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PERIOD OF RECORD

ol
‘Q

/ .

Hi9e0|

:'EOY INNI:}’EX GAUGING STATIQN (Z\Za%:;'\:) ,g-" g‘ g 3 g .ig e g I g 'A gﬁ

t |1DB-2 | BEAR-RIVER (EAST BRANCH) AT BEAR RIVER ’ - i

.2 |1DC-3 | PARADISE BROOK NEAR PARADISE I~
3 | IDE-1 | ST.CROIX RIVER AT HARTVILLE 3
"4 |1DG-1"| STEWIAKE RIVER AT UPPER srewmxs

5 [ 106-3 | RAWDON RIVER AT KINSAC" >

& | IDH-I | SALMON RIVER AT VALLEY
| 7 | 1001 | GREATVILLAGE RIVER NEAR: GREAT VILLAGE
.8 | 1DN:2 | PHILIP RIVER'NEAR PHILIP RIVER P.0.

9 | 1ON-3 | waLLACE RIVER AT HOWARDS MiILL

10 | IDR-1 | SOUTH.RIVER AT ST. ANDREWS -

11 | IEA-1 | TUSKET RIVER AT TUSKET FALLS -

12 | IEA-2 | TUSKET RIVER AT REYNARDS BRIOGE
13 | LEA-3 | TUSKET RIVER AT WILSON'S BRIDGE
114 | IEC-I | ROSEWAY RIVER AT LOWER OHIO

15 | IEE-1 | MEDWAY RIVER: AT CHARLESTON
‘16 | IEE-2 | MEDWAY RIVER AT HARMONY, MILLS -

17 | 1EE-3 | HERRING COVE BROOK NEAR BROOKLYN
18 [ (EF-1 | LAHAVE RIVER AT WEST NORTHFIELD

t9 | 1EN-3 [ EAST RIVER AT ST. MARGARETS BAY - R
20 | IEK-1- Z'Musouoooaonr RIVER AT CRAWFORD'S FALLS |251° B
21 | 1EM- | EAST RIVER'NEAR SHEET HARBOUR. | 203

22 [1EO-I |'ST. MARY'S RIVER AT STILLWATER _ 523

23 [ 1€0-2 | ARCHIBALD BROOK AT STILLWATER 19:0
24 {1ER-1 |:CLAM HARBOUR RIVER NEAR BIRCHTOWN 17-4
.25 | IFB-1 | NORTHEAST MARGAREE RIVER AT'FRIZZLETON | 142

26 | IFB-3 | SOUTHWEST MARGAREE R. NEAR UPPERMARGAREE|138

27 | IFC-1 | CHETICAMP RIVER NEAR CHETICAMP LAKE 19-0.

28 | IFC-2 | CHETICAMP RIVER ABOVE ROBERT BROOK 92

29 | IFD-I | WRECK COVE. BROOK NEAR WRECK COVE 107

IFH-1 | GRAND RIVER AT LOCH LOMOND 464 |

'I‘able l- Inventory of data used to det’ine Regional Flood Frequency relations:"




) t.npored by 7
. instaneo, tho height of a eottordm wh.tch vill be :l.n uisunee tor only 8 short.

Int rod\‘ .' ggﬁm}: _

SRR T

Flood flowa can be both damg:lng and bonoticul A tlood tlov wh:l.eh mchea a.
at.age high onough for uat.or t.o covar landa out.aido t.ho noml channel bonndax'ina

can cause axtensive propert.y dmge and loos of bot.h a.ni.ml and humn life. (h t.ho

~ other hnnd. if the: tlood ater can be cont.rollod and: t.he water atored in ‘a reservoir,

it my be released after t.he flood period to augnent ‘low flows for benoficinl

m‘.ﬂ. oL (TR . T N i et e e T L

Roduct.ion 1n tlood damage by provontion of flooding :I.s the principn.l

juatifiution for a tlood control projoct.. A abat.iatical mlyaia of t.he frequancy
of floods 13 required i.n ordor t.o eatimate rlood control benofit.s md it i.a hex-efore

L

an import.ant part of a cmnprohensive st.udy of tlood flows '

