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APPENDIX A
HISTORICAL FLOODING IN THE STEPHENVILLE
AREA

ool OF

| R A ek

Cause:  Heawy rainy from tropical stors

All reglons af the province felt the force of the tropical
1o, Rallway acheduley were intezrupted a3 a result of elnor washouty
along the rafl line.

AL Stepricaville (Faroaeat Maizon Alr Force Dased, raln driven

Ly caximes winds of 90 oop.h. {14400 ka/Mr) Dlanzeted the area with lakes

ol water forclng everyc

IR R NTE Mot cl.r..\ge- et e ve 1

e Tort oasu Port Penine

In St, John's, o gulley near the Sewo Knd Slre Hall vas chowed

wotn detirte and water overlloecd onto Lebarchant Foad and Do Liie

A O3.2% Aach (02.6 rm) raainfall was recorded at Corner Booor

en Septerser Ier, with 2.4 inches (61,2 ) falllng al Geer fawe and

2.07 dnches (520 At Gander. At st. John'e Torbay Airport. o a tainfall

ded.,

! 1.6% inches (48,0 rx) was pooc

Damage to local raads la the Fort 2u Port arca vas esismated




FLOGD OF RAY 12-21, 19469

Cause: Hoesvy ralnfall,

D s

Tracke at Marry®s Hiver,

Black Duck and Codroy Pond 1o nouthewestern Newfoundland, divrupting ratld

service, thghiaay Vratfac wan alao dasrupted by washouts,  Traffic waw

arter’s Road near 55U, George'u.

re-royted to Stepheaville Cronsing through

In Stephenvllle, high flown were eapericenced on Warm Creek and

lanche Qrook, Tev was apparent not o Yar 1 the flooding whilch

Ch Blaache Hrooa, the sonidentaal spea gpstzean of Haln Street was

wn he Danks Wete owet

:iver located near

111 Blace and Haxeell dvenue.

raugh loeal

pressions approxlmately parallel to the river several bas

et a

and olhvr prope:

Lot Lo Junl abwove The Madn

Lizeel Bl . bt T PR P . ‘ 1Y Federal
i B Gl my mmr Bf L mg . e Tl ] - o, oeweral
I s B P i

A ERE “iomlss On wWaim Cireakr
caued crosion of the foollag and overtopping of the Uree s biank
low oorcuries) west of the bhrodoe et Lha reh

then aund

sy the P Creex o and Blaache sieosn, o) watega
covered tha field Lhd Cwilinmg RPN NWrewery.  Annlhe; arca

{lcoded was on the alrpert side ol

Fecrealicem Ceatre

A radnfadl of 1.3 drctes (3103 25m) wae recnzdel st Steplieaville

dorellef, and the town proviced
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" HAY 15-14,

Spring ru spanied by rainfall

Duescriplia

Caothe Port au Port Penldnsela, flooeding cut road

ivolating severas) comunitics.

Year Lourdes, a 55-feat [17' metres) gap occurred
woen the water had risen six feel,  The road betecon Polnt
Fort au fort Yast weo alwo washed outl by the overflow from

incapable of haadling the afsunt of water which hed heen co

A Ts-fomx §21] J owection of highway was wanhe

Wewl Hay and Weot Bay Cenier and water w eported te bae )
deep throuch the eas. Aacine:r wectlion of

Vel May wa Byl was wald o in fhe

30 feer |5 felres) tofim Ly e 2 h ke v
chelr o Yohster by dosy.a the vasho: 5E,

auodtard

SGtephe

tod by the

o

Savement wahy =aahed
slap threatcned the Carnling Avence and tesporary
constructed in thic ayva to pretect the lo land azound the

Oymoastem and

Nrive Passachuseles Drive, wate

neat

Behliad & rndvert b averslloved onte the pavesent and W
rrtian of ecazihting 12 157 . She reasine of 1he
Tater g The road was never T
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{n the highway
au Hal o and

a culvert

llecting.
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FLOOG OF AUGUST 1-

Caus Heavy rainfall for a J-day perfced

criptians

Chn Lhe rort au Fort Penlnsula denage ~an repoiied to reads. At Fox

Ialand River, a landwlide cccurred upstresn bringing 310-40 cords of pulpwood
and treues do-n the river wilth the flocd which dragged anchora taking several
boaty out Lo aea. The highway was alio reported to be closed near Plccadilly,

Port au FPort, hecauwe of s washourt.

In the Stepdicnville wica, Migheay Ko, 47 (hanwen Highway) wvas
tndur watler in at leant two places and & bSridge, near Wheeler's Night Club
abrove Nael's Pond, van washed ou’t_.

Qasomenis, in the 111 Place arca, north of Main SLreel, werae
floded as Blanche (Cold) Broos swelled to several times itg normal alze,

Many residents weore without water {or alout two dayu when a

waler lipe was

caune of the high «ater end delirls,

Town eqgut L owas xept busy clesring debels (2t least 15 tzuck Joads)

v the brliages oo Hlanche Drook, thas avelding serlous dapage.  Howewver,

CLoten el eeprrarnaen! me Lo Thel: sately, ovlis

1o the pemaiping Blodkage.

o

floct watern oventuaatly

the Lespodary dykes
protecting the brewery and reached o helght of 2tout 1.5 feet {0.59% swtraea)

atova tha {locr lewvel,  Threw private vehiclen

the paralng lot were
Aatno lrundated.  Telephone and elecizrical servlcens to the hullding had to
e cut off,

AL neanby Noel'n Pond, at least feur fe-ilden were forced to

leave thelr homen becanas of the {lec

In Corner Brook, 8 n ate wera flooded as Dell's

lircox through and around one of twn culverze Internded for re-alignaent
! the road below Blackwood s HE11. Lt rthe confiuence of Bell'an Nrook and
Curner Brook Stream, water woan reporwed to he vashiing the Bowater’s oll

tupply line acrona the brook, Sond waler aleo Becked upy ad a rewult of a

partial blovkage on Corner Drook Stream Ly e ter

orary road near tha

Howazer'n Poelp #il1l,  The parkisg lot behind the Wewlern Star

Bullding on Brook Street wan alun {nundated.
A bailey Lridge had to be ecrected over Blow-ne-Doon Biook {(Dlomidon
'

Brook) 1o replace the ona vashed cur beloeos Trendizan'ys Cove and Lark'a

G0, Bay of Iulands,
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Tarathona @ water e crossrag Sodth Brock way severcd by

Hear
flood watere, A propessv sdlacent Lo Slue Gulch #Breow was croded 6-0 fect
(1.0 - 2.4 metgen) when the Lrook rose to very high levelu (phowcgraph

publinbked=). At least oo hose in fasadens was bauodated.

il tuct

Rainfall for the threwe day period totalled 3,61 dnches {91.7 ma)
at Corney Drook, 2.92 inches (74.7 =01 at Stephenville Airport and 2.75
inches (69,9 ra) at Deer Laka,

The fleoding at Stephenville was reported 1o be the worwt in the
history of the town.

The C.N.R. flles wtated that the following housea at Npel's Popd

ol
-
i
jod

(Carmier ¥illage) were i: lowing depihiag

Renidence of th in. on main f{loor
Heuwidence of Eréc Cotaler - r4-0 tn. on caln floor

itwwrtdence of Tom

Frnidenoe af Moy

Mrs. Vinceno Cor

to her duclliing; however, ahe fhad be

C e logs of k farc-e from the nale of egga.
Samagen

AL SL the bLydhen cater rain had been ¢ aged Surinyg the
1969 ool o dangye by itre gouging the
rprlang flowt of 19730 After rhile, gt foem had roximazely S21,000
PRI it in 2ol Lopeog Dt tooavndd future
protlems from do Poeewer, et om owae the afl thi=s bitealk

Aan laventories of Lotk

T the Biveery vas wald to Le in the

v loyr ghe

A

ages anflicted on renidentlal

P

sres north of Maln Street.

AL Noel'as Pond, Lthe ©.W.

Tages in that area,

A brred was gubhnitled te the in ihe order of




In Stephenville, flanche Drook way swollen to eéeveral times its
normal olze. Work crews were kept busy attempting to clear debria from
ktructuten on Carolans Avenue and Lhe Meinsen Highway in order to prevent
overflow onto tho roads,

At Neoel's Pond, residents wvere alea affected by {lcoling but no
rei=arin of damageon were uh::\.incd_

Cold hreow, about flve plles from Stephenville, waw cut off fronm

Lhe dlansen Highway due to o the {loewding of the bridge tie wanhout of

the f41lLl at dftu approsachesn.

A bridge ta the Lebrador Mnerboard Ltd. o

P8 van Iuporited am

hsving been washed aut

Mmoo
Ao Tatal racatall ol lledh th (42,7 mm) wes I
e E on nhe T Vuring a 12-hour porled on the laut

129 faghes (32,8 =) of 1he tolal was reporied to have fallen,

g estlastem of L}
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YLOOD OF DLCER

ER 23-2%5, 1975

Rain, snow and unscaschable g

in Stephenville, flocding of wtree

man faid ta be Textensive”

AL SLOIM neweT nyste were nal ahle to h

tle the amount af wvater,

In Corner Broox, storm darage waua re

Dt ted Lo be guite extenscive
Lo the ptreetsn. Haple Valley Road and Blacivocd lille were Teported to Lie
hit the hacrdeat, Road shoulders were reported Ay being damaged severely,
Peddle's Lane, where storm sewers had been lnsralled afier the aLicet

vau warhed out by flooding {n September, wan not rericudly affected.

In the Explolts River Valley, & sesticon of the Trans Canada Highavay
four milex west of Grand Falls wer =loved becaune of flocding.,  The roas
vaa floocded Lo a depth of abour twn feet [a%out Q.6 metres) et 6 a.@=. on
Decermber J4th,  COn January 0Oth, alroat too wewdhs after the peak flow, part

of the highway was ntill under water. Traffie vaa diverted by way of the

Cld Roard,
[Py

Botata L. I ir i} mMame
and waa 1 fonwllle,

tm Dec of 0.%8 inched {24.9 £3) vaw recorded

at Carner Brock. A

of 1,79 fuchen (455 ro) was reroided on 1he

the Explotts Do (lied Indaan ek,

Un the Explorts Biver loe began to fow

L, mTae an

2 tenslt o of the ratnfall and hilgh teger Fa it Ihe area
ol tear'm aravel pit. AU thila point In the xiver, the loe was reported
to Bave accumulated and partially blocked the channel.  Increaned watey
levels resylted antd adbaequently bhegan to flow through tha goavel

pin adiacent to the north bank until reachling the Trans Cana

The gauging Aataztlon on the Explolrs River Lelow Stopy Drock

[Sration No. 02Y0005) fndicazed that the flow bec te Incréane abaout

(368 o /6) by

7 oa.m on Decerbwr 23rd and reached a value of

{gnt and abiout 22,800 coflan (64% m /a) at 4 p.m. on Degecber 24th, The

]
eded to eboul 6,000 <fa (170 = fa)y by midatght oo Dede wr Jhul,

The Explofta miver drainage azeas,

Lake, wan

uilmg £

La Howd

closed Lhe LEploiLs

I wTO7AgE mn)ch

veraane ol ol Pl

tor ther po=er

L,



flamdges:

The higheay reeained closed thrioughout zost ! the winter., Ho
eotivateys of damages to the highway were given,  This section of highway
was reported as having been vulnerable to flzoding due to the low lying
land arcas adjacest to the river and cinor [looding had been noted by
highway perasonnel “especlally in the spring of the year”

It wau also poted that approxlmately t-o mllea of highway would

be raiscd several feet to prevent the recurrence of fleoding ln the future.
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TLGOU OF Ditbdusd 27-29, 1977

Zdn

Comhinating of rain and high

turew on Chrawtmas Day anpd

Hoxing Day melted Lhe arcumulatic

Bescripuaon:

Flooding was repofted acious inoular Newfoundland, resulting in
disruption of transportetien and inconvenicnce Lo many hore owmers

Trains were Lelted becaune

of washouts slopg the C.HLK. rail lines
aciaas Lhe Province, C 4. B, offictals nald come 40 washbutn occurred and
re

ported that the were between Clarenvllle and Port aux

Basgues. Some

ted to b oup ora 200 feet

(60 matren) in lengihb,

the line brtwveen

Clarenville arnd Donavieie, that about two davas vould be

tegulred Lo affect repafos Ploes and akout 1310 laid-off weasaonal

erplaye

A derallwrnt of a wor

bankrent colls

altes i H [
¥ 8 oo 7 wew ale ary urgl Gt el T 0 At ae
of dehiie Bldeiivay yhe n Lwmrts,

X, severail toada wore NS we e

undated !

teyotted fn the

Hanhey Drive, Denolt's Cove and crveral otner arcan 0f the Cliy where the

Sralinage wan pot oadeguare, Qo= o the etieeta Chlen nuntatined dasagae

e Gl Hardser Roead, fvesaite Difwe, Tarrett'a Hoad and Maple View,

furting and road <l wete Gazaged oL Fast Valley Poad s Valley

Arct Clllama ®aad. In the Riverslde Drive

woad, Windeor Lir-aet,

4 hofea on the north alde of Gallan

tong of Ingndat

Brldoe . Hach of the sod flowed onto the o

=
>
Q
0
<8

reeta in « Cierling RIP (Nelghhou

mentoaparioent. Several s

i almo ovey

3
3
”
r
I
o
J

Improveront Proqgras] areas were dasaged,

AL the Margoarel Bovater fark.

tariah which bhlocked the highway.

4
a
s
i

A landalide cocu

T 1
Teporterd

Cuazd zails

!

Bavimg little of earth.

A

Cove =aAn

(11 when a culvert

2 guatter mllo section <as reported as h

-
1 the T b .o T
P v v WA P07 Lo

wanbeld mut, A well aw, the Tra Eoactka HeiGneae Wt fee g e
- I AT - are 5 P - N — B

4 along
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At Xing's Peling,

. floodwaters tore ud 8 100-foor soction
of the maln mtreet tupturing 8 watet line and fuolating about 40 fanilie,
The punphouse was also lnundsted leaving 700 people withoot water. Debris
wart reported to have punctured the dan ag well,

At Buchans, aeveral miles of old vorkinga and turneln st the
ASARCO® mines wore flooded to a depth of about right feet asg a reanlt of
the mild spell and rain,  The flooding wans reported as not having affected
~roduction alnce the flooded tunnela are used malnly for accesa and
entilatian,

1n Grand Falla, Haln Street was cloned for aeca tine Lecaun- {1
“an subsclyued, WOk Crows weqe kept bLusy clearyng doebrin froa stora sveers

that cauned wate: 1o bacs wp and {leaod leow lylng sections of wtreely and

several hasecmentn, 50%e tenantn ~ore forced 1o mave out of thelr flomded

Lasecrenn o AU,

To Gander, &

Tl 4 were

tur lesen Ll

prove cver?lowed o 200

feat (G0 metra) secol

noanad undeg -

d unti) waters yer

e TOH wan alse g Been floaded o the vort bisandiord

atea by Southween! Arcos

Larla ., e sald Lo have reen

to all hot large fiuran

and Lour wheol drolve wenico wa of Uhess atcas were atl Lethibn tdgoe and

laciers Breok [woakened bridge).

Other gravel zeads dn the Province weve out and in Loma

= were faclated. Homar of

Cli%f & COm these roady wera (o the Zuonans

aled

area and (he Herhour Dreton fosd S, Jacguen,

I'm ®k,. Jochn'n, ba flooded and roada wore EXNTI

neots

un

and some wanbed out,

The watersfozd Riwe

Brwring Parn e the Ml i # of
Sopriren Avenuge the Plood -aters neveral feet

.
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froble were erper icoced fnothe Highlacd fask Scltrvision and on
Sovihalde Read as a renult of clogged atorn dreatn The hasecent of the

C.H.R, customer station and expre

bBollding 8w woell 4y the diene] buildlng,
tracky and parking lot on Water Streel Wedat were inundated,  The problen
was susgecboed 1o be reloated o the trunk newer,

M

anttyd

At Corner Brook, 1.29% lachew (11,8 ) of rairn and tesperatures

© [} -] o
the order of 117C Lo 1Y C (52 F to 59 F) were recorse:t,  Av Buch

1.27 fnches (32,3 =) of raln wan recorded on the 27tk A ra:nfall of

{(4%.7 mm)} wan recorded at St, John'n with

the order of 1OOC (5001'1.

Drooky end pondt were reported 1o be far ahove nercal accoss the

Froavinoe,

fosldents of Riveralde Drive, Coraer fraok, s

spohilens haed

cover oreurred $a that area wntdl aboun three pears ac s =ten chantes wel
- tu the gravel plt on tho hill b o thafr homed,  PFriosr 1o thia

In Corner

oox, o

et Lo iy o

s SO0 CT0.

arconnta stated th

Newvspane o Noaewe sl

hundsed thousand Zollare.  No our
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FLOO0 OF SEPTEMSUR 30 - OCTOBER 2, 1978

Cau: Heawvy rainfall

Descedpelon:

A photo** wan published showing a 60-foor {akout 18 cetres) nection
of ¢ K. R, rafl bed vhich had .ba:\'n vioded by the heavy rainfall,  The damaged
section <f road bed was on the 9.5 mile (8,8 ka) apur Llnking the Labrador
Linciboard 4111 to the line at Hoel's Pond nesr Stephenville.

Hagnitude:

The meran datly dischazge faor Blanche 2rook nacar stephenwlille,

IStation Ko, 02YJ002), for Outober 1ut was S7.0 cfw (1.6 n]/~)
Dikmace
Mo fnTorsarion on o gepalr plese roLovr 0f fotiaiTa wan avatlatile

oe daersoard 201 ke been clowed for o year Luroarowae Feparied that

s nubetantial kws wan pard to the ¢4 for ~alntenance af the apur.

Siar, Hav 19, 1928, pai. 1

* The Restein

The Weatern Star, Colebec 3, 19VH, p
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warhouts in ceatral and w

Both the Robinson

oo pallected at the bLrid

soville,

! otear 20-foot

the= to oo sllapae. Town e
e reacly =5 lh taouldeas

Lebatl Mrowoly .

plox be

Corner Br

: e
&5 eracciion of La
et e, ! i y
Lo D tan feet fhnn

HY 3

{ @Sy
tghway,

precipl e

Teed 4k Coomes @

Meret 4t Cofner Dionk was

A 14

blocmayge of dralms

r wystems by dce and debris

of spring=like woasther caused flocding and some
canerin Newloundland.
‘s and Rarachots Rivers overflowed their bankuy when

ges reauwlting in flooded roadweays.

the high tlows and 1o In Blanche Brookx undercut

anr of a oretaining wall cauvuing

@ik Crevn were kept Euwy bnoan atteopr to fall

aitd Cunerete Ty fedecs LHe jassihilaty of the

flooded,

afea, Home f - pf Lias nte and siinor
3 ciiv., Scre floading was repoited

on the highway

veralde DPrdve. Cosmer | Slreas o to
Duttess ol othe Louc e on Maln et oand Laceed
s 1t

Fondincela, hlockage of

{lo- ento the roady,

freoding wf a n

IDCALE e

o oof tre bDay d¥npolr highway wae

(o Em] &ouih ol BLLLIS'n Idoat o point where

This rewudted {n oa short cloante

of 3 =il iwerren {akout 2.9% inche:

perlod. Totel precipitation for

1 maf . It a3l T way was reorvioed oas
s bl 45 10 : i rlerory.




Ao Stephenef e, Ll T

o Manager wan reported to have said that

Tthe Gueplete and pormanent repadn o the 3 wwged cribbrag as expected to
Be between $100,000 &nd 5120,0007, It was reported that Alexander

Cag |z

tneg was cantvacted by the Town Lo carry out peqmanent tepalos
At the site.  The permanent ptructure was reported to be an lnrerlocking
ntenl sheet phle facowall.

Ko other entimates of the damages were presented.  Sama pholographs®

= ore pubrlithed for Stephenville and the Corner Brook ared,
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£1000 OF JuLY 17-20, 1779

i Meavy ratnafall

Gescription:
porcef BT LA
In the Stephenville area, Ylanche Brook, s=ollen by heavy raine,

carricd tres

and other debrig dowmstrean which colleacted and jarsed at

the Hansen Highway Bridge.  The

cction of Nansen Highwey from Brook Stireet

to the fntersection of Quecn Street was clowed on the roraing of the l#th,

Sransportatien Departaent coployess Yeore kept busy a to heep

debris fros floating downntreom cauuing further darage.  The center pice
of the bLridge had been roved by the force of the debris end warer.  The

structuie collapacd around mid-day on the 19th.

v it Alno wan rejarted to browe piled o the bhroow rune

e

rtween Carollna Avepoe and Maln Street but nn & Many
51 wille ¢ leptn had flooded bascementn and the Harson Conwvenience
%! [atet {ounderod wh Loa -bas LoGave Ay

In Carmer Brook, a fow maant washouts hod oocurret bat o secious

flocding or demageu 2ere fopoited wit

Corviced deparirent af

Fowetrr be=loundland Ltd,

(42,2 ) Gf Tainlfall

a0 pos oa the 171h

il the IHIh,

No entirete of the dafage waa revnrted for the Harrmaon Convenloncoe

Ltore; powewe:, it wvas reporred thar 1 oiwen tor businens on the

i

v Tu40 on the Mansen Mighway nea & bridge re

W3 L
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FLOCO OF JULY 26-29, 1979
Cause: lHeavy rain and debreis jors
Bescription: .

slanche Breok, fn Stephenville, was reported to be In fleocd once
agatn. The hrook was said o be three or four times its normal size and
debris wan Leginalng to plle up at the sice of the brldge which had

collapsed during the flooding of July 19th.

vo tnformation wan presented. A photograph®®was publlshed shoving

L g By

the Bicee 4% the alre of i collapsed

w0 No descilprlion or entbroares of the sesalvant desages wire preseanted,

S 17-0m, 1679

beaty rainfall

Star, July 18, 1979, pg. 1 The Festein Star, July 19, 1979,
wostern Stac, July 20, 1999, pg. 1.

ShwoWeaterp Star, July 30, 1989, 1y, 2.
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TLOO0 oy APALL 22-30, 1932

Crute: Heavy rain and n2lling snnw

Jescriplian:

The Apcil 22, 1922 Western Star regosted Blenche Brock nast Segur L.
seeld. By April 30t heavy rain and Zelling snow hed caused bate—oan flendn -y

i the Blanche 3roow ared. Blanche Srooh wey reported to bhe s-ollen bal not

flocding,

Howmevinr o the May b0 1EE7 wWesteen Star reparted TestansaveT  bagasont

Tlooding  aa Soels Pond, forcing  4ome residents 100 dedave  thear o hoeos,

Yegacdenig sTated thnal lhe pea S1

s b e imdpstrial access higheay compl

v Caused flooding in oan ared of Lhe Commgntly not

11 flocding when Nowel Yoo

Farticular problemy, were

ced by or

voidents of the Susset Crescent

soen s Dueen S4reetl s opear (pro=adl Heaghts 2ot alorg Slanche Broon as w0l loas
the Farr o Avengo - White's Tranier Ceoel area
Soaang Lade

M3 infosmel 1én way orevent o

Famaogng

Mo esi sy

of the resultant damsges -are preseated,
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FLOGD OF JANUARY 131-13, 1983

Cause:  Heavy rain and medling snow
Descrintion:

Blanche Srone and Yarm Creer swelled to rise by 2% much 2y 1.3 m in somc
arcas. Localized arces of flooding were reported in the Town of Stephenville
arar Park avenur and Whate's Trailer Park, witn mainly eccess routes being
affected,  Extlensive hasement f{logding was resorted in Koels Pond with fne
iofustrial actess rpute ta the Jawn of Stephenville boing blamed a5 the mrjo-

causabive factor.

MannyLude:

A tota!l precipitation of 594 0 was recorded 2t Lhe Stephonvalle
m-‘:tcorolcqu slation, corbin=d <ith 2 ralt of 11 Gan nf snpw cover yer (ag

J-day period.

flaraaes:

vabive Jamanty or Cliimy ware reportoed,



30700 OF JND 122

Cius2!  Medwy rainfall

Naserintion:

Floading was reperizt in some dreds of jGoels Pord 2long Warm Cresc hale

a0 significant {looding =25 repart

fegnituda:

The Stepnenv:lls =etearnlog

36.7 mm,

So information way gtven oo

et downg in the Town of Steoheavilie.

Costation recordaes o totan reiafall grgual

resuitent ilned dameges,



Qualitative Report on thae Relative importance
of the Various Factors Affecting the Flooding Problem in
Stephenviile, Kippans and Cold Brook

August 14, 1989:

Flood levels near the 1:20 year floodlines, as determined in the 1984 hydrotechnical
investigation, were experienced on Blanche Brook. Most bridges in the area were near or just
over their capacity while river banks (especially at bends), bridges, roads, and walkways
experienced damage.

Cold Brook

Cold Brook floods on a periodic basis with flooding generally confined to several residences
and farmland; see attached plan in Appendix C. The flooding is generally caused by ice/debris
blockages. Particularly, Lower Brook Farm, owned by Mr. Sam Alexander, has experienced
the loss of farm land due to erosion associated with high flows. In 1989, a blockage caused
the river to overflow its normal channel and flood several residences. An application was
subsequently filed and approval granted {(November 10, 1989) to "close” the overflow
channel. Residents feel that some of the river bends should be altered to provide a straight
channel to eliminate flooding.

Kippens

The June 7 and 8, 1995 flood event resulted in high flows which caused settlement of the
concrete bridge. The footing and consequently the abutment and bridge deck settled. The
bridge was subsequently raestricted to one-way traffic. Some minor damage was caused to
a gabion rataining wall near the property of 3 Millbrook Lane Extension.

