
of suitable clay materials is at Port-au-Port, 8 miles away. There are
ample supplies of sand, gravel, hard rock for rip-rap, and armour stone,

and ready-mix concrete in the immediate area.

Either a clay core, or the adoption of the existing material at
the immediate site as core material was proposed for the ieBatt's Brewery
and Humber Motors dyke system. For the upgrading of Brookside Drive it was

proposed to use the existing material at the site.

6.4 Unit Costs

Most of the cost data for the derivation of the unit price of
clay in place {(core and key), for example; purchasing, loading, hauling (&
miles}, spreading and compacting were obtained from the region (telephone
conversation with protess
The unit prices for sand, gravel, and rip-rap in place were derived from
several sources, notably, Whitman and Benn5 and Shawmont Newfoundland Limited6,
and adjusted to reflect current price levels. The unit price for armour
stone, proposed as bank protection for the confluence area, was derived with
the assistance of the Department of Public Works of Canada. Further factors

of 20% and 10% were applied in succession to cover indirect cost: project

management, final design, interest during construction, etc.

6.5 Conceptual Design

6.5.1 LeBatt's Brewery - Humber Motors

Two basic types of design were envisaged for the LeBatt's Brewery

and Humber Motors dyke, namely: (1) a homogenous embankment type using

5. Whitman and Benn Ltd., Sackville Rjver Study for the N.S. Department of
the Environment, dated 1974.

6. Shawmont Newfoundland Limited, Water Supply System for Stephenville
Industrial Area, dated September, 1970.
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existing material {exclusive of slope protection) in the inmediate arca for
.its construction, and (2) a zone embankrent dyvke, with clay as an impervious
core and flanked by Tocal materials. See figure C-23 for a nrofile. and

figure C-24 for a plan view end some cross-sections of the clay core and kev

dyke system.

For a homogenous type of dyke, the material comprising it must be
syfficient]y impervious to provide an adequate water barrier, and the slopes
relatively flat for stability to orevent sloughing. However, the downstream
face will be affected by seenage approximately equal to 1/3 the heicght of
the water on the upstream face if maintained fcr a sufficiently long time.
regardless of slope. 9ykes controlling short duration flood peaks rarely
become saturated enouch to represent a hazerdous condition. Mo drawings were
made of the homogenous type of dyke system. This type would not have a key.
and the side slopes couid pe made jess or Tiatter. -rowevery Tor Cost analysis
and comparisons, as discussed in section 6.6, the same dimensions (above ground)

were used for both types of dykes.

6.5.2 Brookside Drijve

Because of the relatively low flood damage potential in sub-area 3,
expensive and extensive flood control measures arc not justified. However,
Brookside Drive can be considered to function as a dyke if upgraded and
extended. The road could provide protection against flooding, except a small
area just upstream of the Main Street Bridoe. This small area would permit
release of flood waters in the event Main Street Bridge became blocked with
ice, thus reducing pressurc on the structure. It is suggested that all
openings through the road bed, storm drains, culverts, be blocked to prevent

back-up.
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A profile of the existing Brookside Drive, including its bed
profile, the 1:100 year flood line, and the existing and proposed elevation of
Brookside Drive, is shown in figure C-25. In addition, a plan view showing the
road, areas of rip-rap protection, and the 500 feet extension in the northerily
direction to prevent flood waters from getting behind the dyke, including re-

presentative cross-sections is shown in figure £-26.

6.6 Quantities and Cost Estimates

6.6.1 LaBatt's Brewery - Humber Motors Dyke System

As already stated in section 6.5.1, the two alternatives for the
dyke system studied for this project are: (1) zone embankment, using com-
pacted clay as core and key materials, flanked by existing materials found
at the site, and (2) the homogenous type, using only the existing material

located at the site.

Referring to figures €-23 and C-24, the entire length of the dyke
system was divided into six sections, and by use of the cross-sections shown
on figure C-24 for top width, side slopes of the various material components,
depth of key, etc., the quantities for the dyke system, using clay as core

material were calculated.

In a similar fashion, the division of the total Tength of the
dyke into six sections, the rip-rap quantity for protection of the upstream
slope, and the area required for grass-seeding of the downstream slope were
estimated. The armour stone quantity required for extra protection of the
slope in the area of the brewery, a minimum lenath of 350 feet was used for
the cost estimate, although it was conceded that 500 feet would be required

for full protection as shown in fiqure C-24. The size of the armour stone
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must be of hard and durable quality, which is obtainable from a local gquarry,
-and each stone should range in size from four to five tons.

