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GLOSSARY OF TERMS

Average Energy - The annual total energy which can be produced on 
average.
Design Discharge - The maximum discharge capacity of the units at a 
rated head.
Firm Energy - The energy which can be guaranteed to be reliable at a 
specified risk of failure. The risk used is dependent on the specific 
application.
Rated Head - The head at which turbine full gate output equals the 
rated generator input.

Secondary Energy - The energy which can be generated in excess of firm 
energy.

Turbinable Discharge (Flow) - The average discharge over the period of 
flow record which could bè passed through the turbines for electricity 
generation.
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Symbol Meaning
Physiographic Parameters 
A drainage basin area
ACLS percent of drainage basin area controlled 

by lakes and swamps (%)
AG drainage basin area above gauged location (km^)
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LEN stream length (km)
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T
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Svmbol Meaning

<110 average daily flow exceeded 10% of the time

Q mean annual discharge (m^/s)
QG gauge discharge (m^/s)

QI index gauge discharge (m^/s)

i, j, k subscript for year, month and day, respectively

Qt turbinable discharge/mean annual discharge

Qt turbinable discharge (m^/s)

Miscellaneous
C large value of Qp where Q-j - 1
MW plant capacity in megawatts
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flow curve
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1 - INTRODUCTION

1.1 - Purpose

This manual, in conjunction with a set of computer programs, provides 
generalized methods of hydrologic analyses for feasibility level stud
ies of small-scale hydro in Ontario, primarily at ungauged sites. 
Methods of synthesizing daily hydrologic data at ungauged sites have 
been developed. The methods are presented in this manual with the user 
in mind, allowing him to obtain estimates of the hydrologic charac
teristics at a site in a minimum period of time without specialized 
knowledge or skills.

The developed methodologies have been incorporated into computer pro
grams. These programs can be used to estimate the hydrologic char
acteristics of a site. As well, a power and energy computer program is 
provided. This program uses the generated data to estimate the power 
and energy capabilities of a site.

1.2 - Background

Hydro potential is widely accepted as the most practical and viable 
renewable resource mainly due to its mature technology. Hydrologic 
variables, such as available flow for electricity generation and its 
time distribution, and flood magnitudes, represent the major input for 
evaluation of potential hydro sites.

Economic viability, especially for small-scale hydro sites, is very 
sensitive to these basic hydrologic variables. Unfortunately, most 
small-scale hydro sites are located on small ungauged streams. The 
flow or flood determination at such sites often poses technical dif
ficulties requiring site-specific hydrologic studies. Most small-scale 
hydro developments cannot afford such an in-depth study due to their
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scale. This project is therefore intended to develop step-by-step 
design methodologies for determination of hydrologic variables at 
ungauged small-scale sites.

From October 1987 until March 1988, Acres International Limited (Acres) 
executed the basic analyses leading to the production of this manual. 
That study is fully documented in the report 'Streamflow Analysis 
Methodology for Ungauged Small-Scale Hydro Sites in Ontario, Study 
Documentation Report'. This 'Applications Manual' is a stand-alone 
document which provides sufficient background information to enable 
users to understand the techniques which are presented. Full details 
of the reasons for selecting and using particular techniques are not 
given in this document, but are presented in the 'Study Documentation 
Report'.

1.3 - Approach

Six primary hydrological homogeneous regions were defined for the 
Province of Ontario. The selection of these regions was based, to a 
large extent, on previous studies and the minimization of standard 
errors of regional regression equations. In each of these selected 
homogeneous regions, hydrometric gauges were used to regionalize equa
tions for streamflow hydrology. Gauge selection was based on the 
length and quality of record, size of- drainage basin and spatial dis
tribution in the region.

Two methods of creating a synthetic hydrologic record for ungauged 
sites were developed. These are outlined below.

(a) Proration on Drainage Area 
and Mean Annual Runoff

The commonly used technique of proration based on drainage area 
and mean annual runoff (MAR) was evaluated.
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(b) Flow Duration Curve

Nondimenslonal flow duration curves were prepared from the daily 
records of each gauge. Nondimensional turbinable flow curves were 
developed by integrating the flow duration curves. A polynomial 
equation was then fitted to each of the turbinable flow curves. 
This curve was used instead of the flow duration curve since its 
shape was more easily defined in terms of a small number of 
coefficients. The polynomial fit of the turbinable flow curve for 
each gauge produced three coefficients. These coefficients were 
then related to physiographic characteristics to establish general 
regionwide equations for the coefficients in terms of easily 
measured parameters. In some cases, the coefficients were consis
tent enough from gauge to gauge to use an average regional 
coefficient. These regression equations can be used to estimate a 
turbinable flow curve, and hence a flow duration curve, for 
ungauged sites in the selected regions.

A representative, long record length, index streamflow gauge was 
selected in each region. By asstiming that the probability of 
exceedance of daily flows at the index gauge and at the ungauged 
site are equivalent, it is possible to derive a synthetic time 
series of daily streamflow at the ungauged site.

1.4 - Results

The general approach outlined above is followed with a summary of 
results as presented below.

Separate sets of homogeneous regions were defined for the two regional 
methodologies examined. Six homogeneous regions were chosen for the 
flow duration methodology while 14 homogeneous regions were delineated 
for the proration methodology. The homogeneous regions defined for the 
flow duration and proration methodologies correspond quite closely to
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previously defined homogeneous regions defined for floods, using the 
multiple regression (Moin and Shaw, 1986) and index (Moin and Shaw, 
1985) approaches respectively. Index gauges, assumed to be hydrologi- 
cally representative of homogeneous regions, were selected for each 
homogeneous region.

Acceptable regression equations for predicting the coefficients of the 
flow duration curves at ungauged sites were found in northwestern 
Ontario (Region B)l, southern Canadian Shield (Region E) and southern 
Ontario (Region F). The appropriateness of the equations considered 
both statistical significance and physical criteria. Standard errors 
of the regression equations varied between 5 to 13% of the mean values 
while the coefficient of determination (R^) ranged from 0.66 to 0.91. 
These regression results were found to be somewhat better than rela
tionships established in similar previous regional studies (Acres, 
1985, 1986).

In the other regions identified, Hudson Bay lowlands (Region A), east- 
central Canadian Shield (Region C) and west-central Canadian Shield 
(Region D) suitable regression equations were not found and the 
proration method is recommended.

Potential error from application of the methodology was analyzed in a 
number of ways.

- The overall error was assessed by comparing estimated and actual tur- 
binable flow for various design flows and storages at all gauges used 
in the analysis. The errors arising from the flow duration curve 
methodology were found to be smaller (in terms of a lower average, 
maximum and standard deviation) than those of the proration (to an 
index gauge) methodology. Predicted flow duration curves were found 
to give the best results at gauges subject to large degrees of 
natural regulation in the basin. Basins characterized by steep flow

■̂A definition of region boundaries is presented on the map of Plate 1.
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duration curves resulted in the largest errors. Detailed comparisons 
of the error at each streamflow gauge used in the analysis are 
presented in the report.

- Three test gauges were used for an unbiased examination of potential 
error in estimating turbinable flows. These results confirmed the 
conclusions stated above.

- The sensitivity of the estimate of turbinable flows to errors in the 
measurement of the independent variables in the regression equations 
was examined. For typical measurement errors of 5 to 10%, results 
were relatively insensitive. The most significant error occurred 
where errors in measuring drainage area and MAR of 10% resulted in 
differences in the turbinable flow estimate of less than 6%.

User-oriented microcomputer programs which are described in this manual
can be obtained from Environment Canada, Inland Waters Directorate
(IWD).

1.5 - Recommendations

Based on the analysis of the study results, the following is
recommended.

- If a gauge exists nearby in the same or adjacent basin with similar 
physiographic characteristics and having an acceptable record length, 
it is usually best to derive the daily hydrology by proration to the 
nearby gauge. Otherwise, at ungauged sites with no suitable nearby 
gauges, the flow duration curve methodology using the regression 
approach is preferable in Regions B, E and F while the proration to 
an index gauge method should be used in Regions A, C and D.

- The regression equations were developed from a specific range of 
independent variables in each region. Hence, the relationships in
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the flow duration curve methodology should be used with considerable 
caution If the Independent variables of the regression equations are 
near the limits of or outside the ranges noted In Section 6 of this 
report.

This study relied on physiographic and climatic data available from 
other sources. These data have been adequate, and the relationships 
developed are satisfactory and comparable to similar work in other 
parts of Canada. In time, however, it would be worthwhile extracting 
other physiographic characteristics which may be more representative 
of factors affecting low and average hydrology. The most important 
of these are on-channel and off-channel storage expressed as an area 
of lakes. This is particularly important in central and northern 
Ontario. If additional physiographic/climatic data are extracted, it 
is possible that regional regression relationships for dependent 
variables C, 8 and a would be improved. Therefore, the regional 
equations for these variables should be reevaluated using the updated 
data base.

Finally, this and similar studies in other parts of Canada have 
provided useful tools in estimating the benefit potential of ungauged 
small-scale hydro plants. Therefore, it is recommended that further 
regional small hydro benefit studies be conducted in remaining areas 
of Canada which exhibit significant small hydro potential.
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? - INFORMATION REQUIRED TO USE THE MANUAL

This section documents the information which is required to use the 
methodologies which have been developed. The data required for the 
hydrologic analyses are obtained from maps and other readily available 
documents. Data required for power and energy simulations at parti
cular plants may require a site visit to assess the plant head, head 
loss, arrangement, etc. Where daily discharge records at particular 
locations can be used, no further field data are required.

The specific information which needs to be collected prior to initia
ting any study is as follows.

(a) Topographic Maps

National Topographic System (NTS) 1:50 000- and 1:250 000-scale 
maps for the site catchment. In general, 1:50 000-scale maps are 
used in southern Ontario (Region F) while 1:250 000-scale maps are 
used in northern Ontario (Regions A to E).

The physiographic data can be extracted by using an electronic 
digitizer, traditional techniques of planimetry or random dot 
counting. Acres (1985) compared these techniques and found that 
any technique would give reliable results if used carefully.

(b) Other Documents

The methodologies which were developed for this study are intended 
to stand alone. Other detailed studies have been undertaken in 
Ontario, particularly in relation to flood flows. The contents of 
these studies can be used to obtain a better understending of the 
hydrology in an area. The following tables each list relevant 
documents and provide information on the content of each report 
which is relevant to this study.
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- Table 2.1 - Ontario Regional Hydrologie Studies
- Table 2.2 - Small Hydro Inventory Reports

(c) Daily Discharge Records

In cases where a potential small hydro site is located at an 
ungauged site but within a gauged catchment, it may be possible to 
use the flow record at the gauged location. Similarly, if a gauge 
is located near an ungauged site but outside the basin (say, in an 
adjacent drainage basin), the data could be useful. One way to 
obtain daily discharge data is on magnetic tape from the Water 
Survey of Canada (WSC).



TABT.K 2 .1

ONTARIO REGIONAL HTOnflMCTn STUDIES

Reference Relevance to this Stndv

'Regional Flood Frequency Analysis for Ontario Streams, 
Volume 2, Multiple Regression Method’ by S. M. Mo in and 
M. A. Shaw of Environment Canada and the Ontario Ministry 
of Raturai Resources as part of the Canada/Ontario Flood 
Damage Reduction Program, 1986.

- Delineation of 3 homogeneous regions based on residual analysis of floods
- Description of physiographic and climatological data
- Physiographic and climatological data base for regional regression approach
- Recommended regression equations for Q2-, Q5-, Q10-, Q20-, Q50- and Q100-yr

instantaneous peak floods in the Province of Ontario

'Regional Flood Frequency Analysis for Ontario Streams, 
Volume 1, Single Station Analysis and Index Method’ by 
S. M. Mo in and M. A. Shaw of Environment Canada and the 
Ontario Ministry of Natural Resources as part of the 
Canada/Ontario Flood Damage Reduction Program, 1985.