On December 8, 1990, water levels in Gaudon’s Brook were high resuiting in river bank
erosion at several locations. In particular, the shoulder of Millbrook Lane that runs parallel to
Gaudon’s Brook was eroded and a resident of Millbrook Land had a portion of personal
property washed away. This event is typical of the flooding problems that exist on Gaudon’s
Brook and is well documented in the Weastern Star for an event that occurred in 1989,

December 9, 1990:
The banks of Warm Creek were seriously eroded and the material deposited downstream

produced excessive gravel accumulations. One area of concern was the saction of river
between the bridges at Carolina Avenue and Mississippi Drive, where about 1.0 m of sediment



Qualitative Report on the Relative Importance
of the Various Factors Atfecting the Floading Problem in
Stephenville, Kippens and Cold Brook

was deposited. Blanche Brook was high and the gabion structures along the banks that
protect Blanche Street were undermined. Blockages occurred at the bridges on Mississippi
Drive, Main Street and Carolina Avenue. Numerous culverts were washed out and most
bridges experienced damage. Refer to Appendix "B" for personal account from Mr. William
McNeil {Town Manager} and Mr. Mike Campbell {Public Works Superintendent).

March 9, 1995:

An ice jam in Blanche Brook caused flooding of Massachusetts Drive resulting in a section of
the road being closed to traffic. The ice blockage occurred at a location on Minnesota Drive
adjacent to the Integrated High School which caused water to back up and discharge into a
ditch located near the old Labatt Brewery and flood Massachusetts Drive.

June 7 and 8, 1995

This event caused excessive flooding and structural damage along Blanche Brook and Noel’s
Pond and was investigated during the field reconnaissance program of June 19 to 22, 1995,
The results of the investigation are summarized below while the pictures illustrating the
damage are included in Appendix "A".

° Excessive shoulder erosion occurred along Minnesota Drive as a result of high
flows in Blanche Brook. See Photograph #6 in Appendix "A".

o High flows in Blanche Brook caused shoulder erosion and the collapse of gabion
retaining walls upstream of bridge on Main Road.

L] Severe erosion occurred along Blanche Brook on the New Mexico Drive side of
the river. See Photograph #10.

L] A large parcel of land and a small section of Highway 47 was flooded in Noel’s
Pond as a result of high flows and a debris blockage at concrete bridge on
Highway 47. Refer to Photograph #1 and #2.

L A debris blockage at the culvert installation on the Industrial Access Road
caused flooding of land between Route 490 and Highway 47.



[ =T ]

fotues T = T - ]

QUALITATIVE REPORT ON THE RELATIVE IMPORTANCE o
GF THE VARIOUS FACTORS AFFECTING THE FLOODING PROBLENM IN
STEFMENVILLE, KIPPENS_AND COLD BROGK

2.0 BACKGROUND INFORMATION

The study team conducted a literary search of the information on file at the Departiment of
LEnvironment (DOL) office o verify the hackground information made available prior to
subnitting proposals. This mformation has been summarized in this report since it has relevance

with respect 1o the field reconnaissance program and its subsequent findings,

2.1 Stephenville
The Town of Stephenville has experienced pericdic flooding throughout its history,  The
predominant cause of Hooding on Blanche Brook and s tnbutary Warm Chreek has been
excessive Tainlall, raprd snowmelt and dceddebris jams at vanouns hydraolic structmes. Recent

cvents are desenbed below while w detaded bistory al flocding o provided i Apnendin 19

June 7 and 8, 1995

This event caused excessive flooding and structural damaeee along Blanche Brook and Noel's
Pond and was mvestizated during the field reconnzis<since provram of lune 1910 27, 19950 The
results of the mvestigation are summanzed below while e pictures allustrating the damage are

mcluded i Appendix "AY.

. Lxcessive shoulder crosion oceurred along Minnesota Drive as a result of hgh

flows m Blnche Brook. Sce Photograph 6 10 Appendix "A".

. High flows i Blanche Brook caused shoulder erosion and the collapse of gabion

refaining wadls upstream of bridge on Main Road.

SHEPPART GRUEN ERGUNETRING AND AS50CTATES LISTITED ' PAGE ]
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QUALITATIVE REPORT 0N THE RELATIVE IMPORTANCTE
OF THE VARIOUS FACTORS AFFECTING THE FLOGDING PROELEM IN
STEPHENVILLE, KIPPEMNS AND COLD BROGHK

. Severe erosion occurred along Blanche Brook on the New Mexico Drive side of

the river. See Photograph £ 10.

. A large parce! of land and a small section of Highway 47 was flooded in Nocl's

Pond as a result of hieh flows end a debris blockage at concrete bridge on

E R B 8 B

Highway 47. Refer to Photograph # 1 and # 2.

L A debris blockage at the culvert inswallation on the Industial Access Road caused

flooding of land between Route 440 and Highway 47,

——
&5

March 4, 1995

Anice jam n Bianche Brook caused tHoodime ot Massechusetts Drive resulting v i section of

the road being closed 1o traffic, The ice blockase occurred at a locanon on Mimnesota Dirive

LE

adjacent 1o the Intcgrated High School swhich caused waier to back up and discharge o a ditch

located nesr the old Fabate Brewery and tlood Massacasetts Dirive.

A,

apsmm

December 9, 19940:

The banks of Warm Creck were seriously eroded and the matenal deposited  downstream
produced excessive gravel accumutations. One area of concern was the section of river between
the bridges at Carolina Avenue and Mississippt Drive. where about 1.0 mof sediment was
deposited.  Blanche Brook was high and the cabion sirucwures along the banks that protect
Blanche Street were undermined. Blackages ocowrred @i the bridpes on Mississippt Drive, Main
Street and Carolina Avenue. Numerous colverts were washed out and most bridges experienced

damaze.  Refer o Appendix "B for personal account from Mr. Walliam McNeil (Town

H B BE EH

Manazery and Mr. Mike Campbell (Pubhe Works Superintendent).
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QUALTTATIVE REPORT ON THE RELATIVE IMPORTANCE
O3 THE MARIOUS FACTORS AFFECTING THE FLOODING FROBLEW IN
STEPHENVILLE, EIPPENS AND COLTY BRODK

August 14, 1989:

Flood levels near the 1:20 year floodlines, as determined in the 1984 hydrotechnical
investigation, were experienced on Blanche Brook. Most bridges in the arca were near or just
over their capacity while river banks (especially at bends), bridges, roads, and walkways

expericnced damage.

2.2 Cold Brook
Cold Brook tloods on a periadic basis with flooding generally confined to several residences and
tarmland; sec attached plin i Appendix C. The tficoding is generally caused by ee/debns
blockages. Parncularly, [ower Brook Farm, ovwned by Mro S Alexander. has experienced e
Joss o rarm and due to vromon associated weh ieh Hows, To 19890 a blockare caned the nivey
o overflow its normal channel and flood several residences. An appheation was subsequently
Nled and approval pranied (November [0, 1989) to "close” the overflow channel, Residents teel
that some of the tiver bends should be altered o provide a strarght channel to ehiminate flooding.

2.3 Kippens
The June 7 and 8, 1995 tload event resulied in tigh flows whnelr caused settlement of the
concrete bridge. The fooung and consequently the abutment and bridge deck setded. e
bridgc was subsequently restricted 10 one-way traftic. Some nunor damage was caused to 4
gabion retaining wall near the property of 3 Millbrook Lane Iixtension. Refer to photographs

#l1 and 12 in Appendix AL

On December 8, 1990, water levels in Gaudon's Brook were high resulting in river bank erosion
at several locations, I particular, the shoulder of Millbrook Lane that runs paratlel to Gaudon's

Brook was croded and a resident of Millbrook Fane had a portion of personal property washed

SHEFTFARD GHTUN ENGINFERING AND ASSOCLATES LIMTTED PAGE 4
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QUALITATIVE REPORT ON THE EELATIVE IMPORTANCE
OF THE VARIOUS FACTORS AFFECTING THE FLOODING PRORLEM 13
STEPUENVILLE, KIPPENS AND COLD BROGK

away. This cvent is typical of the flooding problems that exist on Gaudon’s Brook and 1s well

documented in the Western Star for an cvent that occurred tn 1989, refer to Appendix "D,
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Appendix B

Background for
Statistical Hydrological Analysis







The following sections provide additional information describing the methodology applied in
undertaking peak flow estimates by various statistical techniques:

B.1 Statistical Analysis of Blanche Brook and Harrys River

Flood flow frequency analysis was conducted using the flow records at Blanche Brook and
Harrys River. The following sections describe the analyses which were undertaken to obtain
the design flood astimates.

B.1.1 Testing the Data Base

The sample data set of maximum instantaneous flow was tested for trend, independence,
homogeneity and randomness, using statistical test techniques. A summary of the sample
extreme-value data set available for the Harrys River and Blanche Brook are given in the
printout from the CFA-3 (49) program. The sample data set were testad for randomness,
independence, trend and homogeneity using the following technique:

B.1.1.1 The Spearman Rank Order Serial Correlation Coefficient for Independence

If the series Q, with i ranging from 1 to N is put in chronological order, ranks assigned, and
denoting the series

Q,, Q; cievenenn Qu., by X,, the rank of Q,
and Q,, Qy ceveennnens Q,., by Y,, the rank of Q

then the Spearman rank order serial correlation coefficient is:

S, = 1/2 (Ix? + Zy? - 2d%) (Zx2Zy )" B.1

Ix? = (m*m)/12-XT,

Iy} = (m>m)/12-IT,

d; is the difference in rank between x;, and v,
m = N-1

and the summations are over the m pairs of x, v.

Ignoring for the moment the terms in T and putting them at zero, equation B.1 becomes:



S, = 1-(6Xd)/{m*m) B.2
the more familiar form of the Spearman rank correlation coefficient.
The terms in T adjust for tied ranks and are computed as follows. If for instance three
observations in the x series were tied for ranks 17, 18 and 19 then each observation is given

the rank 18; if two were tied for ranks 24 and 25, then each is ranked 24.5.

For each tied set, T is computed from:

T, = (P -Jdy12
where

J is the number of observations tied at a given rank.

1T, and IT, are defined by the extension of the foregoing.
When N is 10 or greater, then the function:

t = S, [(m-2)/(1-8 )" B.3
is distributed like Student’s t with m-2 degrees of freedom.
B.1.1.2 The Spearman Rank Order Correlation Coefficient Test for Trend

If the series Q, with i ranging from 1 to N is put in chronological order, ranks assigned and
denoting the series:

Q,, Q; e, Q, by y, the rank of Q,
and 1,2, ................ N by x, the sequential order of Q,

then the Spearman rank order correlation coefficient r, is calculated as in equation B.1, except
that m = N, T, = 0, and the summations are taken over the N pairs of x,, y,.

For N = 10 or greater, then the function:

t = ry [IN-2)/(1-r ]2 B.4



is distributed like Student’s t with N-2 degrees of freedom. The null hypothesis is that there
is no trend, either upward or downward with time, and so a two-tail test is used.

B.1.1.3 The Mann-Whitngy Split Sample Test for Homogeneity

The sample is split into two sub-samples, and ranks assigned. Then the Mann-Whitney U
statistic is defined by the smaller of:

U, = nyn,+n,(n, + 1)/2-R, B.5

n,n,-U, | B.6

or U,

where
n, is the size of the smaller sub-sample
n, is the size of the larger sub-sample
R, is the sum of the ranks in sub-sample n,

For both n, and n, less than 21, the critical values of U have been tabulated which define the
region of rejection. For n, greater than 4 and n, greater than 20, the sampling distribution of
U rapidly tends to normality with

Z = u-n n:_ﬂz..l.Z_
n,.n, N°-N - "
N{n-1) 12

T = (J%-0/12, where J is the number of observations tied at a given rank. The summation
of T is over all groups of tied observations in both sub-samples.

zis an N (0,1) variate and in the applications of the Mann-Whitney test used in this program,
the region of rejection is:

0.05
0.01

z less than - 1.645 for g
Z less than - 2.326 for ¢



B.1.1.4 Runs Above and Bslow the Median for General Randomness

This randomness test is based on the order or sequence in which the individual scores or
observations were obtained. Actually, the test is based on the number of runs which a
sample exhibits. A run is defined as a succession of identical symbols which are followed and
preceded by different symbols or by no symbols at all.

The total number of runs in a sample of any given size gives an indication of whether or not
the sample is random. [f very few runs occur, a time trend or some bunching due to lack of
independence is suggested. If a great many run occur, systematic short-period cyclical
fluctuations seem to be influencing ihe sample.

For example, once the median of the sample has been determined, each observation can be
labelled as being above and equal to or below and equal to the median. If "A" represents
above and equal to the median and "B” represents below and equal to the median, then a
sample may be ordered as:

AAEBEBBABBEBAABA

{A run represents a succession of identical symbols). For our example, each run is
underscored and numbered consecutively:

o

A BB A  BBBB AA
3 5

1 2 4

A

7

This sample begins with 2 observations above or equal to the median, followed by a run of
3 observations below or equal to the median, etc.

Seven runs are observed in all: thatis, the total number of runs above and below the median,
RUNAB, is 7. If n, represents the number of events of type A, then n, = 6. If n, denotes the
number below the median, type B, then n, = 8. Thus, the number of observations is equal
to {n, + nyl.

in order to apply this run test, one must determine n,, n,, and RUNAB. When critical values
from of RUNAB falls between the critical values, H, is accepted. If the observed value of
RUNAB is equal to or more extreme than one of the critical values, then H, is rejected.

The null hypothesis, H,, is that the A’s and B’s occur in random order. The alternate
hypothesis, H,, is that the order of the A’s and B’s deviates from randomness.



When either n, or n, is greater than 20, the sampling distribution of RUNAB tends to normality
with :
z = | RUNAB - [{2n,n,)/(n, +n,)+ 11| B.8
{2n,ny{2n,n;n,-ny) [0y +ny)2(n, +n -1}

where z is an N(0,1} variate. This package uses a region of rejection defined by:

z greater than 1.96 for ¢ = .05.
z greater than 2.575 for a = .01.

B.1.2 Flood Freguency Analysis

Several distributions were fitted to the available Blanche Brook and Harrys River data sets for
comparison purposes, including Generalized Extreme Value Wakeby, Three Parameter Log
Normal (3PLN) and Log Pearson Type Il (LP3). The computer program, CFA-3 (21), provided
by the Water Planning and Management Branch, Environment Canada, was utilized for this
purpose and for computing the 1:20 and 1:100 year flood peaks and the corresponding 95%
confidence limits. Table B.2 presents a summary of the different distributions and the
corresponding standard errors.

For Newfoundland, Poulin (38) recommends the Gumbel distribution be used. This distribution
has fixed coefficients of skew and kurtosis of 1.14 and 5.4 respectively. The Blanche Brook
and Harrys River data set was found to have coefficients of skew and kurtosis of 1.23 and
5.62 respectively which tend to agree with the use of the Gumbel distribution.

The coefficients of skew and kurtosis for Blanche Brook were found to be equal to 1.35 and
6.21 respectively that also tend to support to use the Gumbel Distribution. The Generalized
Extreme Value distribution includes the Gumbel Distribution as a sub-class of EV family which
refers to EVI distribution and has a k parameter equal to zero. The fitted k parameter of GEV
distribution for station 02YJO0O1 and 02YJ0OO0O2 are equal to -0.07 and -0.12 respectively
which are close to zero and then the distribution obtained may be viewed as Gumbel.

And therefore, the Generalized Extreme Value Distribution is recommended. The GEV
distribution provides second highest flood estimates among the four distribution conservative
from the flood risk point of view. Table B.2 summarizes the flood frequency analysis results
for the four distributions.

Comparison of the flood frequency analysis results indicated that the Wakeby distribution
provides extreme high estimates for peak flows, both for 02YJO0O1 and 02YJ002, than the
other frequency curves. It is very unlikely that the Wakeby distribution is the right parent
frequency curve to fit the data sets.



B.2 Regional Flood Flow Estimates
B.2.1 Regional Flood Frequency Analysis by the Method of

Department of Environment and Lands
The regional flood frequency equations developed by the Department of Environment and
Lands in 1990 have been applied to estimate the peak flows for the study areas. The study
areas are located within southwestern region of Newfoundland. The regression squations
suitable for this region are:

log,, QP = 1.315 + 0.821 log,, DA - 3.623 log,, LSF B9

where:

QpP; = The annual maximum instantaneous flow with recurrence interval of T years
{m3s).

DA = The drainage area (km?)

LSF = Lakes and swamps factor (dimensionless) Table B.1 presents the parameters

determined to compute the peak flows for the subwatersheds. The results are
summarized in Table B.3 and B.4.

It is concluded that the estimates provided by this method for the 1:100 year flood give
reasonable predictions compared with the OTTHYMO simulation results and the single station
fiood frequency analysis using the flood records at the gauge location at Blanche Brook.



B.2.2 Canada-Newfoundland Peak Flow Estimates

The sub-committee on "Flocod Frequency Analysis” consisting of Federal and Provincial
members has derived Regional Flood Flow regression equations for the Island of
Newfoundland. The regression equations for Southern Newfoundland are based on using
available records at hydrometric stations with at least 10 years of record and take the
following form:

log,o QP4 = -3.7581141 + 0.84990968 log,, DA + 2.360446 log,, MAR
- 1.5247540 log,, ACLS - 1.6244318 log,, SHAPE B.11
l0g,p QPyge = -3.5915295 + 0.81413934 log,, DA + 2.4090173 log,, MAR
- 1.6223283 log,, ACLS - 1.4277436 log,, SHAPE B.12
where
arp, = annual instantaneous peak flow with a recurrence interval of T

Years {m3/s).

ACLS = area controlled by lake and swamp (% of drainage area) as
determined from 1:50,000 NTS maps using criteria that lake or
swamp with surface areas at least 1% of the drainage area to
the lake or swamp outlet controls the area to the outlet.

SHAPE = (0.28 x basin perimeter) / DA {1/km} from Chow’s Handbook on
Hydrology.

.MAR = Mean Annual Runoff (mm) over the area.

DA = Drainage area (km?).

Table B.3 presents a summary of flood estimates calculated using this method.

It has been found that the flood flow estimates are fairly sensitive to parameter errors. For
example, if a 10% error is assumed for each of the parameters individually, the following
changes occur in QP,,, for Blanche Brook at the hydrometric station:



+ Change in Parameter Produces Following Change

DA +8%, -8%
MAR +26%, - 22%
ACLS -14%, +19%
SHAPE -13%., +16%

It is evident from the sensitivity analysis that the peak flow estimates by this technique are
most sensitive to variations in the MAR and ACLS parameters. It can generally be assumed
that ACLS can be estimated with fairly good accuracy (i.e., better than 10%) from
topographic information. However, estimates of MAR {index of mean annual runoff) were
provided by Environment Canada according to mapped values in order to improve estimates
due to the short record length at the gauge |location.

B.2.2 Regional Peak Flow Estimates by Poulin’s Method

A secondary check on the new regional flood flow estimates was obtained by utilizing
eguations derived by Poulin {38}). These equations were derived for Newfoundland using data
up to 1969 and are based on a Gumbel frequency distribution. This technigue is similar to the
recent regional analysis but is somewhat out of data due to the shorter period of record used
in the analysis.

The equation used to compute the return frequency flood estimate first requires the estimation
of the mean annual flood {(MAF) which constitutes a 1:2.33 year flood based on a Gumbel
distribution. the mean annual flood is then multiplied by index factors to obtain the desired
flood frequency estimate. The MAF is computed as follows:

MAF = C (DA/2.59)* (MAR/25.4)" (ACLS)® {SLOPEx10E4)* B13
where

DA = drainage area

MAR = mean annual runoff

ACLS = percentage of the drainage area controlled by lakes or swamps

SLOPE = Channel slope in % (Note: 10E4 = 10%)

a = 0.992562



b = 1.07620
c -1.08832
d = 0.24023
C = 5.563

Based on the physiographic parameters derived for Blanche Brook, the mean annual daily flood
was calculated to be 49.4 m?/s at the gauge. Index factors of 2.72 and 3.49 were then
determined to calculate the 1:20 and 1:100 year floods which are presented in Table B.5.
Since this regional technique was derived for calculating mean daily flow rates, it was
necessary to make an adjustment to instantaneous flows for comparison purposes. Based on
a review of historic flow records, thé ration of maximum instantaneous 1.60 and was used
in adjusting the mean daily values.

It is evident by comparisons with other flood estimates that the Regional flood estimates by
Poulin’s method are somewhat different, although tending to confirm the CFA-3 estimates.
The differences are attributed to the fact that the equations were derived based on a very
limited data base and have been applied outside the range of their applicability, and due to the
different frequency distributions underlying the two analyses.

Comparisons between the estimations made by the regional flood equations and by the new
flood frequency analysis indicated that the floods estimated by flood flow frequency analysis
provide much higher estimations for peak flows for Gauge 02YJ002. The OTTHYMO model
gives similar peak flow estimations with the frequency analysis resuits. This indicated that
the flood regional equations should be updated to reflect the new information on the flood
flows records.



Table B.1

Comparison of Meteorologic and Physiographic Characteristics
for Blanche Brook, Cold Brook, Gaudons Creek and Harrys River Watersheds

" Units | ”'l-_l'ar_rys : Blanche : Gaudons ol i Brook

b River |- Brook - Creek s

Drainage Area - to gauge . km? 640 117 16.4 21.3
- to culvert km? 834 118.6 - --

% Forest % 70 84 - -
Average Yearly Precipitation mm 1679 1166 1166 1166
Average Yearly Temperature °C 3.5 4.8 4.8 4.8
Area controlled by swamps % 75 60 51 54
Mean Annual Runoff mm 1320 1100 1100 1100
Shape - - 1.68 1.57 1.54
LSF - - 1.60 1.51 1.54




Table B.2
Summary of Flood Frequency Analysis
for Station 02YJ001 and 02YJ0OO2

Peak Flows (m?¥/s)

wh Type of Distribution

: % . Return | G. Extreme Log Log | Wakeby

ul Period Value Normal | Pearson
02YJ0OO1 1:2 303 308 308 304
Harrys River below Highway 1:5 414 417 414 402
Bridge 1:10 492 490 485 484
1:20 571 560 5563 573
1:50 678 652 643 705
1:100 763 722 711 815
02YJ002 1:2 69 69.8 70.1 69.2
Blanche Brook near 1:5 101 103 101 97.6
Stephenville 1:10 125 126 123 122
1:20 150 150 145 150
1:50 186 183 175 193
l 1:100 216 208 198 231




Table B.3

Comparison of Peak Flow
Estimates on Blanche Brook*

e Maximum l_n&tah_taneous FlowT
_ Hydrologic Flow Rate (m®/s
~* Estimation Method Recurrence Interval - Years)
1:20 1:100
: :
*
Regional - DOEL** 185.6 229.0
Regional - CNFDRP 126.1 162.8
Regional - Poulin®*** 134.3 172.2
OTTHYMO Model 149.6 209.3
Flood Frequency Analysis 180 216
{Gumbel Distribution)

* At gauge location

LR

DOEL - Department of Environment and Lands

*** Peaking factor of 1.6 applied to mean daily Q to yield maximum instantaneous

tlow rate.



Table B.4

Design Flow Estimates Using Regional Equations

Drainage DOEL METHOD * CN-FDRP Method Poulin’s Method OTTHYMO
Araa (km?) (/o) {m?/e) - (] (m%fe]
: 1 1:20 1:100 1:20 | 1:100 | 1:20 1:100
Blanche Brook 118.6 185.6 229.0 126.1 162.8 134.3 172.2 149.86 209.3
Cold Brook 21.3 §3,2 87.3 40.2 54.8 45.8 58.5 39.8 47.9
Gaudons Creek 16.4 48.1 88.7 34.% 48.0 37.7 48.3 43.8 80.0
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Appendix C

Flood Frequency Analysis Results
Harrys River and Blanche Brook







WSC STATICN NO=02YJ001
WSC STATION NAME=HARRYS RIVER BELOW HIGHWAY BRIDGE

MONTH YEAR DATA ORDERED RANK FROB,  RET. PERIOD
(1) (2) (3 (43 (51 (&) (7)
(%) (YEARS)
5 1969 436.000 &88.000 i 2.48 40.333
5 1970 281.000 565.000 P &6.61 15.125
i0 1971 183,000 442,000 3 10.74 %.308
B 1973 688,000 436,000 4 14,88 6,722
11 1974 326.000 430,000 3 19.01 5,261
12 1975 430.000 402.000 6 23.14 4.321
11 1976 37%.0C0 379.000 7 2v.ev 3.667
12 1977 300.000 350.000 & 31.40 3.184
<) 1978 340.000 340.000 @ 35.54 2.814
1 1979 244,000 328.000 i0 39.67 2.521
1 1980 442.000 326.000 1i 43.80 2.283
4 1981 187.000 306.009 12 47.9% 2.086
4 1982 281.000 300.000 13 52.07 1.9
1 1983 306.000 285.000 14 56.20 1.779
5 1984 235.000 281,000 15 60,33 1,658
6 1985 402.000 281,000 16 &4, L6 1.55%
4 1986 145,000 268,000 17 68,60 1.458
9 1987 256.000 261,000 18 72.73 1.375
i1 1288 268,000 256,000 19 76.84 1.301
8 1989 328.000 244,000 20 80.99 1.235
12 1990 565,000 208.000 21 85.12 1.175
9 1997 261.000 187.000 22 89.26 1.120
5 1592 285.000 183.000 23 93.39 1.071
5 1993 350.000 165.000 24 97.52 i.025



--- SPEARMAN TEST FCR IKDEPENDENCE ---

G2vJa01 HARRYS RIVER BELOW HIGHWAY BRIDGE
ANNUAL MAXIMUM DAILY FLOW SERIES 196% 70 1993 DRAINAGE AREA = 640.0GG0C

SPEARMAN RANX QRDER SERIAL CORRELATION COEFF
CORRESPONDS TQ STUDENTS T
CRITICAL T VALUE AT S% LEVEL

- R - - -

-.158 D.F.= 20

-4

725 NOT SIGNIFICANT
.528 NOT SIGHIFICANT

I TR
N e

Interpretation: The null hypothesis is that the correlation is zero.
At the 5% level of significance, the correlation is not significantly

different from zero. That iz, the data do not display significant
seriatl dependence,

--- SPEARMAN TEST FCR TREND ---

02vJ001 HARRYS RIVER BELCW HIGHWAY BRIOCGE
ANRUAL MAXTIMUM DAILY FLCW SERIES 1969 TO 1993 DRAINAGE ARCA = 640.00C0

SPEARMAN RANK ORDER CCRRELATION CGEFF = 136 D.F.= 22

CORRESPONDS TO STUDENTS T = 741
CRITICAL T WALUE AT S LEVEL = 2.6/4 RDT SICHIF!ICAN]
- - - ER VA = 2.819 NOT SIGHIFICANT

Interpretaticn: The null hypothesis is that the serial(lag-one) correlation

is zcro.