A stat.ist.ical analyais of floods alao y:l.olds useml infomation for t.he design

ot pemnent or t.cmporary control works, both large and mll._ The final deaign

» vill often bo dietat.od by hov meh expendit.ure can be Justified to achiove the B
1.dosu-od purpose. 'I'he docis:l.on as t.o hov mch may bo spent -hould aluays be ‘

Por

"vtm uill bo docidod Aner consi.do ;'t.ion ot t.ho conat.mct.ion cost.s for variou ‘

canud should t.ho coftendan tail. 'I‘ho desip of a bridge will dopend on an ' «

: 'I’thoir being \mohed-out, and t.he reaulting rophcemant. cost..' The probabilit.y of a



2apiilyay bcing‘ablccpo'p935 the fl&édiflbiﬁ;!;pcctéd durihg'fheilife of ;7dih'éﬂcﬁidi" i
bc~khown5before the spilluay deaign is acccpted. If the dam is to bo of auch n sisc
_\and in such a location that the consequences “of itsy failure uould be catostrophic, )

‘-then the apzlluay should be des1gned to pass safely the largest flood expected on

R LT oy Db TLALAT '-'a‘ R 2 e e DL

- The. destructive -power of,, floods can be controlled and the rlows harnoased for wl
:Jbeneficlal purposesrlf the ‘topography 1onds itaclf to reaervoxr devclopmcnt.d It
:'the flood wave can be trapped and storcd in a reservoxr, not only will dounstrean

‘zflood damage be prevented but, also, he uater can be releaeed aftcr the fload .

. - i e
perlod for the genoration of powar, or lor irrlgation purpoces, polluticn con rol
e i e Y Si

' and so on. o
s L oy - ¥ A AL e
hydrograph is thus desirable, in add;tion to a knculedge of the magnltude of the o
flood peak. : ' - B

‘_“ o g v ope s e .” ~ i Lo N ‘
In order to prov1de data useful as a atarting poxnt in specific studies of B
. R T G TR T ~f Er: gl

B Then : RN

Rcsources Branch: This reportmprosenta the reaultl

c;.:L A B R O e N R U T S S OO T RS TR NS Do

: Variousgprochures'have;begn_ggg@;:gqmspgmc,pqwt;mc ;pltyg,gnalysig_gt;gtrgggglbi o



" given® mgmitu ”e.“’ ‘How

" a sample of the long-term runoff conditions at the eite.,,..:

- and ' their. locations indicated on Figure 1.

it IR

redords ‘46 determine ‘the probable frequency or recurrence inteml of floode or a

“egardlese of which procedure may be adopt.ed, it does

r.-,,'

not alter t.he fact that the hydrometric Tecord for a eingle gauglng et.ation is’ only‘

Anyof ;ﬂ‘? A ious methode, g

°f.vf;1‘_"_’d frequency_enaly‘sier S:f' eu(ch;a »record,. regardleee of ite.relntive merit,, is

eubject t,o the same sampling error.. Although the eamp].ing error de rea.eee with t.he!: '-

lengbh of t.he record, it. hae been demonstrated (Beneon 1952) t.hnt periode of recordr

2

up to 25 yeare cannot. define eat.isfact.orily even ahort-term floods. .

Grity . e T T BRGS0

“The hydrologiet is eeldom fortunate enough ‘to- have long-t.erm recorde eveilable""
to ‘him:for study at” hie point. ‘of ‘intérest on'a’ etream. However,’eetimatee “of floodi’-"

frequency may often be obtained by a regional flood frequency analysis when lorg< "

t.erm recorde are. Lecking. Furt.hermore, Delrymple (1960) hee demonet.rat.ed t.hat. &

frequency curve derived by the combination or short-t.erm records from a number or

PR &

gauging et.ations in a homogeneoua region tends t.o be more relia.ble t.han one baeed -

Tt e
AAAAAA Y.

on a record of 25 vears or lcss from a single st.a.t.ion.