- Delineation of 12 homogeneous regions based an index method of floods
- Regional description of physiography and climatology
- 1.25- to 500-yr regional instantaneous peak flood estimates using index approach
- Regional Q2 instantaneous peak flood estimate based only on drainage area

'Comparison of Regional Flood Frequency Methods in Southern 
Ontario Using Analysis of Variance Techniques’ by R. Condle, 
P. J. Pilon, K. D. Harvey, and H. Goertz for presentation 
at the International Symposium on Flood Frequency and Risk 
Analysis, 1985.

- Comparative study of regionalization methods but not a regional flood frequency study
- Delineation of 3 homogeneous regions in southern Ontario based on regression

approach but compatible with index approach

'Working Paper A - Regional Flood Frequency Study 
(Province of Ontario)’ for the Conservation Authorities and 
Water Management Branch of the Ontario Ministry of Natural 
Resources, by Cummlng-Cockbum & Associates Limited, May 1985.

- Delineation of 4 homogeneous regions based on residual analysis of floods
- Description of physiographic and, particularly, hydrcmetric data

'Snow Hydrology Study - Phase III - Snowmelt and Regional 
Flood Frequency Analysis' for the Conservation Authorities 
and Water Management Branch of the Ontario Ministry of

- Delineation of 2 homogeneous regions based on index method of floods
- Regionalization, particularly regression parameters and the quality of equations ^

1
Natural Resources, by Cummlng-Cockbum & Associates Limited, 
March 1985.

OJ



Table 2.1
Qatario Regional Hydrologie Studies - 2

Reference Relevance to this Studv

'Northern Ontario Hydrology Study, Phase I - Inventory and 
Assessment of Data’ for the Conservation Authorities and 
Hater Management Branch of the Ontario Ministry of Natural 
Resources, by Cummlng-Cockburn & Associates Limited, August 
1983.

- Description of climatological data
- Discussion on effects of reservoirs

'Statistical Hydrology, Regionalization of the Coefficient 
of Skew for the Province of Ontario* for the Conservation 
Authorities and Hater Management Branch of the Ontario 
Ministry of Natural Resources, by MaeLaren Engineers, 
Planners and Scientists Inc., October 1981.

- Delineation of 2 homogeneous regions
- Regression parameters and the quality of regression equations for skew
- Recoamended regional approach for estimating skew

'Magnitude and Frequency of Floods in Southern Ontario*, 
by B. P. Sangal and R. H. Kallio, 1977.

- Delineation of 9 homogeneous regions
- Regional description of physiography and climatology



TABLE 2 .2

SMALT- HVnRQ M Vja H UKT  REPORTS

Reference

'Ontario’s Hater Power Sites’, Ontario Ministry of Natural 
Res ources, 1985.

'An Inventory of Potential Hydroelectric Power Sites for 
the Supply of Power to Remote Native Communities in 
Northern Ontario’, Ontario Hydro, 1979.

'An Inventory of Potential Hydroelectric Power Sites for 
the Supply of Power to Isolated Northern Railway 
Commun!ties *, Ontario Hydro, 1979.

Relevant-» Study

Identified existing and potential hydroelectric generation capability In Ontario

Reconnaissance level site evaluation

Reconnaissance level site evaluation
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3 - G E N E R A L  A P P R O A C H

The intent of this section of the report is to provide the user with an 
overview of the approach to be used in developing the hydrologic 
characteristics and estimating the power and energy capabilities of 
ungauged sites.

The synthetic data generation uses regional techniques. Ontario has 
been divided into 6 primary regions which are hydrologically homogene
ous (see Section 4). In these regions, the hydrologic characteristics 
have been related to physiographic basin characteristics.

Figure 3.1 is a logic diagram showing the general approach using the 
methodologies which have been developed. This diagram is quite general 
but still illustrates the order and interaction of required procedures.

In any of the analyses, the first steps involve

- locating the site and delineating the drainage basin on 1:50 000- 
(southern Ontario) or 1:250 000-scale (northern Ontario) NTS maps

- determining the homogeneous region

- plotting basin centroid on the appropriate scale NTS maps
(1:50 000, southern Ontario - Region F; 1:250 000, northern 
Ontario - Regions A to E)

- finding the latitude and longitude of this point
- transferring this point to the homogeneous region map (Plate 1)

- extracting the necessary physiographic data from the maps



Fig. 3.1
ENVIRONMENT CANADA FOR PERD 

STREAMFLOW ANALYSIS METHODOLOGY FOR UNGAUGED SMALL - HYDRO SITES IN ONTARIO
LOGIC DIAGRAM OF METHODOLOGIES
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- determining the MAR for the basin by

- plotting basin centroid on the appropriate scale NTS maps
- finding the latitude and longitude of this point
- transferring this point to the MAR maps (Plates 3 or 4)
- reading the MAR in millimetres.

As described in Section 6, two methods of creating a synthetic hydro- 
logic record for an ungauged site have been developed. They are

- proration on drainage area and MAR
- flow duration curve techniques.

Modifications to the methodologies for application to partially gauged 
catchments or catchments with a short record are presented in Sec
tion 7. These modifications show how maximum use can be made of site- 
specific hydrologic data.

Moin and Shaw (1985, 1986) developed regional approaches to estimate 
the design flood hydrology within the Province of Ontario. The two 
regional flood methods which were examined are

- the index flood method
- the multiple regression method.

A review of these flood studies was not part of the scope of work of 
this study. The Moin and Shaw results have been included in a computer 
program, FLOODONT, for the benefit of users and with the permission of 
the authors. A user must, however, refer to the documentation of Moin 
and Shaw to apply the methodologies.

The methods presented in Sections 6 and 7 have also been incorporated 
into two additional computer programs written in FORTRAN--HYSIMONT and 
ENERGY. Section 8 presents these programs and illustrates their use.
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The programs are

- HYSIMONT - a program to develop synthetic daily discharge data

- ENERGY - a program to estimate the power and energy capabilities of a 
site using

- output from HYSIMONT
- plant characteristics
- plant operating rules
- storage characteristics

- FLOODONT - a program to estimate flood peaks for various return 
periods using either flood estimation technique.

Example program applications are given in Section 9. These examples 
demonstrate how to use the methods and apply the computer programs.



HOMOGENEOUS HYDROLOGICAL REGIONS IN ONTARIO



4  - H O M O G E N E O U S  H Y D R O L O G I C A L  R E G I O N S  I N  O N T A R I O

A homogeneous region is an area in which the river basins exhibit 
similar hydrologic behavior. In this study, attention is focused on 
the hydrologic behavior of the low flow and average flow characteris
tics. Flood hydrology has been studied and regionalized by others.

Two regional methodologies for developing continuous streamflow records 
at ungauged sites are investigated and compared: a flow duration curve 
approach and a proration methodology based on an index gauge. The flow 
duration curve methodology is based on the regression of coefficients 
which describe a flow duration curve (dependent variables) against 
physiographic and climatic data (independent variables). The proration 
approach develops a daily flow record at a point of interest by prora
ting the daily flow record of an index gauge using the drainage area 
and estimated MAR (i.e., flow volume) at the point of interest.

It is important to recognize that the two approaches are quite differ
ent. By utilizing regional regression analyses for the flow duration 
methodology, the need to define homogeneous regions is reduced. The 
reason for this reduction is that variability in the hydrologic charac
teristics from gauge to gauge will be explained by the independent 
variables included in the regression equation. Regionalization is 
therefore an attempt to account for neglected factors not included in 
the regression analysis which may be common to a region. In the limit, 
if all significant factors affecting average or low flows were antici
pated and could be quantified, regional regression-based approaches 
would not require homogeneous regions to be specified.

On the other hand, when adopting a nonregression-based approach such as 
the proration methodology, where average hydrology is represented only 
by drainage area and MAR, there is a need to define a greater number of 
homogeneous, regions to account for other factors affecting the dis
charge record.
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As a result, Plate 1 illustrates two separate sets of homogeneous 
regions.

The flow duration boundaries are defined as Regions A to F while the 
subset boundaries for the proration methodology in Region F are desig
nated FI to F8. For the background on the delineation of these 
regions, the user is referred to the 'Study Documentation Report'.

The homogeneous region of an ungauged site is taken to be the region 
which contains the basin centroid. Where possible, the regions were 
delineated to include whole basins; however, this was not always the 
case for the boundaries of Region A or between Regions E and F.

Therefore, if the basin centroid of an ungauged site is near either of 
these boundaries, it would be advisable to test the appropriate method
ology for both homogeneous regions.
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5 - E X T R A C T I N G  B A S I N  D A T A

5.1 - General

The independent variables used in this study are taken directly from 
the work of Moin and Shaw (1986). For the most part, the variable 
descriptions contained in the following paragraphs are from the same 
reference.

All of these data are not required for every application of the 
methodologies. For this reason, Table 5.1 shows the specific data 
requirements for each region.

5.2 - Physiographic Variables

The significant physiographic variables are summarized below

- drainage area (A)
- slope of the main channel (SLP)
- percentage of drainage area controlled by lakes and swamps (ACLS)
- latitude (LAT)/longitude (LONG).

Drainage Area (A)
(km^)

This variable is a strong indicator of the potential flow volume. 
For this analysis, the drainage basin areas were obtained directly 
from WSC publications. Published areas were modified to reflect 
revised drainage boundaries due to urbanization and other changes to 
the drainage regime.
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TAUT JE fS. 1

BASXH DATA BBnil UmgiTS

Realm
Drainage
Area

Hean
A n n u a l

Fnolv.

Mean
A n n u a l

Snowfall

Mean
A n n u a l

R u n o f f

Base
Flow
I n d e x

Controlled 
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For an ungauged site, area is measured using 1:50 000-NTS mapping for 
southern Ontario (Region F) and 1:250 000-NTS mapping for northern 
Ontario (Regions A to E).

Slone of Main Channel (SLP)
(m/km)

This variable is an indicator of the potential velocity at which 
runoff can be conveyed to the gauge location, and was expected to 
influence peak daily flows. Channel slopes were determined using 
1:50 000-NTS mapping for southern Ontario and 1:250 000-NTS mapping 
for northern Ontario. Elevations and distances were measured along 
the main channel from the gauge to the uppermost drainage boundary. 
Several techniques were vised to compute the slope; however, a 
weighted slope determined using the 'Modified Equivalent Slope 
Method' (Sangal, 1984) was used for this study. The distances (Li) 
between contours crossing the main channel and between contours and 
boundary adjacent to the upstream drainage boundary and the gauge are 
measured. Stream slopes are determined between these contours and 
boundaries. The total slope is computed using the expression.

SLP - [SLi / E(Li/Si1/2) ]2

The method used to compute this variable is shown in Figure 5.1.

Percentage of Drainage Area 
Controlled bv Lakes and Swamps (ACLS)
(%)

This variable is an indicator of the potential attenuating effect 
that lakes and swamp storage have on daily flows. The lake or swamp 
has to have a surface area of at least 1% of the area draining to the 
outlet of the lake or swamp in order to be considered as controlling 
discharges. If the lakes and swamps are in series and close 
together, their combined surface area is used. This parameter is
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determined as shown in Figure 5.2 using 1:50 000-NTS mapping for 
southern Ontario and 1:250 000-NTS mapping for northern Ontario.

The addition of 0.01 to the value of ACLS was necessary to avoid 
problems when taking logs if ACLS » 0.

Latitude (LAT)/Longitude (LONG)
(degrees)

The latitude and longitude of the gauge location were both included 
as variables in the regional regression relationships.

5.3 - Hvdrometeorologic Variables

The following variables have a direct effect on the daily flow charac
teristics of a drainage basin

- base flow index (BFI)
- mean annual runoff (MAR)
- mean annual snowfall (MAS).

Base Flow Index ('BFI')
(dimensionless)

This variable is an indicator of the hydrogeological effects of the 
drainage basin soil and geology and also the retention characteris
tics (primarily due to lakes and swamps) of the drainage basin. This 
variable is strongly influenced by the latter characteristic in 
northern Ontario and to a somewhat lesser extent in the Canadian 
Shield area of southern Ontario.