At the 5% level of significance, the correlation is rot significantly
different frem zero. That is, the data de not disploy stgnificant
trerd.

- RUN TEST FOR GENFRAL RANDCMNESS ---

07YJ001 HARRYS RIVER BELCHW NIGHWAY BRIDGE
ANKUAL MAXIMUM DAILY FLOW SERIES 196% TO 1993 DRAINAGE AREA = 640.06000
THE MUMRER CF RUNS ABCYE AND BELCW THE MEDJAN (RUNAB) = 15
THE KUMBER OF OBSERVATIONS ABOVE THE MEDIAN(NI1) = 12
THE MUMBER OF OBSERVATICNS BELOW THE MEDIAN(NZ) = 12
Range at 5% level of significance: &. to 18. KOT SIGNTFICANT

Interpretaticn: The null hypothesis is that the data arc rondem.

At the 9% tevel of significance, the null hypothesis Copnot be

rejected. That is, the sample is significantly random.



© MANN-WHITHEY SPLIT SAMPLE TESY FOR HOMCGENEITY ---

)2y JO01 HARRYS RIVER BELOW HIGHWAY BRIDGE
SHNUAL MAXIMUM FLCYW SERIES 1969 TO 1993 DRAINAGE AREA= 640.0000

SELIT BY TIME SPAN, SUBSAMPLE 1 SAMPLE SIZE= 12
SUBSAMPLE 2 SAMPLE SI1ZE= 12

MANN-WHITHEY U = 55.5
CRITICAL U VALUE AT 5% SIGNIFICANT LEVEL 42.0 NOT SIGNTFICANT
- - - - - 1% - - 3.0 ROT SIGNIFICANT

"

Interpretation: The nult hypothesis is that there is no

locatien differcnce between the two samples.

4t the 94 level of significance, there is no significant
location difference between the two samples. That is, they

angear to be frem the same population.
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FRECUEKCY ANALYS]S - GENERALIZED EXTREME VALUE DISTRIBUTION
02YJ001 HARRYS RIVER BELCW RIGHWAY BRIDGE

MEAN
X SERIES 328.792
LN X SERIES 5.734

L-MCM RATIO 328,792

X{MINY= 145.000
X{MAX )= 46B3.000

SAMPLE STATISTICS

S.D.
122.685
.357
66,545

LCwER CUTLIER UIMIT OF X=  128.286

c.v, c.s, C.x.
373 1.233 5.617
.062 .0B% 3.805
.202 .210 .230

TOTAL SAMPLE SIZE= 24
KO. OF LOW CQUTLICRS= 0
NO. COF ZEROD FLOWS= 0

SOLUTION OBTAINED WIA L - MCMENTS

GEV PARAMETERS:

RETURN
PERIC)

1.003
1.050
1.250
2.000
5. {00
10.400
20.100
50. 000
700.000
200,000
500,600

U= 269.40

91.744 K= -.067

v

FLOCD FREQUENCY REGIME

EXCEEDANCE
PROBABILITY

.997
.852
.800
.500
.200
100
.050
.020
.010
.005
.coz2

FLCCD

s
171
226
303
L4
492
571
678
763
852
9Y5



Flood Frequency - Generalized Extreme Value Distribution
02YI001 HARRYS RIVER BELCYW EIGHWAY EBRIDGE

E'JD Parametiers Estimated by L — Moments
i
u
b
W
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&

b

o

vl

1.003 105 1256 2 5 10 2D 50100 500

Recurrence Interval in Years
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FREQUENCY ANALYSIS -

02¥Joa1 HARRYS RIWER BELOW HIGHWAY BRIDGE

MEAN
X SERIES 328.792
LN X SERIES 5.734
LN(X-A) SERIES 5.667
A(MIN)= 145.000
X{MAX Y= 488,000

SAMPLE STATISTICS

S.D. C.V.
122.685 .373
357 L0862

. 383 ,068

LCWER CUTLIER LIMIT QF X= 128,286

c.

1.233
.0B9

.0

TOTAL &A%

SOLUTION OBTAINED VIA MAXTMUM LIKELIHCIOD

3LH PARAMETERS:

KETURN
PERICD

1.003
1.0580
1.250
2.000
5 .GO0
.000
20.000
50.000
100.000
200.06G0
50G.000

A= 20,448 M= 5,661

FLCZD FREQUEKCY REGIW

EXCEEDANCE
PROBABILITY

.100
050
.02o0
.010
.005
.00z

\E

FLGZD

127
172
279
308
417
490
560
&52
722
792
887

5.

04

THREE-PARAMETER LOGNCRMAL OISTRIBUTICON

C.X.
5.617
3.80%
3.81%

PLE SIZE- 24
HO. OF LGW CJUTLIERS= 0

5=

.383

NO. OF ZERO FLCWS= U



Flood Frequency - Three Parameter Lognormal Distribution
0ZYIDOL HARRYS RIVER BELOW HIGHWAY BRIDGE

ﬂc Paramelers Estimated by Maximunm Likelihood
-—l
@
b
[
3
d - _
2
(&)
*
o0
o S —
1D03 1056 1256 2 b5 {0 20 50100 500

Kecurrence Interval in Years
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FRECUENCY ANALYSIS - LOG PEARSON TYPE 111 DISTRIBUTION
02vJoo1 HARRYS RIVER BELCH HIGHWAY BRIDGE

MEAN

X SERIES 328.792
LN X SERIES 5.734

X(HIN)= 145.000
X{MAX)= 688,000

LCHER CUTLIER LIMIT OF X=

SAMPLE STATISTICS

5.D. [ C.5. C.K.
122.685 .373 1.233 5.617
.357 062 .089 3.805

TOTAL SAMPLE S12E= 24
KO, OF LCW OUTLIERSS 0
128.286 WO, OF ZERO FLOWS= 0

SOLUTION CBTAINED YIA MAXIMUM LIKLELIRCID

LP3 PARAMETERS: A=

RETURN
PERICD

1.003%
1.050
1.250
2.000
5.000
10.000
20.000
50.000
100.000
200,000
500.000

AOTE-DY B 615.2 LOG{M)= -2.924

o= L53740-M

FLOOD FREQUENCY REGIME

EXCEEDANCE FLCZD
PROBABILITY

el 122
.952 A
L8000 230
500 308
200 414
. 100 485
.050 553
.020 6463
.010 11
.05 780
002 aré



Flood Frequency - Log Pearson Type [UI Distribution

02YIO01 HARRYS RIVER BELOW HIGHWAY ERIDGE

C“JD Parameters Esfimated by Maximum Likelibood
i
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b
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e
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o2

[}

vl

1.003 1.05 125 2 5 10 20 50100 500
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FREQUENCY ANALYSIS - WAKESY DISTRIBUTICON

geyJom HARRYS RIVER BELOW HIGHWAY BRIDGE

MEAN
X SERIES 328,792
LN X SERIES 5.734

L-MCM RATIO 328.792

K(MIN)= 145.000
X{MAX) = 688.000

LCWER CUTLIER LIMIT OF X= 12B.2856

THE FOLLCWING WAKEBY PARAMETERS WERE OGTAINED VIA L-MOMENTS

SAMPLE STATISTICS

S.D. C.V.
122.685 373
357 .062
66.545 .202

.5,
1.233
.089
.210

C.x.
5.617
3.805

.230

TOTAL SAMPLE SIZE= 24
NO. OF LOW CUTLIERS= 0

= 96,513 A= 140.838 8= 9.02 C=

RETURN
FERICO

1.003
1.05%0
1.250
2.000
5.000
10.00G
20,000
%0.000
100.000
200.000
560.000

.tﬂ

FLOOR FREQULNCY REGTI®E

EXCEEORNCE
PROBABILITY

T
.952
L800
.500
200
100
.050
.020
.C1a
.005
.002

716179

FLCSD

m
151
239
304

HO. OF ZERD FLOWS= 0

e



Flood Frequency - Wakeby Distribution

0Z2YID0L HARRYS RIVER BELOW HIGHWAY EHRILDGE

“"Q Farameters Estimiated by L — Moments
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WSC STATICN NG=02YJ002

WSC STATION NAME=BLANCHE BROOK NEAR STEPHENVILLE

':1~OC3:OI'-0*C‘-9@

w1

YEAR

(2)

1978
1979
1980
1981
1987
1983
1984
1985
1984
1987
1988
198%
1991
1992
1693

DATA

(3>

34.200
112.000
71.700
58.600
£5.600
88_900
4£3.400
70,500
58.700
120.000
6% . 000
173 0060
$2.500
84.500
27,000

173.
120.
ne.
500

88

84,
82.
700
70.
&5,
65.
58,
58.
43,
35.
32.

Al

0co
Qo0
000

500
000

500
600
000
700
6o
400
200
500

RANK

(53

oo Y —

o~

PROB.

10,
17.
23.
30.
36.
43,
50.
56.
63.
8
b,
a2.
&89,
6.

(6)
€3

.99
53
1"
68
26
84
42
o0
58
14
I
32
By
47
0%

RET.

(
Y

i~
[N B Y R T s T

NG

PERICD
7)
EARS)

.333
.500
.B4s
222
L3504
AT
.303
.000
LY
.083
L34
.310
206
.18
NUA



--- SPEARMAN TEST FOR INDEPEMNDENCE ---

32YJ032 BLANCHE BROOK NEAR STEPHENVELLE
INNUAL MAXI¥UM DAILY FLOW SERIES 1978 TO 1993 DRAINAGE AREA = 117.0000

SPEARMAN RANK CRDER SERIAL CORRELATION COEFF -.500 D.F.= 1%
CORRESPONDS TO STUDEHTS T =-1.915
CRITICAL T VALUE AT 5% LEVEL 1.796 NOT SIGNIFICANT
- - - 1% - 2.718 NOT SIGNIFICANT

il

I

(nterpretation: The null hypothesis is that the correlation is zero,
A1 the 5% level of significance, the correlation is not significantly

fifferent frem zero. That is, the data do not display significant
serial dependence.

--- SPEARMAN TEST FCR TREND ---

J2Y002 BLANCHE BRCOK MEAR STEPHENVILLE
WRUAL MAXIMUM DALY FLOW SERIES 1978 10 1993 DRAIKAGE AREA = 117.0000

SFEARMAN RANK DROER CORRELATICON CORFF = -.182 D.F.= 13
ORRESPONDS TO STUDENTS T = -.668
CRITICAL T WALUE AT 5% LEVEL =-2.160 NOT SIGNIFICANT
- - % - =-3.012 NOT SIGNEFICANT

[Aterpretaticn: The null hypothesis is that the serial{lag-one) correlation

is zero.

At the 54 level of significance, the correlation is not significantly
hfferent frem zero. That is, the data do not display significant
Srend.

--- RUN TEST FCR GENERAL RANDOMNESS ---

J2vJoo2 BLANCHE 8ROOK NEAR STEPHENVILLE
\NNUAL MAX[MUM DAILY FLOW SERIES 1978 TO 1993 DRAIMAGE AREA = 117.0000

[HE NUMBER OF RUNS ABOVE AND SBELCW THE MEDIAN (RUNAB) 10
THE KUMEER OF CBSERVATICNS ABOVE THE MEDIAN(N1) = 7
THE KUMBER OF CBSERVATIONS BELOW THE MEDIAN(NZ) = 7
dange at 5% level of significance: 4. to 12. NOT SIGHIFICANT

n

Interpretation: The null hypothesis is that the data are random.

At the 5% level of significance, the null hypothesis cannot be

‘ejected. That is, the satple is significantly random,



-- - MANN-WHITNEY SPLIT SAMPLE TEST FOR HGWMGSEKEITY ---

0274602 BLANCHE BROCK HNEAR STEPHENVILLE

ANNUAL MAXIMUM FLCW SERIES 1978 1O 1993 DRAINAGE AREA= 117.0000

SPLIT BY TIME SPAN, SUBSAMPLE 1 SAMPLE SIZE=
SUBSAMPLE 2 SAMPLE SIZE=

o

MANN-WHITNEY U = 18.0
CRITICAL U VALUE AT 5% SIGNIFICAMNT LEVEL = 12.0 NOT
- - - - 1% - - 7.0 NOT

[}

Interpretation: The nutl hypothesis is that there is no

lecation differcnce between the two samples,

At the 54 level of significance, there is no significant
lecation difference between the two samples. That is, they

appear to be from the same population.

SIGNIFiCANT
SIGNIFICANT



FREGUENCY ANALYSIS - GENERALIZED EXTREME VALUE DISTRIBUTION
HBLANCHE BROCK NEAR STEPHENVILLE

G2yJo02
MEAN
X SERILES 77.507
LN X SERIES 4,257
L-MOM RATIO 77.507
X(MIMN)= 32.500
X{Max)= 173.000

LCWER CUTLIER LIMIT OF

X

SAMPLE STATISTICS

S.D. C.V.
36.155 Lhéb
Lh45 .105
19.695 .254

C.s. C.K.
1.346 6.207
086 3.908
.251 266

TOTAL SAMPLE S1Z2E= 15

NO.

OF tOd QUTLIERS= O

= 25.998 NO. OF ZERO FLOWS= O

SOLUTIGN CBTALINED VIA U - MOMENTS

GEV PARAME

RE

TERS:

TURN

PERICO

[V, T NG R

[==

50.
i00.
200.
500,

.003
.050
.250
.090
.000
.060
.000
000
000
000
ooo

u= 59,44 A=

FLOOD FRECUENCY REGIME

EXCEEDANCE
PROBABILITY

L997
.952
.800
.500
.200
.100
.050
.020
.010
L0035
.002

25.397 K= -.120

FLCCD

19.2
33.0
&7.7
69,0
101
125
150
86
216
248
294



Flood Frequency - Generalized Fxtreme Value Distribution

0Z2YI002 HIANCHE HROCHK NEAR STEFBENVILLE
©l Farameters Fstimated by L — Moments

10

Discharge
102
|
|
|
\

ipt

5 10 20 BHO 10D 500

AN

1.003 1.05 125

Kecurrences Interval in Years

0 (at W.':l Softwura Cra 21 tavoloped by Watir Hosouraus Hroonch Fovironnoeal Cepweds




FREQUENCY ANALYSIS - THREE-PARAMETER LCGNORMAL DISTRIBUTION
02rJooz BLANCHE BROOK NEAR STEPHENVILLE

MEAN
X SERIES 77.507
LN X SERTES 4.257
LH(X-A) SERIES 4,126
K(MLN)Y= 32.500
X(HAXY= 173.000

SAMPLE STATISTICS

S.D.
36.155
Lh45
507

LGYER OQUTLIER LIMIT QF X= 25.998

SCOLUTICH OBTAINED V1A MAXIHLM

SLKE PARAMETLRS:

RETLRN
FERICD

1.003
1.05%0
1.250
2.000
5.000
10.400
20.000
50.000
100.000
200.000
500.000

A= 7,856

FL 000 FREQUENCY

EXCEEDANCE
PRCBABILITY

997
Bh2
800
500
.200
.100
.050
.020
.070
.005
.00Z2

C.v.
bbb
.105
123

C.S5.

1.346
.086
-.072

C.X.
&.207
3.908
3.873

TOTAL SAMPLE SIZE= 15
NO. OF LOW QUTLIERS= 0
NO. OF ZERO FLCHS= 0

LTKELTHCCD

M= 4,126

REGIME

FLCCD

23.
34.
48.
69,

103
126
150
183
209
2346
274

il

=]

§=

.507



P

Flood Frequency - Three Paramefer Lognormal Distribution
0ZYIGDZ HLANCHE EBROCK NEAR STEFHENVILLE

ﬂo Paramelers Estimaied by Maximum Likelihood
-l
32
L
=]
59
-
’ |
=]
i

s
\

LDD3 1.05 125 b 1> 20 50100 500

Kecurrence Interval in Years

darulapad by Walss Deooumon Bramah Environmmmt Censde

{ 10 {wt hl Snflwara CFA B1




FRECUENCY ANALYSIS - LOG PEARSON YYPE 111 DISTRIBUTICM
0z2yJooz BLANCHE BROOK NEAR STEPHENVILLE

SAMPLE STATISTICS

MEAN S.D. C.v. c.s. C.K.

X SERIES 77.507 36.155 AT 1.346 6.207
LN X SERIES 4.257 L6455 L 105 086 3.908
X({HIN)= 32.500 TOTAL SAMPLE SIZE= 15
K(MAK )= 173.000 NO. OF LCW CUTLIERS= O
LGCHER QUTLIER LIMIT QF X= 25,998 NO. OF ZERO FLCWS= O

SOLUTION OHTAINED VIA MAXIMUM LIKELIKGZD

LP3 PARAMETERS: A= _214%:-01 B= 392.8 LOG(M)= -4.264
M . T407E-01

FLCCD FREQUENCY REGIME

RETURN EXCELDANCE FLCID
PERICD PRCBABILITY
1,003 L597 22.7
1.050 .9%¢ 34.9
1.250 .800 9.1
2.000 .500 0.1
5.000 .200 101
10.000 . 100 143
20.000 .050 145
50.000 020 175
100.000 _010 198
200.000 L0053 225

500.000 .002 257



Flood Frequency - Log Pearson Type [I Distribution

02YI00Z2 HIANCHE BENCK NEAR STEFHENVILLE

t?: Parameters Estimated by Maximium Likelihood
R ]
.
)
2o
409
o
A
-l
o)
R ]

1.003 1.05 125 2 o 1D 20 50100 500

Recurrence Interval in Years

tewsinper by Weter Hanouwraen Orench Fovoconoimmd Canada

[ 10 (ol % | Softwera (FA A1




FRECUENCY ANALYSIS - WAKEBY DISTRIBUTION
0274002 BLANCHE BROOK NEAR STEPHEHVILLE

SAMPLE STATISTICS

MEAN S.D. C.v. c.s. C.K.

X SERIES 77.507 36.155 LLb6 1.346 6.207

LK X SERIES 4.257 A L3105 .086 3.908
L-¥CHM RATIO 77.507 19,4695 A 251 264
K(MIN)= 32.500 TOTAL SAMPLE SIZE= 15
KAMAX )= 173.000 KO. OF LCW CUTLIERS= O
LOWER CUTLIER LIMIT OF X=  25.%98 NO. OF ZERO FLECWS= O

THE FOLLCWING WAKEBY PARAMETERS WCRE OBTAINED VIA L-MCMENTS

4= 13.750 A= 37.0N 8= 8.57 (= 138.284 D= .181

FLCCH FREZUENCY REGTME

RETURN EXCLEDANCE FLCCD
PERICD PROBASILITY
1.003 997 14.8
1.050 L5592 27.6
1.250 .00 51.1
2.000 .00 69.2
5.000 200 7.6
10.000 100 122
20.000 .050 150
50.009 020 193
100.000 010 251
200.000 .Q0% 275

500.000 .002 338
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Flood Frequency — Wakeby Distribulion
02YJ00Z BLANCHE BROOK NEAR STEPHENVILLIE
Parameters Estimated by L — Moments
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Appendix C.1

Background For
Deterministic Analyses







The following sections provide additional information concerning the methodology applied in
determining the parameters for use in the OTTHYMO model for peak flow estimates.

C.1 Hydrological Input Parameters

In order to assess the response of the watershed to a rainfall event, the time to peak and
recession constant for the unit hydrograph must be determined. The following describes the
various methods used tc develop these parameters.

C.1.1 Time to Peak and Recession Constant

a) The assessment of the time to peak parameter, T, for each subwatershed invoived the
application of the following equation developed for OTTHYMO (44):

T, = 4.63 DA.*?? SLP-*¢ (LY/DA),"™ (C.1)
where:

DA = area of watershed (mi®)

SLP = slope of watershed (ft./mi)

L = length of watershed {mi)
b) The initial determination of the hydrograph recession constant, K, involved the

application of the following eguation as given in the publication on the program
OTTHYMO (44):

K = 27.0 DA .3 SLP-777 (LYDA).' % (C.2)
where:

DA = watershed area {mi?)

L = watercourse length {mi)

SLP = slope of watercourse {ft/mi)

Note: The above equations were originally (empirically) developed using the English system
of units.

The initial parameter estimates are summarized in Table C.1.



C.1.2 Model Calibration

The hydrologic model was calibrated by computing unit hydrograph parameters (k and T ) at
the gauge location and for each subcatchment. [n order to determine the unit hydrograph
parameters of the watershed at the gauge location, the Collins hydrograph deconvolution
method (31) was applied to a number of historical runoff events. This method was selected
asitis one of a few ways to separate a runoff event into a series of incremental hydrographs
which are directly proportional (peak flow rate and runoff volume) to consecutive periods of
varying runoff intensity. the Collins method involves finding a set of coefficients which
describe the unit hydrograph shape by a series of trial and error approximations. The
coefficients of the unit hydrograph were obtained for a number of events which were used
to obtain an average set of values. From the deconvoluted unit hydrograph, parameters K and
T, were calculated directly and compared with the values estimated from equations C.1 and
C.2.

1t was found that the parameter valuas calculated using the empirical equations had to be
increased slightly to match the deconvoluted unit hydrograph characteristics. The
subwatershed unit hydrograph parameters were adjusted accordingly and are presented in
Table C.2.

C.1.3 Soil Cover Complex Number

The soil cover complex number, for each of the 10 subcatchments which comprise the
Blanche Brook watershed, was calculated based on the method outlined by the Soil
Conservation Service (41).

Using the values summarized in Table C.3, weighted curve numbers as presented in Table C.4
were calculated for each subwatershed.

CN numbers for average soil moisture conditions can be converted to the AMC Il condition
{saturated soil moisture conditions) by utilizing the relationships given in Table C.5.

C.1.4 Reservoir Characteristics

As described in the report, Noels Pond was modelled using the storage indication method
available as a subroutine in the OTTHYMO computer model. Field measurements were
obtained for the outlet structuras and topographic maps were used to ¢btain the available
storage.



The outflow/storage characteristics of Noels Pond were obtained from existing 1:12,500 scale
mapping and hydraulic computations for the outlet structure. The preliminary HEC-2
backwater model was utilized to obtain outflow rates from the pond during high flow periods
when the structure operates as a submerged weir. Manual calculations were utilized to
compute outflows during low flow periods.

Based on a raeview of the reservoir operations procedures, the reservoir was assumed to have
the stop logs in place for summer design events (rainfall) and the stop logs removed for spring
design events {rainfall plus snowmelt). Table C.6 presents the outflow storage characteristics
for each condition at the outlet structure.

C.2 Rainfall Analysis

An analysis of historical rainfall events was carried out to determined a temporal distribution
for the design rainfall events. The events selected were recent storms which occurred in the
vicinity of the study area and are representative of rainfall events for Blanche Brook.
Dimensionless mass curves were derived for each storm and an average temporal distribution
was determined.

The resulting distribution was also compared to recent analyses by the Atmospheric
Environment Services {AES) of Environment Canada for the Atlantic Provinces and it was
found that both temporal distributions were very similar. The AES distribution was used to
simulate design events since it would result in slightly more conservative peak flow estimates.
Table C.7 presents a comparison of the two rainfall temporal distributions computed.

Figure C.1 presents the intensity duration characteristics of rainfall {summer and spring) and
rainfall plus melt events. Total precipitation amounts for various storms are also presented
in Table C.8.

C.3 Snowmelt Analysis
C.3.1 Atmospheri¢ Environment Service Snowmelt Analysis

As discussed in the main text, the snowmelt analysis was undertaken using an algorithm
derived from an energy budget method developed by the U.S. Army Corps of Engineers for
forested areas. This algorithm uses recorded meteorologic data to compute various return
frequency snowmelt amounts. It is preferred to use recorded meteorologic data because
major spring runoff events are usually a combination of rainfall plus snowmelt conditions.
Because the meteorologic inputs to such events (rainfall, temperature, snowpack, etc.) are



not mutually exclusive li.e., are somewhat dependent upon each other), their combined
probability is not easily calculated.

Therefore, the rainfall plus snowmelt was established by analysis of available data for the
Stephenville meteorologic station.. This analysis was undertaken by staff of AES and uses
historical meteorologic data to obtain the 1 to 10 day melt plus rainfall totals available for
runoff.

C.3.2 Snowmelt Flow Simulations

The 1:100 and 1:20 year spring snowmelt pius rainfall design events were also simulated with
the OTTHYMO model. Based on the spring snowmelt flow simulations, the 1:100 year and
1:20 year peak flows at the gauge location were computed to be 130.3 m¥/s and 83.8 m?/s
respectively. As discussed in Section 3.0, these spring peak flow estimates were found to
be considerably smaller in magnitude than comparable summer rainfall events (See Table 3.6).
Therefore, it was concluded that summer meteorologic design events should be utilized for
estimating peak design flow rates within the study area.