I S O T B B A I

b e
The prerequisite for t.ne regio'nalfepproach’~"is‘~‘t.he'existence‘fof“istreanflowéi et
records at. current. or diecontinued gauging etatione in the baein, or in a.djacent

T \ PURL

baeine with eimilar precipitat.ion and runoff cha.racteriet.ice. _ In Novn Scot.ia.,

atrea.mflow recorde are available from 51 gauging et.atione dietributed throughout
the Prov:ane' t.he periode or record vary from a few monthe *to AB yea.re (up to 1963) |
Twent.ybone etreame vith exceeeive artificial regulation or wit.h periode or record of
less t.han five years uere not coneidered useml for tlood frequency enalyeie end '.

were. diecarded. ’l‘he remaining thirty etat.ione are ehown on the bar graph in T&ble 1

" aegionai' a1 f1o0d frequency curves have been developed for two Fegions within the



‘Provincee.v They arev present.ed 1n t.hie report. together vit.h .some of the.dote upon o

LT ,‘,which t.he analyses we'.'e based. The derivat.ion of t.he regional curvee is descnbed

a.nd t.he reliabilit.y of the result.s dieeueled. .

”*Lnnual_nood‘ B

j dual rrequency_‘curve ror each of ‘the stat.ione in t.he region.: In t.hie etudy .

__1t wae decided t.o derive confidence limit.s for’ the regiml curve a.nd, therefore,

B . some mat.hematieal dietribution had t.o be euumd for t.he rrequency curves. ’rhe

o work of E. J. Gumbel, as described by Kendall (1959). hae been fououed and t.he
.ennual floode have been assumed t.o fit. ‘the firet. aeympt.otic dietribution of exf.reme '

Hvalues.“ Rl e T e e e o T

A typical eingle-etation frequency curve with it.e 95 por cent conndence lmit.s
ie shown in Figure 2. Thie curve ie for the A8 yeare of record, from 1916 to 1963,
on the St. _Mary's B.i.ver et Stillveter. Similar trequency cu.rvee with thelr e .1
: correspondmg conf1dence 1imit.e were. comput.ed for each or the 18 et.ations in- Vl‘\Yova '

_Scotla having perlods of . record of. lO yeare -Or: more. ‘

'I‘he annual flood wae defined for f.he purpoee or t.hie study a8 t.he m.xnmm mean

RS

."'d“l" f1°" °°°“"i"8 in: *—he lz-month permd JL .,0 1 to May 31. 'l‘he .uaximum snean e

'da:Lly flow ua.s chosen, rather then the mstantaneoue m.nmn, becauee t.he

e inst.ant.aneous peak 13 not. available for the whole period of record at. most. or the

"etatlons. The per:.od June 1 t.o May 31 \cs eelecl ed to ninmise t.he poee:.bih.t.y .

that. a smgle .flood vould overlap t.he end of one per:lod md the begmnmg of the o

.qnext .

Although it was coneidered impractical tov_de_ri-ve "freQuejx'_’:oy curves by the (_:-uutbel‘ g
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method for the 12 stations with less than 10 vears of record, it was recognized

that these records contributed adJitional useful 1nformation. Therefore, the
v>records were extended to a comnon base period, by correlation.uith longer records T
from neighbouring stations. Frequency curves were drawn from the extended records. ,,

by the methods described by Dalrymple (1960). These curves were not ueed in

deriving the regional-flood - frequency curve but 1nformation from them uas used as ,,éj"vﬂ'

‘ supporting data in other phasee of the study.

- omogereouslﬂegions for Flood: Freguencz o :‘:V’:‘”}>:1:. e R

Before individual frequencv curves can he combined to form a regional freouencv

R}

curve, it nuet be: shown that the region- thev represent is honogeneous. Dslrvmple

_(1960):has oresented a homogeneitv test for this purpose: which has heen anplied to ..

It was found that the Province could be divided 1nto two statisticslly

: homogeneous flood fre1uencv regions'~these were designated ‘the - "western" and "eaetern"

» regione. The boundarv betveen these regions- is’ shown by the hatched ban

H
4

'.; Figure 1 It is ewphasized that these are statistical regions onlv'and that the

:,boundarv between them is not sharplv defined. It 1s believed climatic changes are.

the chief cause of the difference in flood characteristics between the regions.