The BFI was calculated directly from daily mean discharge data for 
each station as described in Moin and Shaw (1986) and is defined as

BFI = total volume of base flow/total volume of runoff.
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The median values calculated for all Ontario gauging stations having 
at least 2 years of continuous daily discharge data were plotted at 
the corresponding drainage basin centroids using 1:2 000 000- and 
1:600 000-scale base maps for northern and southern Ontario respec
tively and isolines drawn. The centroids were located by eye after 
delineating the drainage area. The isolines map was prepared to help 
provide estimates of BFI for ungauged basins when applying the 
regression equations. Due to the effect of lake and swamp storage on 
the value of BFI, the BFI calculated for a basin containing consider
able storage primarily along the main channel may influence the BFI 
interpolated from the isoline map in the surrounding area. To allev
iate this problem, the isolines affected in this way were drawn close 
to the main phannel having large storage effects. Also, all esti
mates of BFI from the isoline maps must be made by first locating the 
basin centroids and then projecting this point to the closest point 
on the main channel. The BFI is then interpolated from the isolines 
at this location on the main channel. A better BFI estimate will be 
obtained for large basins and in areas where the isolines are very
close together if an average value of BFI, weighted by the area
between isolines, is taken over the entire drainage basin. The
isolines for BFI were prepared for both northern and southern
Ontario; however, due to the sparse data coverage and problems of 
regionalizing the BFI values in highly retentive basins, the map for 
northern Ontario was not published. The isoline map for southern 
Ontario is shown on Plate 2.

Mean Annual Runoff (MAR)
(mm)

This variable is an indicator of the mean annual precipitation (MAP) 
input to the basin and its runoff potential. It was computed in the 
following two ways:
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- directly from all of the available daily mean discharge data for 
each station as a volume and converted to an equivalent depth over 
the basin by dividing by the drainage area

- using the value of MAR from a map of MAR isolines. The value is 
based on the value at the geometric centroid of each basin.

Isoline maps of MAR were prepared in a maimer similar to that for BFI 
except that no allowance was required for retentive areas. There
fore, estimates of MAR are to be taken at the basin centroid (no 
projection to main channel required). However, a better estimate may 
also be obtained for large basins and in areas where the isolines are 
very close together, if an areal weighted mean value is estimated. 
The isolines for MAR are shown on Plates 3 and 4 for southern and 
northern Ontario, respectively.

The gauge values of MAR were used for all regression equation 
developments while the runoff was determined using the MAR map 
(Plates 3 or 4) for ungauged catchments.

The mean annual flow for an ungauged catchment can be estimated using 
the following equation

Q - 0.00003169 MAR * A (5-1)

where

Q — mean annual discharge (rn̂ /s)
MAR — mean annual runoff (mm) at the basin centroid 
A - drainage basin area (km^).

The isolines contained on Plates 3 and 4 are believed to be the best 
currently available method for evaluating MAR. This study was 
undertaken on the premise that the analyses should stand alone so 
that future updates of runoff maps would not reduce the validity of
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the current results. All relationships which have been developed 
should use the best estimate of MAR available at the time to the 
viser.

Mean Annual Snowfall (MAS)
(cm)

This parameter is an indicator of the magnitude of spring floods due 
to snowmelt. MAS was determined by others from isoline maps publis
hed by the Ministry of Natural Resources (1984). The values were 
interpolated from the map at the gauge location. The isolines for 
MAS are shown on Plate 5 for the Province of Ontario.



6 - DESIGN FLOW HYDROLOGY FOR UNGAUGED CATCHMENTS



6 - DESIGN FLOW HYDROLOGY FOR UNGAUGED CATCHMENTS

6.1 - Introduction

Evaluation of the economic viability of a hydropower resource requires 
realistic estimates of the energy yield that can be expected from a 
proposed project. To this end an adequate sample, statistically repre
sentative of the hydrology that might be expected during the project 
life, is required as the basis for making such estimates. At the 
feasibility level of study, the variation of flow with time, both 
seasonally and from year to year, must be properly represented in order 
to clearly define the reliability of the flow for electricity genera
tion, either as a run-of-river project or with whatever reservoir 
storage can be made available.

The most satisfactory basis for evaluating the generating potential of 
a site with or without storage is to undertake energy calculations with 
a mathematical (computer) model of the reservoir operations and genera
tion at the proposed development using a reference hydrology. Such a 
hydrology is assumed to be statistically characteristic of the hydrol
ogy that would be experienced by the project during its anticipated 
economic life.

The reference hydrology for this purpose clearly does not need to be 
tied to actual calendar dates as it represents a sample of future 
hydrology to estimate future yield and installed capacity of potential 
developments. It must, however, have a representative mean flow and 
periods of wet and dry departures from the mean which have cumulative 
magnitudes, durations and patterns that are truly characteristic of the 
project site. It is suggested that the maximum possible length of 
record be generated as a reference hydrology. This record length 
should only be limited by the length of data available for use.
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- flow duration curve methodology
- proration methodology
- evaluation and comparison of methodologies.

6.2 - “Flow Biiraflon Cunm Prediction Methodology

The purpose of this section Is to describe the techniques which were 
developed for estimating a flow duration curve for ungauged catchments 
In Ontario. The estimated flow duration curve for the ungauged catch
ment can then be used with the dally time series of flow data at an 
Index gauge In order to derive a synthetic dally time series of flows 
at the ungauged site. This method, as compared to the proration 
method, can take Into account the effect of physiography or other basin 
characteristics on the flow pattern. The following three subsections 
present the methodology.

6.2.1 - Theoretical Aspects of Flow 
Duration Curve Prediction

In order to develop techniques for predicting the flow duration 
curve for an ungauged catchment, it was necessary to relate 
physical properties of the basin to parameters of a mathematical 
function which describes the flow duration curve.

After reviewing the nature of the flow duration curves, it was 
concluded that the turbinable flow curve would be more readily 
used than the flow duration curve because it has a shape more 
amenable for fitting a mathematical function. The turbinable 
flow is the average flow of water than can be supplied to a fixed 
steady demand. The turbinable flow curve is a plot of the tur
binable flow as a function of the demand (or design discharge). 
The probability density function of flows, the flow duration 
curve and the turbinable flow curve all are uniquely related.
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Where long periods of actual streamflow records are available at a 
site, the recorded flow time series Is generally used as the reference 
hydrology. Where such a record does not exist, a reference hydrology 
is generated by other means.

Storage can be an important component of a small hydro development as 
it affects energy yield directly. Additional storage enables flows to 
be regulated and thereby reduces the quantity of water spilled. As 
well, flow regulation increases firm energy by taking water out of 
storage when natural flows are low. The effects of storage regulation 
on turbinable flow depend, to a large extent, on the size and variabil
ity of the daily inflows in comparison to the volume of available 
storage.

In basins which have multiple flood peaks, a storage reservoir may 
partially empty and fill a number of times each year, ultimately making 
greater use of storage than a basin with only one significant flood 
each year (say as a result of snowmelt). In order to estimate addi
tional energy generation attributable to incremental storage volumes, a 
computer program (ENERGY) is used to simulate the operation of the 
hydroelectric plant subject to the daily inflow time series. This 
program is described further in Section 8.

The purpose of this section is to describe techniques which have been 
developed in this study for generating synthetic hydrology (daily flow 
series) for ungauged catchments in Ontario. Section 7 presents 
additional techniques for developing a hydrology at sites having either 
a short period of recorded flows or a gauge located somewhere in the 
basin.

The following information is presented in the subsections of this 
section:
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The flow duration curve Is defined as

F(Qd) - Jq f(Q) ^ (6_1)

where f(Q) is the probability density function of all daily 
flows. The cumulative probability F(Q<i) is therefore the 
probability that any flow, Q^, will be equalled or exceeded.

If Equation 6-1 is evaluated for ranging from zero to infinity 
the resultant set of values can be used to generate a flow dura
tion curve. The mathematical relationships can be understood 
easily with the aid of Figure 6.1.

The derivation of a turbinable flow curve from a flow duration 
curve is also explained with the aid of Figure 6.1. The shaded 
area of the flow duration curve represents the average discharge 
which can be passed through the turbines for a given design 
discharge, Q,j. Therefore, the area under the flow duration curve 
up to a certain installed capacity is the turbinable flow. The 
turbinable flow can be expressed mathematically as

dQ ( 6 - 2)

The turbinable flow curve is thus a curve of Qt versus that 
can be calculated by evaluating the above integral over a range 
of Qd from zero to infinity. Practically, the maximum value used 
is 3 or 4 times the mean annual flow. Beyond this practical

^When the flow duration curve is expressed using flow and percent time 
coordinates, the area under the curve has the units of discharge. 
Hence the area under the curve is the turbinable flow. Alternatively, 
if the flow duration curve is expressed in flow and time coordinates, 
the area under the curve will have the units of volume. Hence the area 
under such a curve would be the turbinable volume.
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limit, Qd has little effect and Qt approaches the mean annual 
discharge.

As explained previously, the turbinable flow curve is a rela
tively smooth, easily definable function. Therefore, prediction 
equations for the turbinable flow curve are developed and the 
corresponding flow duration curve is generated by differentiating 
the turbinable flow curve function. The techniques which have 
been developed were done using nondimensional flows (Q/Q) in 
order to bound the functions within reasonable limits (Q-p-Qt/Q, 
Qü"Qd/Q) • Actual flows can be obtained by multiplying the flow 
duration curve by the estimated mean annual discharge (Q) (see 
Section 5.3).

A wide variety of functions were tested as being representative 
of the turbinable flow curve (Acres, 1984). The function which, 
in all cases, provided consistent and accurate results was the 5- 
degree polynomial. The general form of the 5-degree polynomial 
used to fit the turbinable flow diagram was

Qt - P + 0 Qd + ot(QD)2 + ̂ (QD)3 + 7(Qd>4 + «(Qd)5 (6-3)

By incorporating various physical constraints which are explained 
in detail in the 'Study Documentation Report', the following
relationships were established.

0 - 0.0 (6-4)

y9 - [ (Z - 6a) C2 - 12C0 + 20] / 2C3 (6-5)

7 - [(3a - Z)C2 + ZC6 - 15] / C4 (6-6)

k - [ (Z - 2j3)C2 - 6C6 + 12] / 2C5 (6-7)

where
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C = a large value of Qd where Q-p - 1
Z - the inverse slope of the flow duration curve at the design 

discharge C.

Therefore, it is only necessary to establish values for Z, C, 8 
and a to predict either the turbinable flow curve or the flow 
duration curve. Equations for estimating these parameters have 
been developed and are presented in Section 6.2.2.

The nondimensional flow duration curve can be estimated by dif
ferentiating the turbinable flow curve with the following result.

Probability of exceedance

- 8 + 2a (Q/Q) + 30(Q/Q)2 + 4y(Q/Q)3 + 5k (Q/Q)4 (6-8)

For any selected values of Q/Q, the probability of exceedance can 
be computed. The nature of the calculated curves is generally 
such that the upper end of the curve (at low probability of 
exceedance) is somewhat 'wavy'. This can be smoothed out by an 
interpolation of the curve through the wavy portion extending to 
intercept the ordinate at probability equal to zero. The com
puter program HYSIMONT described in Section 8 does this smoothing 
automatically. Any error introduced by the interpolation is 
insignificant for energy studies since it is the lower portion of 
the curve which is of significance.

6.2.2 - Prediction Results and Flow 
Duration Curve Estimation

In order that estimates can be made of the turbinable flow curve 
at ungauged sites, it is necessary to relate the coefficients of 
the polynomial equation to physiographic and/or climatic charac
teristics which can be measured in the ungauged basin.
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In general, it was found that Z was fairly consistent within a 
region. Therefore, a regional mean value was selected for Z. 
Regression analyses were performed with the other variables, 
seeking appropriate regional relationships. If significant 
relationships could not be found for independent variables, 
regional mean values were selected.

Regression analyses were not considered in Region A since there 
were insufficient data to develop regional regression equations. 
In addition, significant regression equations were not found for 
variables C, 8 or a in Regions C and D.

