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Abstract

l, 3, 7, 10 and 30-day, annual and summer low-flow
frequency analyses were performed for 11 hydrometric stations
on Cape Breton Island, Nova Scotia. A Gumbel II1I thcoretical
frequency distribution was employed with the parameters being
estimated by the method of maximum likelihood. When this
method failed to give a solution then the method of smallest
observed drought was used. For the three long-term stations
analyses of the most recent 15 years of record were élso
performed for the annual and summer periods as an indication
of the accuracy of using stations with short term records. The
data and the 140 frequency curves are displayed on 34 linear
vs probability scale plots by a CALCOMP plotter. A regression'
analysis may be undertaken in the future between the 1:25 and
1:100-year summer low-flow values and various physiographic and
climatic parameters with a view to deveioping a technique_for

estimating low flows of various durations for ungauged watersheds.
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Introduction

From time to time requests are received from
government agencies and consulting firms, to provide es-
timates of low streamflows for various rivers and streams
in the Atlantic Provinces. In order to respond to one
such request and to provide a basis for future requests,
the Water Planning and Management Branch has undertaken
an analysis of low streamflows on Cape Breton Island,

Nova Scotia.

Typically, the point on a stream or even the
stream itself, on which estimates of low flows are required,
does not have a hydrometric station at which streamflow
records are kept. In order to provide estimates of stream-
flow a "regional analysis" is usually performed. Regional
analyses can be of many forms; however, they all serve to
apply hydrometric data collected, generally in the vicinity
of the site under investigation, in some adjusted form to
the study site(s). The mechanism of transferring this
information can be extremely simple, as in utilizing a
single nearby station's record adjusted solely on the basis
of a comparison of drainage areas. Commonly, however, the
procedure is more complex as in the cases where the stream-
flow characteristics of several metered watersheds are com-
pared, perhaps through a regression analysis, on the basis
of pertinent physiographical and climatological featurcs
and an cquation or equations are produced into which these
features of the study basin are entered to arrive at estim-

ates of low flows.



The present study is intended to facilitate appli-
cation of the latter approach at some point in the future.
Individual station frequency analyses have been completed
and a set of selected physiographical and climatological
parameters have been compiled. This report summarizes
the work that has been completed.

The portion of Nova Scotia under investigation 1is
indicated in Figure l. This area was considered in order
to coincide with a feasibility study by Fisheries Manage-

ment Service for a proposed fish culture station.

Hydrometric Data

The data from 11 hydrometric stations (1) were
used. The drainage basins and the locations of the hy-
drometric stations are indicated in Tigure 1. The largest
basin, that of the Northeast Margaree River, drains 142
sq. mi. (368 kmz) and the smallest, that of April Brook,
is 2.4 sq. mi. (6.2 km2). The periods of record range
from 59 years for the Northeast Margaree River to 10 years
for April Brook. There are three stations with 25 years
or more of record. The hydrometrié stations and number
of years of record available for analysis are listed in
Table 1. None of the data for these stations are affected
by man-made recgulation; however, significant natural regu-
lation occurs on the Southwest Margaree and Grand Rivers
by the presence of Lake Ainslie and Loch Lomond respec-
tively.

Data collected for the calendar year 1976 were

the most recent considered.



A ST. Law
OF Re
@ GULF ’VC€

N
" YoiFcoor -~
(S e
o

. y -WRECK COVE BROOK
B(0O1FDOO1

t -
01FE0OT

01FBOO1

APRIL PAOOK A2

% A
\< }01"'8005

\ OIFBDO3

1FJ001
{

an::xzf) 'OR N
oot
S
&

LOW FLOW ANALYSIS
CAPE BRETON,NOVA SCOTIA

LEGEND

DRAINAGE BASINS YO HYDROME TRIC
STATIONS USLED IN THIS STUDY

HYDROME TRIC STATIONS MAINTAINED
BY WATEH SURVLY OF CANADA

. \ Ay SCALE OF MILES
. )
7 CHEDABUCTO : . - 3™

/4

FIGURE 1



Station

Table 1

CAPE BRETON ISLAND

HYDROMETRIC STATIONS USED IN THE STUDY

No.