Stephenville, OTTHYMO Modelling. November, 1995

Table C.1

Basin No. Area Length Slope Tp K- »
: (km?) - (km}- {m/m) {Hour} ki
1011 21.3 12.9 0.018 1.82 1.65 87
1012 25.9 11.2 0.013 2.16 2.09 87
102 15.48 9.75 0.0207 1.65 1.58 87
103 1.16 1.08 0.0333 0.35 0.48 89
201 35.4 12.55 0.0208 2.24 1.84 88
202 9.08 3.72 0.0188 1.15 1.91 92
203 6.89 4.29 0.0334 0.84 0.82 88
204 1.85 1.43 0.0236 0.51 0.71 90
300 1.52 1.59 0.0158 0.59 0.97 91
400 16.4 7.2 0.011 1.81 2.03 88

Parameter values are initial estimates from the empirical equations C.1 and C.2.



Table C.2

Summary of Typical Runoff Curve Numbers

‘ Hydrologic Soil Group* | l

Land Use B BC c co - :
Residential 85 88 20 91 92
Row Crop 71 74 78 79 91
Forest 66 71 77 80 83
Pasture 69 74 79 82 84

Based on Antecedent Moisture Condition |

Source: Reference {41)



TABLE €. 3

Computed Subwatershed Curve Numbers

Sub-Hatershed CH (AaqC 1)
101 73
102 73
103 16
201 75
202 #2
203 75
204 8
300 80

Helghted Average 75

Ch (A=C 111)

87

30
91

83



TABLE C. oy

Relatlonshlp Betwoen AMC I and AMC 11|

Ch

AMC

1

Tiwe gverage condillon
Highest runoff potentiel,
from antecedaal rains

Reference (41)

for
[

00
95
90
85
80
75
70
65
50
55
50
45
a0
15
30
25
20
15

10

5

Sols

Corresponding CH far
MO (T

100
98

sl

I'n the walershed

are

SAluraled



TABLE C,5

Reservolr Characteristlcs

Stop Logs Out Step Logs In
Out flow Storage Outflew Starage
(33/5} {hec-m) (m3743 {hec-m)®
0 0
1.3 a.7 I.0 1.7
3.6 23.3 4.0 3.6
3.9 33,1 7.0 B.2
4,2 35,1 9.5 13.3
4.6 16.8 12.0 14,1
4.9 387 15.0 24 .4
8.0 43.3 17.0 30.7
11.5 48 .4 20.5 7.7
14,3 53.2 24.5 44.6
16.0 59.5 28.0 54 .3
18.0 65.8 31.8 651.7
22.0 72.8 35.0 10.9
25.5 79.7 39.0 75,1
29.0 B9.4 55.0 g1.7
1.0 96.3 4.0 85.9
37.0 10,0
44,5 i,z
£2.0 116.8
71.0 121.0

" Storaqe In heclare-cetres; note that one heclare-metre equals 10,000 m

3
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TABLE C. &
Rafnfall Distridution Comparlson
for the 12-hour Design Storms {a)

(b} Destgn Sterm Distribution  {c} AES 12-hour Design Storm
Distribution (X)
)

fetimated by Analyste

falls over the period

(b)Y Source - Anelysfs of hlstorical rafnfall events by CCL, 1683

[¢)  Source - Analysts by Enviromment Caneds {4)

Tire [hours) of Historfcal Events (4
g -1 3 5
1-2 11 g
2 -3 8 8
K & 10
4 -5 hl 0
5 -4 13 14
6 -7 9 i3
7 -8 13 8
a-9 10 0
g - 10 9 3

16 - N 3 3
o2 1 2
100 Ica
(a)  Percent of total relafall over 12-hour perfod.
Dtstrfoution glven reflects the percentage of Lthe total



Table C.7
Precipitation Summary

Rainfall* {mm) : : j

Return Period : 3| b Rain*
{years) 6 hr. 12 hr. 24 hr. | Melt** (mm)
/ 24 hr. :
2 35.8 44.2 57.1 35.0
5 46.8 55.4 73.9 49.9
10 54.1 62.8 85.1 59.8
25 63.3 72.1 99.2 72.2
50 70.2 79.1 109.7 81.4
100 77.0 85.9] 120.1 90.6

Based on AES analysis at Stephenville meteorological station {13 years data).

L]

Based on AES analysis of meit plus rain events.






Appendix D

Summary of HEC-2 Results
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T1 FLOOD RISK MAPPING STUDY OF STEPHENVILLE, KIPPENS, AND COLD BROOK {NF}

T2 HEC-2 INPUT FILE (H7439100.DAT}, CCL JOB #7439, OCTOBER 1995

T3 COLD BROOK, BLANCHE BRCCK, AND WARM CREEK - 1:20 YEAR FLOOD PROFILE
J1 2 1 1.5

J2 1 -1

J3 38 43 1 4 8 26 51 55 56

Je 1

NC  .035 .035 .033 L300 .500

QT 2 150.0 210.0

*

* STEPHENVILLE, BLANCHE BRCOK
*

* FIRST CROSS SECTION (FROM THE PREVIOUS STUDY)

X1 501.0 17  71.00  98.00 0.0 0.0

GR 10.18 0 10.09 16.00 8.89  18.00 4.89  24.00 3.18  2B.00
GR 3.11 31.00 2,17  40.00 1.64  54.00 0.93 56.00 0.93  70.00
GR 0.88 71.00 -1.36  85.00 0.71  98.00 2.35 100.00 3.13 125.00
GR 3.68 155.00 3.89 185.00

*

* Bl KIN PLACE BRIDGE (NEAR RECREATION CENTRE)

* CROSS SECTICN SBB-1, BLANCHE BRCOK (TRANS 1)

X1 502.1 11 22.58 33.0 146.00 82.00 130.00

X3 1C.0 4,135 4.35

GR 4.3% 0 1.4y 13.09 4,35 22.58 -0.57 23,17  -0.35  26.73
GR -0.37 28.31  -0.55 29.51  -0.71 32.5 4.15 3 4.24  39.81
GR 3.87  50.54

*

X1 502.0 1.00 1.00 1.00

BT 11 0 4.36 4.36  13.09 4,49 1.49  22.58 4.35 4.35
BT 23.17 4.35 3.85  26.73 4.35 3.85  28.31 4.35 3.85  29.51
BT 4.35 3.85  32.50 4.35 3.85 33,00 1.35 4.35 39.81 4.24
BT 4.24  50.54 3.87 3.87

*

X1 502.2 5.00 5.00 5.00

X2 1.00

L]

X1 5023 1.00 1.00 1.00

X3 10.0 A3 4.35%

NC . 035 . 035 035 100 L300

*

* CROSS SECTION BBK-3, BLANCHE BROOK (FROM PREVIOUS STUDY)

X1 503.0 22 103,20 127.70 18.00 18.00 12.00

GR 6.06 0 5.86 4.50 5.75 6.10 5.22 8.40 4.55  16.10
GR3.38  20.00 2.93  50.00 2.60  60.00C 1.88  390.00 1.63 103.20
GR 0.87 104.20 -0.25 116.00 0.87 127.70 2.66 131,80 3.09 152.20
GR 3.7% 157.40 3.95 187.40 3.73 207.60 3.96  210.60 3.85 217.40
GR 3.88 223.00 8.00 241.00

NC 035 035 040

w

* CROSS SECTION SBB-2, BLANCHE BRCOK (TRANS 2 PLUS BEK-4 FROM PREVIOUS STUDY)

A1 504.0 34 152,52 181.21  70.00 265.00 154.00

GR €.93 0 5.61  30.00 4.92  60.00 4.68 90,00 4.87  99.20
GR 4.39 102.60 3.67 114.20 4.27 120.00 3.48 122.20 2.56 125.00
GR 2.16 152.52 1.60 153.21 0.99 154.60 0.63 155.54 0.24 157.51
GR 0.33 158.66 0.60 161.18 0.58 164.68 0.54 167.35 0.51 168.90
GR 0.61 171.C8 0.63 174.05 1.04 174.28 1.16 175.90 3.34  180.41
GR 3.68 181.21 3.65 185,01 2,50 190.78 1.97 196.05 2.03 210.89
GR 2.22 227.38 3.56 258.88 3.43 262.18 5.70 463.28

NC  .035 .035 L0332 .200 .500
*



* CROSS SECTION SBB-34,

X1
GR
GR
GR
GR
GR

*

* CROSS SECTION

X1
GR
GR
GR

GR
*

*
*

* CROSS SECTION SEB-1,

X1
GR
GR
GR
GR
%

505.0
.45
.62
.40
.62
.41

Lt o O

506.0
7.15
2.67
1.41
5.64

>

STOP

507.0
V27
.54
S 4

B R

DS =]

* CROSS

X1
GR
GR
GR

GR
*

* CROSS SECTION SEBR-5,

SR80
6.87
5.00
FoEy
5.62

X1 509.0
GR 9.21
GR 5.83
ZRO4.20
GR B.24
*

o 2
* B2

X1 510.1
X3 10.0
GR 10,00
GR (.88
GR  8.04
GR  7.2%9
GR  7.:293
GR  8.20
SE  1.05%
Ed

X1 510.0
X2

X3 10.0
BT 29.0
BT 230.0
BT 7.09
BT &.00
BT 452.73
BT 8,17

SECT

HERE

BLANCHE BROOX (TRANS 3A)
21 50.93 57.11 100,00 165.00
0 4,46 17.15 2.23 20.41
39.22 0.90 50.93 0.72 52,61
56,07 0.91 57.11 1.08 57.48
64 .55 5.00 65.06 4.95 68.82
580,88
EBB-3, BLANCHE BRCOK (TRANS 3)
18 29.56 39.41 220,00 285.00
] 7.08B 3,%9 7.00 18.46
26.16 2.63 28.27 2.11 29.56
214 .%50 1.99 A7.34 2.09 39.41
56.15 8.50 61.41 7.34 97,84
BLANCHE BRCOK (TRANS 4)
19 25.58 41,09 270,00 320.00
0 7.01 2,09 G.57 4,58
18.71 3.39 25.58 NS 31.32
39,59 3.10 40.93 .3.46 41.09
49.29 773 59,63 6,432 67,37
TICH SEER-4A, BLANCHE BROOK (TRANS 4A)
7 46,98 57.34 200.00 220.00
i) 6.76 2.35 €.09 12,345
e 4,15 46.968 1.81 50.48
57,34 4,19 ez e o 4.61 58,89
A8.32 5.65 98 .42
ELANCHE BRCOK ({(TRANS 5)
20 52.96 67.86 1B0O.00 240,00
0 - oy 1.48 7.99 3.99
45.53 5.51 465,95 5.06 52.96
63.92 4,14 G .26 4 .74 66,19
HLRY 7.72 4,973 5,60 50,55
88.0 108,48

2% 452,30

o !
290.00 7.09
440,00 8.17
459,61 .23
468.72 5.24
500.00 B.,23
1,54 1.440
1.00
10.00
G.85 6.85
7.09 350.00
440.00 8.04
8.17 7,29
T.29 460,41

MINMESOTA DRIVE ERIDGE
* CROSS SECTION BBK-7

476

4

320,
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460.
464,
520.

a.

-

!
G B
Wm0

(=
8]
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[FRCM PEEVIOUS STUDY)
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.04

.00
00
20
40
73
0o
00

.00
.00
.31
.04
.60
.17

23

6.

6.

0

452,

oo 70.00
.10 200.00
.31 3%0.00
.29 452.30
.89 460.41
.23 476,013
i.61 560,00
70 1.64
.00 9.00
82
.00 7.10
82 6.82
.31 380.00
20 8.17
.17 7.29
.29 467.87

125.
.88
.53
.46
.55

W Qe

[
o

B =l O

300.
.99
.00
.61
21

=21

L

RN
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.20
.76
.00

-]t n

190
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.71
.83

00

00
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.43
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10
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BT 7.29 468.72 8.18 7.29 468
BT476,04 8.18 7.29 476.90 a.
BT 8.23 8.23 560,00 8.61 8
NC 0.035 0.04 0.04 0.1 0
*

* CROSS SECTION SBB-6, BLANCHE BROOK
X1 511.0 12 41.16 48.14 10
GR 10.23 0  10.44  20.02 8
GR 5.33  41.16 5.07  43.13 4
GR 10.7& 60,55 10.73 TH L HA

*

* CROSS SECTION SBB-7, BLANCHE BRGOK
X1 512.0 15 18.17  40.26 100
GR 7.51 0 7.61 5.88 8.
GR 6.47 18.17 6.08  20.63 6
GR 6.78 40,26 7.99 43,25 7.
*

* CROSS SECTION SBB-8, BLANCHE BROOK
X1 513.0 14 4.40 24,95 125
GR 9.50 0 9.58 2.29 7.
GR 7.79  14.51 7.89  24.95 7.
GR 9.59  45.82 9.06 54,73 9.
* B3 MAIN STREET BRIDGE

* CROSS SECTION SEB-9, BLANCHE BROOK
X1 514.0 13 14.93  47.44 120
X3 10.0

GR 173.49 0 13.24 14.93 10
GR ®.14  29.45 7.81 32.24 7.
GR 10.16 43,15 13,10 47.44 13,
SB 1.05 1.54 1.40 0.00 23,
*

X1l 514.1 9
X2 1.00  13.310 13
X3 10.0

BT  -13 0 13.49  13. 14,
BT 21.77 13.24 12.84 25,
BT 32.24 L3.24 1z 34
BT 40.84 13.24 12,84 43
ET £3.66 13.24 13.24

NC 0.035 0.04 0.04 0.1 0.
* CROSS SECTTON SBE-10, BLANCHE BROOK
X1 515.0 13 14.81  41.37  30.
GR 11.86 0 11.91 7.77 12,
GR 10,04 22,80 10.06 29,72 9.
GR 12.03 55.48 12.72 67.36 12,
* CROSS SECTION SBEE-11, BLANCHE BROOK
X1 516.0 13 12.82 31.51  70.
GR 13.63 D 13.74 £.26 13
GR 10.95 21,27 11.15 25.72 1l.
GR 14.31 53.54 14.81 61.72  14.
*

* CROSS SECTION SEE-12, BLANCEE BROOK
X1 517.0 15  13.81  23.11  95.
GR 14.66 0 14.59 6.45 14
GR 11.82 19.98 12,21  23.11 13
GR 13.58 ©0.97 14 .77 66.58 15
*

* CROSS SECTION SBB-13, BLANCHE BROOK
X1 518.0 12 7.88 23,23 55
GR 16.25 0 16.27 4.17 14

L 73 68.18
18 8.18
.61 590,00
.3

(TRANS 6)
.00 10,00
.70 24,95
.99 45.85
(TRANS 7)
.00 160.00
73 7.74
.49 24.22
57 50.56
(TRANS 8)
.00 100.00
72 4.40
85 32.66
61 82.22
(TRANS 91
.00 140,00
.69 18.75
75 34.463
24 63.66
70 1.64
.00 9.00
.10

93

=i}
15

3

{(TRANS 10)
00 110.00
13 11.26
97 34.63
70 75.35
{TRANS 11)
00 95,00
.54 a.58
16 31.%51
82 68.23
(TRANS 12)
00 80.00
.34 13.073
.03 32.28
.82 81.10
(TRANS 13)
.00 65.00
.51 7.88

110,

118.

130

10

100,

11
11

100
12
13

70
14

.29
.00
.51

.00
.44
.91

.00
.79
.69
.52

.00
.67
.82
.85

.00

.24
LBg
B4

. B4

.00
10.

19

21

G

.53

.62

.00
.03
.95
16,

07

.00
.45

476

3l.
48.

10
29
82

38

13.
L7
.58

21

13.
18,
28
18,
47.

14
41

12.
34,

13

11

.03
.20
.51

76
14

.62
.61
.81

.23
.34
107.

10

24

24
75
45
58

44

.81
.37

a2
56

.81
33,
90.

97
92

.40

@ O

7

o0

11.
13.

11
13

l6e.

14

.18
.20

.53
.10

.89
.55
.39

.73
.73

.24
.66
.11

22
.24
.24
.24
.24

.96
.63

D2
15

.88
.56

05

.73

56

13
34
116

14
40

25,
40.

12,
T
12.
i3,

18.
44 .

16,
16,

16
54
a7

17.

.29
530,

00

!
.44

.82
.96
.11

.03
.57

a4
Bdq
54

10

.76
.91
.47

03



GR 14.72

23,23 14.53 26.25 14
GR 18.45 42,31 18.38 48.94
*
* CROSS SECTION SEE-14, BLANCHE BRCOK
Xl 519.0 13 10.83 28.09 110,
GR 17.38 0 17.56 4.73 17.
GR 14.98 20.33 15.03 24.31 15,
Gk 21.01 39.84 21.93 57.63 21,

*

* CROSS SECTICN SBB-15, BLANCHE BRCOK

X1 520.0 12 13.41  33.72 100.
GR 19.23 0 19.41 6.11  19.
GR 16.82 19.78 16.69  24.88  17.
GR 19.16 65.45 23.41  80.70
X
* CROSS SECTION SBB-16, BLANCHE BROOK
X1 521.0 11 34.91 52,41 130,
GR 20.20 0 21,44 13,19 19.
GR 18.24 38,01 18.01 40.81 18,
GR 20.10 55,96
*
* CROSS SECTION SBE-17, BLANCHE EROOK
X1 522.0 14 18.98 33,14 180.
0 22.33 5.75 21,
18.98 20.34 23,09 20.
G 43.95  22.47 48.05 22,
*
£ CROSS SECTION SBE-18, BLANCHE BRCOK
X1 523.0 13 6.79 21,09 140.
GR 22.85 0 25.21 2.85 22
GR 22.07 17.95 22.21  20.20 22,
GR 23.75  30.96  24.76  34.04 25,
*
* CROUSE SECTION BBK-21 (FROM FREVIOUS
¥1 524 .C 25 124,90 155.20 145
GR 33.7] 0 33.24 10.40 31
GR 31.50 43.80 31.02 €0.00 29
GR 25.65 131.50 25.36 138.60 25
GR 28.01 171.20 28.06 175.70 26G.
GR 28.77 191.00  28.11 196.30 27
GR 29.70 240.00  30.16 270.00  31.
NC 0.10 0.0 0.05 0.50 0.
QT 2 64 .0 7%.0

B4 HANSEN HIGHWAY BRIDGE

*
* CROSS

(ROUTE 460,

R SECTION BBK-22 (FROM PREVIOUS
o s | 23 221.00 242.38 150,
X2 10.0
4R O36.20 0 35,39 30.00 34.
GR 31.83 150.00 31.45 180.00 31.
GR 26.B4 221,01 26 .74  231.70 26,
GR 31.38 262.70 31.329 270.00 31.
GR 30,84 3%0.00 31.12 411.0Q 36,
sB 1.54 1.50 21.
*
X1 5280 10.
K2 1.00 29.74 30,
3 1o0.0
BT 23.0 0 36.20 36,20 30.

.52 29.76
(TRANS 14)
00 110.00
58 6.86
27 28,09
43 65.72

(TRANS 15)

00 120.00
45 8.47
07 33.72
(TRANS 16}
00 150.0C0
44 21.16
01 14.09

{(TRANS 17)

aa 170.00
04 12..87
472 25.20
13 61 .13
{TRANS 18)
00 120.00
T2 6.79
55 21.09
08 29.10
STunyY)
V] 72,00
.85 13,80
.93 20.00
.66 144 .70
74 179.10
.99 210.00
14 300.00
80

11

100.
15.

15

110.
16.
17.

160

17

180.
A
20,
21

130.
22.
22.

32
28
26

26,
27,
31.

.66

0C

74

00

3z

.00
19.
.99

70

Q0
17
59
g

00
30
99

.00

L16
.54
29

44
84
74

10
30

13
38

47.

14
24

13

50

120

150.
.00
.60
.00

180
213
315

FROM PREVIZUS STUDY)

STUDY}

00 40.00
28 =0.00
36 210.00
87 242.37
22 200.00
00 525.00
36

00 10.00
75

00 35 .39

S0.

27

i3,
31.
29,
.93

30

62.

10.

35.

00
21
34
74
44

00

39

29

=]
7

220

242,
330.

31
60,

.98

.83
.59

.41
.54

.95
66

.93

.40
a2,

16

.03
21,

43

.0
L0

.00
00

.4
.00
.90
38
o

34
00

18

15.
15,

16.
.57

18

18

16.

22
24

2B.
.81

31

28,
.00
26.
29.

28

25,
3z,
29.
31,
30.

30
34

.24

33
52

60

.34

30

.17
.06

111

01

74
37

74
41
74
24
78

.78
.28

35,

17.
32.

16.

54

34

52.

15,
27.

34.

124

105,

186

219,

120.
221.
242,
360,

34,

07

91
47

39
.40

.91
41

5,04

.14

50
i 90
20
.40
60

00
o0
50
co

28



BT 90.0 33.21 33

BT 31.45 31.45 210.
BT 29.74 221.01 31,
BT242.38  31.34  29.
BT 31.39 31.39 300.
BT 30.78 390.00  30.
NC 0,10 0.10 0

*

* CROSS SECTION BRK-23
X1 526.0 17 25.
¥4 1.0 25.89  40.
GR 32.36 0 30.
GR 27.09  35.60  27.
GR 30.61  63.20 30,
GR 31.12 201.00 36

NC 0.10 0.10 0.0

*

* CROSS SECTION BBK-24

X1 527.0 15 11.
X3 10.0

GR 3B.88 0 36

GR 29.78 24,20 29

CRk 30,85 A0 s

+

* UPSTEEAM STUDY LIMIT

*

* CROSS SECTION BBK-25

* CROS5S5 SECTION SWC-36,

A1 528.,0
X3 10.0
GR 35.47
GR 35.48
GR: 35551
GR 36.24
NC  0.04
*

* ETEFHENVILI
* JROSS5 5
X1-549.4
GrR 9.21
Gk 5.83
Gk 4.20
GR 8.24
oT 2
i

A1 601.0
GR 7.61
GR:. “5.16
GR 7.59

x

+ CROSE SECTION SWC-21,

X1 &02.0
GR 10.82
GR  5.21
GR 8.21

&

* CROSS SECTION SWC-22,

X1 603.0
GR 7.77

1

Q
27.50
89,90

135,10
0.045

SECTION

=0

y]
45.53
63.92
78.89
73.8

27,

39
34,
A5
35,

0.

WARM C
SEE-5,

L
9.
5.
4,
7.
103

14 13.

0 7.
22.23 5.
53.68 i
14 17,

0 10°
20.68 1.
33.42 7.

12
0

13.
8.

25 24 .04  100.00 759,
38 2,32 5.26 L3.
18 24,64 5.39 2.
20 72.35 6.66 78.
WAEM CREEK (TRANS 21}
32 26.91 90,00 20.
66 2.73 6,86 10.
97 22.00 4.93 23,
a8 36.47 6.49 43,
WARM CREEK (TRANS 22)
15 21,37 120.00 120
46 3.16 8.5%2 10.

WARM CRELK

.21 120.00 32.41 32,
00 31.36 31.36 220,
34 29.74 231.70 31
74 242 .50 31.34 31.
00 31.22 31.22 330,
84 30.84 411.00 31
.04 0.10 0.30

{FRCM PREVIOUS STUDY)
50 63.20 125.00 5,

80
06 1.70 30.06 25,
09 46.00 27.52 48
37 90.00 30.87  120.
.00 316.00
55 0.30 0.50

{(FROM PREVIQUS STUDY)

20 40,70 185.00 105.

.48 4,00 32.48 10.

.98 14.60 30.09 5.
. B4 £3.50 33,22 70,

- BLANCHE BROOK
(FROM PREVIOUS STUDY)

50 89.90 195.00 260.
17 8.20 35.47 13
42 55.10 33.43 57.
40 102.50 35.15 117.
67 147.50 36.67 177
04 0.30 0.50
REEK

BLANCHE BROOK [(TRANS 51
9& G7.86

12 1.48 7.99 3
51 46.95 5.06 52.
16 66.26 4.74 66
72 &4.93 5.60 90,
7

41
90

.34

34
00

.12

00

50

.00

oo

00
00

70
nn

00

.50

50
50

.50

.99

26

.39

55

00
25
G4
22

00
59
64
21

.00

28

150
31
29.

262,
30
31

24
28.
27,
30

170.

31.
31.
3z,

245,

34
33
xL-

[S2 I I =

105,
5

.00
.34

70

.93
.12

.00

13
72

.78

LI

PEN,
NN

00

.37
.47

0

.54
.71
.06
.47

(ELANCHE BRCOK TRANS

00

07
.59
.17

L00
.61
.41
.56

00

.90

31
31
242
31

0.
.00

525

30.
51.
150.

31.
11.
a0,
100.

35

123

25

36

15,
.09
93,

kRS

14
26
54

10.

.83
.34
.37
.38

g3

00
20
00

22
20
70
00

.48
159.
69,
.50

30
70

L9
57.
67.

105.

73
86
88

28

il

.70
.91
.49

B2

al.
221.
.34
.38

31
31

360.
.00

36

27.
30.
0.

31.
29.
31.
40.

35
a5
33
34

[EaRE N |

9

83
00

00

50
07
84

97
88
05
00

.51
.37
.82
.74

L4 6
.43
.84
.35

.05
.08

.62
.90

.80

180.
31.
29,

270.
30.
36,

31.
60.
180.

14.
42,
100.

22.
.50
131.

g7

34

19.
a7,

17

11.

00
34
74
00
78
00

80
00
00

20
80
10

30

00

.45
61,
72.

124,

53
83
54

.32
30.