Therefore, the selected regression equations for parameters C, 8 

and a are summarized for Regions fi, E and F in Table 6.1. The 
multiple correlation coefficient, standard error of the estimate 
and the coefficient of variation are also given in Table 6.1. It 
should be noted that the standard error of estimate as well as 
the coefficient of variation (CV) are expressed as a percent of 
the mean value of the dependent variable.

Summary statistics relating to the range of dependent and 
independent variables associated with the regression analyses are 
presented for Regions B, E and F in Table 6.2. The ranges of 
independent variables used in the development of regression 
equations become the limiting values of the variables which can 
be safely used in these equations. The equations have all 
proved to be stable giving reasonable estimates of C, 8 and -a 
for the extreme combinations of variables as illustrated in 
Table 6.2.

In order to derive the flow duration curve at an ungauged site, 
the following steps are required.

- Extract the necessary physiographic data (Table 5.1).
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TAHI.K B  1
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Reaian in Rasim Eanartim Determination of Variation of Estimate
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B 22 C - 5 _ _

0 =
-0.37040 0.12540 1.08795 

0.0707 MAR ACLS LAI 0.66 11 7

a » / -6 2 V 0 . 45970 - 2.04 x 10 MAR 0.70 12 9

E 15 c  - 12.2505 - 0.07497 ln A  - 0.23401 ln MAR - 1.9535 ln LONG e 0.74 12 7

6 - (-2.252 + 0.02583vllAS + 0.09180^LF + 0.40197^AI)2 0.91 15 5

a = -(-4.618 + 0.023404&AS + 0.0718^LP + 0.72005JLaT)2 0.91 23 8

F 62 c  = 9.533 - 6.137 BFI 0.88 14 5
0 = 0.3057 + 1.1641 BFI + 0.038 SLP 0.89 22 8
a ° -0.0851 - 0.7346 BFI - 0.0273 SLP 0.80 28 13



TABT-E 6.2

SHmARY (g IHDEPEHDKST AMD DEPEHDEHT REGRESSION VARTAHT.ES

Independent Variables___________________________
Area

Mean Mean Mean Base Controlled
Drainage fnnnnl jbbih! Flow by lathes River

Region Description Area Precis. Snowfall ftmnff Index and S w a m Slope
(km2) (■ml (ca) («■) (Z) (n/km)

B Minimum 619 540 190 195 20.00 0.018
Maximum 24 200 770 300 389 100.00 0.838
Mean 7 603 675 229 291 80.00 0.281
( T 6 427 72 28 56 29.00 0.231
CV (X) 
Extreme Min 
Extreme Max

85 11 12 19 36 82

B Minimum 149 795 170 344 0.01 0.138
Maximum 1 850 930 300 626 98.00 2.472
Mean 709 864 228 425 49.00 1.290
c r 485 44 49 82 36.00 0.656
CV (X) 
Extreme Min 
Extreme Max

68 5 21 19 73 51

F Minimum 163 780 100 225 0.15 0.01 0.208
Maximum 5 206 1000 300 516 0.81 100.00 4.824
Mean 841 882 203 376 0.45 19.00 1.482
c r " 1 066 61 59 62 0.14 31.00 0.896
cv (X) 127 7 29 17 32 170 60
Extreme Min 
Extreme Max

Note; Variables shown in bold were significant in the regression equations.

River
Length Latitude Longitude
(km) (degrees) (degrees)

59.1 48.08 86.53
358.8 54.99 94.46
192.0 51.83 90.47
84.0 1.85 2.14

44 4 2

24.5 44.21 75.66
128.0 46.57 81.25
66.1 45.24 78.35
30.0 0.73 1.91

45 2 2

20.0 42.46 74.64
227.5 48.31 82.34
59.9 43.69 80.44
42.2 0.89 1.49

70 2 2

Shape Penendeni Variable»
Factor Ç Ê

2.2 5.00 0.88 0.388
26.8 5.00 1.27 0.618
7.1 5.00 1.10 0.530
5.8 0.00 0.10 0.060
82 0 9 12

5.00 0.76 0.388
5.00 1.39 0.618

1.4 5.40 0.71 0.324
14.2 7.30 1.08 0.576
7.4 6.40 0.89 0.430
3.7 0.60 0.12 0.090
49 9 14 22

4.90 0.63 0.251
7.80 1.17 0.662

1.5 4.60 0.50 0.213
21.8 8.60 1.32 0.738
5.8 6.80 0.88 0.460
3.7 0.88 0.18 0.120
63 13 21 26

4.60 0.49 0.200
8.60 1.42 0.810

O'
I
o
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- Apply the equations of Table 6.1 to determine C, 0 and a.

- Insert the values of the above parameters into Equations 6-5, 
6 - 6  and 6-7 for 0, 7  and je.

- For a range of values of Q/Q between 0 and C, compute cor
responding probabilities of exceedance from Equation 6-8.

- At low design discharges of sites with a high degree of natural 
regulation, ensure that the probability of exceedance is not 
greater than 1.

- At low probability of exceedance, smooth the curve to remove 
any slight 'waviness' which may occur for flashy basins with 
very steep flow duration curves.

- Determine the mean annual discharge of the site using Equa
tion 5-1.

- Redimens ionalize the nondimensional flow duration curve by 
multiplying all values of Q/Q by the mean annual discharge.

6.2.3 - Technique for the Generation
of Synthetic Daily Flow Series

A synthetic time series of flow at an ungauged site can be deve
loped using the predicted flow duration curve and a daily flow 
time series at an index station. Asstiming that the same 
probability of occurrence of daily flows can be expected at both 
sites, the time of series of flows at the ungauged sites can be 
derived. The generation of a synthetic flow series is explained 
as follows with the aid of Figure 6.2.

First, the daily flow duration curve is derived using the 
regional regression relationships to estimate the polynomial
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coefficients C, 6 and a, and subsequently to calculate f), S and 
k , the coefficients of Equation 6-8. This derived flow duration 
curve is then automatically adjusted. Experience indicates that 
the modified form of the predicted flow duration curves are most 
accurate at ungauged sites with a high degree of natural regula
tion. Basins with steep flow duration curves result in the
largest error, particularly at design discharges greater than 4 
times the mean flow both for natural and additional man-made 
regulation.

The actual daily time series at the index station drives the 
process of generating daily flow data at the ungauged site. For 
each daily discharge of the index time series, the probability of 
exceedance is determined at the index gauge from the known index' 
flow duration curve, as shown in Figure 6.2. The discharge at 
the ungauged site is then estimated from its own derived flow 
duration curve by ass tuning the same probability of exceedance as 
the index station. The discharge record at the ungauged site is 
created by repeating this process for each flow in the index time 
series.

Although the derived time series will not correspond exactly with 
the actual historic time series, the probability density function 
will be as accurate as the estimated flow duration curve. The 
implicit assumption is that the serial correlations of flows at 
the ungauged site are identical to those at the index station. 
It is therefore important that the index station be hydrologi- 
cally representative of the particular homogeneous hydrologic 
region.

Potential index gauges in each region were identified and 
screened using the following characteristics

- long period of continuous daily record
- quality of streamflow record at gauge
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- proximity to region centroid
- average or representative drainage basin area
- representative MAR
- representative descriptors of the flow duration curve, C, 6 and

The selected index stations for each region for the flow duration 
methodology are listed in Table 6.3.

Although it is theoretically possible to apply the methodology by 
hand, the procedure is ideally suited to computer programming. 
Consequently, the technique has been incorporated in the computer 
program HYSIMONT presented in Section 8.

6.3 - Proration Based on Drainage 
Area and Mean Annual Runoff

A commonly used technique for developing synthetic hydrology at an 
ungauged location is to prorate data from a long record gauge based on 
drainage area and MAR. In many cases, the technique can be used where 
an index or nearest gauge exists with a long record on the same river, 
in the same basin or in a basin adjacent to and physiographically 
similar to the ungauged site. The technique which is presented in this 
section involves proration using data from a single long-term index 
gauge in each region. The appropriate equation is

a.

Qijk “ Qlijk (A * MAR) / (AI * MARI) (6-9)

where

i ” year 
=■ month
- day
- generated discharge time series at an ungauged site (m^/s)

j
k
Q
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TABLE 6.3
INDEX GAUGE SUMMARY FOR
FLOW DURATION CURVE METHODOLOGY

Reelon Station
Period 
of Record

Length 
of Record 
(years) Type

Drainage
Area
(kmZ)

Record
Oualltv

B 04DA001 1967-1986 20 natural 5960 average
E 02HL004 1959-1986 28 natural 671 above

average
F 02GG002 1949-1986 38 natural 730 above

average
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QI — known discharge time series at the index station (m^/s)
A, AI " drainage area at the ungauged site, index station, respec

tively (m^/s)
MAR, MARI — mean annual runoff at the basin centroid of the ungauged 

site, index station, respectively (mm).

The record which is generated using this technique will have a flow 
pattern identical to that at the index gauge. The only difference is 
that a constant factor is applied to the index gauge record. Clearly 
any major difference, such as a large lake in one catchment, is likely 
to affect the flow pattern and reduce the validity of the method.

It is therefore important that the index station be hydrologically 
representative of the particular homogeneous hydrologic region.

The need to define more than one index gauge per homogeneous region to 
compensate for the large spatial area of some regions as well as the 
large variation in drainage area was considered. Regression analyses 
determined whether any significant relationships existed between the 
independent variables - qgg and q^g (flows exceeded 90% and 10% of the 
time, respectively), and the dependent variables--drainage area, 
latitude and longitude. As a result, two index stations were selected 
in Region A based on large and small drainage areas.

A summary of the selected proration index stations for Regions A to E 
and Fl to F8 are listed in Table 6.4.

This technique is included in the computer program HYSIMONT, described 
in Section 8.
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TABLE 6.4

INDEX GAUGE SUMMARY 
FOR PRORATION METHODOLOGY

Regigs Station
Period 
of Record

Length 
of Record 
(years)

Type
Drainage 
Area____
(km*)

Record
Oualitv

A 04DC002
04FC0011

1972-1986
1968-1986

15
19

natural
natural

4 710 
36 000

average
average

B 04DA001 1967-1986 20 natural 5 960 average

C 02BA002 1970-1986 17 natural 1 190 above
average

D 04U001 1921-1986 66 natural 8 940 above
average

E 02HL004 1959-1986 28 natural 671 above
average

FI 02MC001 1961-1986 26 natural 358 average
F2 02ED003 1950-1986 37 natural 1 180 average
F3 02FE008 1968-1986 19 natural 648 above

average
F4 02GG002 1949-1986 38 natural 730 above

average
F5 02GC010 1961-1986 26 R2 342 average
F6 02HA006 1958-1986 29 natural 293 average
F7 02HC025 1963-1986 24 natural 303 average
F8 02EC011 1967-1986 20 natural 282 average

■'-Assumed to be representative of all 
greater than 25 000 km^.

stations having drainage area
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6.4 - Evaluation and Comparison of 
Alternative Methodologies

There are several sources of error in the methodologies presented in 
this section. In the following subsections, these errors are discussed 
in general and an evaluation and comparison of the alternative method
ologies are presented.

6.4.1 - Sources of Error

The errors which can influence the accuracy of the methodologies 
are as follows.

(a) Errors in fitting the 5-degree polynomial curves to the
actual turbinable flow curves. Curve-fitting coefficients 
were chosen (C, 9 and a) which minimized the sum of the
squared residuals between actual and estimated turbinable 
flow for design discharges as high as 4 times the mean 
annual discharge. Typically this error was not greater than 
5% and often was less than 1%.

(b) Errors in estimating the coefficients (C, 9, o) required for 
ungauged catchments. Errors involved in predicting these 
coefficients include the following.

- Measurement of basin physiographic and climatic data. 
Although not measurable, errors of this type can occur. 
As well, these types of errors could have been included 
with the independent variables used for regression 
analyses.

- From the regression equations. The errors that result 
from not being able to explain 100% of the variation of 
the dependent variable for a given sample. Their
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magnitude varies depending on the quality of the regres
sion equations.