01FA001

01FBOO1

01FBOO3

01FBOOS

0lFC001

01FC002

01FDO01
OlFEOO1
01FE002
01FHOO1

01FJo001

Station Name

River Inhabitants at Glenora

Northeast Margaree River at
Margaree Valley

Southwest Margaree River near
Upper Margaree

April Brook at Gillisdale

Cheticamp River below Cheticamp
Lake

Cheticamp River above Robert
Brook

Wreck Cove Brook near Wreck Cove
Indian Brook near Matheson's Lake
Indian Brook at Indian Brook
Grand River at Loch Lomand

Salmon River at Salmon River Bridge

*One additional year used in summer analysis

Years of
Record

11
59

58

10
18

18

20
16
16
56*

11



Frequency Analyses

Calendar Year

Frequency analyses were performed on the lowest 1,
3,7,10 and 30-day daily mean streamflows occurring in each
calendar year. The Gumbel III theoretical frequency dis-
tribution, recommended for general application for low-
flow analyses by Condie and Nix (2) was applied with the
parameters being estimated by the method of maximum like-
lihood or, if this method failed to give a satisfaétory
solution, the method of smallest observed drought. The
calcuiations were facilitiated by a computer program (3)
prepared by G. A. Nix and L. G. Boone with the Inland Waters
Directorate in Ottawa.

The resulting frequency curves are presented in
Figures 2-1 to 2-11. For the Northeast Margaree River at
Margaree Valley, the Southwest Margaree River near Upper
Margaree and the Grand River at Loch Lomond hydrometric
stations, the frequency curves and plotted data were too
congested for one figure; therefore, separate plots 2-2A3,
2-2B, 2¥3A, 2-3B, 2-10A and 2-10B were prepared.

In some cases the frequency curves for the vari-
ous duration periods for a given hydrometric station cross
each other or appear unreasonable compared to the others,
particularly for return periods of 25 or greater years.

This is related primarily to the shortness of record for
those stations. For the few cases where this type of prob-
lem occured, a visual adjustment was made. The troublesome

portions are rectified by the dashed sections of several

frequency curves.



Of particular interest in water resource studies
are the extreme low flows with recurrence intervals of 25
and 100 years. The annual low-flow frequency curves dis-
play 30-day, 25-year recurrence low flows varying from
0.014 cfs/sq.mi. to 0.591 cfs/sq.mi. (0.00015 to 0.00646
m3/s/km2) for the Salmon River and Northeast Margaree
River respectively and l-day, 25 year recurrence low flows
varying from 0.012 to 0.419 cfs/sgq.mi. (0.00013 to 0.00458
m3/s/km2) for the Salmon River and Northeast Margaree
River respectively. Annual low-flow estimates, with 25
and l00-year recurrence intervals and of 1,3,7,10 and 30-
day duration, are presented in Table 2 for the 11 hydro-
metric stations.

In order to assess the effect of the length of
record on the estimates of low flows, an analysis was
also performed for the three stations having 25 years of
record or more using the data for the 15 years from 1962
to 1976. The effect on the 25-year low-flow estimates is
indicated on Table 3. The estimates based on the full
period of record were lower for both the Northeast and
Southwest Margaree Rivers but essentially equal for Grand
River at Loch Lomond. A review of the mean annual total
precipitation, for the only long term climatological
station on Cape Breton Island, Sydney, may explain the re-
sults. In the 15-year period the mean annual total precip-
itation was approximately four inches higher than over the

long term. It appecars from this analysis that the extreme
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Table 3
*

*
COMPARISON OF THE 25-YEAR ANNUAL LOW-FLOW ESTIMATES FOR THE LONG-TERM

HYDROMETRIC STATIONS WITH ESTIMATES BASED ON DATA FOR 1962-1976 ONLY

Station Station Years of
Number Name Record 25-Year Low-Flows (cfs/sqg.mi.)
1 Day 3 Day 7 Day 10 Day 30 Day
PR¥* 15yr. |PR* 15yr. | PR¥* 15yr. | PR* 15yr. |PR* 15yr.
01FB001 N.E. Margaree River 59 (0.42 0.57 0.42 0.59 0.44 0.62 0.46 0.63 |0.59 0.70
at Margaree Valley
[
01FB003 S.W. Margaree River 58 [0.21 0.26 0.21 0.27 0.22 0.29 | 0.23 0.29 |0.30 0.36°
Near Upper Margaree 1
01FHOO01 Grand River at Loch 56 0.011 0.00 0.01 0.00 0.02 0.00 | 0.02 0.00 {0.03 0.06
’ Lonond

*PR = Period of Record

e = Estimates Have been Rounded to Two places of Decimal




low-flow estimates for the short-term hydrometric stations
may be high.