89

13



GR 6.69 13.15 6.27 15.47 6.44 17.84 6.78

GR 7.59  43.2) B.44  63.06

*

* BS5 CAROLINA AVENUE BRIDGE

*

* CROSS SECTION SWC-3 (FROM PREVIOUS STUDY, SECTION 223)
X1 604.1 19 135.50 145.68  40.00  50.00  §0.00
X3 10.0

GR 10.00 0 5,30 30.00 8.79 60,00 8.175
GR 92.50 135.00 B.58 135.50 6.55 135,51 6.30
GR 8.58 145,68 3.51 146.00 9.45 150.00 8.94
GR 8.72 240.00 $.32 270.00 10.71 300.00 11.70
*

A1 604.0 2.00 2.00 3.00
BT 19.00 0 10.00 10.00  30.00 9.30 9.30
BT 90.00 B.75 §.75 120.00 9.26 $.26 125,00
BT 9.50 B.58 135.51 9.50 B.58 140.59 9.50
BT 8.58 145.68 9.51 8.58 146.00 9.51 9.51
BT180.C0 B.94 8.94 210,00 8,135 8.35 240.00
BT 9.32 9.32 300.00 10.71  10.71 330.00 11.70
*

41 €04.2 5,00 5.00 €.00
e 1.00
E's

%1 60473 2.00 2,00 3.00
X3 10.0

*

t CROSS SECTION SWC-4 (FROM PREVIOUS STUDY, SECTION 224)
X1 604.4 2B.00 102,60 134.20 &5.00 25.00  38.00
GR 10.0C4 0 9.10 23 Y 9.57 4.60 8.61
GR 8.17 58.90 11,08 65.50 13.09 75.10 13.79
GR 13.70 B5.30 12.41 90.00 9.29 102.60 B.11
OR  6.83 124,20 7.10 129.10 8.86 134.20 8.10
GR 8.29 160.60 8.20 1B80.00 8.12 208.70 8.55
GR 8.69 232.50 R.57 238.70 11.70 316.00

*

* CROSS SECTION SWC-23, WAREM CREEK {TRANS 23]

%1 605.0 a 4,60 16.43  50.00  70.00  60.00
GR 8.45 0 9,14

235 T 4.60 7.34
9.

GR 9.22 20,24 10,65 29,90 TEAR 38.24
*

* CRCSS SECTION SWC-24, WARM CREEK (TRANS 24)

X1 606.0 11 27.24 316.30 90.00 100.00 90.00
GR 10.623 1 10.53 25.83 9.8¢6 27.0% 8.44
GR  7.87 32.88 g.09 16.30 3.88 36.40 10.68
GR 12.0¢ 66 .50

*

* Bh MISSISSIFRI DRIVE BRIDGE

21.

0.
140.
180.
330,

60

150

11

30,
7.
B0
1359,
210.

112

[\e]
~d

40

* CRCSS SECTION WC-6 (FROM PREVOUS STUDY, CROSS SECTION 226}

X1 eD7.1 18 B3.00 92.1¢6 L, G0 10.00 10.00
X3 10.0

GR 11.87 0 11.24 4.50 10.94 210,040 1ik.36
GR 10D.09 48 .60 10,38 50,00 10.55 57,50 ix.e6
GR 8.18 83.01 4.36 §7.58 8.43 92.1% 9,59
GR 10.92 117.540 10.93 147.50 11.65 175.60

SE 1.a0 1.50 9.14 15.14
*

X1 607.0 10.50 10.50 10.50
X2 1.00 9.98 10.0%

X3 10.0

(X s =
D

10

37

o oo
o O o X

.00
.50
.58
.00
.72
.70

L

o0
40

60
oo

E A

724
.04

.58
o

90
.16

.09

7.

(el

Do,

10.

r 0 ~] W (o

58

.35

.26

gL

.35

.78
.50
.67
.45
L2

.B7
LTS
0B

L0

.41

.95
.11
98
10,

T2

31.

120

81.

121

20.
.06

56

57.

& .47

.00
145,
210,

a7
00

.79
.50
.51
.45
.00

00
90

.30
150.
228,

(o] o]
40

25

.00
.00
2.20



BT 18.00 0 11.87% 11.87% 4.50 11

.24 11.24 30.00
BT 46.10 10.36 10.36 48,00 10.11 10.11 48.60 10.09
BT 10.38 10.38 57.50 10.55 10.55 82.90 10.66 10.66
BT 9.98 83.01 10.66 9.98 B7.58 10.68 9.98 92,15
BT 92.16 10.72 9,98 92.20 10.72 10,72 117.50 10.92
BT 10.93 10.93 175.60 11.65 11.65

NC  0.04 0.04% 0.04 0.10 0.30

r

* CROSS SECTION WC-7 (FROM PREVOUS STUDY, CROSS SECTICN 227)

¥1 607.2 19 101.30 116.60 10.00 18,00 5,00

XA 1.0 10,64 50.00

GR 16 .80 0 10.5%6 52.00 10.94 55.00 10.98 66.00
GR 10.34 97.30 10.22 101.30 8.55 104.70 8.28 108.10
GR 10.01 116.60 10.38 130.20 10.44 133.50 12.41 148.20
GR 12.98 172.00 12.71 180.80 12.61 187.00 12.54 191.490
NC 0.06 0.095 0.045

-+

* CROSS SECTICON WC-8 {FROM PREVOUS STUDY, CROSS SECTION 228)

X1 607.3 20 76 .00 99.20 20.00 40.00 34.00

GR 12.12 0 11.48 4,00 11.43 28.00 10.55 30.00
GR 11.07 33,00 11,27 40.00 11.17 45,00 10.50 53.00
GR 11.46 67.40 5.75 71.10 19,35 76.00 9.23 TE.60
GR  $.18 87,00 9. BD 92,20 12,68 97,20 14 .48 949,20
>

* NI 4.00 0.035 23.30 0.095 57.40 0.04 65.8 0.095
LS

* CROSS SECTION SWC-26, WARM CREEK (TRANS 26)

X1 €08.0 11 13.57 27.66 112.00 110.00 115.00

GR 11.91 0 11.70 3.54 10.86 5.92 11.11 12.67
GR 9.76 15.432 9,94 17.68 9,90 20.46 10,23 24 .64
GR 14.83 37,340

*

* CROSS SECTION SWC-27, WARM CREEK {(TRANS 27}

X1 609.0 13 23.07 34,91 240.00 220.00 200,00

GR 15.66 0 Td . T1 13.33 13.56 21.32 12,86 23.07
GR 12.53 a4 124.54 31 .15 12.886 34 .31 13.42 PG, 3%
GR 13.47 44 Z0.50 5, 57 21.08 63.74

»

# Wi WEIR ON WARM CREEK NEAR TRANSFORMER SUB-STATION

*

* CROSS SECTION WC-11 (PREVIOUS STUDY, SECTICN 2211)

*

®1 610.1 16 54.50 73.51 35,00 25,00 25.00

X3 10.0 14 .06
GR 19.82 0 16.83 21.00 17.61 27.40 17.50 i5.10
GR 16.50 45.50 14.99 49.20 15 .30 54 .50 14.53 E0.70
GR 15.494 &7.10 14.06 67.11 14.07 73.50 15.44 73,51
GR 1B.70 78,60

SR 1.50 1,10 19,01 0.001

*

X1 610.0 3,00 3.00 3.00

X2 1.00 14,06 14.47

¥3 10.0 15.10
BT 16.00 ) 15.82 19.82 21.00 16.83 16.8% 27,40
BT 35.10 17.55 17.50 38.60 17.00 16.72 45.50 16.59
BT 15.10 14.99 54 .50 15.239 15.30 60.70 14.53 14.53
BT 15.94 6£7.10 16.02 15.96 67.11 14.85 14.06 73.50
BT 73.51 15.46 15.46 75.00 16.30 16.04 78.60 18.70
NC 0.05 0,070 0.040 0.10 0.30

*

10

12.

0.
i0.

14,

10.
10.

14

16,
2. 94

1

.94
.09
.00
.72
.92

.61
.50
63

55
8%
.18
a8

76.50

13
43

.06
72

.04

.46
.61
.50
.71
.85
.70

80
113.
160.

31.
60
82.
105.

13
27.

25.
42,

38,
60,
75,

17.
49.
16,
14

.94
.00
.66

.50

.00

40
co

20

.00

50
a9

.57

66

90
i5

60
71
00

6l
20
0z

.07



X1 610.2 9
GR 17.85 0
GR 15.27  28.20
NC 0.05 0.095
&

* CROSS SECTION
X1 611.0 1z
GR 18,38 0
GR 14.99  10.41
GR 16.21  23.27
*

* CROSS SECTION SWC-29,

X1l sel2.0 10
GR 18.96 0
GR 15.56 19.01
*

* CROSS SECTION SWC-30,

X1 613.0 10
GR 17.99 0
GR 16.21 23.51
*

* CROSS SECTION
X1 Bl4.0 1¢
GR 20.22 )
GR 17.30 1E8,8%
GR 17.20 46 .50
&

* CROSS SECTION
X1 615.0 15
GR 20,24 V]
GR 18.14 24.84
GR 18.&5 ST
o

k¥ CROSS SECTION
X1l f16.0 13
Gk 20,82 I
GR 18,08 L7, 51
GE 19.00 B Sk
NC 0,035 0,070
*

¥ C1 CULVERT UNDER RAILWARY SFUR LINE,
* CROSS SECTION WC-17

*

X1 617.1 22.00
x3 10.0

GR 28.80 0
GR 19.19 54 .07
GR 19.25% 56.02
GR 21.45% 113,00
GR 22.82 203.00
SB 2,05
*

X1 617.0 22.00C
X2

X3 10.0

BT 22.00 0
BT 53.10 22.54
BT 22.54 20.62
BT 20.57 56.02
BT 83,00 22.54

28.80
20.70
55.04
22.54
22.08

57.

23.
54 .
Ba.
120.
233,

57.
21.

28,
53.
22,

21
109

00

8¢
11
54
.05
.00

13.00 10,00 310.00
16,93 9.00 15.64
15,21 38.00 16.62
0,040
EWC-28, WARM CREEK (TRANS
8.58 20.48 50.00
17.59 3.42 17.20
14,99 12.77 15.04
17,83 26,27
WARM CREEK (TRANS
13.78 24.21 100.00
18,36 2.70 17.45
16.02 24,21 16.85
WARM CREEX (TRANS
16.76 27.86 100.00
17.25 9.70 16.71
16 .47 26,63 16.71
5WC-31, WARM CREEK (TRANS
15,49 46,90 140,00
19 .98 £.49 i8.113
17,15 318.49 16 .76
1737 56 .25 i e
SWC-32Z, WARM CREEK (TRANS
44 .88 48,59 130.00
20.20 L 19.14
1e.40% 37 22 17.94
17 .86 75,64 17.86
SWC-33, WARM CREEK (TRANS
16,67 26 .81 d% .60
0,87 15 20,12
1.ag Q.57 17.99
21,04 YR LR 21.72
[, oda i,50 0.80

{FROM PREVIOUS S7TUDY,

95.00
22,
19.
20,
22

18
23
74

06

i8
22.

.60
A7

23.00
22.54
20.62
56.98
22.54

28.

13

23)

50.
5.
15.

29)

100.
12,

28

30}

100.

16
271

31)

140.

18.
0.26
65,

12)
130

44
94

120.

53.,
55
57.
128,

18.

22

00

.00
40,

0o

an
g3
73

00
83

L22

00

.76
L H6

GO
30

58

.00
11.

12

.88
.65

NEAR BASEBRALL
SECTION 2217)

00

0c
04
0o
0o

60

.54
20.
55,
22,
22,

70
05
54
0g

31

50.

LB

160,
16.
.75

17

100.
.26
A7

16
18

105.

20

[w

.09
22,

22

4

18

21,

54

22.
.05
.00

21
113

.00
15,
18.

79
[039]

oG

.34
14.

[w]
s

00
o7

00

0.00
. 54
.54

.54

.00
.23
.70
.39

.00

FIELD

00

.68

28

25

L6

.60

93

.07

54

18

13.
31.

20,5
30.

28. 5!

.00
42,

o0

41 B5

T p T

o wa
d L LT s

22.
00
22,
20.
.00
22

53

27

e
U
SH.

19

G0

54

54
57

54

1s.
1% .

15.
.81

18

L& .
18.

i
Lr.

213,

17.
22.

214
19,
19,
.08
a7

22

22

22.
AN
20.
56,
22.

21

a7
A6

31

27
10
20

Gl
28

32
LG
28

a7
54
70
01
54

LA4D

tJ
<o W

16
41 .

Ed
34,

21
48,
105.

6.

.00

.h8
.48

.09

28

.00

39

(o)

(v
S o ]

26 .81

53
55
109
173,

19,

22
54
22.
21
126G,

.11
.01
00

Qo

.18
.08

54

.05

50



53.

55
83
143

36

49.

14
64

190,
238.

267

23
76

87

G0

82
23

23

BT 22.54 21.55 128.00 22.54 22.06 143,00 22.54
BT 22.47 203.00 22.62 22.62 233.00 23.15 23.15
GR 28.80 0 21.93 23.00 22.18 53.00 20.70
GR 19.48 54.07 19.40 54.08 19.40 55.04 19.45
GR 19.83 56.02 19.83 56.98 20.05 57.00 22.09
GR 21.45 113,00 21.55 120,50 22.06 128.00 22.25
GR 27.62 203.00 23.15 233,00

NC ©.0135 0.095 0.040 0.30 0.50

*

3

t CROSS SECTION SWC-34, WARM CREEK (TRANS 34)

X1 618.0 13 36.40 47.32 20,00 15,00 15.00
GR 21.94 0 22.22 29.16 20.18 32.19 19.70
GR 19.19 41.21 19.46 43 .50 19.77 47 .32 20.17
GR 22.49 62.57 22.63 74.97 22,86 89.06

¥

* CROSS SECTION SWC-35, WARM CREEK (TRANS 35)

X1 619.0 9 7.46 27,43 120.00 80.00 20.00
GR 22.08 0 19.93 7.46 19.60 12.92 19.11
GR 19.04 22.85 19.79 27.43 20.31 32.84 23.25
*

* CROSS SECTION WC-20 (FROM PREVIQUS sSTUDY, SECTION 2220)
+*

X1 620.0 17 226,30 240.30 200.00 515.00 4160.00
X4 1.0 21,88 100.00

GE 30.00 0 21,10 130.00 20.25 160,00 20.573
GR 20.77 226,30 20.15 226.70 19.51 233.80 20.15
GR 20.63 254,04 21.25 258.20 24,38 263,90 26.32
GR 26.87 276,20 27.4% 280.00

WC 0.075 0,065 0.04

W

* CROSS SECTION SWC-21 (NOELS’® POND OUTLET, TRANS 5)

&

X1 £21.0 S 35.48 49.65 450.00 450.00 450.00
GR 25.31 0 24 .46 24.31 22,68 28,89 20.92
CR 20,28 48,22 20.485 15,65 21,72 54.58 21.40
* RB7A RATILWAY TRESTLE NEAR BRIDGE NO.7 {CONNECTICUT DRIVER)
i«

* CROSS SECTION WC-22 (FROM PREVIOUS STUDY, SECTION 2222)
X1 622.1 31.00 76,80 B87.38 75.00 50.00 65.00
X3 10.0

GR 24,64 0 24.21 30,00 24,04 60,00 23.80
GR 20.63 76.81 20.63 78.71 23.1% T8 .72 23.15
GR 20.65 81.63 2315 81.64 23.15% 82.54 20.65
GE 234.15 a44.61 23.15 A5.46 20.7] 85.47 20.73
GR 23.80 a7.40 23,75 50,00 23,59 120.00 23.44
GR 23.83 Z204.00 23.82 212.00 22.93 219%.00 24.15
GR 25.28B 254.00

*

X1l 022.0 2.00 2.00 2.00
BT 31.00 0 24 .64 24.64 iD.00 24.21 24.21
BT :76.75 23.80 23.80 76.80 23,80 23,15 76.81
BT 23.E0 23.15 T8 .72 23.80 23.15 79.57 23.80
BT 23,18 81.613 23.80 23.15% 81.64 23.80 23.15
BT 82.55 23.80 23.15 84.60 23.80 23.15 84 .61
BT 23.80 23.15 85.47 23 .80 23.15 87.37 23.80
BT 23.15 87.40 23.80 23.80 90.00 23.75 23.75
BT150.00 23 .44 23.44 180.00 23.46 23.46 204.00
BT 23.82 23.82 219,00 22.93 22.93 222.00 24 .15

24

.25

10
.05
.00
.00

.40
37

.84
.31

oo
10

.30

.48

(%=

.15
.75
79,
8z.

57
55

.37
150.
222

0o
00

.00
23,
23.
.54
.80

23.
120.

60
15

15
Qo0
.83
.15

173

19.
19,
22.
22

19.
22,

20.
20,
26,

22.
23
20,
20.
23.
23.
24,

24,
23,
79.
23.
23.
87.
23.
23.

234

.00

48
45
08
47

39
22

.04

ao
60
77

.58

22.

53
56

109.

173

38.

52

19.

220.

240

273

43

76,
79.

84

B7.

180

231,

24.
78.
23.
23.

23,
23,
212.

a7

.11
.01
00
.00

as
.70

09

oo
.30
50

.35

80
S8
.60
KR
.00
00



BT
*
X1
A2
*
X1
X3
NC
*
*

X1
GR
GR
GR
NC
Ll

&

* CROSS SECTICGN WC-24

X1
X3
GR
GR
GR
GR
GR
SE
&

X1
X2
X3
BT
BT
8T

24 .49
622.2
622.3

10.0
0.045

254 .00

O.060

25.28

0.0358

CROSS SECTION SWC-223,

623.0
24.11
20.65
23 .84
0.040

624 .1

10.0
25,50
20,96
24.07
25,458
ZB.41
D, 95

624, 0

10.0
21.00
71.50
24.6%

4.07

T150.. 00

624.2
25.50
20.96
24 .37
29.01

W2 NOELS

SEE TEE

624.3

i0.0
26.50
20.75
22.78
24 .37
29.01

624 .4

11

0
23,85
33.94
0.035

21.00

B2.21
93,684
210,00
2RED.Q0

17.00
0
83.00
180.00
330.00

BOMD QUTLET

FREVIQUS

21.00

0
57.40
75.40

160.00
330.00
1.50

21.00
1.79
0.53

2
2

0.035

71.50

2439
24,06
24.70
26,69

1.50

71.040
24 .39
20.87
25.25
28,41

HEC-2

23550
20.75
23.92
25,25

1.50

25.28

WARM

CREEK

30.33
5.10
Z5.64

W o
R ]

24

=

94 .

50

-
Z210.
360.

WETR
HMODEL

64

.00
pdd
.00
.00

00

.00

00
00
00

INPU

2.80

.00
41
.90
0.00

[

(TRANS 4)

15.00
22,73
20,73

14.00

24.67
24,06
24.10G
28.0%

2z2.10

9.00
4.04

50.00
24.67
24,06
4.00

AR 09

10,00
24.6%
24 .70
26,69

T FILE

5.00

22,87
20.75%
23.95
26.69

32.80

1.00
20.80

30,
16.

28

7.

71

0.

.

24
24

24

10.
71,
94 .
240,

[l

37

240

.00

.00

00
03

.27

00

.00

852.
124,
270.

G2
00
Qo
70

00

.39
.04
82,

93

L0
Z4 .
A00.

37
00

00
0o

00

.00

.30
59,
B85.
.00

70
40

.00

* B7 CONNECTICUT DRIVE BRICGE © OQUTLET OF NOELS POND

12

24

24

10
21

B

21,
20,
24.
.09

28

.00
.00

.00

.00
.62
.05

{FROM PREVIOUS STUDY, SECTION 2224)
93, .00
.01
L 96
.04
.78

.13
.00

L35
82,

21

.69
24 .
210,
28.

00
78

.00
.21
24,
28.

10
09

.00

97
75
10

0.001

.00

21.
30.

24

24

24
24
124
25

28 .

F1.
.00
.00

124
270

20.
40.

59

.80

00
33

.04
Ti.
az.

150.

300,

50
93
00
00

.39
71.
.69
.06
.00

oo

S E

]

50

a0
00

.71
124.
270,

00
00

24
21

20,

29

24 .

24

83

24

24
28

20,
20,7
21.
.04
28,

24

24,

LA

.45
21.

39

.04
.21

B7
17

04

a7
24,
.63
10

2525
330,

1=

DG

.96
.04
.78

80
/5
96

78

22.25
31.64

71.51
93.63
184.00
330.00

24.67
82.22
24.70
24,10
Z40.00
29.01

82.00
150.00
300.00

40.05
72.80
150,00
300.00



X3
BT
BT
BT
BT
BT
GT
BT
NC

£
&
E 4
*
L

X1
X3
X5
GR
GR
GR
GR
*

X3
BT
BT
BT
BT
BT
BT
GR
GR
GR
GR
E 4

K1
blrs
*

X1
X3
NH
*

X1
GR
GR
GR
GR
NH
NH
*

X1
GR
GR
GR
GR
GR
GR
GR
NC
*

X1

21.96
124,00
25.25
28.78
0.035

B7B CULVERT UNDER ROUTE 4%0,

NOTES :

625.1
10.0
1.0
28,00
20.44
23.13
25.81

625.2
18.00
104,00
25.81
23.19
123.92
24 .82
28.00
21.18
23.19
25.81

625.3

625,0
10.0
4.00

626.0
30,00
26.56
22.28
28.00
9.00
208.70

627.0
30.00
30,77
32.10
22.52
21.06
22.086
26.10
0.060

628.0

22.
20,
75.

24
25
320

Q
87
75
40
.10
.25
.00

0.035

CULVERTS

18

24

112.
121.
138.

18,

25.
23.
.93
25.

.82

121

24

112
12%

16

196.
215.

410

130.
158.
187.
213,
250.
410,

.QgQ

.50

0
920
93
00

Q0

4]
81
87
81

0

.90
.93
138.

00

.07

.00

30
10

.00
.04
.04

0.060

11

.00

26
21
59
22

24.

240
25

.50
.97
.70
.78
10
.00
.01

0.030

26.50
40.05
20.80
22.78
150.00
26.69
29.01
0.30

ASEUMED 100%

104

el

120

23
23

24

180

198,
22,
25.

22

Laaq,
2T

2048

22 .
3z,

2

i

22
21

28.

.00

5.595
.95
.13
.82

1.00
.aa
BT
.00
.81
.48
350,

25.

oo
95

.87
.48
.82

.00

80
80
28

.43

a0
50

.30
55
18
.38
27
L 27
.89

0.035

70

.60

30.
21.
20,
81.
24.
26,

a.

50

23.50
20.75
59.71
23.92
24.04
270.00

23,
57.
21.
23,
184Q.
28,

AT INLET TO NOELS FCND,

22.
50 37.
40 21.
96 20.
92 85,
00 24,
09 28.
FROM

FREE OF ANY DEBRIS BLOCHKAGE

123.93 2400.00 2140.00 2265.00

28.00
112.91
122.C¢C
238.00

123.93
28.00
104.01
25.81
23.19
123.93
28,00
28.00
112,91
122.00
238.00

0.08%

216,00
15.00

197.50
216.00

0.120
0.055

25.

23

28

28

23

23
21

o

198

170

142

195

22
22

170.

81

.13
20.

68

.oo

.00
.00
23,
.19
122,

25.

28.

25.
.19
.21
28.

81

00
51
0o
81

Qo

.00

.80

.00
22.
25,
22.

80
21
44

.80
.20

.00
22,
33,
28.

55
a7
44

.18
.27
21,

s

.80

00

100.00
120.00
122.01
350.00

5.00
25.95
23.87

120,01
25.81
23.48

100.00
120.00
122.01
350.00

5.00

0.035

10.00
180.00
198,80
245,10

0.040
0.070C

50.00
100.00
142.80
167.70
203.30
218.20
310.00

240,00

23

216

245

.95
20.
20,

68
68

Do
.85
.90
.81
.48
.00

.87
.29
.21

LD
o0

L 0o

.00

.00
.70
.28
.44

.00
.70

.00
b5
v did
.03
.27
.49
11

.00

23

104

120.

123

1G0.

75

23,
122.
25,

104

120,
123,

187.
203.
370.

113,
0L
174 .
208.
220.
310,

.95

.00
01
.92

0o
.81
15
01
g1

.00
a1
92

21.
22,
20.
T72.
23,
24,

300

23.

20.
20,
23.

o} =

[}

23

25

21.
.29
.48

21
23

24

410.

25.
21.
25.

187.
440.

30.
32,
26.
22.
22
21.

97
87
75
80
95
37
.00

PREVIOUS STUDY

13

44
68
13

.81
87
121
.81
o

92

g1l

18

.82

00

79
08
81

50
Q0

22.
57.
.96

23.
210.
.78

21

28

104

121.
123.

25.
11z,
25.
.48

23

238.

104

121.
123.

193,
209,
3595.

87
41

0o

.01

92
93

81
91
51

00

.01

92
23

20
00
00

0.095
0.000

126.
154 .
.40
208.
.20
360.

179

236

70
00

70

70



GR 28.00 G 22,714 406.00 22.68 70.60 22.20 71.00 21.00 73.00

GR Z31.21 H7.50 22,99 YH.40 22.5%7 100.00 22.5%3 110.00 22.53 155.00
GR 28.00 175.00

NC 0.050 0.0%0 0.035

*

Xl 628 1 85,00 85.00 55.00 0.50 0.50
L

-

k B7C EAILWAY TRESTLE UFSTREAM OF ROUTE 490 (FRCHM PREVIOUS STUDY)

*

38!