(c) Errors in estimating the mean annual flow at an ungauged 
site.

The sensitivity of either the regression equations for C, 6, a or 
the resulting turbinable flow estimate as a function of 
extraction/estimation errors in the independent variables was not 
analyzed for all the gauges in each region. Sensitivity analysis 
of this type was, however, completed for the three test gauges 
selected in Regions B, E and F as discussed in Section 9.

.6.4.2 - Comparison of Methodologies

The overall error resulting from the application of the recom
mended methodologies was assessed by comparing estimated and 
actual turbinable flow for various design flows and storages at 
all gauges used in the analysis. (This does not in any way limit 
the analysis only to hydropower applications; rather, it is also 
applicable to requirements of other water users.) The actual 
turbinable flow was computed from daily simulation analyses of 
the data. The estimated turbinable flow was determined by daily 
simulation of each synthetic record using both techniques (prora
tion and flow duration).

One gauge in each of Regions B, E and F was initially set aside 
for verification. The data for these gauges were not included in 
any of the regression equations or related analyses. These 
gauges thus serve as a completely independent means to test the 
methodologies in these regions. The results of this independent 
testing are discussed fully in Section 9.

The simulation analyses evaluated turbinable flow for installed 
capacities ranging from 0.25 to 4 times the mean annual flow and
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for additional live storage volumes varying from 0 to 0.2 times 
the mean annual flow volume.

Representative errors associated with average energy generation 
were evaluated by examining the case where the installed capacity 
is based on a flow twice the mean annual flow. At larger instal
led capacities and at larger storage volumes, errors in estima
ting turbinable flows are generally damped out. The extreme 
example is the case of 100% regulation on the river with all flow 
passing through the turbine. Under these circumstances, error is 
attributable only to error in estimating the MAR.

For each of the storages, the turbinable flow was calculated 
using each methodology and compared with the value derived using 
the actual flow records. Table 6.5 contains comparisons of the 
absolute errors for both methodologies in Regions B, E and F.

Index stations were neglected from the error comparison as the 
zero errors associated with prorating an index station to itself 
would unfairly bias the results. The errors given include all 
incurred errors in the methodology such as those attributable to 
differences between actual and map (Plates 3 and 4) estimates of 
MAR.

An inspection of Table 6.5 indicates that expected regional 
errors arising from the flow duration curve methodology are 
consistently smaller than those of the proration methodology for 
any storage condition in terms of

- lower maximum error
- lower average error
- lower standard deviation of error.
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T A B T JI B - S

AVERAGE ABSOLUTE HBMI OR METHODOLOGIES 
(nxprntmed aa a pensent)

Haalon Mnthadoloirv Deserintion

B Proration Average
Maximum
a

Flow Duration Average
Maximum
a

E Proration Average
Maximum
a

Flow Duration Average
Maximum
a

F Proration Average
Maximum
a

Flow Duration Average
Maximum

a

Storage
to Mean Flow fbhma'i

0 0.05 0.1 0.2 Averaae

7.5 5.3 4.3 3.2 5.1
23.3 17.7 15.8 13.7 17.6
6.9 4.8 4.0 3.4 4.6

4.4 3.3 3.0 2.7 3.4
14.2 12.5 12.0 12.7 12.7
3.6 3.3 3.2 3.5 3.2

8.8 7.7 6.9 4.6 7.0
20.9 16.1 14.4 11.1 15.5
6.2 4.8 4.3 3.4 4.6

5.3 4.2 3.6 2.8 4.0
13.7 8.4 7.3 5.9 8.5
4.2 2.6 2.3 1.7 2.6

13.9 10.1 8.1 5.6 9.4
83.5 45.9 33.0 20.2 45.7
12.7 7.7 5.9 4.1 7.3

7.7 6.3 5.4 3.3 5.7
30.8 27.5 24.9 17.3 24.7
6.8 5.2 4.6 3.7 4.6
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6.4.3 - Recommended Methodologies

The following recommendations assume that there are no nearby 
gauges in the same basin with suitable discharge records which 
could be used to prorate flows at an ungauged site.

It is recommended that the flow duration methodology (rather than 
proration to an index gauge) be applied in Regions B, E and F 
where suitable regional regression relationships were 
established.

Froration to an index gauge should be used in Regions Â, C and D.
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The emphasis in this study has been directed toward hydrologic evalua
tions at ungauged sites. In some cases, the chosen sites may be 
located in a basin containing streamflow measurements. In these cir
cumstances, it is preferable to make use of the data from the gauged 
location. The balance of this section discusses hydrologic methodolo
gies for the following two cases

- ungauged sites in a basin with a gauge which has a long record length

- ungauged sites in a basin with a gauge which has a short record 
length.

7.1 - Methodology for Sites with a
Long Record Length Gauge in the Basin

If a particular site has a gauge in the same basin which has a long 
record length, it is likely that proration based on drainage area and 
MAR will be most suitable. However, engineering judgment must be 
applied in order to assess the similarity in physiographic characteris
tics of the gauged and ungauged portions of the basin. If they are 
quite different, it is possible that the suggested approach will 
require some modification. However, even if they are significantly 
different, the approach is still likely to yield results which are 
similar in quality to those possible using the regional techniques.

The appropriate equation for prorating the discharge is

Qijk “ QGijk (A * MARVCAG * MARG) (7-1)

where
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QG - measured discharge at the gauged location 
AG — drainage area to the gauged location
MARG — mean annual runoff at the centroid of the gauged basin.

It should be noted that if there is no discernable difference in the 
MAR of the gauged and ungauged locations, then the flow sequence at the 
ungauged site may be obtained directly from the gauged location by 
prorating the discharges directly by the ratio of drainage areas.

This proration will produce a record at the ungauged site which will 
not necessarily be correct on a specific day but will be representative 
of the long-term record.

7.2 - Methodology for Sites with a
Short Record Length Gauge in the Basin

Prior to constructing any but the smallest hydroelectric facility, it 
is common to install a hydrometric gauge at or near the site (or sites) 
of interest. Typically there will be fewer than 5 years of data avail
able from these gauges. The following subsections explain how to
extend this short record in order to create a reference hydrology for 
power and energy simulations. These techniques are general guidelines 
and a specific situation may require the application of alternative 
methodologies.

7.2.1 - Flow Duration Curve Methodologies

The techniques for synthesizing a hydrologic record at an 
ungauged site using flow duration curves are explained in detail 
in Section 6.2. The component of this methodology which has the 
largest inherent error is the estimation of a flow duration curve 
for an ungauged site. The easiest way to use the short record of 
data is to develop a flow duration curve from the available daily 
data. This is done as follows.
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- Scan the record of daily flows and locate the maximum and 
Tnin-timnn discharge. If there are data missing from the record, 
it must be either synthesized by correlation with other records 
or the complete year of record should be eliminated from the 
evaluation.

- Based on the maximum and min inn an flows, divide the complete 
range of possible flows into approximately 10 intervals. The 
intervals do not have to be equal but it would be best if each 
contained approximately 10% of the daily flow requirements.

- Count the number of daily records in each interval. A typical 
example is shown in Table 7.1.

- Compute the probability of a flow occurring in a particular 
range (Column 3) by dividing the number of occurrences 
(Column 2) by the total (2000).

- Determine the cumulative probability of occurrence (Column 4) 
by progressively summing the probability of occurrence values 
from the bottom.

The cumulative probability of Column 4 represents the probability 
that the lower limit of the indicated discharge range will be 
equalled or exceeded. A plot of this lower limit versus the 
probability of exceedance is the flow duration curve for the 
gauge.

Because the record length is short, it is possible that the two 
extreme ends of the curve will require adjustment. The reason 
for the adjustment is that the short record will not likely 
contain a suitable sampling of extreme events (both low flows and 
flood flows).
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TABLE 7.1
TYPICAL FLOW DURATION CURVE CALCULATION

1
Discharge
Ranee

2.1 - 10
10.1 - 25
25.1 - 40
40.1 - 60
60.1 - 80
80.1 - 100

100.1 - 130
130.1 - 200
200.1 - 300
300.1 - 400
TOTAL

Number of 
Occurrences
210
170
190
200
230
210
190
250
220
140

2000

1
Probability 
of Occurrence
10.5
8.5
9.0

10.0
11.5
10.5
9.5
12.5
11.0
7.0

4
Cumulative 
Probability 
of Occurrence
100.0
89.5
81.0
72.0
62.0
50.5
40.0
30.5
18.0
7.0
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In order to adjust the flow duration curve at the site of 
Interest based on a short-term record, the user must derive two 
additional flow duration curves using the method described above

- a flow duration curve based on the full period of record at an 
index gauge or other nearby gauge in the same basin

- a flow duration curve at the index or nearby gauge for the same 
short period of record as the site of interest.

As shown in Figure 7.1, the short-term hydrology at the site of 
interest is then adjusted by prorating hydrology of the equiva
lent period to a long-term record at a nearby or index gauge.

It should always be remembered that maximum use should be made of 
any available data.

The techniques of Section 6.2.3 can be used with the site- 
specific flow duration curve in order to synthesize a long-period 
reference hydrology. These techniques rely on the use of an 
index gauge in each region.

If the specific location, for which the short record flow dura
tion curve is developed, is not at the project site (but still 
commands a substantial part of the catchment) then the synthetic 
record should be prorated based on drainage area (and possibly 
MAR).
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LONG TERM DAILY DISCHARGE RECORD AT 
NEARBY OR INDEX GAUGE ( m3/s)
SHORT TERM DAILY DISCHARGE RECORD AT 
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SHORT TERM DAILY DISCHARGE RECORD AT NEARBY OR 
INDEX STATION (m3/s) ( CORRE SPONDS TO SAME PERIOD 
OF RECORD AS RECORDED AT THE SITE OF INTEREST )
LONG TERM DAILY DISCHARGE RECORD AT 
SITE OF INTEREST (m3/s)

Fig. 7.1
ENVIRONMENT OF CANADA FOR PERD STREAMFLOW ANALYSIS METHODOLOGY FOR UNGAUGED SMALL-SCALE HYDRO SITES IN ONTARIO

FLOW DURATION CURVE FOR SHORT TERM PERIOD OF RECORD
P 08334.01
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The methodologies for generating hydrologic data at ungauged or 
sparsely gauged sites (Sections 6 and 7) have been incorporated into 
one computer program. Â second computer program uses the generated 
flow data to estimate the power and energy capabilities of a proposed 
plant.

In addition, a program to estimate flood flows of the various magni
tudes in the Province of Ontario is provided.

These programs are described below and in the following subsections.

(a) HYSIMONT - A program to generate synthetic hydrologic data in the
Province of Ontario using the techniques of Sections 6 
and 7.

(b) ENERGY - A program to estimate the power and energy capabilities
of a site using

- output from HYSIMONT
- plant characteristics
- plant operating rules
- storage characteristics.

(c) FLOODONT - This program was written by Acres (1988) to estimate
flood peaks for various return periods using either the 
index flood method, a composite index flood method or a 
regional regression approach. The program is based 
entirely on the studies by Moin and Shaw (1985, 1986). 
The following reports should be reviewed prior to 
applying this program.
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- 'Regional Flood Frequency Analysis for Ontario
Streams - Volume 1, Single Station Analysis and Index 
Method' (1985)

- 'Regional Flood Frequency Analysis for Ontario
Streams - Volume 2, Multiple Regression Method' 
(1986)

These programs are all written in FORTRAN specifically for use on an 
IBM-PC or compatible microcomputer with a minimum of 512 K RAM. The 
programs are written to be compatible with the Ryan McFarlane compiler. 
This version of FORTRAN is a subset of FORTRAN-77, and therefore the 
programs can be run on any computer with this capability. However, it 
is anticipated that minor changes to statements may be required if the 
programs are used on other types of computers. The program listings 
are quite lengthy and, therefore, are not presented in this report. 
However, the programs are available in a set of floppy diskettes 
(double sided/double density, 360 K) from the Inland Waters 
Directorate, Ottawa or Ontario Region (Burlington).