Following is a summary of the various materials required for the

clay-core dyke:

Clay (key and core) 9,000 cu. yds.

6,850 cu. yds.

Sand and gravel

Rip-rap 10,650 cu. yds.

Armour Stone (brewery protection} - 3.400 tons

Grass seeding 42,300 sq. ft.

The homogenous dvke was assumed to be of the same overall size as
the zone embankment type for cost-estimating purposes. Thne existing materials
at the site were assumed to be silt, sand and gravel mixed with some marine

A k +ad R R a ;
clay, and zan bc compacted saticfactorily dinte a dyko cystom,

The following quantities were estimated for this particular type of

dyke system:

Silt, sand and gravel - 15,850 cu. yds.
Rip-rap - 10,650 cu. yds.
Armour stone - 3,400 tons

The unit cost of the clay core in place, $6.50 per cubic yard,
includes: purchasing, loading, hauling (8 miles), spreading and compacting
was acquired from a source in the regjon. The estimates of unit costs for
sand, silt, gravel, and rip-rap were identical to thosc of the dam-rescrvoir

system and derived from the same sources. Various alternatives were studied for
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extra protection of the upstream slope of the dyke in the area of the brewery:
concrete on fill, a reinforced concrete retaining wall. a shoet steel piling
wall, a rock-filled timber crib and armour stone. From a structural point of
view, these types of protection were considered adeguate in providing the
necessary protection. But armour stone was selected because it was estimated
to cost the Teast. The unit prices for the various alternatives were obtained
from the informal telephone conversations with personnel of the Department of

Public Works of Canada.

A summary of the first costs for the zone embankment and honogenous

type of dykes are shown in tables C-5 and C-€ respectively.

6.6.2 Brookside Drive

Approximately 9,300 cubic yards of compacted fill would be required
to upgrade and extend the road, based on the plan view ana cross-sections showvn
on figure C-26. From the same figure the rip-rap auantities were estimated to

be 8,788 cubic yards.

Table C-7 shows the first cost of upgrading Brookside Drive without
the substitution of cobble stones, which presently exist in and along the

banks, for rip-rap protection.

7.  BLANCHE BROOX
CHANNEL RE-ALIGNMENT

7.1 Design Concept

For this proposal it is envisaged to divert the flow in Blanche
Brook from a section 450 feet downstream of the Main Street Bridge to a
section approximately 1,700 feet downstream of the confluence, by constructing

a new channel to relieve the confluence area adjacent to the brewery from the
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TABLE C-5

SUMMARY OF FIRST COST

PROPOSED ZONE TYPE DYKE - SUB-AREA 1

, Unit!
Item Quantity Unit Cost Amount
($) %

Excavation 4,400 yd 3.00 13,200
Clay Core-Key 9,000 yd3 6.50 58,500
Sand/Gravel/Silt 6,850 yd3 3.00 20,550
Rip-rap 10,650 yd 5.00 53,250
Armour Stone 3,400 ton 171.00 37,400
Grass Seeding 42,300 ft2 0.10 4,200
Miscellaneous -- -- -- 4,000
Sub Total 121,100
Contingencies at 20% -- job - 38,200
Sub Total 229,300
Engineering Design

Supervision and -- job -- 22,900
flninistration at

10%
TOTAL FIRST COST $252,200

1.

A1l quantities and

unit costs are for materials in place.
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TABLE C-6

SUMMARY OF FIRST COST

PROPOSED HOMOGE*IOUS TYPE DYKE - SUB-AREA 1

1 Unit
Item (Juantity Unit Cost Amount
($) (3)

Excavation 4,400 yd3 3.00 13,200
Sand/Gravel/Silt 15,850 yd3 3.00 47,550
Rip-Rap 10,650 yd 5.00 53,250
Armour Stone 3,400 ton 11.00 37,400
Grass Seeding 42,300 £t 0.10 4,390
Miscellaneous - - - 4,000
Sub Total 159,700
Contingencies at 20% 31,940
Sub Total 191,640
Engineering Design

Supervision and 19,164
Administration at

10%
TOTAL FIRST COST

$210,804

1. A1l quantities and unit costs are for materials in place.



PROPOSED UPGRADING OF 3ROOKSIDE DRIVE - SUB-AREA 3
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TABLE C-7

SUMMARY OF FIRST COST

1

Contingencies at 20%

Sub Total

Engineering Design
Supervision and
Administration at
10%

TOTAL FIRST COST

1. A1l quantities and unit costs are for materials in place.

[tem Quantity Unit Cost

(%)
Compacted Fill 9,300 yd3 $4.50
Rip-Rap 8,788 yd3 5.00
Sub Total

Amount

)

41,850
43,940

85,790
17,158

102,948

10,295

113,243
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effects of the Blanche Brook flow. Figure C-27 shows the proposed route of
-the new channel in plan view. In addition three cross;sections are shown:
BB-3, a section of existing main channel, BB-3(a) and BB;3(b) for the proposed
new re-alignment channel, and the area where rip-rap is required for bank

protection.