3.1 17.00 9B.00  306.24 45.00 85.00 85.00
X3 10.0 24.40 24.40

GR 27.00 0 25.00 40.00 24.90 56,00 25.20 105.00 25.00 190.00
GR Z5.00 297.00 24.40 288.00 22.70 298.01 22.10 302,10 22.70  306.23

GR 24,40 306,24 25.00 307.00
GR 26.00 585,00 27.00 605,00

N
93]

.00 410.00 24.90 A465.00 25.00 525,00

sB 1.50 1.50 8.23 18.93

*

X1 629.2 5.00 5.00 5.00

X2 1.00  24.40  24.90

%3 10.0 24.20 24.90

BT 17.00 0.00 27.00 27.00 40.00 25.00 25.0¢ $6.00 24.90  24.90
BT105.00  25.20  25.20 190,00 25.00 25.00 297,00 25.00 25.00 298.00
BT 25.00 24.40 298.01 25,00 24.40 302.10 25.00 24.40 306.23  25.00
BT 24.40 206.24  25.00 24.40 307.00 25.00 25.00 4106.00 25.00 25,00
BT465.00 24.90 24.90 535,00 25.00 25.00 585.00 26.00 26.00 &05.00
BT 27.C0  27.00

*

QT 2 B1.6 95.8

X1 629.¢ 17,00 270.00 279.10 180.00 190.00 1&G.00

GR 28.00 0 23.63 45.00 23,19 210.00 23.27 240.00 23.58 270.00

GR 22.57 270.¢60 22.27 274,60 22,82 278.80 22.98 279,10 23,38 290.00
GR 22.72 Z591.30 c2.FE 295,40 23.30 295.90 231.27 300.00 24,30 ilo. 00
GR 23,50 515100 28.00 G30.00

nNC 0.10¢ 0.30

MH S.GC 0.04 428.30  6.035 4236.00 0.040 SED.0C 0.0 NETGL 02D
MHA10.(

-

¥1 639.0 24.00 410.00 429.50 350,00 &L0.00 573.00

GR 28.00 0 25.50 140.00 23,60 185,00 24.2%9 260.00 24.15 290.00

GR 24.21 320,00 24.20 350.00 24,23 3B0.00 24.44 410,00 24,30 4311.00
GR 23.08 411.50 22.08 412.50 23.08 428.30 24.00 429.50 23.69 433.30
GR 24,30 436.00 24.42 440.00 24.35 470.00 24.30 500.00 24.19 530.00
GR Z4.02 560.00 24.11 590.00 24,15 597.048 28.00 610,00

NC  G.0a D.04 0.035 0.30 0.50

X1l 631.6 21.00 327.10 i42.40 190.00 140.00 225,00

GR 28.00 0 24 .80 105,00 26.20 185,00 25.60 210.00 24 .90  300.040
GR 25.03 312.30 24 .01 314.00 24 .17 318,50 23.85 320.30 24 .02 325,60
GR 24.5% 327.10 24.21 125,30 23.82 328,70 21.80 335.040 23,82 141,20

GR 24.76 342.490 24 .21 35?.?ﬂ 24.85% 350,70 24 .90 385.00 26,00 485,00
GR 28,00 502,00

NC 0.045 0.03% 0.050 0.30 .50

L

X1 632.0 18,00 388.30 419.50 85,00 255.00 170.00

X4 1.0 26,30 300.00

GR 28.00 0 2%.01 340.00 25.40 370.00 24.61 373.50 25.29 388,30
GR 24.%1 293.G60 24.35 400.00 24,51 413,60 24.31 418.00 25.13%3 419.50
GR 24.81 430.00 24.73 437.30 24.41 438,40 24,74 440.80C 25.41 442,80
GR 25.35 460,00 27,16 555.00 28.00  557.00



*

X1 632.8

*

X1 632.9

NC
*

* B8A RAILWAY

*

X1
X3
GR
GR
GR
GR
5B
*

X1
X2
X3

*

632.1
10.0

27.
26.
. %5
.30
.25

23
27
1

20
10

632,22

10.0
BT 17.00
BT500.00
BT 26.70
BT 26.10
BT570.Q0
BT 27.80

X1 632.3

*

L I

*

X1
X3
GR
GR
GR
GR
S8
*

b
X2
X3
BT

BT
BT

BT
NH

637 .4
10.0

27

45

20
26.

B0

i
26,
L,

2o
25

632.5

10.0

19

NH364

*

X1
GR
GR
GR
GR
GR
GR
GR

.00
BT320.
28,
29,
BET5&3 .
26 .
a.

00
80
87
40
70
00

L&0

633.0

28.
25.
24.
.06
25.
.40
27.

25

26

00
65
75
71

16

17

555.
560.
8230,

26

26.
560.
A6

27

19.

NN

SRS
[ Je n U o RN RN s B o) B ]

oo

0

.Do
BT
B.00
.63

.00
.20
.87
.27
.80
.70
L03

0.035

i1,

302.
337.
i55,
400.
440 .
490,

TRESTLE
.00 555
0 26.
00 24
87 24
00 27.
.72 1
1
.00 2.
.20 26
10 S60.
87 26
70 26G.
.80

B8 ROUTE 460 BRILDGE

545,

26

z4

27.
26,
545,
26,
5 BT
9410,
G2,
430,

25

329.
25,
25.
24 .
24 .
26.
25.

0

.80

DOWNSTREAM OF ROUTE 460

.00

80

.26
.26

B0

.50

.00

20

.20

00
70
70

565

90
555
565

1080

26.

27
550
26

26,

680

.51

.00
.01
.50
.00

10

.20
.00
.70
10
.00

i0

26.
.95
26.

23

Eac
S0 J

10

.00

20

10

.50

.00
.20

.00
.70
26,
.50
27,

10

20

.00

NEAR THE COMMUNITY

10

.80
25.
o
25.
.50

87

70

.00

20
20
11
80O

00
70
00

563

90.0

545.1

14
oo

25

27
420
26

25,

564
26

.40

.87

.20
.00
.80
87
LOG
30

0,005

351.
120.
306.
340.

364

409,
443.

&0
00
70
00
.60
10
90

16,

26,

|

A7
26,
18.

24

12.
26.

90.
26.
25,
555,
26.
26,

329.

140

24
25

Go

20
87

90
25

Q0
20

00
20
87
28
80
g0
50

.00
25.
25,
24,
.96
.46
26,

99
61
75

74

OF NOELS

=

i0

195

26
:
2

10.

26.
26 .
554,
2% .8
1,80
040,

2a

27,

.00

.00

(FROM PREVIOUS STUDY)

.00

.00
560,

565,

00
51

.85

.00

.80
.70
560.

26,

a1
70
20

00

80
20
15

z0

0.030

10.
209,
327.
344 .
170,
411.
452,

00
50
50

00
40
60

10.

26,
555
26.
26.
a30.

10.

POND

26,
545,
26,
25
61E
ek

33°7.5

50,
25,
26
24 .
24 .
26
26

00

.20
.10
.70
.80

.00

80

.00

70
10
0

00

26.

500.
01

560
570.

26 .
195,
26.
26.
L%

27

10
00

Q0

20
00
70
10

L

30

.90

26,
26,
26,
27.

26,
26,
26,
560.

206

27,

(FROM PREVIOUS

.00

20
ER
87
.20
. 2h

.00

80
Qo0
80
87

.00

20

4o
91

.38

90
(3L

.65
.80

25.
320
554
TEd,

1040,

26
195,

25.

563

27,

87

.00
.16

40
00

20

00

.80

87

« 38
. 840

20

0.035

239,
329,
348,

373.

416
460

50

60
10

.00
.00

25.
26,

25

2%,

26,
26,
26,

554

26,
26.

348.

25

25,

25
26

27,

10

70  550.00
10 560.86
20 680,00
70

20 26.20
10 555.01
86 26.70
.70 26.10
30 1080.00
STUDY)

87

20 420.00
.B7 554.17
0 ES&4.00
70

20 26.20
80 545.10
.17 26,80
80 25.87
80  765.00
60 0.040
.92 269.50
.57 333.50
78 351.60
.80 3174.90
.67 427.50
15 467.80



NH 9.00 0.03
NH368.80  0.035
NC

*

X1 634.0  23.00
GR 28.00 0
GR 26.90 331.40
GR 26.71 345,70
GR 26,75 36&B.8&0
GR 25.95 420.00
NH  4.00 6.12
NC

*

X1 635.0  17.00
GR 33.77 0
GR 27,29  20.00
GR 27.00  37.30
GR 28,99 104.70
NC 0.120  0.035
*

X1 636.0  23.00
GR 35.03 0
GR 29.65 21,60
GR 29.53 107.40
GR 29.76 149,10
GR 29.22 270,00
NH 5.00 0.10
NH135.00

E

*

* UPSTEAM

*

*

X1 % 16.00
GH o

T2
T3

FLOOD RISK MAFPING STUDY OF STEPHENVILLE,
INEUT FILE (H7439100.DAT)H,
BLANCHE BRCOK,

HEC-2

CaLD BROGK,

3

335,
18,

345

STUDY LIMIT

50
00

70
25,
25,
25,
27.
25,
20.

96
94
87
22
%5
aag

24 . 50

il

BLANCHIE

0.035
0.09%

366.30
190.00
335.50
355,50
372.80
Y60.00

a.03%

45,00
22,
45,

134.

Qo
0aQ

125.50
2.8n
10,00
114.10
150,00
3315.00
0.035

WARM CREEK

.40
4.40
D20

coAn
R

STHREET BRIDGE

TION SEBE-9,

70
00

345.
390.

40.00
26 .55
25.72
25,71
26 .23
28 .00
45,00

0.80

.00
28.57
27.29
27.68

0.30
.00

.09

30.20
.00
.10

(FRCM

55.00

AND WARM CREEX

BROOK {TRANS

180.
274,
336,
360,
375,
780,

0.040

210.00

24 .
52.

10
0aQ

260.
29,
27,

27

250.
29.
3037
33
25,

46.

.50
.0Q

.00
3
s
.87

6.18

.Q0

00
G4
55
.66

PREVICUS STUDY)

346G.00
T.60
29,40

54 .10

350
37

12

KIPPENS, AND COLD BROOK

.00

74

A0

CCL JOE #7439,

1

“)

0.035
0.045

300.
2R3,
364.6

378,

i3
27
8z.

oo
50
o

00

.80
.20

00

14,40

an

125

210,

vl

=]

(510

0,050

28

27.
28.

OCTORER 1295

- 1:100 YEAR FLOOD

.30
.00

ﬁ
]

=5
N

G .10

.20

.76

.84
23
0%

£ B

0.040

i i
L
O

L
Sl 5]
o,

i8.
30.
107

(NE)

PROFILE

.00
LEO
.30
.0G

10
80
90




T1 FLOOD RISK MAPPING STUDY OF STEPHENVILLE, CCOLD BROOK (NF)

T2 HEC-2 INPUT FILE (C7439.DAT), CCL JOB #7439, JANUARY 1996

T3 COLD BROOK - 1:20 YEAR FLOOD PROFLLE

J1 2 1 1.5
J2 1 -1

J3 38 43 i 4 8 26 51 55 56
JG 1

NC L0835 .035 L0313 L300 .500

cT ! 43 . B2 50.55

*

* STEPHENVILLE, C2LD BROOK

*

* FIRST CROSS SECTION (FROM THE SURVEY )

X1 801.0 15 119.2 136.0 0.0 0.0 0.0

GR107.68 100.0 107 .37 115.0 106.94 115.2 105.15 121.4 104,35 123.9
GR104 .23 124.5 104.10 127.4 103.70 129.0 104.04 130.7 104.44 132.0
GR104 .56 132.8 106.86 136.0 107.25 139.5 107.27 144.9 108.%0 160.0
*

* THE BRIDGE

X1 g401 15 119.2 136.0 4.0 6.0 5.0

X3 10 106.9 106.9

GR1CT.6EB 100. 107 .37 115.0 105, 94 119.,2 105.15 121.4 104,35 122.9
GR104 .23 124.5 104,10 127.1 103.70 129.0 104.04 130.7 104.4 132.0
GR104 .56 132.8 106,86 136.0 107,25 139.5 1727 144.9% 108.31 160.0
5B 1.5 1.5 1.5 14.0 16.8 54 .4

X1 :BD11 1.04 1.00 1.00

x2 1 106, 54 107,25

X3 10 106.9 106.9

8T -15 ig0.0 107.68 107.¢68 115.0 107.37 107.37 119.2 106.94 106.924
BT 121.4 106.%94 106.00 123.9 106,94 186.00 124.5% 106.94 106.00
BT 127.4 106,94 196,00 128.0 106,94 106.00 130.7 106.94 106.00
BT 132.0 106.94 106,00 132.8 106,94 106.00 136.0 106.86 106,86
BT 139.5 107.2% 14Q7.25 144.9 107,27 107.27 160.0 108,31 108,321
*

X1 8n01.2 5.00 5,00 5.00

*

X1 801.3 1.00 1300 1.600

NC nig D35 035 O L300

X1 a0z 13 LEA .1 123.6 23.0 9.0 25,0

GR113,20 50.0 106,29 100.0 105.94 1C08.1 104.906 108.5 104.61 110.0
GR104,38 110.5 104.21 112.3 104.486 113.5 104.60 il4.5 105.03 119.5
GR106.55 123.6 A07.17 T2%0d Erdd 160.0

&

X1 BG3 13 158 .2 143,13 128.0 120.0 125.0

GRE114 .65 50,1 106 .86 io0.0 106.78 108,22 106,47 114 .4 105.80 123.1
GR105.45 125.0 105.2% 126.5 10%.78 126.1 107.14 129.3 106,93 133.5
GR1O7.43 143 ,3 107 .08 147.8 114.6% 1480.0

*

X1l ED4 13 E 27 208.9 80.0 38.0 oL.0

GRi114 .19 100.0 109,49 132.5 1498.EB& 152.5% 107.99 172,70 106,711 1L73.6
GR1G6.73 175.9 L0691 1776 103,00 18,7 108.07 197,77 107.,7% 208.9
GR1G7,48 210 (EOT LD 23759 11500 251.0

*

X1 505 14 138.6 162.6 122.0 130.0 125.0

GR113.498 50.0 198,77 100.D 12108.863 117.6 109.2% 138.6 108.55% 142.5
GR108.(5 154,9 10N7.85 154.0 107.959 151.8 188.60 162.6 108.28 173.5
GR108.77 182.6 10B.53 205.2. . 108,30 218.5 113.50 272.5

*

X1 806 13 108.9 133.6 85.0 S0.0 84 .0



GR115.0
GR108.07
GR109.32
k

%1 807
GR113.50
GR109.70
GR113.36
*

X1 A08
GR116.20
GR111.82
GRI11.30
GRL16.11
*

X1 809
GR121.00
GR114.23
GR115.37
GR121.23
*

X1 810
GR122.00
GR114, 84
GRL1%.48
GR119,50
EJ

T1

T2

T3

J1

Jn 15
TR

6
54.0
130.7
177.6
301.0

18
45,0
126.1
5 I
B i

109.17
107.82
108.92

141.3
111 .16
109.60

174.9
113.20
111.01
111.27

126.¢
115.36
114 .38
116.16

130.2
119.05
118.77
118,84
119.80

100.
131.
152.

N OO

163.
100.
146.

oSN

201,
104G,
175.
183.

LSV I o

188.
100.
132,
188,

o O

o

172.2
1000
127.8
1ed 2
L7

FLOOD BISK MAPPING STUDY

HEC-2 INFU
COLD BROOK
3

T FILE

109.10
108,03
109.91

105.0
111.10
109.66

155.0
112.18
110.73
111.20

212.0
115.87
115.17
115.14

250
118.39
1203
118.3
122.4

LN a o

OF STEPHEMVILLE,
(C7439.DAT) ,

108.
133.
189.

101.

120.
152,

205,
125,

184,

- 1:100 YEAR FLOOD PROFILE

3

@ W N D

—

= b O

N o

s

CCL JOB #7439,

1

108.82
1092.28

110.0
111.0%
10%.86

190.0
112.16
111.08
111.64

210.0
115.25
115.77
115 .44

260.0
119,29
115,42

L19.324

116.4
133.6

137.
157.8

[

148,
179,
ig8.

Lo

128,
149.
219.

O

N
ot B B

COLD BROGK [NEF)

JANUAREY 1996

108.¢
109.

110.

113

112.
133.

111

114.
11E.
115.

120
119,

10

82

A6

25
25

.10

123,
134,

141,
163,

16%.
180.
135.

129.
l65.
247 .

12,
136,
LEL.

—

ol

O] (5]

[SoRNe RN |



T1 FLOOD RISK MAPPING STUDY OF STEPHENVILLE,

CCL JOB #7439,

1

26

T2 HEC-2 INPUT FILE (G7439.DAT),

T3 GAUCONS CREEK - 1:20 YEAR FLCOD PROFILE
J1 2

J2 1 -1

J3 38 a3 1 4 8

Ja 1

HNC 035 .035 033 L300 .500

oT 2 319.82 qQ7.92

-

* STEPHENVI1LLE,

*

* FIRST CROSS SECTION

X1 701 8
GR 13.10 100.0
GR 11,17 116.40
*

X1 702 9
GR 13.25 100.0
GR 11.19  115.5
*

* THE BRIDGE

¥ 703

A3 10

G 15,25 450
GR 11.84 1z3 .4
GR 15.08 148 .4
Sh L. 5 1.5
X1 J02.1

X2

X3 10

BT -11 430
8T 121.0
BT 127.1
BT 130.5
W ny

X1 703,53

NG L0356 .035
&

X1 704 14
GR 16,34 54 .0
GH- 12..30 L1740
GR 13.12 130.2
*

X1 705 12
GE 16.496 100.0
GR 13.88 131855
GHR 17.63 136.8
*

X1 T06 13
GR 18,65 52010
GR L5077 111.9
GR 14.53 123.8
L]

X1 07 12

GR 18.75 100.

GR 16.75 121
CGR 19.22 140

107.2
12.95
12,13

100.0
11.30
12.%2

115.0
14.74
12.62
15.62

167 .5

5. 28

18.55%

1i0.8
18.461
1c,B1
19,23

GAUDONS BROOK

116,
107.
130,

~1 N O

117,
167,
117.6

[o)Ryey]

N

—
Moy
[Vl
w0

152
14,2
14 ..

A
4

S RN
oo

“n

.100

1323,
1400,
121.
133.

~1 e O]

105.

o Ba W oY

Las

123,
100,
112,
127,

SO @

128,
108.
125.

o A"
4114

(=Y Y-

(FROM THE SURVEY 1B)

0.0
10.19
13.50

16.0
11.05
12.26

3c.0

14.289
12.10

10.6
14 .59
100.
121.

128,
148 .4

| SEIEN w]

Lo

1.00
L300

5G.0
14.73
12.43
16.25

50.0
16,69
14.68

V2.0
17.77
15.66
18.93

32.0
17.17%
17.66

0.

102
160

20.

169

123.

40 .

120
128

14
14
14.
1.

62.
105.
124,
141,

114,
138,

40.
110.
128.

0
.6
.0

w o

[¥N)

&

LS ]

.00

.52
.52

as

.00

O NO Wy O

Q2

o @ d

oo

GAUDONS BROOK

10.27

15.0
11.11
13.54

5.0
12.16
12,768

30.74
1.00

14 .52
14 .29
14.2%
15.08

.00

65.0
14.21
12,486
16.30

&5.0
14.38
16.29

17.28
15.723

3.0
16.90
17.55

112.
154.

14 .
121,

[}
("
=)

14,
120,
i23.
130.

108.
126.:
154 .

114

La7.
118,

117.
133.

=D

%)

B
126

o

(NI}

JANUARY 1996

10

11

56

.46

.10

14.%5

12.
14.

06
85

14.5

plz
14,
14 .

14

16.
17.

52
52
52

.59
12.

1.06
&.15

.02
.B6

63

113.9

1217
134,

[op]

14,29
14.27
14 .29

115.G
127.9

[
[
Ba o~
]

109.
121.4

D

112.7
137.7



GR
GR

21
GR
GR
GR
Ed
T1
T2
T3
J1
J2
ER

708
20.1z2
18.21
19.26

7049
21 .75
18.85%

714
23.94
2l.68
20.54

15

13
43.0
114 .5
121.9

10
100.0
113.8

1%
100.0
120.8
126.5

FLCOD RISK MAPPING STUDY OF STEPHENVILLE, GAUDONS BROOK
HEC-2 INPUT FILE {G7439.DAT},

108.5
18,71
17.98
19.61

107 .4
20.76
19,03

120.8
21.81
20,5659
20.68

GAUDONS CREEK -

3

-1

121,
100,
116.
131.

117,
107,
115,

130 .
105.
122.
127,

e RV I

61.0
18.69
17.79
20.09

L5.0
19.40
19.7%2

70.0
23.29
20.28
20,94

70.
106,
118.
144 .

0.
109,
117

5.
110.
123.
130.

Lt D

oo

CCL JOB #7439,

1:100 YEAR FLOOD PROFILE

1

60.0
19.30
17.60

62,0
15.10
20.70

F2.0
21.28
20.29
21.10

108.
120.

110.
125.

114,
124.
138,

N

NN

18

18

21
23

(NF)

JANUARY 1996

12
17.

.B6
20,

91

.61
20,
.95

15

un

111.
121.

]

112,
132.

m O

119.1
125.2
165.0
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Appendix E

Photographs







Photo No. 1

Looking upstream from Kin Place Bridge (Bl).

—

Photo No. 2

Lower reaches of Blanche Brook.







£ |

Photo No. 3

Confluence of Blanche Brook and Warm Creek downstream of

bridge on Minnesota Drive (B2).

Photo No. 4

Blanche Brook between Minnesota Drive and Malnh Street.







';§§§ﬂf'
Photo No. 5

Looking upstream on Blanche Brogk from Main Street.

o
.

RS

Photo No. 6

Typical channel sectiop b/w Main Street and Hansen Highway
{Route 460).







Photo No. 7
Blanche Brook looking downstream from Mill Place.
Note collapsed gabions.

s

Photo No. 8

Collapsed gabion structure near Vallev Road.







Photo No. 9

Looking downstream on Blanche Brook from Hansen Highway
bridge (B4).

Photo No. 10

Looking upstream on Blanche Brook from bridge (B4.)







e
s

Photo No. 11

Looking upstream on Warm Creek from confluence with

Blanche Brook.

Photo No. 12

Looking upstream on Warm Creek from bridge on Mississauga
Drive.







Photo No. 13
Warm Creek downstream of train trestle near Connecticut

Drive.

Photo No. 14

Control structure (W2) and concrete bridge at outlet of
Noels Pond (B7).







Photo No. 15
Looking downstream to Noels Pond from Route 460.

o

Photo No. 16
Flood plain downstream of train trestle (B8A) in

Community of Noels Pond.







Photo No. 17
Looking upstream from bridge (B8) on Route 460.

Photo No. 18

Flood upstream of concrete bridge on Gaudons Brook.







Photo No. 19

Looking downstream from bridge on Gaudons Brook.

Photo No. 20

Partially collapsed gabion structure downstream of bridge
on Gaudons Brook.







T

Photo No. 21

Looking upstream from concrete bridge on Cold Brook access
road.

B B S,

Photo No.

A
22
Looking upstream on Cold Brook.







Photo No. 23
Concrete bridge (B8) on Route 460.

=E ___.,.___,.-—ll'-l-"-lﬁ
e ] e e = =

— i A A e

Photo No. 24

Recent channel bank stabilization on Blanche Brook near

New Mexico Drive.







Photo No. 25

Recent channel bank stabilization on Blanche Brook

upstream of Mill Place.

Photoc No. 26

New concrete bridge on Gaudons Brook.







Photo No. 27

New_gabion protection
Brook.

downstream

of new bridge on Gaudons

Photo No.







Appendix F

Structural Data Sheets







STRUCTURAL DATA SHEET

Water Course: Blanche Brook Map Sheet No.: IN14 — 111
Location: Stephenville Structure: B1 — Kin Place

A. SPECIFICATIONS

Low Chord (Soffit)

Span: 2.43 m | Elevation: 3.70 m
Length of Structure: 9.32 m{ Upstream Invert Elevation; —0,64 m
Top of Road Elevation: 3,54 m | Effective Flow Area; 39.16 m2
NOTES:

PHOTOGRAPHICPRESENTATION

. o
e By







STRUCTURAL DATA SHEET

Water Course: Blanche Brook Map Sheet No.: 1IN14 — 111

Location: Stephenville Structure: B2 — Minesota Drive

A. SPECIFICATIONS

Low Chord (Soffit)

Span: 26.76 m | Elevation: 9,283 m
Length of Structure: 11.36 m [Upstream Invert Elevation: 5.38 m
Top of Road Elevation: 11.00 m | Effective Flow Area; 86,18 m2
NOTES:

PHOTOGRAPHICPRESENTATION







STRUCTURALDATA SHEET

Water Course: Blanche Brook Map Sheet No.: IN14 — 111

Location: Stephenville Structure; B3 ~ Main Street

A. SPECIFICATIONS

Low Chord (Soffit)

Span: 24.40 m | Elevation: 11,723 m
Length of Structure: 16.70 m|Upstream Invert Elevation; 8.11 m
Top of Road Elevation: 13.49 m | Effective Flow Area: 84.90 m2
NOTES:

PHOTOGRAPHICPRESENTATION







STRUCTURAL DATA SHEET

Water Course: Blanche Brook Map Sheet No.: IN14 — 111

Location: Stephenville Structure: B4 — Hansen Highway

A. SPECIFICATIONS

Low Chord (Soffit)

Span: 21.10 m | Elevation: 29,51

Length of Structure; 20.0 m | Upstream Invert Elevation: 25.94
Top of Road Elevation: 31.26 m | Effective Flow Area: 72.18
NOTES:

PHOTOGRAPHIC PRESENTATION







STRUCTURAL DATA SHEET

Water Course: Warm Brook

Map Sheet No.: 1IN14 — 111

Location: Stephenville

Structure: B5 — Carolina Ave

A. SPECIFICATIONS

Low Chord (Soffit)

Span: 10.12 m | Elevation: 8,49 m
Length of Structure: 7.72 m | Upstream Invert Elevation: 7.10 m
Top of Road Elevation: 9.603 m | Effective Flow Area: 14.07 m2

NOTES:

PHOTOGRAPHICPRESENTATION







STRUCTURAL DATA SHEET

Water Course: Noels Pond Community

Map Sheet No.: IN14 — 111

Location: Warm Brook

Structure: B7 — Connecticut Drive

A. SPECIFICATIONS

Low Chord (Soffit)

Span: 17.09 m | Elevation: 25.81 m
Length of Structure: 8.58 m | Upstream Invert Elevation: 23.61 m
Top of Road Elevation: 26.80 m| Effective Flow Area: 27.89 m2

NOTES:







STRUCTURAL DATA SHEET

Water Course: Warm Brook

Map Sheet No.: IN14 - 111

Location: Noels Pond Community

Structure: B7A—Conn. Dr. — Railway Trestle

A. SPECIFICATIONS

Low Chord (Soffit)

Span: 10.69 m | Elevation: 26.35 m
Length of Structure; 7.35 m | Upstream Invert Elevation: 23.76 m
Top of Road Elevation: N\A m | Effective Flow Area: 25.19 m2

NOTES:

PHOTOGRAPHICPRESENTATION







STRUCTURAL DATA SHEET

Water Course; Warm Brook

Map Sheet No.: 1IN14 — 111

Location: Noels Pond Inlet

Structure: B7B — Route 490

A. SPECIFICATIONS

Low Chord (Soffit)

Type: (CSP 6200 x 3900 Arch) m | Elevation: N\A m
Length of Structure: 28.63 m | Upstream Invert Elevation; 19.56 m
Top of Road Elevation: 25,22 m | Effective Flow Area: 18.4 m2

NOTES:

PHOTOGRAPHICPRESENTATION







STRUCTURAL DATA SHEET

Water Course; Warm Brook

Map Sheet No.: 1IN14 — 111

Location: Noels Pond Inlet

Structure: B7B — Route 490

A. SPECGIFICATIONS

Low Chord (Soffit)

Type: CSP#2 (CSP#3) 2400 mm Dia. Elevation: N\A m
Length of Structure: 30.02 (30.34) m | U/S Invert Elev.: 20.64 (20.23) m
Top of Road Elevation: 25.22 (25.22) m | Effective Flow Area; 4.52 (4.52) m2

NOTES:

CSP#2 & CSP#3 are in Background. CSP#1 is in Foreground.