A correlation analysis of the data for all
stations included in the study was performed. This anal-
ysis indicated that record extensions could not be carried

out for any significant number of years.

Frequency Analyses

Summer Period

It became evident during the course of thé inves-
tigation that the maximum water demand for the proposed
fish culture station could be during the months of June
to September; therefore, since some of the low flow data
used in the annual analysis occurred during the winter,
an independent summer analysis was performed.

The period June 1 to November 30 was selected and
a new low-flow data set was prepared. The resulting
summer-period frequency curves as well as the data points
are presented in Figures 4-1 to 4-11l. As was required for
the annual analysis, the data and frequency curves for the
Northeaét Margaree River at Margaree Valley; Southwest
Margaree River near Upper Margaree; and the Grand River
at Loch Lomond had to be displayed on separate pages to
relieve congestion. In a few cases, as in the annual anal-
ysis, minor visual adjustments were made. The adjusted |
portions of the frequency curves are indicated by dashed

lines.
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The summer low-flow frequency analysis indicates
that the 30-day, 25-year recurrence summer low flows may
vary from 0.015 to 0.666 cfs/sq.mi. (0.00016 to 0.00728
m3/s/km2) while the l-day, 25-year recurrence summer low
flows vary from 0.012 to 0.502 cfs/sq.mi. (0.00013 to
0.00549 m3/s/km2) for the Salmon River and Northeast
Margaree River respectively based on the available data.
Summer low-flow estimates with 25 and 100 year recurrénce
intervals and of 1,3,7,10 and 30-day durations are pre-
sented in Table 4.

A comparison of the low-flow estimates on Tables
2 and 4 reveals that only the Northeast Margaree River
and April Brook have extreme summer low flows significantly
larger than annual low flows (about 0.10 cfs/sq.mi. and
0.18 cfs/sq.mi. higher respectively), implying that ex-
tremely low flows usually occur on the Northeast Margaree
River and April Brook during the winter months. This
phenomenon may in part be due to the following: colder
average winter temperatures on the western side of the
Cape Breton Highlands topographic divide, the occurrence
of moderate to thick depths of overburden material, and
large baseflow from bedrock aquifers.

The effect of the length of record on estimates
of summer low flows was studied by performing frequency
analyses on thc summer low-flow data sets for the three
stations having more than 25 years of record. Data for

the l15-year period from 1962 to 1976 were used. The
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The effect on the 25-year, low-flow estimates is indica-
ted in Table 5. The estimates based on the l15-year per-
iod are generally higher for the Northeast and Southwest
Margaree Rivers and essentially the same for Grand River
at Loch Lomond. The magnitude of the difference in the
low-flow estimates for a given station is approximately
the same no matter whether the duration period is 1,3,7
or 10 days.

A further comparison making use of the 100-year
low-flow estimates is presented in Table 6. The magnitude
of difference for the 1,3,7 and 10-day duration periods
is approximately the same for a given station; however,
the 30-day, l100-year recurrence low-flow estimates are
essentially the same, except for the Northeast Margaree
River at Margaree Valley. This may be attributed to the
fact that the other two long-term hydrometric stations
are buffered by relatively large bodies of water, ie.,
Lake Ainslie and Loch Lomond.

These comparisons, as for the annual analyses,
indicate that estimates of extreme low flows based on

short periods of record will probably be high.

Physiographical and Climatological Features

As mentioned earlier, a regional analysis can,
and in fact should, take into consideration pertinent
physiographic and climatic features which may have an in-

fluence on low flows.



Station

Numrber

01FBOO1

01FB0OO3

01FHOO1

*PR =

" Table 5

*
COMPARISON OF THE 25-YEAR SUMMER LOW-FLOW ESTIMATES*FOR THE LONG-TERM

HYDROMETRIC STATIONS WITH ESTIMATES BASED ON DATA FOR 1962-1976 ONLY

Station
Name

N.E. Margaree River
at Marcaree Valley

S.W. Margaree River
near Upper Margaree

Grand River at Loch
Lomond

Period of Record

Years of

Record

59

58

57

1 Day
PR* 15yr
0.50 0.58
0.19 0.26
0.01 0.00

25-Year Low-Flows (cfs/sqg.mi.)

3 Day
PR*

0.51

¥ = Estimates Have Been Rounded to Two Places of Decimal

15yr.

0.60

7 Day
PR*

0.52

15yr.