R e PR o et o [T i i s e o e e f

However, it is also interesting to note_that the area to the south and west of the o
boundary is composed almost entirely of hard rocks (granite, slate and. ausrtvite)

while the area to the north and east is com:osed of soft rocke (sandctone, limestone,

et _g £

‘ conglo*erate and shale) with some outcropping« of granite. J

The homogeneity tests for the two regions are shown in Figures 3 and. L. The
fdata for the- graphs are tabulated in Tables 2 and 3.. Although the twelve short-term .

._records were ngt uséd in the delineation of the_two‘homogeneoue regions,:further



verification of homogeneity uithin each region uas obtained by incorporsting the

dats from the short-tenm stations in subsequent tests. The thirty long- and short-.:_

"term stations were divided into’ two groups, ‘each”

'ouy containing all the‘ststions o

in one or other of the two selected regions.- Homogeneity»testsvon each of the two

groups were’ successful.

The regional flood frequency curve for a homogeneous region lS agsumed to be.
the mean of the frequency curves for the individual stations in the region. The
effect of the varying size of the catchment area must be removed snd the 1ndiv1dusl

curves redueed to dimensionless fonm before they are combined. This is achieved b'v

T

i expressing the floods for given recurrence intervsls in terms of ratios to the mean

e

- Isnnual flood at the Site. The mean of these ratios from esch of the sites for anyx

-:L“.‘ S & Y

‘given recurrence interval is tsken as the rstio for that rev.rrence interval for

Lid L

the regional curve. The concept is based on the seeumption that the slope of the ‘

flood frequency curve is uniform throughout the region and that the variations in

the slopes of the individual curves, which are derived from limited periods of

record, are ".‘}e to ?”“Pfl—y»‘h.er-”" s only,

Regionsl curves for the tuo selected homogefous regions in Nova'Scotia’ were -

derived ‘in the msnner described ‘above: - The data are listed in rables 4L and 5 ‘and

o

.che curves are shonn in rigures 5 and 6.

"The>c&ﬂfidbhce”limiﬁs'for eschkrégionsl’c&rve;ﬁére”computed'bv céhbiﬁldé'tae”?
confidence limits for the individual Irequency curves in the region.: Figure 7

illustrates the frequency curve for the St Mary 8 hiver at Stillwater.- At a,

recurrence interval of 10 years the flood and the confidence limits are:




. ‘: :SQ].O = 19,5& cfﬂ - 1-1605 Qz 33

ratio to the ‘mean’ annual ‘flood’ 1s given by:

) E1=158-1h05=1h05-123=0175

‘ The 95 per cent confidence limits for- t.he regional curvea were derived in-thie'i o
way for a recurrence interval of. 10 yeara. l‘he 95 per cent confidence bands ahown '

"'_ in Pigurea 5 and 6 were produced by repeati.ng the. comput.at.ione !'or aeveral,ot.her '

reeurrence intervals. ' L Vhm aelE e

in Pigure 10. " The curvo for’ station SUETS comparen with the regi.onal curve for

- .
LT 2z A S



the weetern region. The regional curve falle wel.l within ‘the confidence limite for

the curve of station 19 and thus there is no reason to reject the hypothesis at the

b

‘f:LVO per. cent levelithat the regiona.l curve 1s the true curve for station 19 and .
that the difference between the two is due to sampling error only. Station 19 was
chosen for: thie illustration because it 1iee farthest from the regional curve. The
. .eame argument could: be developed “for’: a.ny of the other atatione in either region.

N

Mean Annual Blood 3
The magnitude ér a flood of a given recuireuce interval in a particular basin

cannot be read directly rrom the regional curves given in Tablee 4L and 5. The

ratio of the mgnitude of the required,_,flood to the mean annual flood is determined

from the appropriate regional curve.. It is then neceeeary to” determ.ne the mean

annual flood at’ the point of interest before the magnitude of the required. flood

" can be computed.