8.1 - Hydrologic Data Generation in
the Province of Ontario - HYSIMONT

This program incorporates the techniques of Sections 6 and 7. The 
program structure is mainly interactive; however, two data files are 
required for two of the four available program options. All pertinent 
data and data files are prompted on the screen by the computer for 
whichever region and technique is selected.

Figure 8.1 is a general program flowchart showing the available program 
options and interactive commands. The program output is directed to 
two computer files.



FIG.8.1

ENVIRONMENT CANADA FOR PERD
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HYSIMONT-GENERAL FLOW CHART
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(a) Daily Data - This file contains generated daily data in a format 
suitable for use in the ENERGY program (Section 8.2).

(b) Summary - This file contains a summary of the generated data at a 
monthly level. Monthly means and standard deviations of daily 
data within each month are included.

Appendix A includes an example application for the Magnetawan River 
site in Region E. Table A.l of Appendix A is a listing of the inter
active commands required to generate the daily data. This listing 
shows the program prompts for three examples of data synthesis techni
ques (proration to the nearest station, proration to the index station 
and flow duration curve methodology). Table A.2 gives the input data 
requirements and format for the flow duration curve input. This option 
is available for the case where a small amount of data are available at 
a site and a flow duration curve can be derived (see Section 7). 
Tables C.3, C.4 and C.5 of Appendix C are monthly summaries of the 
generated data for each of the techniques listed above.

8.2 - Power and Energy Simulation - ENERGY

This program uses the generated hydrologic data to estimate the power 
and energy characteristics of a plant of interest. The program is 
based on a water balance simulation model. For each day of the genera
ted data period, the model determines whether water is spilled, tur- 
bined or stored, depending on the operating characteristics which are 
included in the model. The program then calculates monthly summaries 
of the water balance and the power and energy capabilities of the site.

Table 8.1 lists the data required for the model in two separate cate
gories (plant characteristics and operating policies). Table 8.2 lists 
the output summaries which can be provided by the model. Appendix B 
shows interactive commands to run ENERGY, the data file input descrip
tion, an example input data file and output. Table B.l is a listing of
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TABLE 8.1
REQUIRED DATA FOR THE ENERGY PROGRAM

Plant Characteristics

- Installed capacity
- Gross design head
- Percent head loss
- Efficiency
- Reservoir elevation/area curve
- Reservoir elevation/spillway discharge curve
- Tailwater elevation/discharge curve

Plant Operating Policy

- Firm energy demand
- Value of firm energy
- Value of secondary energy
- Cost of not meeting firm energy
- Monthly rule curves of

- maximum reservoir elevation
- minimum reservoir elevation
- secondary reservoir elevation (above this elevation, secondary

energy is produced; below this elevation, only firm energy is 
produced)

- Monthly minimum release requirement
- Monthly rainfall and evaporation on the reservoir surface
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TABLE 8.2
OUTPUT SUMMARIES FOR THE ENERGY PROGRAM

- Overall characteristics (total, secondary and firm energy; water
balance data and revenue data)

- Monthly reservoir outflows
- Monthly energy generation
- Monthly firm energy generation
- Monthly deficit between achieved and demanded firm energy
- Monthly secondary energy generation
- Minimum daily energy within month
. Number of days per month where firm demand was not achieved
- Monthly power flow
- Monthly spill flow
- Monthly reservoir release
- Month end reservoir volumes
- Maximum reservoir elevation in each month
- Minimum reservoir elevation in each month
- Monthly value of total energy
- Monthly value of firm energy
- Monthly cost of not achieving firm demand
- Monthly value of secondary energy
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the interactive commands for an example application on the Magnetawan 
River in Region E. The plant installed capacity and demanded firm 
energy are provided interactively; the other data must be provided in a 
data file. Table B.2 gives the data requirements and format for the 
required input data file. Table B.3 is a data file for the example 
application, while Table B.4 is the program output for this example 
application.

8.3 - Flood Estimation in Ontario - FLOODONT

This program was written by Acres (1988) but is based entirely on the 
studies by Moin and Shaw (1985, 1986). The flood peak estimation 
routines can be vised for either the index flood or the regional regres
sion methods. Maximum instantaneous flood flows are estimated. The 
flood peak routines are completely interactive with screen prompts for 
the necessary physiographic data.

Figure 8.2 is a general program flowchart showing the available program 
options and interactive commands.
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Three stations were selected to demonstrate the application of the 
design flow methodologies in estimating potential power and energy 
generation. The three gauges have been chosen in Regions B, E and F. 
Table 9.1 lists their basic characteristics and those of the gauges 
nearest to them. To eliminate bias in demonstrating and testing the 
methodologies, the three sites were not used in developing the regional 
regression relationships.

This section of the report has two purposes

- to demonstrate the methodologies

- to provide the reader with a sense of the potential error incurred 
using the methodologies. Errors resulting both from approximations 
of the methodologies and from inaccuracies in the estimates of physi
cal and climatic characteristics are examined.

9.1 - Applications

The three test gauges are located in Regions B, E and F where the 
regression-based methodology was found appropriate. For the purposes 
of demonstration, however, the basins were tested using the methodolo
gies presented in Table 9.2. In each case, the inventory of 
hydroelectric potential compiled by MNR was used .to choose characteris
tic design heads for the sites.

9.1.1 - Site at Gauge 02GA039 - Conestoga River

The Conestoga River is located in Region F in the southwestern 
part of Ontario. The selected site was assumed to have a repre
sentative gross design head of about 3.6m.
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DESCRXPTIOW rn W KABRST C A D G E S T P  T E S T  C AD G ES

Teat: Ganna f c m a t  Came

Station Description
Drainage
Area

Hr an
âmwtnî
lhiiioff Station Descrlntlan

Drainage
Area

Mean
An*™»! Proratioo1’
Runoff Factor Cnawntn

(km2) (am) (km2) (■>)

02GA039 Conestoga River 
above Drayton

265 350 02GA017 Conestoga River 
at Drayton

324 352 0.81 Nearest gauge Is slightly down
stream of the test gauge on the 
same river in the same basin.

02EA006 Magnetavan River 
near Burk's Falls

640 525 02EA005 North Magnetavan 
River near 
Burk’s Falls

321 552 1.90 Nearest gauge Is a tributary to 
the test gauge In the same basin.

05QA004 Sturgeon River at 
McDougal Mills

4455 275 04GA002 Cat River below 
Wesleyan Lake

5390 256 0.89 Nearest gauge is In a nearby 
basin to test gauge.

^Proratlon factor Is calculated as A * MAR
AG * MARS

where 10

2A, AG ■= basin drainage area at the ungauged site, nearest gauge respectively (km )
MAR, MARS = mean annual runoff at the centroid of the ungauged site basin, nearest gauge basin respectively (mm).

to



9 - 3

TABLE 9.2

HYDROLOGIC METHODOLOGIES 
USED IN SAMPLE APPLICATIONS

Proration Flow
Region Site Index Gauge Nearest Gauge Duration
B 05QA004 X
E 02EA006 X X X
F 02GA039 X
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The flow duration methodology was the recommended regional 
approach for synthetic streamflow generation In Region F. 
Gauge 02GA039 has a nearby gauge In the basin. Based on the 
conclusions of Section 6, the proration to the nearest gauge 
methodology Is expected to be the most accurate approach. 
Station 02GA017 Is the nearest gauge on the Conestoga River which 
has 22 years of record from 1951 to 1972. The proration factor 
was calculated In the following manner vising estimates at the 
ungauged sites of drainage area (from 1:50 000-scale NTS maps) 
and MAR (at the basin centroid from Plate 3) .

- drainage area above Gauge 02GA017 324 km^
- MAR of 02GA017 catchment 352 mm
- drainage area above site 265 km^
- MAR of site catchment 350 mm
- proration factor - (265)OSO) - 0.814

(324)(352)

The dally flows at the test site were generated by multiplying 
the dally flows at the nearest gauge by the proration factor.

Table C.l of Appendix C is a monthly summary table of the hydro- 
logic data generated using HYSIMONT.

To estimate the potential power and energy, it was assumed that 
this site would develop significant storage of 19 m^xlO® amount
ing to about 20% of the mean flow volume of 93 m^xlO^/yr.

It was also assumed the potential power plant would have the 
following characteristics

- efficiency 85%
- gross design head 3.6m
- head loss 5%
- net design head 3.4 m
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- maximum reservoir elevation (full supply level) 100 m
- minimum reservoir elevation (dead storage level) 98 m
- constant tailwater level 95.4 m.

Table 9.3 is a summary table of results from a series of runs 
with the computer program ENERGY using various installed capaci
ties. Figure 9.1 is a plot of the annual energy production 
versus installed capacity. Note, at larger capacities, the power 
flow increases without a corresponding increase in energy. In 
fact, for an installed capacity greater than 0.4 MW, the average 
energy actually decreases. Here, the average operating reservoir 
level decreases while less additional water is 'captured' for 
incremental increases in installed capacity.

In feasibility study applications, this information would be used 
in an economic analysis to determine the optimum installed capa
city. Normally such analysis would also include an assessment of 
the firm energy capability of the site. In this example, the 
firm energy demand was specified in the program ENERGY to be 
zero.

9.1.2 - Site at Gauge 050A004 - Sturgeon River

The Sturgeon River is located in Region B in the northwest part 
of Ontario. A hypothetical run-of-river, small-scale hydro site 
having 2.5-m gross head was assumed to exist near the gauge, as 
no potential sites were identified along this river.

As outlined in Section 6.4.2, the flow duration curve methodology 
was selected as the best technique in this region and, in parti
cular, for this site. There were no nearby streamflow gauges in 
the same river basin with acceptable periods of record.

In Region B, the regression relationships require that the MAR, 
drainage area, drainage area controlled by lakes and swamps, and



9 - 6

TABLE 9.3

POWER AND ENERGY EVALUATION - 02GA039

Installed Average
Canacitv Energy Power M U(MW) (GWh/yr) (m-Vs) (nrVs)
0.10 0.524 2.12 0.82
0.20 0.570 2.51 0.44
0.25 0.581 2.60 0.34
0.30 0.587 2.67 0.27
0.50 0.586 2.81 0.13
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latitude be estimated. The MAR values were obtained from Plate 4 
while the remainder of the data were estimated from 1:250 000- 
scale NTS maps. The values obtained for Site 05QA004 are as 
follows

- drainage area
- MAR
- latitude
- area controlled by lakes and swamps

4455 km2 
275 mm
50.122 degrees 
100%.

The computer program HYSIMONT was run to generate a daily time 
series at this site. Table 6.2 shows each of the independent 
variables to lie within the ranges experienced in fitting the 
regression relationships. We therefore have some confidence in 
the estimated values. Table C.2 in Appendix C is a monthly 
summary of the generated data.

It is assiimed that this run-of-river plant has daily storage 
capabilities. Other assumed plant characteristics include

- efficiency 85%
- gross design head 2.5m
- head loss 5%
- net design head 2.4 m
- constant head pond level 100 m
- constant tailwater level 97.6 m.

Table 9.4 is a summary table of the results from a series of runs 
with computer program ENERGY using various installed capacities. 
Figure 9.2 is a plot of the expected annual energy generation 
versus installed capacity.
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TABLE 9.4
POWER AND ENERGY EVALUATION - 05QA004

Installed Average
Cauaeitv Energy Power m n(MW) (GWh/yr) (nrVs) (m3/s)
0.4 2.99 17.20 21.65
0.8 4.67 26.91 11.94
1.2 5.55 31.99 6.87
1.5 5.91 34.05 4.80
2.3 6.36 36.64 2.21
3.1 6.63 38.21 0.65



INSTALLED CAPACITY (MW)

FIG. 9.2

ENVIRONMENT CANADA FOR PERD
STREAMFLOW ANALYSIS METHODOLOGY FOR UNGAUGED SMALL-SCALE HYDRO SITES IN ONTARIO

POWER AND ENERGY FOR STATION 05QA004
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9.1.3 - Site at Gauge 02EA006 - Magnetawan River

The Magnetawan River site is located in Region E in the southern 
part of the Canadian Shield region in Ontario. The selected 
plant is assumed to have a gross design head of about 8.6m.