7.2 Hydraulic Effectiveness

It was determined by back water calculations that the water level
at the surveyed section near the brewery, BB-4, dropoed only & inches in a
1:100 year flooding event, when compared to the situation where the full flood
flow passed through that section. But on the positive side, the scheme rules
out the necessity of providing armour stone for water velocity protection in

the area adjacent to the brewery.

-
[

C~ fal [y Fa N a1~ £ - { .
rigurc C-28 shows the profile of the proposcd neow vo-alignment

ol

channel, the water surface line {1:100 year flood), the original ground line,

the channel bottom, and the four cross-sections.

Following is a summary of the backwater calculations for the deter-
mination of water-surface elevations in the new re-alignment channel. The
stepwise computations were taken upstream from BB-3 to BB-3{a) to BB-3(b},

and from BB-3 to BB-4.

STATION 7 (ft) A (ft9) vV (fps) Q (cfs)
BB-3 20.04 755 8.16 6,160
BB-3(a) 24.8 : 636 5.66 3,600
BB-3(b) 25.5 452 7.96 3,600

BB-4 23.4 1,020 2.49 2,550
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7.3 Quantities'and Cost Estimates

Estimated quantities for excavated and other materials in addition

to costs are summarized and listed in table C-8.

In conclusion, the cost to construct the re-alignment channel,
excluding new bridges, was estimated at $242,400. By comparison the cost
of providing armour stone for extra bank protection near the brewery was
$75,000. Assuming the life expectancy of the re-alignment channel to be 10

years, due to silt deposition, the cost of this proposal is very unattractive.
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TABLE .C-8
SUMMARY OF FIRST CNST
CHANNEL REAL IGRMINIT

CLANCHE BROOK

Excavated Other Unit
VYolume Material Cost feount
Station ydd ydd ROEERGN
BB(3) to BB-3(a) 57,000 4.00 228,000,
BB-3(a) to BB-3(b) 3,000 4.00 12.000.
Fi1l upstream of
BB-3(b) to block old channel - 600 1.50 900.
Rip-Rap upstream of
BB-3(b) for bank nrotection --- 300 5.00  1.500.

TOTAL FIRST COST $242,400.
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8. DREDGING ALTERNATIVE - BLANCHE BROOK

8.1 General

Improving the hydraulic capacity of a water course is one of the
well-recognized structural alternatives to flood control. An analvsis was
therefore undertaken to determine the magnitude and effectiveness of
channelization in the reach between the Recreation Center and the brewery.
Presently, this channel is not adequate to pass flood flows without causing
water to back up to the brewery, thus contributing to the existing flooding

problems.

Blanche Brook, from its mouth to its confluence with Yarm Creek,
is an artifical channel constructed sometime before 1952, during the ex-
pansion of the air base. It is not known whether the hydraulic capacity of

this reach has been reduced over the years by sediment disposition or not.

(B3]

The drop in water level over this length of reach is approximately 3.

0

r

feet under 1:100 year flood conditions. Consequently, it was decided
investigate the feasibility of dredging this particular part of the water

course.

8.2 Hydraulic Design Criteria

The principle design criterion, as in the case of the dyke pro-
posal, was that the channel have the capability of passing a 1:100 year
flood without causing significant flooding problems. A freeboard allowance

of 2 feet was adopted.

Consideration was given, as in the major dyking proposal, to the
protection of the river bank near the brewery at the confluence, where
velocities of 10-15 feet per second tend to re-direct the flow to its natural

course, directly through the brewery and airport runway.
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8.3 Alternative Dredqging Schemes

Two dredging schemes were explored in detail to assess the cost/
effectiveness of the range of possible schemes. Both schemes call for
lowering the existing river bed by three feet from a point approximately
500 feet above the bridge near the Recreational Center up to a point within
a few hundred feet below the Carolina Avenue Bridge over Warm Creck. There

were no significant changes made in bed slicpe for both schemes.