'l‘he mea.n annual flood is dependent on- many factore, mcluding drainage area, i

. "la.nd and stream elopea, land uee, geology, natural etorage in river :
’ ..‘,I”CMIOIB, lelcee and svempe, the ehape of the baein e.nd ite poeition relative to the
direction of etorm travel. It ie virtually impossible to aesees the atfeet of all

| N ' : ™ -

‘theee tectore when eetimting the mean annual flood However, nmnerieal valuee mey

be aesimed to some of them and mltiple correlatione may be carried out to

B deternine their eignificence and: to relate the mean annual flood to thoee

T

tlnt ere particularly ed.gnificent.

v For thie etudy, etepwiee lineer mltiple reyeseiene were run on a computer .
ueing, as independent variablee, valuee correeponding to the following te.etore:
(e) drai.nage e.ree,

(b) sise and location of lakes relative to drainage area,
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" ‘Figure 3 Homogéneity Test Chart: '™
for Western Hegion. *
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(e‘) ‘rioiition of iakea in the basin,

(d) .m nlope,, e W.h__”,:,,._m..,.;.’.,u ,x‘_.w« e o »7'. ;

H

‘ T(o) proportion of drainago area compoaod ot hardfr&gg’-i‘:.; R !
(f) 2. 33-year ma.xdmnm ono-dnx point. rainfall, R LR

’(g) elevat.:l.on ’

- (n) latitude, and _ N
‘._’:(1)1°nwm~:,_ | N ‘, %

hkoo, and t.ho longit.udo appurod to be aimifiemt.. Hore rogrouiono were

EN

ostmt.ing equation for t.ho moan annual flood

Tho equnt.ion vhich mrgod from t.heoo mmtiutiona ‘was of the fonr - B

in auccosaive rogrouion amlyus and nlocting rt.he 1t v )
' oundard orror,;of oatimt.o. ‘The roault.a of t.heoo triale are sho\m in the graph of




Bhandd

det.ermined and also_ h

“1i8 to estimat.e t.hé“portion ‘of t.he ‘basin that' 15 controlled by mjor lakos. 'Thig ="+

Se apj.nat K 1n F:Lgun 11._ The vnluo of l( = 7 w aelect.ed.

The following rogreuion equat.ion uaing K= 7 arose out. of the sane soriea ot
trhln: g ]
los Q

‘l'hia regreaaion equat.ion nay be used to estimate mn anmal flood \d.thin a L

standard error of estimate of 0. 068, log units or +17 and -15 per eent. 'l'he dat.a

. naed :I.n ‘the regrouion ana]yo:ls are"nstod in Table 6 t.ogot.her with the dev'i‘d'ﬁibhs

of “the’ eatimts from t.he recorded vaiued" of Q. I will bo not.ed that’ t.he data

- from‘the thirt.y ‘stations wers' used ‘in developinz t.he equntion. I SR RS

The mean anmul flood ut ‘the’ point. of interest” may (, e ‘cofiputed ‘directly Irom

v equntion (3) or by use of the" curves i l?igure 128 I’ an‘y c"a"si;" it"fi'éfiﬁiéiiﬁi‘y”“ HeG

to comput.e ‘the value of (A Y ) The ‘total’ dramge area of ‘the basin 1s'

e
Y

é!*t.oul area’ of the mJor Lsices’ in ‘the' bnin. ‘rhe ncxt otep ~

can be detomined by uelineat.ing ‘the" mterahed upat.ream Trom ‘the’ outleta or tho

v hkn on t.opogmphj.c ma.pa, Scale 1:50, 000 Hhere ‘a-ehain’ ot t.wo or more- hkea are:’

:I.nvolvod, the am above t.he out.let. of the _lowest.' is uaed " Judgement _;s‘~;rgqui:od

in deciding uhnt conat.it.ut.ea a ujor hko. It. :ls auggest. e wit L
surtace u-ea or moro t.han one por cent. or 1t.s uaterahcd are uhouldbe cqnsidéred. -

From the valnoa of'A,” the- tot.al dnimge area,’ and A and Al’ the ‘values ot
A, and - by are easily comput.ed by equationa (&) “and** (gl e

13




_ Fignre 13 gives a convenient graphical method for solv1n5 equation (5) 1o obtain a..