PHOTOGRAPHICPRESENTATION







STRUCTURAL DATA SHEET

Water Course: Noels Pond Community

Map Sheet No.: IN14 - 111

Location: B8 — Route 460

Structure: Concrete Box Culvert

A. SPECIFICATIONS

Low Chord (Soffit)

Span: 22.75 m | Elevation: 25.81 m
Length of Structure; 8.5 m | Upstream Invert Elevation: 23.65 m
Top of Road Elevation: 26.81 m | Effective Flow Area: 45.05 m2

NOTES:

PHOTOGRAPHICPRESENTATION







STRUCTURAL DATA SHEET

Water Course: Cold Brook

Map Sheet No.: IN14 — 111

Location: Stephenville (Cold Brook)

Structure: Concrete Bridge

A. SPECIFICATIONS

Low Chord (Soffit)

Span: 11.41 m | Elevation: 106.40 m
Length of Structure: 9.74 m | Upstream Invert Elevation; 104.02 m
Top of Road Elevation: 107.46 m | Effective Flow Area: 25.84 m2

NOTES:

PHOTOGRAPHICPRESENTATION







STRUCTURAL DATA SHEET

Water Course: Gaudons Brook

Map Sheet No.: IN14 — 111

Location: Stephenville

Structure: Concrete Bridge (Damaged)

A. SPECIFICATIONS

Low Chord (Soffit)

Span: 9.81 Elevation: 14.05 m
Length of Structure: 10.13 Upstream Invert Elevation: m
Top of Road Elevation. 14.63 Effective Flow Area; m2

NOTES:

PHOTOGRAPHICPRESENTATION







Appendix G

Velocity Measurement Data Sheets







VELOCITY MEASUREMENT DATA SHEET

Community: Kippens

Meter Setting: 5 Revelutions/Beep

River: Gaudons Brook

Channel Width: 5.0 m

Date: July 17/95

Number of Subareas: 5

NOTES:
Meter: Price 622 A
Subarea “Average | Width | Subarea: |- Meter . Veloc;i;y «:|-Subarea
No Depth(m) m)y | (m*2) Fteadmg : (mls)’ | Flow
: : (rev/sec) ' (m 1 3lsec]
1 0.24 1 0.24 0.017 0.016 0.004
2 0.44 1 0.44 0.367 0.252 0.111
3 0.3 1 0.3 0.258 0.179 0.054
4 0.17 1 017 0.283 0.196 0.033
5 0.1 1 0.1 0.150 0.106 0.011

Total Flow{m ™ 3/sec}).

0.212




VELOCITY MEASUREMENT DATA SHEET

Community: Kippens

Meter Setting: 5 Revelutions/Beep

River: Gaudons Brook

Channel Width: 5.0 m

Date: July 25/95

Number of Subareas: 5

NOTES:
Meter: Price 622 A
< Subarea’ | Average | Width | Subarea:.| Meter | Velocity' | Subarea -
“No.  ‘[Depth(m) | (m) (m~2) | Reading | (m/s) | Flow: -
e : o : | (rev/sec) | |im~3/sec)
1 0.3 1 0.3 0.150 0.106 0.032
2 0.5 1 0.5 1.000 0.680 0.340
3 0.4 1 0.4 0.717 0.488 0.195
4 0.3 1 0.3 0.417 0.286 0.086
5 0.3 1 0.3 0.533 0.365 0.109

Total Flow(m ~ 3/sec).

0.762




VELOCITY MEASUREMENT DATA SHEET

Community

. Kippens

Meter Setting: 5 Revelutions/Beep

River: Gaudons Brook

Channel Width: 5.0 m

Date: Sept 20/95

Number of Subareas: 5

Meter: Price 622 A

NOTES:

- Subarea’:
TNe

“Average . :

‘Avel T Width
Depth(m) |

(m)

1-(m~2)

T Meter
- Reading :
“(revfsec) .

Velocity

(m~3/sec) -

O =

0.3
0.4
0.35
0.25
0.15

— b — ok b

0.3
0.4
0.35
0.25
0.15

0.050
0.667
0.500
0.467
0.200

0.038
0.455
0.342
0.319
0.139

0.011
0.182
0.120
0.080
0.021

Total Flow{m ™ 3/sec)

0.414




VELOCITY MEASUREMENT DATA SHEET

Community: Cold Brook

Meter Setting: & Revelutions/Beep

River; Cold Brook

Channel Width: 4.4

Date: July 16/95

Number of Subareas: 5

NOTES:
Meter: Price 622 A
Subarea | Average Width - | Subarea Meter Velocity - |-Subarea

No. Depth(m} (m) (m~2) | Reading {m/s} “Flow - -
; (rev/sec) (m ~ 3/sec)
1 0.21 1.1 0.231 0.125 0.089 0.020
2 0.3 1.1 0.33 0.200 0.139 0.046
3 0.29 1.1 0.319 0.300 0.207 0.066
4 0.1 1.1 0.121 0.033 0.027 0.003
Total Flow{m ™ 3/sec} 0.136




VELOCITY MEASUREMENT DATA SHEET

Community: Cold Brook

Meter Setting: 5 Revelutions/Beep

River: Cold Brook

Channel Width: 8,0

Date: July 25/95

Number of Subareas: 8

NOTES:
Meter. Price 622 A 1. 50 mm of rain {approx) fell previous day
 Subarea:| Average- | Width .| Subarea | Meter | Velocity | Subarea-
No. Depth(m) | (m) (m~2) Reading | - (m/s) Flow
: . (rev/sec) m ~ 3/sec)
1 0.35 1 0.35 0.483 0.331 0.116
2 0.65 1.1 0.715 0.920 0.626 0.447
3 0.6 1.1 0.66 1.085 0.737 0.486
4 0.45 1 0.45 1.333 0.905 0.407
5 0.2 1 0.2 1.000 0.680 0.136
6 0.2 1 0.2 0.833 0.567 0.113
7 0.15 1 0.15 0.467 0.319 0.048
8 0.05 1 0.05 0.333 0.229 0.011
Total Flow(m ™ 3/sec) 1.766




VELOCITY MEASUREMENT DATA SHEET

Community: Cold Brook

Meter Setting: 5 Revelutions/Beep

River: Cold Brook

Channel Width: 8.0

Date: Sept 20/95

Number of Subareas: 8

NOTES:
Meter: Price 622 A {1. 50 mm of rain (approx) fell previous day
“Subarea | Average - | Width: | Subarea | Meter | Velocity | Subarea
- No. {Depthm)| = (m) - { (m*~2) | Reading | (m/s) | Flow:
: : : {rev/sec) : {m ~ 3/sec)
1 0.38 1.14 0.43 0.433 0.297 0.129
2 0.45 1.14 0.51 0.467 0.319 0.164
3 0.48 1.14 0.55 0.867 0.590 0.323
4 0.3 1.14 0.34 0.593 0.405 0.139
5 0.12 1.14 0.14 0.317 0.218 0.030
6 0.08 1.14 0.09 0.250 0.173 0.016
7 0.04 1.14 0.05 0.250 0.173 0.008

Total Flow(m ~ 3/sec})

0.809




Appendix H

Crest Gauge Data Sheets







CREST GAUGE DATA SHEET

Community: Kippens

Geoditic Ref. #: CLM 938019

River: Gaudons Brook

Base Elevation{m):20.29

NOTES:

Locatio_n:__x— Section710

* 'Measurment Water Depth-@:
el  Crest Gauge (m)
0.355 July 17, 1995
0.5 July 25, 1995

0.45

Sept. 20, 1995




CREST GAUGE DATA SHEET

Community: Cold Brook

Geoditic Ref. #: CLM 938064

River: Cold Brook

Base Elevation(m): 104.26

Location: X—Section 802

NOTES:

" Measurment | WalerDepth @

0.6

1 0.35
2
3 0.5

July 17, 1995
July 25, 1995
Sept. 20, 1995




Appendix |

Detailed Survey Information







e

L ——————

sb] 2ung

48 29110 MK
MooYd wairvm
fanyas <NE7S

e Bt s T

*




s e -

u..u.... B e T e, N
, ..“..._,,
"
|3
4]
¥
L5
..._w
\huv.bzu 3;?}31&\ M./ W
o > | .»
ou\ka\uuu ”J./p | ¥ __.
of Sy oAy P Semeas s : = Ly L2 ]
L0 Y { I LVTD ff
.mﬂ_ \ | \lf . m.
~. i m
. | ﬂokﬂh\ ! |
N $dong agqy -0t TZILDEY ,.\Cu.“ﬂ .
S0 N p s b -3 ¢d 22
v
"3 Yeukned L 53 ” W ;
r o
YAUP n¥ilkg mo - s)gL e T F
!
SPONYNASUALLY - y_
N __ I9019g @ NoSIITE WY LEdmeg Oy 16 42 |
it 194977 —
f L1 w1 Zammod_u v mm‘._vﬁ AR :
7T 2 TL g 225yl s bl g o |
_._ Iz 4 124Nyl 31 -9 L4 54 _
BT , 2ol 02 q
i
o . ;
1wl v " :
L) _ _
“" oNT Youy T i NPT Sy L |

14 ¢ s BT

\wLow AL
MEn el An DvdlwsT

Eiffiri b




A7+ 18y pFINY DL

o Lot onNIATYY NO 949
CFinL werquees

Ooyy9)| , St

FAIAG digenn) 39 Y
Jaqwin L7

YLagsil 4

239§
NRAYINGD 9 APHD o 10

I 3y 4~ 297

[ 12
P DL TR e ST
dyny o \ﬂ\

5T s

LN P

A

208539 Nagoee azeny woltd

_ nedwpody o 2007

™~

T Jd e 44 ) 10U N0 DN

4345¢
.\.;;
N

SPAS B B YA S A B

SN A AYY ne Ld PG -58 So
quhw...v.t\ ol 2l z45 S

al. INIW LAY we i 4 \o\m«w I

L t.mumlu.wm\ ONIX 7 A 2087 ﬁ
PR DT T O~
s -
\N\qu\ ) - 33
¢%)

VP taposBS \@M\\lﬂ.
@ xm__\\.hu

0.0/
9P s — r.\__\
m\\ 1)3).0 ; .....DP vﬂ@
& oﬁt,‘ - \om\\\
& o,

/7
7 b VeV S Ly 1l ydnnd & Y

Atongl WA YM
<b]9z avng

T R e e Tl L, o rv e e T

e RETRTTTE T

b-\vm.a—-u;:':-:

[T E n

e T
ey f

Y TR T TR e,

Ty

L

.

|

\




o) SAIN g—

11 'pd AN

v} i T

20034 49 poa3

JETeNY ST AR

“ ft&ﬂ%vmn_ fI @YThy o)l 94

70539 4040l ovTY WN

\
oy 7

we ALl "

AW MmIrLa Jo AL

T4 790399 & ~Pulhn
Syt T DA6NVY

VIEM GNT P e Q7]

N..\nw “1TH L 100y __~ nT J\r& \uu{v\?,.a\u @ bwﬁr.

=Y
ol

]

1l - el

T U4 rAdaTD

g9 - S1 gl

tp- <k C

-~

M0XG WA Y
Sz sNnL

YAy

a4y

2n




L _\m b\§
30N D “NILINMG DIyl by — 5¢i
?mw&mw M8 DMINw NC edfL bzt - b7/
Wmn>
2olenidy $AWe0L 32100 pemn T LR
St opIGYIRY 29918 o don cz) - 92
WYL QYD WOLLGY Toszt
mJJ&?O?H?_ S0 L YTl -C21 54
/
b A4 atyuney SY czzl ad A N

ARG wWryrd
seloz 2uns

3 L b ) ' vl



ESl 1 ouNes
20154 magay Ao o)
A Howyd 3o 3947

A330 A4 g g9 2907
¥y A7

1o 203Y0 Wuael 20419

N20wc) H WAYIsdp 7

Hvgd 0N o d¢dv YL

gl b 5
Le b4 ¢
751
261 a1 Sl 64

!
|

LI C IR SR ING

S0y Y iNe

Ty hd IFYLNOD
£308CH W2

AN o T

/

,,

.




SRS : ey
§ /.“.y.
+a./ Ll RE D 7 L= N\ F._
|
_ _
&) S Y IULNgg LA .
i __
_._ ﬁh,u_w 3n8g -p %47 BN Ly LGt i 7OMLeeD _
(2537) Aomg 219 3907 DY
'Y - 239 _
Lt g Jefgndil B30 - L ¢ . _
351 b4 TELND WMM “.m_m.__ A0 ownay DN W
851 L 720D w
Ay g 40 7902 Wy olp o s4 , L
J2?7 Aoy 4o Foax ¥91  §4 :
XY 4-iga2 4
_, 92 s L225mYy.L oi=990 14 4 ]
b1 Ay neg
FLd r0ma)




AROIAT L syl ERYAENA R
) gl Ly 20gle97
B3 2 vewpnty S SR UA Tmuseian @
ep) "l Wyl ARSTENNY
t&w Feldy o FPa% bl

G}.mo AC0YY dp 203 29 2 AR B _

YU e PFT Gy IPACAYY ] Ll =961 0 _
931 1) ST SRS g

!

{ '

b3l A RNy Cg sy A e BN

/

hY
SR

r———
T e

Lot ~dd D ORNID

Lk



AR Ae e ey e g e ——

A A ae e A e o,

-

R T

(L
gk
e b
\ ﬁ
2
E
| I
o
=
¢
w
LOg g IYpnoD _
m
R TINPREY Sy /
/
- /
() hesh 0 2903 Sy Ybl) YN
J131 % 1y
0¢  Joliubyy i |
Lo1 42 e¥ina (]
{
$91 19 U Sg) L TE] M TTHNDD DN %)
E Jﬁdvlﬁd
= o o e e Sy T— T £



Tt 'S

LY

| ) s 0 2

EaEa

4

‘ m\é é wd 1g, AdPSabYL
!
[
m

WA

1Ay ) MDYHG se 20475
Doy hlel:AVVYS

. ALQGQN;«.[?%E —p

Yodd 1npws

PO

a7

N C Ry B APE M)

T(M u?mm P AT P

—
-

a J-J\L‘C.nf\.w

XA
Y
257 - 447 K
(e 4
biy 14
L -1 oo

f
Tl Y L
1

ww_ Al esiway

Thenl




MMt an s -

SLT "3d TWingy

EA? gy
g2 "d4 LT A
oIS 2am) : \ $9 2 ™
(VWM NOIYVD 4L 2988100 pLf-on 7 : N NoTAYD
_ ! _._
_ . ’ ._._
L (pess 2y ) __.___
LM WAISYY do) 2415107 Ko7 -7 ___
i _,
Il ?w_u A90¥§ 20 7903 ) b /,
i , 77
[ () o2y 30 5907
i

7 ld rediNgD ,_..
| ﬁ«o

Aroyfl £2UYD do 2703

LT L4 1

Notpy s cip 2707
nodie) PN pdz) 777




bz ST LA oy
z

AEV H003G A 2563
(#31) wopg 4o ¢

mvu - m@ j23 \_um{&.v

ﬁ@o Hxy Ao 34D

_.Atn_.vv HOE) WO 204D

m& ¢ 1) FE IaswinL

27 1J @ Lz

sg Rl
-

A S R

X ad VLD
EC A

1N

MDD Wy ¢
Sblg= dwn

].11.._1.?_..... GLL.\L-.... e
FLrmrrrers



vt

anod LIFY
Yo 43Yn0 )

2Ver5y pp Jspr
SRS NS
1Y QYXY AV o Sars Hivopt 7
ke . \ (sa.L) &z i
rog L S T ‘
Jo Wairnos btz T w5
e
SRS ﬂ |
| Sty sg ek g DL
_ B |
|
Lt
Berld hHING D FLET &L 1d ~pitras

mmw. e J:\,C:a_u\» oz
\\ i

SCZ gt r0diner




LIC X0 %ilpls X

FIvaLa¥D o 3969 963607 gl
& -
. d L~ . _*:.’ ¥ _,.n.m‘-_, ;
: _, _ (L) %8 zgna g0 5ypg Tk
(1
u [ ()3 it 5o 5o
|
.__d._ ¥y
“wu stonyng b sleerg iyum
1, HO P uIMIND RPN ol
1, . -
)

T3P

@NI&OMQ taf D

w2 1

e

hf.m\ L‘& J.uu.\ﬁ.?._wU

Sb/8Y Funf

TeeAd  wyyr]




—— e e T T T

AR

A -

i

’ 5
S5 A D¥sny 465 )} /

. T&oQV H%pg Ja 27 boe 4 Lig i

(¢237) A0%0 9o T3 by )4

(12-37) Y 25t} Y

Iag pone1g Sy DRNGAL Lgg ~sle o
i (s € 547)
‘ L

m_ . i . P \-..nm. JOM\—QCM
o dn?w,,& Edui.ﬁ_ 4 g gy 5 Y $5¢

\n TTN .wz:\ﬂ
oy Fnopig

P




54 M T
?uo yeoy4 do aom3

LI dgt qopipe)
. ?ux._d Aopg 40 29¢]

3 + VJJ ¢ Orowy)

$44 g opm) g5

eLe 1y MaiNaT) T N

AL L VIS
wmsﬂw

¥ WM YNNGy
FISISSIE YW 203950507

| AP g0k 50 gop D

1

$58 4 ety
$L6, A4 1l

@Sé NG Yo 2047

wt\.iv Hooyg Jo mq7

J ’

(e ﬁg_ ¥ 4 #2950y
_..

Lig, - )d oyipm 5 .\E.m

5.0 U 7OV

86§ D LoD




AIRIID28
AFA0TS MrBEWwD SO S0L bttt - 465 -

—

$5¢ <4 “ets N




wrfadratabdin: g o

- L i i e

| 4% reioﬁ& Plepal
Aubmu

N0 Y $uvi ogl IR Bkl

| VANYD  POeTe

LONCTHYD 3p e ag

.__ SWMNONTAY Y \E
|
Qpay W.
_ dfl oNIXooT  (Hes

MG do PO WIS g )

boSevid
WINT - T SNVl
QUnNT ~ T syl

7

L d g el

sy

L
% _

oty

N

N )
e

s
S

—

26 2

Soodyg OV

[
\\ru

1 }anf

:.
TR




ik 7

. Lty ad L 8L v __
w“ iy vt ME X b Ud ST S A venns SRR w
U_ _ .h”\_...
QSQ Wat/ng - Leg L) H,L
8t YA s

b 'JY YnliNe - “

. L-sndy a7 i w0 o4

PG 22 WINYS w110 TIRELINN

M 490Ny Noog 181 {4 i 4

M.mﬁumn 40 Yaper "Wy cawp Y i | ¥

' . ! i

osen) TOAENY 5 9 N9y e ] bh-55 54 il

il 8

ooy P TS LINY il

J i : _. .f-.

“ XD Do Ny oy 4812 sy ”__._.

; _, nm\h .R / ' C “f
3 . <l 8% 7 0P =l Dopnnd B
....— i .". __-m.
N 5

ol 1 N 5
: 58 L 2T iarr 5+ I
\ . ;

b M P%uND ST D20 L Ll B k:

A




MAVL QpeNs Wil pns

FITHY n2iyny

Aot ugo & ..*

s

390338 B0 9yt waeg

SWINYD shardd \welleg

Al E w0
Wyasidn s9QTeg o 18 e Lo 1

L Nyt I L o

T | ~
\L P e B7) b SHONL S0 e S e

. fee - .
Bl A nodines og : DaednT Ay , SN Wresaonny S

Y51 5d ey
35> WW gnq) IO

T4y IS %A

-~

LN} 1y "1
(©°) s myg Jo -
OF do ral)
(ank) F90CYG vo syreym
S 227) G- sNvyL
ol

RAF AL m:.\




eleenla.

AR R R 267 ¢4 o
L - X
\u..:.,,o Jé %Ei uf\ o , M__/
JOL - OND 2Ty S ng oy W | .
L
SMPIGW D MO - 4 WL _u.m. ﬁ\._ -WM‘ L.L __u_a.”_b_..m D
AN AR W IV - vty g ,_/
T supe L L\7 - S22 o4
- -
. r
VLI ML oINS 30T LA T S "
=)
T
D
POT 4 euLn) cry 5l
e hhl Lor- 11y /
13 ﬁwucn_w N \
C AdY WeagnTy 5014 u..__ “h ¢4
; 169¢67¢ | o
3 AL .tl._.__. L) AL
1 185 ¢ ki LR /.
A bISegIL xl_,_ S TOT 4 our i
/ .\\
Wl Jd o) 9 Syl Imivae) 2y

o

A% 287 ERL WNE - \

N N TR e




A 2R L

LR AP

————————

A T B O B e s = e i iy ;

: _ <
NMH Jd TRy 0\\.n¢,_. s \_u_ ______. @ ;
' B . / .
_ 1 gy S vl a4 / e/
I ! .rvr\
d [ =
AU G I E-_ \
A N T T BT SRMY s : \ L |
‘ ) [
YR WNPBIe 20 Sasc am ro R 1 SN __“ | i
[ _h‘
& | _
S0 eikrg | el T i..L \..U , | |
| /
L / . \
nl o Aoy LIl N $¢ .meT A4 Neyluaz o ,,., ' / /\

// R GT fael DAl




19Tk agd ey -

{ ’ 5
d Mw.ﬁ A4 Ty ihng mw@ mm y

]
N .

i | TGS pioy 60 ags _op ”
| o A SSACRIR IS /
: . : 4 /
| Sl gt} We-b57 o

—

i i, . /
o i 7 2d o inay $9 55y - 1g Yewden g

eSS T P T

AR N R e y, PR




R oy ...ur......f..l__.uu-.r.l,.-...lpr[. i

R ..ac.. o

RV RN

g4

BN
! v \
™
<
= :
.
T
Z |
Gre tid eI o M Q) (1275 ___ !
. ¢ S ]
deb (33ng) e worays) SRR AT E rITeR7 _M _ 5\
H W I
FU NeEgVe Al PN Mg, -l kG % N |
) LY [
4% AthLJéJ NPT ey Vs 90% i 3 4 K
d0L - NITHD AVlpC tel- sl sy o i /
Loy et ot Y
’ i &g ay '
51 Savgall v - v32 e 54 ndm _ ;
( el DRl PR
\

i L M ENTs oy m«m Y Rt .\\“. Jﬂ.,mt..‘.n.u N ~L -

{




B Tt o SR

e O

ALXIEN § Ty

e

VRN W OL S T CIY 2yiise fen

DAMLNEN DAL AT LNl

INFXQ FCrSYINLY 4

A NG LI b1 svuL o o
bl Sl

TG LA nopn® g

QMg 34
P500K 4

I H0 99 @ 8 WL wn sr ol 44

31~ SWYM L
228144 romines
17¢ dd 20N

z5 8 Moxane g F@m L

R A
55 SBIN90 FINIY A iy S 21 Lnrigyy
DAL ) I Daryyr v

Gy AT e
o
PUTCU Ty Gy
S¥Nug oo

TN TR L

Aled Lt v,

1 ey i ¥}

Lol o
-17¢ ¢

- e s

T

TGRS

RIS

Ay OTH

Cx2 ad 7EdveD

07 A e
NMATwYLS

W;m g ot

=bo =t e e el SR i

ks i




e D T e k8 Lot L A B o b

T A

BLE L T2

$US 'dy doudnT Ly g
294149 J0 QUMD WolleE AP

AICIXY YO udnpv? sy W ieq Ap L3y

.

i’
Y NESTY kS E I

S

To3u$ 0 yAy MIT g TRy
07 syl TR PSS TIPE
Ll % dH Gut, 3
5605599 5 dt T
O&QNW ww \.w,m., i \_.L

Syangnd 04324
b 958 Wro - pvi e

iy

-

5

o
L
ke

BN
A

Otg Ad ISimed £F 125 e DopurD @ Nd-

SVE f D0NifOD

BOT N TUIADINDY ~ /

i
STl NRSNE \M\/ 1
y /

(s

RSO

P e TN I

s L]




[T

ST SNUYL Ly -4¢y 4
Pz 1d GRS og .\mw.v gl dlclas \wh\
bt IINYD b 6o
N wund 3l Moot 34 SIS NN
YT SNdM) Ity -7 Y
/
.—th .V.!L QJMF_‘DU m& -7 .¥C\¢ JQ%PZD.U T\J /,-I'\
wzh 1 Id ITesn) sy {d
§7 snyd) by - zoh 5
| “ 1T i) e Gne (A
: | « R
¢Le YN Gg L g il nagluer ©NK

17 Savh

leg 34 deddv T 5§ 1618

vy
O i Ty A L
AR PR

v e e S T scllary i RN T

Skl kL
ooy s S MY 7P




e e e

Z syl
Ls 44 odbnoy
¢ UG H 1 )

1
-

[

1y [} \_JJ
457 ._r)i;amﬂ JERTES
!