For comparison purposes, the daily time series were derived using 
all three methodologies

- proration to the nearest gauge (Equation 7-1)
- proration to the index station (Equation 6-9)
- flow duration curve.

(a) Proration to a Nearby Gauge

The nearest gauge is 02EA005 on the North Magnetawan River 
(tributary to the Magnetawan River) near Burk's Falls.

To apply the proration methodology, the drainage area was 
estimated from 1:50 000-scale NTS mapping for Gauges 02EA005 
and 02EA006, and the MAR was estimated at the basin centroid 
from Plate 3.

Therefore, the following data contributed to the calculation 
of the proration factor

- drainage area above Gauge 02EA005 321 km^
- MAR of 02EA005 catchment 552 mm
- drainage area above site (02EA006) 640 km^
- MAR of site catchment (02EA006) 525 mm
- proration factor = (6401 (525’) — 1.9.

(321)(552)

The hydrologic data generated using HYSIMONT are shown in 
Table C.3 of Appendix C.
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(b) Proration to an Index Station Gauge

The Index gauge for Region B is 02HL004 located on the 
Skootamatta River near Actinolite.

Since the computer program HYSIMONT contains both the drain
age area and MAR values for the index gauge, it is only 
necessary to specify the drainage area and the MAR of the 
site of interest [given in Section 9.1.3 (a)]. A proration 
factor of 1.28 was calculated using Equation 6-9.

The monthly hydrologic time series summary generated in this 
fashion using HYSIMONT is shown in Table C.4 of Appendix C.

(c) Flow Duration Curve Methodology

In Region E, the regression relationships require that the 
following variables be estimated

- drainage area
- MAS
- MAR
- slope
- latitude
- longitude.

The MAR value was obtained from Plate 3; the MAS value was 
estimated from Plate 5; while, the slope, drainage area, 
latitude and longitude were measured from 1:50 000-scale NTS 
maps. The estimated values for Site 02EA006 are

640 km^
290 cm 
525 mm 
1.33 m/km

- drainage area
- MAS
- MAR
- slope
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- latitude 45.617 degrees
- longitude 79.388 degrees.

The computer program HYSIMONT was used to generate the daily 
flow series. Table 6.2 shows that each of the independent 
parameters lie within the ranges experienced in fitting the 
regression relationships. Therefore, there is reason for 
confidence in the estimated values. Table C.5 of Appendix C 
is a monthly summary of the generated data.

It was assumed that this site would develop a storage of about 
340 m3xl0® corresponding to about 10% of the mean flow volume 
(34 m3xl06/yr).

It was also assumed that a plant for this site would have the following 
characteristics

- efficiency 85%
- gross design head 8.6m
- head loss * 5%
• net design head 8.2m
- maximum reservoir elevation (full supply level) 100 m
- minimum reservoir elevation (dead storage level) 98 m
- constant tailwater level 90.4 m.

Table 9.5 is a summary table of results from a series of runs with the 
computer program ENERGY using various installed capacities. Figure 9.3 
is a plot of the annual energy production versus installed capacity. 
This figure shows that the turbinable flow estimates do not vary by 
more than 12% for the three methodologies.
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TABLE 9.5
POWER AND ENERGY EVALUATION - 02EA006

Installed
Capacity
(MW)
Proration to

Average
Energy
(GW'h/yr)

Index Gauge

Power
(m3/s)

Snlll
(mJ/s

0.4 3.10 4.99 5.87
0.6 3.93 6.43 4.43
0.7 4.24 6.99 3.86
1.1 5.04 8.51 2.38
1.5 5.41 9.34 1.55
2.2 5.81 10.24 0.66
3.0 5.91 10.69 0.21

Proration Nearest Gauge

0.4 3.58 5.68 5.00
0.5 4.10 6.64 4.05
0.7 4.78 7.96 2.73
1.1 5.34 9.19 1.51
1.5 5.58 9.79 0.91
2.2 5.75 10.34 0.36
2.9 5.78 10.58 0.12

Flow Duration

0.4 3.42 5.49 4.97
0.5 3.90 6.34 4.12
0.7 4.62 7.70 2.75
1.1 5.20 9.00 1.49
1.4 5.40 9.47 1.03
2.2 5.72 10.23 0.26
2.9 5.72 10.49 0.00
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Two types of sensitivity testing of the methodologies are described In 
this section.

First, using the results of the applications presented in the previous 
section, the generated hydrologic time series are compared with the 
actual records at the test gauges. It is expected that this will give 
the reader a sense of the accuracy of his estimates in actual 
application.

Second, the sensitivity of the final turbinable flow estimate (Qt) as 
well as the regional regression estimates of C, 9 and a is evaluated 
for variations in the independent variables. The purpose of this 
calculation is to illustrate the magnitude of the error to be expected 
from imprecise extraction of physiographic and climatic data.

9.2.1 - Comparison of Generated Time Series

The comparison utilizes two measures of error to judge the hydro- 
logic methodologies applied to the three test cases: the first
is a visual examination of the flow duration curves for each 
methodology compared with the actual, and the second is a direct 
comparison of turbinable flows at various storage levels. These 
comparisons are presented below followed by observations and 
conclusions.

Figures 9.4, 9.5 and 9.6 compare the nondimensional flow duration 
curves corresponding to the actual and generated daily discharge 
series at Stations 05QA004 (Region B), 02EA006 (Region E) and
02GA039 (Region F), respectively. While the flow duration curve 
methodology is recommended for each of these three regions 
(except in cases where there is a long-term gauge in the same 
basin), we have chosen to calculate the curves using all three 
approaches to provide the appropriate comparison.

9.2 - Sensitivity Analysis
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The analysis was then carried one step further, to the calcula
tion of the turbinable flow curves based on the flow duration 
curves illustrated in Figures 9.4, 9.5 and 9.6. The turbinable 
flow was determined at four levels of storage from 0 to 0.20 
times the mean annual flow and assuming the design discharge of 
twice the mean annual flow.

Table 9.6 provides a summary of the calculations, in particular 
showing the percent deviation of the turbinable flow calculated 
with the synthetic methodologies when compared with the tur
binable flows calculated using the actual hydrologic record. In 
examining the table of errors, one fact should be kept in mind. 
The percentage errors include the differences in estimating the 
MAR from Plates 3 and 4 versus the actual historic MAR of the 
gauge itself. For example, consider the results of
Gauge 02GA039. The error in estimating the MAR is -21%. This 
error is also included in the deviations of the turbinable flow 
estimates for the values calculated using the actual flow dura
tion curve.

A number of observations can be drawn from an examination of the 
flow duration curves of Figures 9.4, 9.5 and 9.6, and from the 
error analysis of Table 9.6.

- The flow duration curve methodology accurately reproduces the 
actual curve for Test Gauge 05QA004 in Region B. This is 
apparent both in Figure 9.4 and in the error analysis of 
Table 9.6. Note that proration to the nearest gauge was not as 
effective since the nearest gauge (04GA002) was not in the same 
basin.

- Proration to the nearest gauge methodology is shown to be the 
most accurate for Test Gauges 02EA006 and 02GA039 in Regions E 
and F, respectively. Each had gauges in the same basin on 
which to base the proration. In the case of Gauge 02GA039, the
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Estimated Q; a t ( ^ ° 2
Storage ffiatlo to Mean Flow ¥o1imb)
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(*) (X) (X) (X) (X)

02GA039 Proration - Index 3.7 2.9 -21.0 1.9 2.0 2.7 2.5 2.4 -5.9 2.8 2.6 -6.8 3.2 2.9 -9.1 -4.8
- Nearest Gauge 3.7 2.9 -21.0 1.9 1.6 -20.8 2.5 2.1 -18.6 2.8 2.4 -18.1 3.2 2.6 -20.0 -19.4

Flow Duration 3.7 2.9 -21.0 1.9 1.6 -22.4 2.5 2.0 -29.4 2.8 2.1 -35.4 3.2 2.1 -50.3 -34.4

02EA006 Proration - Index 10.8 10.6 -1.9 9.3 8.0 -16.1 9.9 8.8 -12.7 10.3 9.3 -10.5 10.7 10.1 -5.3 -11.2
- Nearest Gauge 10.8 10.6 -1.9 9.3 8.5 -9.3 9.9 9.3 -6.8 10.3 9.8 -5.3 10.7 10.4 -2.2 -5.9
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- Nearest Gauge 38.3 38.8 1.4 35.1 38.4 8.6 36.2 38.9 6.9 36.8 39.2 6.1 37.6 39.7 5.2 6.7

Flow Duration 38.3 38.8 1.4 36.1 34.1 -2.7 36.2 36.0 -0.6 36.8 37.0 0.5 37.6 38.3 1.8 -0.3
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results clearly favor the nearest gauge approach when the error 
in the MAR is considered. The proration factor between the 
test gauge and the nearest gauge was close to 1 (0.81). In the 
case of Gauge 02EA006, the results are not as clear. Both the 
nearest gauge and the flow duration methodologies produced 
similar results. In this case, the proration factor between 
the test gauge and the nearby gauge was 1.9; that is, a more 
significant deviation from 1. This, nonetheless, supports the 
finding that the nearest gauge proration methodology as discus
sed in Section 7 is a preferred alternative in most cases when 
there is an actual record in the basin of interest.

In summary, the above observations generally confirm basic con
clusions drawn earlier in the study.

- It is usually best to prorate to the nearest gauge when there 
is one in the same basin which has similar physiographic 
characteristics.

- At ungauged sites with no nearby gauges, the flow duration 
curve methodology using the regression approach is preferable 
in Regions B, E and F while the proration to an index gauge 
method should be used in Regions A, C and D.

9.2.2 - Sensitivity of Regression Methodology

It is important that a user have an understanding of the error in 
his results which may be caused by inaccuracies in extracting 
data. Vith this information, the user will know where to empha
size accuracy in data collection.

The three test stations discussed above were analyzed for their 
sensitivity to errors in the measurement of physical and climatic 
characteristics. First, the C, 0 and a coefficients, the 
turbinable flow curve, and the daily time series for the test
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stations were generated using the regional regression relation
ships and the best estimates of the physiographic and climatic 
characteristics. The analysis was then repeated using reasonable 
variations in the independent variable of the regression equa
tions, as might be caused by measurement errors or inaccuracies 
of the isoline maps. The selected variations in the independent 
variables were

- drainage area
- MAS
- MAR
- BFI
■■ area controlled by lakes and swamps
- slope
- latitude/longitude

Table 9.7 summarizes results of the sensitivity analysis on the 
dependent variables. The errors in this table are expressed as a 
percent deviation from the best estimate and have been evaluated 
for a design discharge equal to twice the mean flow and no addi
tional man-made storage.

In general, independent variables subject to greater measurement 
error, such as slope, drainage area, area controlled by lakes and 
swamps, MAS and BFI, have little impact on the final turbinable 
flow estimate.

Drainage area and MAR both have greater impact on errors in the 
turbinable flow estimates. The errors in all cases, however, are 
generally less than 6%, and it is concluded that the impact of 
minor errors in extracting data is also relatively minor.