"value for X A value for. (Au‘+ )7A ) havlng been computed, ‘the curves in-

curve, e freqnency curve. of a,

estimnted frequoncy curve has two sourcea of error -:the error dn. the regionnl

freauency curve and the £rror, ?the mean annual flood uhen the nean annual flood

'Voccurring in the June to December ;geason , are usuallyﬁcau ed,by rain only.- £

. The data tor the reg;onal curves and nhe 1ndividual curves on whxch they arev i{-“

,“based are given in Tables 7 to 10. - The regional curves and their 95 per cent



,.;..ﬂ. e [ECI—.
L. '

,h1s eport 1s not.—present,ed as a comprehensive analyals of flood flowa in i

— e N .

R -

seasonal floods. A com rehenuve flood study would mvolve conaideration of such

- flows, -

15
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Flgure 6 ,-.Régi§n§]= Frequency Curve o'f} Annual ul?loods" for Eastern Region.

9. |Wallace River : 1 5,173 1.25 [ lebl | 1463 | 1.86 | 2,04
"10 |South River - - S 2,40k | 1:30 | 1.52 | 1.3 | 2.0 | 2422 |
| 20 ‘| Musquodoboit River. L, 768 | 1431 | 1.54 | 1.76 2,02 | 2,26
| 22 |8t Mary's'Biver .. | 13,946 | 1,22 | 1.40 | 1.57 179 | 1.96

25 |Northeast Margaree River | 5,841 1.27 '];.198 1.68 1.9 | 24
26 | Southwest. Margaree River» 1,346 1.17 | 1.3 13 | 1.60 1.7%
30... Gra.nd m"‘r e b 685 02’6‘ o‘b3 1061 "1 08!03 12,02

1.25 7 R oUo ':’1.63 R 1.87 “ é.@f

Table 5 ‘Méan: Ahnual Floods and Rst:loa to the Mean Anm&l Flocd
- ~for’ Specitied nocurrence Ihtorvals - Eastem Region,
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" gable 9 -Mean June to Deceiber Fioods and Bstios to the Mean
for Specified Recurrence Intervals-- Western Region., .
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‘Figure 17 - Regional Frequency Curve of June to December Floods for Eastern Region
|1 9 wWallace River | 2.2 | 2,96 | 3036
10 Mth mv‘r TR 1 e ,,2.‘18; N 2.“ N 2.97
‘20;-j-lhsqnodoboit River " | 3 ‘ 1:69 | 1.95 |- :2.15
22 St. Mary's River: S 53 | 1,75 2.1 ] 2.25
25 Northeast Margaree R.tver : | | 1,92 2,27 2.5,
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" fable 10 ~Mean June to December Floods and Ratios to the Moan

- for Specified Reau-rence Intervals - Eastern Reglon.

29:




Lo e g : ;
- ; m
. =3
. | e ‘l.vn _l“ o ‘ i
1
.”.Ll.,.
. -
; . S
P8
©
A .~
. by
R -]
- i .. °
. R ;
- ; q . &
SR - A
-y
§
. X
I . m
. , el
. ®
= :
-
$:
[ T R
o -
[
P
200 ¢
N , e
. e




800 500 1000 2000 5000 10,000 20,000
. ‘ . "MEAN ANNUAL.FLOOD IN CFS E : ’ -

Figure 19.<Correlation of Mean June ic December Flood withMean ‘Annual Flood
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Other TECHNICAL BULLETINS issued:

Technical Bulletin No. 1

E. P. Collier and A, Coulson, October 1965. Natural flow of Nbrth

station method.

Discusses methods of estimating the naturdl flow of the:
North Saskatchewan River at the provineial boundary by
gimple regression with the flow at Rocky Mouritain Housé
and also by multiple regression techmiqueg involving
precipitation.

Technical,Bulletin»NQ.ﬁz

R. O'N. Lyons, November 1965. LACOR - Program for streamflow
correlation.

A program for the IBM 1620 computer to correlate
streamflow records in terms of deviations in log units
from the geometric mean of each calgndqr month's dig-

charges.

Technical Bulletin No. 3

A. Coulson, 1966. Tables for computing and plotting flood

frequency curves

A compilation of tables for the computation and plotting
of flood frequency curves according to the firet asymptotic
distribution of extreme values (the Gumbel method). A
worked example of the use of the tables is ineluded.

Copies of the technical bulletins are available free from:

Acting Director,

Water Resources Branch,

Department of Energy, Mines
and Resources,

588 Booth St.,

Ottawa, Ont.
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