Scheme I involved the widening of Blanche Brook to 80 feet at the
base where necessary, with side slopes of two feet horizontal to one vertical
for bank stability. For scheme 2, Blanche Brook was widened to 160 feet at
the base with gradual tapering to the bridges. Under both schemes, “arm
Creek, from the confluence to below the Carolina Avenue Bridge, was widened
to 60 feet. The areal extent and representative cross-sections of scheme |

are shown in figure C-29,

8.4 Hydraulic Effectiveness

Under present channel conditions, the 1:100 year flood flow would
result in a maximum water level of 23.9 feet in the brook opposite the
brewery. As a result of scheme I (increasing the depth by 3 feet and pro-
viding a minimum width of 80 feet) this level could be reduced to 20.5 feet.
Scheme 2 would reduce the level to slightly less than 18 feet. A relation-
ship, as shown in figure C-30, between the volume of excavation and water
surface elevations near the brewery, (BB-4) was developed from schemes 1 and

2 and from existing conditions.

If scheme I was adopted, it would be imperative to provide a low

dyke extending from a point about 200 feet below the Carolina Street Bridge
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to a point 600 feet downstream to the brewery. This dyking would have a
maximum height of only 3.5 feet including 2 feet for freeboard, and wouid
have to be approximately 1,800 feet long. Scheme 2 would not require anv

dyking.

The water surface profile resulting from scheme 1 under 1:100
year flood conditions is shown in figure C-31. The top of the oproposed
dyke required in conjunction with scheme 1 is also shown. Moreover, the
profiles of the existing ground elevation at the edge of the brook, and the

ground surface behind the dyke are also shown.

On the surface, it would appear that scheme 2 effectively solves
the flooding problem at the brewery, by confining all the flow to the dredged
channel with no dyking requirements. However, a consideration of the cost

of providing each plan would be required.

The greatest cost is dredging. HNo attempt was made to optimize
the quanity of material to be excavated. This should be done if the alterna-

tive appears feasible.

The protection of the bank from the confluence of Warm Creek with
Blanche Brook to a section just downstream of the brewery is necessary,
whether dyking is constructed or dredging is carried out. The methods of
protecting this reach, approximately 350 feet in length, are discussed in

the section on dykes,

Little is known about the sediment regime associated with Blanche
Brook. However, based on observations on the degree of upstream bank erosion,
and the fact that numerous large cobbles have settled out along the stream

course, it is felt that sediment loads are relatively high, and maintenance
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dredging may be required. It was assumed that the cffective cconomic life
of any dredging scheme in the reach under consideration for dredgine. is 10

years.,

8.5 Quantities % Cost Estimates

Based on a limited analysis of unit dredqing costs and irnformal
discussions with personnel of the Federal Department of Public Works, a unit
cost of $4.00 per cubic yard was assumed. The cost of dredging was included
in figure C-30 (top ordinate). By examining figure C-20, it can bec determined
that approximately 170,000 cubic vards of material at a cost of $680,000 would
be required to alleviate the problem for all flooding up to the 1:100 year
flood. Additional costs for bank protection (575,000) and a small dyke

($61,000) to provide 2 feet of freeboard, would alsc be incurred.
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9. DIVERSICHS

9.1 General

Conceptually, diversion means the convevance of water from one
watershed to an adjacent watershed and normally invelves some diversion
works, for example, the construction of a small dam and an artificial canal.
Presumably, no flooding problems would he created in the adjacent watershed

as a result of the diversion.

Two large scale diversions were considered and examined in detail
by use of existing topographical maps and intrepretations of air photos of

the area.

There are several small scale possibilities for diversion on “arm
Creek, while there are no apparent ones on B3lanche Brook, But it was judged
that the cost or these smail scale diversions wouia Tar out-weign any

potential flood control benefits.

9.7 Design Concept
The design concept for both diversions was to relieve those flood
prone areas of the watercourses from the ravages of flooding, particularly

those in the vicinity of LeBatt's Brewery and Humber Motors.

The design criteria for both diversions was to determine the size
of the canals to carry a flood of 2,500 cfs without overbank flooding. This
quantity would represent a complete diversion of the flow produced on the
Warm Creek watershed and seventy percent of the flow produced on the Blanche
Brook watershed during a 1:100 year flooding event. The remaining flow of
1,100 c¢fs in Blanche Brook would not create any flooding problems at the

brewery near the confluence.
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6.3 Alternative Routes

The Warm Creek diversion would entail an artificial channel from
‘Hoel's Pond to Muddv Pond and finally to Port Marmen. Indication of the
route is shown in plan on fiqure C-32. Two routes were exanined for this
proposal. Route 1 was considered infecasible because of steep slopes.
Route 2, involving three plans or "cuts", looked more promising, and

preliminary studies were carried out for it.