0.62

10 Day
PR* 15yr.
0.55 0.63
0.23 0.29
0.02 0.00




Station
Number

01FBOO1

01FB0OO3

01FHOO1l

Table 6

*
COMPARISON OF THE 100-YEAR SUMMER LOW-FLOW ESTIMATES* FOR THE LONG-TERM

HYDROMETRIC STATIONS WITH ESTIMATES BASED ON DATA FOR 1962-1976 ONLY

Station
Name

N.E. Margaree -River
at Margaree Valley

S.W. Margaree River
near Upper Margaree

Grand River at Loch
Lomond

*PR = Period of Record

Years of

Record

59

58

57

100 Year Low-Flows (cfs/sg.mi.)

3 Day
PR*

¥ = Estimates Have Been Rounded to Two Places of Decimal

15yr.

7 Day
PR*

15yr.

10 Day
PR* 15yr.

0.50 0.60
0.17 0.23
0.01 0.00

30

PR*

0.63

0.29

0.01

Day
15yr.
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Presented in Table 2 and repeated in Table 4 are
the drainage areas, area covered by lake; area covered by
swamp; percentage of drainage basin which is cleared, dry
land; average elevation; total length of stream; slope of
the main stream; drainage density and an overburden co-
efficient for the drainage to each of the hydrometric
stations.

The drainage areas were provided by the Water
Survey of Canada (4). The lake and swamp areas, cleared
areas, total length of streams and slopes of the main
streams were determined from 1:50,000 NTS maps. The main
stream slopes are based on the difference in elevation
between points located 15 and 90 percent of the length
from the origin of the watercourse as indicated on the
NTS maps.

The soil coefficients and the average elevations
of the catchments were determined using data from the
10 km square grid data bank (5)_developed in 1970 by the
Department of Energy, Mines and Resources. The average
elevation of each square is based on 9 spot elevations
estimated to the nearest 50 feet from the 1:250,000 scale
transverse Mercator projection maps showing 100 foot con-
tour intervals. The overburden coefficients are an index
of the soil cover. A value of 1.00 denotes bare rock and
minimum so0il cover and 3.00 denotes deep cover such as

found in marshland and floodplains.



Table 2 and 4 also include the mean annual total
precipitation over the catchment. The precipitation es-
timates are based on an isohyetal map recently completed
by Water Planning and Management Branch, Inland Waters
Directorate, Atlantic Region as part of this study.

This isohyetal map was prepared using nine years
of record (1968-1976) for nine meteorlogical stations
throughout Cape Breton. This map was prepared and re-
viewed under the guidance of the Atmospheric Environment
Service, Atlantic Region.

Other physiographic variables of drainages such
as mean latitudes, mean distances to the east (sea),
basin perimeters and various form or shape factors could
also be considered in a regional analysis. Of course, it
is impossible to make use of a large number of variables
in a regional analysis; however, it is important to apply
those which provide the best correlation with the low
flows for the metered drainages,

Some of the potential variables are not indepen-
dent of each other. A specific example is the basic pre-
cipitation and the average elevation combined with loca-
tion variables such as the basin latitude or the distance
to the sea. There is little point including all of these
in the analysis.

A close comparison of the physiographical and
climatological features with the estimates of extreme

summer-period unit low flows presented in Table 4 indi-



cates a tendency to higher unit low flows for drainages
with higher overburden coefficients. The effects of a
variation in features such as the average elevation and
precipitation, the cleared area and stream density, are
not immediately evident, but may be defined through re-

gression analyses.

Summary and Dicussion of Future Work

Many studies have shown that low flows are more
difficult to estimate than other streamflow characteris-
tics. Some investigations have even concluded that low-
flow characteristics at ungauged sites on natural-flow
streams cannot be estimated accurately by regression (6,7).
The basis for this statement is probably one of frustra-
tion at the lack of directly applicable watershed physic-
graphic and climatic data or at the amount of effort re-
quired to manipulate existing datavbases to provide estim-
ates of desired parameters such as indices of watershed
evaporative power and drought pdtential during low-flow
periods. Chang and Boyer (6) have obtained a standard
error of estimate of 30% in estimating 7-day, 1l0-year low
flows in a recently-completed study of 12 rivers varying
in drainage area from 64 to 916 sg. mi. in West Virginia.

This investigation may be continued in the future
to produce ecquations to estimate cxtreme low flows for

ungauged watershceds in Cape Breton Island, Nova Scotia.
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