FaetPq d2 pged

i

5 Sl 4
ﬁ%& ?uv Ayl do

N7 Fmepdhpw dp doc

ST

SIS )83M Fs AG(T

>

'3 anpines m,n\_

=AU n

{

SR

Lo g

¢ A

oy
ht
1)
=y
I~

SPESITA

e N —
NI S

N 20/t D6
Q\.uv TS

ANy VAL
Mox orexvrat/
Al WS
kT Serdn@
£I2YIN O T
PG DB

EBIKS (SN

43 N

A4 FPEING T m,_.,..
_

?(\

A
@[
2a

o ST

_\amm.\w\ L2AC ;

R O

AR 1

Cadd bt i

Calhid




T A afambae e T s —— YA Rl g T e

P RS TIF I

=
./W.L/
r
s
i
Q
Py
| o ( ~
| Qh\ \..& \Jn.ﬂ\__LDU - ,‘L W
NP AU o
‘ ( i L e B T IS BN
3 LG 3 dsadpoy 49 4T pA IO T
(o -Jd nvND {n ¢
g SNEYL <9 =15 5

& MVomps B NWsf il IOUINCD ) SV

VL a4 yopired

L L3 T i R T T o A,
ORI A S SRS, S8 S0 2

DI,




o 8 3 5 108 T o
D - nb.
3£ . v
MUY Saplinos o Co
\,_.)me.:\
Bl

2032}

A Pl NG

/
1
il <
...ﬂ
N ! = L C
VO— L.h_ .JQ.&\.P_JL V4 4 J\ Nmu Lku. NN P QM\(&.\\T?A
o w,.__qw_w =0t () fm.H \
/ L.
2l pd mines (9 Cob gl moyis By \ \
L
b b o wPANoD oA
4 Sl sy
_ g
! 3onal S4 be i
* FnTn P2énoH RN
i
¢ K a5 (2L 35 ~epinan AN , WE .
\ / Wl Yz G3

H...ﬁ o T T e
\a.un;l.:.-\~1|-\.,l ..||.1I1,J|

o o
._..._...x

..._.,.Ju#.m m.. ] E



o ..\.,\.:_“‘_‘\'\ﬁ-

Lhog suend

Votiys o] ayd Jiwe

2PN
Po0ND 83T D gy 81 -5 3

ol tdd soginm [4T Ly g i TN~
L1

Ll g iang

sy esma @l oy @

Loguwdl
20} "k oyl

/
b i IND 40 v S0 Ad )

-

T -

g o P W)

> o R

] sy & ARRE

A dd D epiive




N gy,
y

et it b I L iy,

L9} b4 qodgne
MeIsYD o 4t
refaue o iyt
a
Yookl
2947 W MARIY @ YpayD
Gy FW0p| v )Ty
?3\\ U TN
PN s ] SA0wcNey Ny s

/
_.M;ﬁ_ %A m..S n,m._ vl
) " 2d

wouuuw
A00Ma) 0 A¥u) W Y lag

Yag L)

Al

MY Yy Fheie)) Ao dyy
TWMANT M YT

) i I8

.

e~ Io.ﬁﬁq\ <

ﬂ\.. c_xv FoCIYF o wruuT

.
-

<L Ll
> .

L' bd =opipns

Lol 6L
A~ 49) [
19] - 181 4
Wl -2l Y
Mo by 5
fooolfy g

<M
\‘w _/\\_r
AN
RS
¢4
5)
P ¢
g -
= _._ ﬁ_r
I AT mm
- ol Fo

pLa BT LU

!
PrERN It A *,

e .mﬁ__ ...om..m._~4 AT e

T

~ m‘wmﬂw

#

AL D]

WD

SEFNINTS

¢

g ) Hd gy -




- S — e s e e
iR w7 .o
Lo BEE o e e e P s i
; I ‘" Wero .- JHFD Iy N /4
! | LMD Wy fzg ST 1Y Meodd als [aD
: poxY V0L ST e
k WogQy = MWD o 14/
: C\_m\nnm.‘ﬁ z IS @ Hleiya
o gy " N e Yoaid
ML e g Lt . ! S0 T OTUA o
RO [ o ) £ ) T : —
RYS ey T1 ) L+
d_, I it
| rre Qe _ prips ] fr.d o2y
m rue 5 .
# CToMiDD sz
NTEYLS wrd ———er
grp 1 MUN % \
NS yry SL&o wr IR

Mm\n\ Aasr
AVITANIHAPAS
yooyy SmMPUNy T
PG IY IVD DN




/ig

oAl JoxIn G 5 ga
-
Inso™y v o) - . A
._amu...\? D \rm v > QW.L?.O.\; m.r...\_ WV

/
£o0354 W7 > [ perni

20 854 -4 A VRt 7T
IRV I —‘,

5 5 i R LA

shlLl tonf
IVTdapIl 5S5Ey QuoTd 2loodg awo




e ceemr

;..
I_M.L.r.l..i.ir {.L_._

m\ ] ._..\_\
- A - :
“ ; ,DWUZmHQM\\\ .m;z.\:. H.sﬁv\ £ 4g ITUNTD }%_.‘
§ Y i ’
B XD R ST GNIET FuSa wprdip A G0 a0 £ \
. s > _ .\\ u \.
m 3 Ly W@l NN ) epnryed sg5y LT
2. iy wirolg vl P et A—
171 Samol 2mL oL oo aRard G yaupm | s Y L
2| g CLT prrzed
i IP2Y2S VIR F Pirtly yayeI
£ ) ” h ﬂ_.(...\_\ \J% HII\J\“\-\ \\
o
S 20 ovmds DAL 90500 vt ey ,
Al N.¥3 DRY N SL SEUL ONY €077 toes % x
e .\._\ ’
Sl 10t yprsy 07 AL - s Ay |
3 1 PO |
VIl Ao wdeay pHe yaoun sz oWY ¥yt » J o _ e :,m
| _ : 3 ; Q - rd -
h | _"‘“W\Q\aws m.u._?‘.m.hw‘s\.“‘ US el o0y & _.‘_\\_ ! L A %! me 'ed WAL LN T £ . W ARSI 53
4 H . \
| gols 6l asrSor ST RCATING P n\\. . : .,‘\_. (._m‘.\ detdoaa T
; . o -
" Qw\k\ Qh\\ﬁ \“. ol .-.d.,.«\Q.k\ \K-‘)\\ 7 «m\\_._.n._...._.x_:?w. v /._.t\.d,v_nhk;\j
7 - 4
j | qugﬁu.m\\\ub.ﬂ \;U.o_\xmwﬁ% Qdou ,...\uwll aw..\,a._\..\__,\._\f.\u ? |
. -5 "l -—r : ’
2UAE NI WxOlS YT L oNTEed b A
AU GPSIACY OGS L) - qmﬂwm\ Jugiink'  pdioag
Yy Jo 79 Si-k X
400 ANy P9dsry B4 o AYTIANE NS
b Ud P 7 s
.__h_.
1T L N el TRV 4 ol \ ) B ! .-.
e T Lg% \E CE gl e o N/ \
e e g e I e Ao T LR FE T FE >



i
Ch

=

o

R st L ol

W ..u.mUn/_n. SIH A PP R eI I N Mt WEpH ﬁr\.
(270 i
CPDAPT A S A Pem D uuw&\ hm\w.ﬂtm

s

SUBLD e D di cim T phduid
erlly T4 1t r~T pAAE (Tl

SOpIX2 T Ay DN e
SRL SYYDIT AT xoary SHA 2P
MU A7 praL A 003 WEAXS Awd
VEANCTAEENST 9SS M A RS Dl
SATL SYHL IS 0L sabPuay) AT qay

SENAZAPDT o0 IDFE CRUDILEAN Al

I/
ST MM LY KL enE moy Sr
Aty it i NIRAYosg [IE[ Av

HEDIDAS L S L IV DL 3P

. 220 B AL GHlYA k&vN\K\
ST b LWL §0T 0550
Ciwie VDR WQ.L\.WWU..\.\‘\ M

QUDILL 2 D) A IS L
ML DIFTYL 2 ok Dpp ory

_m.....v.”. _}...J_ V. OM..F\U ™ e q.u._..\.uﬂ 2 \._h W}U)IU\NHNN

DN ARG HA S iy MmN IMEG \ul\\\
MON0D 0L 200y wiubsT e
Ay ©ONvIYNG 1L eDsTrey/
VPSE0Y YU - VIPSsey  Jaoy

Calop/




i

IS

prRiged

-
L,

1 g

4G +Y 23 ud XAND D AT
LEC 0 = 2 L i) @ “ﬂuc an
£/ Sz = I}

WY E = 087-40L we D (el) o
WaY [ AN

HAryS v 2 J8E AU wg B AP

s
Wy so . dnins

£6(2) Lyns
arnod SN 2L Ao+~ o

-




\n 2 R Vi)
+ Ldd oy daeD

£ Add mianT

| . !
_\.L_Q 299D mm. AR RITNENLY

R S
- -
e R
= 7
KO N T S

a9

z dd

/

fhef 2rmiare)

b
CNony

/

F0RINCS

\9_ L 2

L A7 une

o dd eyt OO

T dd DN




R =

SO —
TV ) -

I AL
T U CHINT2

St e i

DRI IORT RS SR

jeat

=3 IV E T 77 B I N

S b

&
o«
Y
-
«

A S AT T8 BB S 3 ST

\ Mg VY ISy

oy
SA\.l'rr-’i R
)
- L

%

e

™ ! B
oy, Lo e - 3%

£ H
.

P Vis 0 200 VA B L I

N

—

N,

2

"

¥s
\('\

N
N~ N

N0 SI0N Jo S ea 31 jemaiy) Li-wr o2 Demnem
Lymd{yrm o SUI VY IR _
T4 yacay & AT -0 2 =

-

2 td Yapind) 59 E d RANTD B N

- 2 e

..l:l..lll'il!.r{.t..r.al.l:llllllilﬁ L
o Vit atd 4 : . =

5l e = e s ] (T =



et Al R A 3l ' e

- e

e

T oA iR

H |
i
-y ,.ELQ\ !
g ]
: RiLa=D

e i 0, B B . et —

iy -9

Nl . e
i

g QU3 A E YT bt Y

Trdd Nl sy LG oad TN oy

o oA do o pged b

W A0 SYINTT) e Yool i
261y «o Sy FET ST 9 - ﬁ.wk ‘W#
APND Cpoyty o 09 (\\
LA My e o m' bL-L \L

ATTAang

. {
ToUd Mg 0 o)) AUl Sl

i

R T =




e . TS S

s = I

Ty

“emr s

Gy

e R e e B e e byl o

YA 10dien m..w_ f LYy a0 andivan g e
—

E

RULMAERS Jonad an vDnEed
et g Yy

AEL A0 h 0
/

70, AY

|

PE@QV MPAGIAGY Sl ynTe T

259

g

(#27) JIn8Y ORI § 427y 20 3793 ]

<

7 Nvp)

Tl ampiead $Y ‘o

¢0$ Ly™ vy m‘
A¥™H ey
STYRd 383N

!
Tld N g g g

ERAIR S TR 1
kT m;_
Yei Y
¢h

SIRFSIRETEN
P KT

RIS 3
L
V-l VL
BLL
i - Ly (4

0y e

S
&




___
|

B A A LY RN ST

”_
“d
]
A
K
4
P
7 I
4 .
6T K

Lo, 0 b - > )
?°F
re z/ ]

5/ iy
Hid37 St & srarioacnly u

R Y-
~wOF o
A

LU ITYS S

/#ll,..._ ,_.Il/lf_;d.llil ) -1 .I.J_lll;._ [\ -

SINYD> dsaN

R S T

i

7 s
v S2e Ty Ao - - .
.\_ ‘\\._ \.\\.. \\\\ L N.. ’
- . -, _
e JEAL Sy 027 \oo\m\u ~ip

%Q\w\\ﬂ \N\\\y\\f\\
320D MUNV Yy
SN o) HAdT

L gre s/

et O5g

DLIES Vo

|
;

~

-~ -

«}'?Q‘L’/g Qioy 9y

S0 57010 8ongnss’ 20089 qoes
KI-pTl ROPRD ILDN D

e, i ﬁﬂﬂkﬁl. i S

s |
i

_m




LSt b kL St LR N T

TR SR

I S i e e R

et 1]

ik Ao

,
SRS L DD RSTE R Ch 34 2lan
CMS ey g Syt Wy~ 26 04
i FVOTYY $0 YA ro- TS
b7
v 9o SuIVYn wuieg 9 - of 4

i . .
“ o . oo e g

LNy ! i

“..JUQH.VH\ D W._P.u).‘_w\cu L_.....uJQ ..,_,_n.L\er $T 4T AF uu__\.;v.t_wk
/- SMvwl Yoo o

. co
Ay dcm.__\ﬁ.:u S5 bl De Yaelvns o> N

Pyl ‘Gzt i
OF "1d IN2LMCD AR Y
b e I0panTD bl oy

(b ke

ot TR

T R T I T e

£

Rt Jves

_,nﬂ)l

T2 et unls

AN W4

\\\n .v
Dy 0y SRF7
rd \l\l-\\l
o AS L ~
AP T \\\\ .WN
=
.\
Y ,—
v.‘ )
> &
>
r -
N

'
¥
N
9
€
Y

I

™~

“+ Al
NP WO




ht .~ R A
4 W (add 9Ly

ettt

S S WL R o L

T e e et L N T T

.L_-.....At,._.u.WH)?.HJ FS3| \vJJ.Uw/Z_H__L e L 24 Q.nAr_._
UL Y g sl Gy DA VY Sl
\\_J.m:....iﬂ Annhay = NE VaAry JHaral 0L oo
- U ) T\ 57ADA et M) v wux__k .ﬂuui\ﬁ .,.,.,U.
4§ U 437 W s3aoi s Menlirh ey Sy

PR A I NT AT Nw sl DI g AL

SNL NDSE W lyadtud S o P ORYm YR R

C2H AYHL 2NN0 D 0000 L9 sl D Twng

QIES g v 2ATHM 0 o myvsay L AW

= o

MPetany sy ) ND SPOLY D ek G pandarly

P

CRG Ty

nuiwnonxw\._m 1...;5.,,_ e BIERTE .l

SL g ey (Lo
RN zlo-ar g

OT RINT Sg L TS ik

0 ‘i vl IS

S - St ki - S

~ g
>

Hod 2eplamy 59 ™ U4 ~rugen Do

CLrad MWayee s




S - (50t s P S50 S

BN

il gt

{ sLoad

L avayum e

ITP |
Lﬂu‘ T o

S cmaled L

-v-n..x.}.\vqf.—\

ol 1d JouINDD o:i
L fi) B - W I
3 L~ SRuY ]
H \ = e e———
CL 8 2OAND §G . oy sd e ao » 85 td ouinrs
| /
I
§ e rhe g ¥ /
V520 NoPING a7 s Z w
W
L G- S i Qo
3
\ kY
o0 AOANTY sg Lol 4 TTEWD @ N ___
Fua: .w\uu JG!.F?—OU
.._./..ﬂ.._.w... _..|., i T |1 lid N....H._..u. i ﬂ .Hr.w.\l...p_“d




e ML LR AT

L T R T e T i e e AT A A Bt e P i i T T T R T R T e M e T T T T S ST e

B Rl et T Qtae waEEb s B

Lo it

r W\W\\\LQ. ...?\I.CJ\J

SNNTIYINA QAT 3rdd L \

sa¥adald Jooyg ML

<3

CoNsNUEL
: Ve vl N

G20 3d A0plaiD 58 C5T1 LA MWND Dy

b- SN hl bl % - M L

’

|
|
M
|
,

ﬁ
' QY Ld MUV g L Lzl dd amm g N __

\

LG s

-
i

SRV &wr‘lt P e rn s TV.JT&J'IMLL w

s D ARLOK

i
_ §2f Ak YN0 7Tl ___ 3 H_ﬂ .
L2l 1d Nad ) vel 04 e e T | [
| s | »
T |
( . (A |
olff 32 edymny S¢ Lol A aend B S i
, i FEIRRY Vo B B »
))_n.?? ‘ﬁ
Ly |

d\m_ .vnd a N -~ m.J , | ilf
R

. o CREEP | s TS
. spve sl =0t G LT 24 Al
g - seydf + w —
|

-

{
%8 jd Ao Ne CS M4 AeToaa 3N

o e———
e

———

i . i YT
T e, T ¥ 3 =TF 1
O A Lt P S e Dt S T T e m oG ;

=i R P U




£ da vt

R &
_
4B
'._
!
3
\”_ : ” b5 Lo mrdiesel L
-
] 09 "4 V) g
¥ |
m K £J2 rdrwvay 39
M _ m&\ o ¥ ANT) mquW\\
: e
\“ 0%} e P9plrri)
4
1 L) b nopmd Lo s
_. .\nu &m0 v.\\ - ld - ~l W

bs) Ly 10200050

REP- By,

T Jd ?0usn7

Sbl51 R Ing

SOHS w0l €312 23795 5 Sdsppp

/

28 ane>




.

e T e 3 S R

mm
7
m
4
|
b

lvﬂ\y .\A_ \._Jw\:?_\,.\\

940k

Firhs 3R L2

I NI Dinop

nevl

ey W¥YYS 4
TTNIES d¢ney

bol -4 Tvay g4

L iﬂ.

iw.......-..-.

ey

[ fo .33_ _.i\
x_»vcmw_

{N.QA.___.*..F_. _
LYy |
L)
9
A%
AU
A1 s
£
CLomel, ety
: o~
oy « - —_
L i ,.cq,,
59 - 701 4
ST sy
M L
af - n \Q_

5/

d

R ZLTD)

b1 tid

\ 1SS

T FL VI |




e L N B e e

1 ca e e A e et b U B

By

R A R

byl s VeI L7 (4
040 390 - f21

FoTw havdd 43 3l
YNV 60H Cpl~tdl g

e agy

PP Psnok NARS (TR

09) 14 ~eabi 3§ B ad AL Dy

E;

02/ 4L dopamTs

L L Sopr vy

L&l el aeTiiveD L




S e e o R

R R o T T T e s L

ke

-

e

g

i

e i . g

il el BN S e i G smly
P : s
7 C =]

AP

;
v

EETRY

TANIEE D

2% -

{2

Moy
quemiz

——

| | A det

-
e O.\

a

N

AR L L BINED Qe
VRssed Lelsy 47
UINYY 2] oL AL
12460 ANOW iy \\_.L. oo H

=
=
(S
e
o

NAAYTY Dieah U - ety -
oday k) - by i} n?a\
MIgol SRT4 oy kbl ¢x S

7
YNV Diren vf...n._m_ (- \..N..vm? e

puvW Qg rieg 4 1k W ) b 1o sred 455
YRNYD Asech ISR NSy )

{
AR BB L I B AR

[ oo S R P

P LA g 1




=

e e

s

L T N e T

R

A

A A

i B i T

R E BT BN
ARTAD 6 NYIDG
N Hinog
NAKNY SuP Ty
WRANYSY  FIPCH

L1 o1t
B
BV
ARG
nt
LA AR A §
i - Loy

(
b3) ) NoYred  Sa - R0 T4 NediNed @

.Lm

LY.

JAN\..?.\Q-.U

A el

27
] .-WLI.Q.UU

Pz +d




F319URY 1y
sYFNYD 34001

A

74 T2l monﬁ.

ZHIHM WYY R
SpANDT) F500H

0857 SRSy,
SHINWDY PO

\L.\.‘rm Ao vepdNes

gz 4 etz 59

N

et T G

Y. BYN Q\U Rt \./n,mm.\\

e
.

s
~a

S 7N D

S

N

L

A ]

4

L




N it oo el bl Sl b N S S

A

__ 09 hi  THIIY 0o

.\ . + ..\_J \\\U i
Arid R § G a5 e ZOEAN0I T Nl

LSI g 20D ber

¢
] ud 0ZUNOD §G T A DO EeeD O ¥

Iy fanD

il 2Tz

mM\ g P trin

0D/ dd
PISAYYL  er jare)

Sb/ut baL
SPI0L ared  c10N

‘.\.OW\«)\Q\..




7 - sallinL

A

i

3

k ‘J
m ﬂ_“\ .kﬂ\ UQR.\F?.Q. . \-M!,..
; 7 58

i 3

w ' [ ks
!

L_ m.w_wq&. /5D @ ] SNV

G

...“.._ T4 450 o

o . fg 457 4]

09 4 TE AN gF A

TAIND D Sue7

VL SIIIN A 1HS

1 e QoY we &

-

St “
Ty 45D

o 45D biiry
Y dd Vv
(D) _dd P

b5t ud mramey £g [eg)

NI PP dukll gy apMn P8 oMtHS  JL] oy ay,

Lt YeXaNG)

¥ I0HE e

i - 7 4

\‘\
2! 5
A w\
ol §

deelines 52 Tyl

531 &

2 =577 £
S9p s

+7) r.d

£ e

29 5

I ﬁ\J\.\ l\hl‘_
VoLt 2D N

S~

Y«
R Ay

Y

il Y
gt N
Q719 U ey
M2 r2rr> i cop

D55 £ Quaso

/
1_*.»«(5\_ oawm' > aor 5

Dp 457: 20t

s¢/60 poop
SINANL P gau ity

L R T T

DVIEL0N D

O

N N;)y,d,‘)_{_‘g ]

9L

DeVFaAIHe L

v/

laalils)
Y
WAPMD
g g




et el e i

SRR TP P

b A S M N e v

el s

~

g oo o T o e e e

) id DTN

SpOREL W2

£49 97 g A4 TwaNveo § 0137
b6 — R T
29037 = TH

g0+ = (sg) af
2L = LH

o vz WG o AP

588 Jo wg s

s 24 & NI

-~ LN TD

YEIF DS D

T4 29D pae >

\,.,W\mu_ han C

AT rwiyos Quod




i e e s e o R

kPR N - EN
P s mw \J

J5 JUTONT meyITASUMay T G)
1 .
\ﬂ,.wdmbgm N_\ux_‘/\mu “y_
ARG 2 IV aluiLng
Ny AMYINTY oy g e
& \.WJ ;dl? . Vm ' r..ﬂ ) ‘u_...

- ﬁJ .«ﬁl/vgan 7...\m‘ ) EWQ\W-M??JJ\Q\.F\%.W ~3 t_\\ﬁh-T B

Facddnd ey
IVEPE 2 TPV OL g
Tt 'l

(R IR P RS ¥/ BYNEER

.
Top iy

uuud..ur...j Ble ‘Q.,Qctu e

ASRMONEM MY L

G iy

I

CuINgTy I EINE s JOL

..

PV

.

m.w_ ' . Jnu.

’ =
[ £
5 SRR
v Ly

™t B /_u. -

/ e

e TN o
Db A

by, 4y [
KA PN
— <
1:; U
Sl oo
.
1Tt >
L, 1 e
ERR
Ll T
. B
2
yio- 0 o

2dd Doylmn §9 ;\m..\.,m

e

2 R

YocH g
a7

I

s ff SO RY LT

- ‘
RLEEREM /

N~

ol

¥

=

M LM

ClsiTNG




53

A TR

Al

R SAETCRR

e LA

o ld o) 54 ._\g

Ly Jd oedhrad
¢ - “wdul

ﬂ ) . 4
g 'bd 0YINS) SY iy ~eulesd

VL STy AT mv/\f\\

, «\,;.\\.\Qou\whu\ YOAT s
Loasn AaEE hos T
brisis mT SDEACIMpED

“

v
gy T 50 (0)

. 4
474 aapiney 9

GPOUNT H3d o

YIRS TG
N LD

plzh Y GRS P MRS T oy
) /

Ny Ry HYpad A 2l s
A JURgTY S SLogd
7, 4 | Whzresle s 3L W3
I, i Y DUYL P2 REANT rdeIgn™I0 ity
09% vy # AN VA S
2 - IGM__P ol - <) mh
adeny ~weulsd ¢ o
L\.ﬁmd " i N T\n_ -G HL
Lk 0A S140g 040 o 5625 53

Sz

AT e




BT T S

LLDE) 52085y D NS
R N
~bL 5+ 2 (1)

D = L . \\AWRN, - H\\.\
Tee! = {)en LT - (r5) 0
.\\‘Q_Mw.m - HvI %,m\,\ tln\\.

S0O%Z | SRAN D D SE $IV0CL tw

W VTS PTL AT T LB ¥ OUIC AIL o




b e e B¢ T P

1 BT L

—
v,
2







Appendix J

Cross Sections and Flood Risk Maps
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