For the Blanche Brook diversion, an artificial channel was en-
visaged from the Blanche Brook watercourse to Gadon's Brook, outlined as

Route 3 in figure C-32.

9.4 AJuantities and Cost Estimates

By use of the standard manning formula, and assuming a value of n
of 0.04, a channel width of 100 feet, a discharge rate of 2,500 cfs and
adopting the slopes as shown in figures C-33 and C-34 resoectively, rough
estimates of excavation guantities for the Warm Creek diversion, route 2,
plan 2, was 200,000 cubic yards, and the Blanche Brook diversion, route 3,

was 370,000 cubic yards.

Applying an estimated unit cost of $3.00 per cubic yard, the total

estimated cost of 570,000 cubic yards of excavation amounted to $1,710,000.

Moreover, it must be emphazised that the estimated excavation costs
were based on the assumption that the material is unconsolidated and no rock
blasting required. The inclusion of diversion works (dam), channelization, en-
larging Gadon's Brook to accommodate flood discharges, and other measures,
which might be required to orotect houses against flooding along this
watercourse may also affect the cost. The loss of valuable land (area 13),
or the construction and/or relocation of multiple bridges along the Hoel's

Pond - Port Harmon Route were also not considered in the cost.
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APPENDIX D - FEDERAL FLOOD DAWAGE REDUCTION PROARAM CUTLINED

Environment Canada Minister Jeanne Sauve today invited a
new federal approach to reduce the mounting toll of damages caused
by floods.

The Tona-ranage approach is based on the development of a
series of federal-provincial Accords to reduce potential flood dam-
ages and a national flood hazard mappina program.

"Canada has to reduce the toll of personal suffering and
financial loss due to floods, " said Madame Sauve.

"tle have developed a co-ordinated federal-provincial
approach to water resource management through the Canada MWater Act.
Accords on floods will focus that co-operation on a concerted effort
to reduce the ravages of floods in Canada."

Ihe proposed Accords would be based on the principles that:

a. Flood risk areas must be clearly defined and mapped;

b. Information on flood hazards must be communicated to

the public, industry, municipalities and the provinces;

c. Construction of federal facilities, federal housing

loans and other grants and loans should not be made in
flood risk areas or be made conditional upon adequate
flood proofina or other damage reduction measures;

d. Disaster assistance should be refused for further f

development in identified high flood risk areas where
the public has been made fully aware of the hazard; and

e. Provinces and municipalities should be encouraqged to

consider appropriate restrictions on land use in high

flood risk areas.



D-2

Federal-provincial co-operation in keeping with these prin-
ciples is evident in five pilot flood hazard mappina projects now
underway. A flood risk map for Federicton, New Brunswick is almost
complete and maps for Carman, Manitoba, Moose Jaw, Saskatchewan, and
Oshawa and Sault Ste, Marie, Ontario are being drafted.

As a key part of this new approach to flood damage reduction,
a national flood hazard mapping proaram has been approved. The map-
ping program may cost up to $20 miilion with costs shared equally by
the Federal government and the provinces. Priorities for mapping
flood risks for more than 200 rural and urban communities affected by
floods will be worked out jointly,

"When this flood risk information is available, federal and
nrovincial governments can undertake commitments to discourage further
fnvesiimefni 1 fyuud fisk dizas, Hadars oadve exprdined,

"However, if it is not possible to work out a mutually accept-
able Accord with any province, the federal government will not be det-
erred from doing what it can. Ye will act decisively in our own areas
of responsibility."”

Federal disaster assistance will be withheld in areas where
a high flood risk has been identified and where development has pro-
ceeded in spite of knowledge of the risk. Direct federal investment
and federally financed development will not be made inside known hazard
areas.

The federal qovernment will continuce to participate in tra-
ditional flood control projects such as dams where these aoffer the
best solutions. However, a areater cmphasis will be placed on a com-
bination of structural and non-structural alternatives. Experience has

shown that a flood damaae reduction policy based on structural works alone
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may not be effective.

Alternatives to be considered include land-use, adjustments
such as acquisition and zoning, flood warnina and forecasting, flood
routing through property easements, flood proofina of structures, up-
stream storage, stream straightening, flood by-passes and dykes.

"1 have discussed the Accords informally with a number of
provinces, " Madame Sauve said. "More detailed discussion will take
place through established consultative committees. These Consultations

will, I believe, lead to suitable Accords with each province."