±5%
±20 cm 
±25 mm
±0.025 (units of Plate 2) 
±10%
±10%
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T A W .lt H - 7

SmSITlVITT OF DEEEHPEWT VAPTAWJB8
(stressed as peccant deviation from the bast estiaate)

Dependant Best Dralnaae Aran
Station Parameter Estimate +S = 3

Q2GA039 C a.i 0.00 0.00
0 0.6 0.00 0.00
a -0.3 0.00 0.00
Qt1 4.10 -4.10

D m i i m m  A r m
± 3 = 3

02EA006 C 3.7 -0.36 -4.16
0 1.0 0.00 0.00
a -0.5 0.00 0.00
Qt1 4.00 12.80

Ppalnjwe Area
+s = 3

05QA004 C s.o 0.00 0.00
0 l.i 0.00 0.00
a -0.3 0.00 0.00
Qt1 3.80 -3.90

Slone
dean
Jb b d bI Butwiff

Base
n o n  Index

+102 -101 +7.11 -7.12 +101 -101

0.00 0.00 0.00 0.00 -1.88 1.88
1.18 -1.22 0.00 0.00 4.51 -4.51
1.84 -1.94 0.00 0.00 5.92 -5.95
0.00 0.00 3.90 -5.90 3.80 -2.80

Slone
M e n
ârnnmî Pimwff Animal S n C k l l

+101 -101 +4.81 -4,81 i S a S -6.91

0.00 0.00 -1.08 1.15 0.00 0.00
1.03 -1.08 0.00 0.00 2.98 -3.04
1.12 -1.17 0.00 0.00 3.75 -3.81
0.60 -0.80 4.80 -4.10 1.40 -1.50

Mean
Awmial Bwimff

Area of Lakes 
and S a m

+9.12 -9.11 +101 = m

0.00 0.00 - 0.00
-3.17 3.59 - -1.30
-1.92 4.29 - 0.00
5.70 -6.10 - -1.40

Evaluated at Q<j — 2, £b - o.



LIST OF REFERENCES



L I S T  O F  R E F E R E N C E S

Acres Consulting Services Limited, 'Hydrologic Design Methodologies for 
Small-Scale Hydro at Ungauged Sites - Phase II - Feasibility Level 
Study for Atlantic Provinces', Environment Canada, Inland Waters 
Directorate supported by the Federal Panel on Energy R&D, April 1985.
Acres Consulting Services Limited, ’Hydrologic Design Methodologies for 
Small-Scale Hydro at Ungauged Sites - Phase I', Environment Canada, 
Inland Waters Directorate, executed for Energy, Mines and Resources, 
April 1984.

Condie R. , P. J. Pilon, K. D. Harvey and H. Goertz, ’Comparison of 
Regional Flood Frequency Methods in Southern Ontario using Analysis of 
Variance Techniques' for presentation at the International Symposium on 
Flood Frequency and Risk Analysis, 1985.
Cumming-Cockburn and Associates Limited, ’Snow Hydrology Study- 
Phase III - Snowmelt and Regional Flood Frequency Analysis' for the 
Conservation Authorities and Water Management Branch of the Ontario 
Ministry of Natural Resources, March 1985.
Cumming-Cockburn and Associates Limited, ’Northern Ontario Hydrology 
Study, Phase I - Inventory and Assessment of Data' for the Conservation 
Authorities and Water Management Branch of the Ontario Ministry of 
Natural Resources, August 1983.
MacLaren Engineers, Planners and Scientists, Inc., ’Statistical 
Hydrology, Regionalization of the Coefficient of Skew for the Province 
of Ontario for the Conservation Authorities and Water Management Branch 
of the Ontario Ministry of Natural Resources, October 1981.
Moin, S. M. and M. A. Shaw, ’Regional Flood Frequency Analysis for 
Ontario Streams, Volume 2, Multiple Regression Method’ for Environment 
Canada and the Ontario Ministry of Natural Resources as part of the 
Canada/Ontario Flood Damage Reduction Program, 1986.
Moin, S. M. and M. A. Shaw, ’Regional Flood Frequency Analysis for 
Ontario Streams, Volume 1, Single Station Analysis and Index Method' 
for Environment Canada and the Ontario Ministry of Natural Resources as 
part of the Canada/Ontario Flood Damage Reduction Program, 1985.

Ontario Hydro, ’An Inventory of Potential Hydroelectric Power Sites for 
the Supply of Power to Remote Native Communities in Northern Ontario', 
1979.

Ontario Hydro, ’An Inventory of Potential Hydroelectric Power Sites for 
the Supply of Power to Isolated Northern Railway Communities', 1979.
Ontario Ministry of Natural Resources, ’Ontario Water Power Sites', 
1985.



APPENDIX A
INPUT/OUTPUT AND SAMPLE APPLICATIONS 

USING THE COMPUTER PROGRAM 'HYSIMONT'



T A B L E  A . l

H Y S I M O N T  I N T E R A C T I V E  C O M M A N D S  - P R O R A T I O N  TO  I N D E X  G A U G E

ACRES INTERNATIONAL LIMITED MAKES NO WARRANTIES,EITHER EXPRESSED OR IMPLIED, REGARDING THIS COMPUTER 
SOFTWARE PACKAGE. THE SUITABILITY OF THIS PROGRAM FOR 
ANY PARTICULAR APPLICATION IS THE SOLE REPONSIBILITY 
OF THE USER

PROGRAM TO GENERATE SYNTHETIC DAILY STREAMFLOW DATA

SELECT THE REGION WHERE THE SITE 
UNDER STUDY IS LOCATED:

A -REGION A -HUDSON BAY LOWLANDS 
B -REGION B -CANADIAN SHIELD- NORTHWESTERN ONTARIO 
C -REGION C -CANADIAN SHIELD- NORTH CENTRAL ONTARIO 
D -REGION D -CANADIAN SHIELD- NORTH CENTRAL ONTARIO 
E -REGION E -CANADIAN SHIELD- SOUTHERN ONTARIO F -REGION F -SOUTHERN ONTARIO
CHOOSE OPTION (A,B,C,D,E,F): E

NOTE: IN NAMING THE FOLLOWING OUTPUT FILES 
THE USER MUST SPECIFY AS PART OF THE FILE NAME THE DISK DRIVE WHERE THE FILES ARE TO BE CREATED.
ENTER THE NAME OF THE FILE WHERE THE GENERATED
DISCHARGE DATA IS TO BE STORED (i.e. C:TESTSITE.DIS): 02EA06PR.DIS
ENTER THE NAME OF THE FILE WHERE A SUMMARY OF THE
GENERATED DATA IS TO BE STORED (i.e. C:TESTSITE.SUM): 02EA06PR.SÜM
THIS PROGRAM CALCULATES SYNTHETIC DAILY STREAMFLOW 
DATA BY ONE OF THE FOLLOWING ALTERNATIVE METHODS:

1 - PRORATION
2 - FLOW DURATION

CHOOSE OPTION (1,2): 1

PRORATION

FOR THE PRORATION METHOD, DATA FROM AN EXISTING 
WATER SURVEY OF CANADA GAUGE IS PRORATED BY DRAINAGE 
AREA AND BY MEAN ANNUAL RUNOFF TO GIVE AN ESTIMATE OF 
DAILY STREAMFLOW AT A SPECIFIC SITE
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T A B L E  A . l

H Y S I M O N T  I N T E R A C T I V E  C O M M A N D S  - P R O R A T I O N  T O  I N D E X  G A U G E  - 2

THE PROGRAM WILL USE EITHER STATION 02HL004 
IN REGION E- CANADIAN SHIELD- SOUTHERN ONTARIO WHICH HAS BEEN INCLUDED ON DISKETTE 2 ORALTERNATIVELY IT WILL USE ANY STATION PROVIDED BY THE USER1 - DEFAULT STATION 02HL0042 - USER SPECIFIED STATION 

ENTER OPTION (1,2): 1

FOR THE INDEX STATION 02HL004:
THE DRAINAGE AREA = 712. (knT2)

THE ANNUAL MAP VALUE OF RUNOFF = 368. (mm)
ENTER PRORATION INFORMATION FOR THE UNGAUGED SITE
DRAINAGE AREA (knT2) : 640.0
THE ANNUAL MAP VALUE OF RUNOFF (mm) : 525.0
FOR THE UNGAUGED SITE

THE DRAINAGE AREA = 640. (knT2)
THE ANNUAL MAP VALUE OF RUNOFF = 525. (mm)
THE PRORATION FACTOR = 1.28

THE GENERATED DAILY DATA HAVE BEEN STORED IN 02EA06PR.DIS
NOTE: BEFORE RUNNING THE DAILY SIMULATION POWER

AND ENERGY SIMULATION MODEL, A CONTROL DATA 
FILE MUST BE CREATED,AS DESCRIBED IN 
TABLE C.2 OF THE APPLICATIONS MANUAL

IF THE CONTROL DATA FILE HAS BEEN CREATED,
TYPE '•ENERGY" AND THEN PRESS RETURN
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T A B L E  A . 1

H Y S I M O N T  I N T E R A C T I V E  C O M M A N D S  - P R O R A T I O N  TO  N E A R E S T  G A U G E  - 3

ACRES INTERNATIONAL LIMITED MAKES NO WARRANTIES,EITHER EXPRESSED OR IMPLIED, REGARDING THIS COMPUTER 
SOFTWARE PACKAGE. THE SUITABILITY OF THIS PROGRAM FOR 
ANY PARTICULAR APPLICATION IS THE SOLE REPONSIBILITY 
OF THE USER

PROGRAM TO GENERATE SYNTHETIC DAILY STREAMFLOW DATA

SELECT THE REGION WHERE THE SITE 
UNDER STUDY IS LOCATED:

A -REGION A -HUDSON BAY LOWLANDS
B -REGION B -CANADIAN SHIELD- NORTHWESTERN ONTARIO 
C -REGION C -CANADIAN SHIELD- NORTH CENTRAL ONTARIO 
D -REGION D -CANADIAN SHIELD- NORTH CENTRAL ONTARIO 
E -REGION E -CANADIAN SHIELD- SOUTHERN ONTARIO 
F -REGION F -SOUTHERN ONTARIO
CHOOSE OPTION (A,B,C,D,E,F): E

NOTE: IN NAMING THE FOLLOWING OUTPUT FILES 
THE USER MUST SPECIFY AS PART OF THE FILE NAME 
THE DISK DRIVE WHERE THE FILES ARE TO BE CREATED.
ENTER THE NAME OF THE FILE WHERE THE GENERATED
DISCHARGE DATA IS TO BE STORED (i.e. C:TESTSITE.DIS): 02EA06NG.DIS
ENTER THE NAME OF THE FILE WHERE A SUMMARY OF THE
GENERATED DATA IS TO BE STORED (i.e. C:TESTSITE.SUM): 02EA06NG.SUM
THIS PROGRAM CALCULATES SYNTHETIC DAILY STREAMFLOW 
DATA BY ONE OF THE FOLLOWING ALTERNATIVE METHODS:1 - PRORATION

2 - FLOW DURATION
CHOOSE OPTION (1,2): 1

PRORATION

FOR THE PRORATION METHOD, DATA FROM AN EXISTING 
WATER SURVEY OF CANADA GAUGE IS PRORATED BY DRAINAGE 
AREA AND BY MEAN ANNUAL RUNOFF TO GIVE AN ESTIMATE OF 
DAILY STREAMFLOW AT A SPECIFIC SITE
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T A B L E  A . 1

H Y S I M O N T  I N T E R A C T I V E  C O M M A N D S  - P R O R A T I O N  TO N E A R E S T  G A U G E  - 4

THE PROGRAM WILL USE EITHER STATION 02HL004 
IN REGION E- CANADIAN SHIELD- SOUTHERN ONTARIO 
WHICH HAS BEEN INCLUDED ON DISKETTE 2 ORALTERNATIVELY IT WILL USE ANY STATION PROVIDED BY THE USER1 - DEFAULT STATION 02HL0042 - USER SPECIFIED STATION 

ENTER OPTION (1,2): 2
NOTE: THE USER SPECIFIED INDEX STATION SHOULD 

BE FORMATTED AS PER THE WATER SURVEY OF 
CANADA FORMAT 79-041 (DAILY DISCHARGES)AND MUST BE A CONTINUOUS RECORD

ENTER THE NAME OF THE FILE CONTAINING THE DATA 
FOR THE USER SPECIFIED INDEX STATION.
INCLUDE THE EXTENSION (i.e. 01AA001.WSC): 02EA005.WSC

ENTER THE PRORATION FACTOR: 1.898

THE GENERATED DAILY DATA HAVE BEEN STORED IN 02EA06NG.DIS
NOTE: BEFORE RUNNING THE DAILY SIMULATION POWER

AND ENERGY SIMULATION MODEL, A CONTROL DATA 
FILE MUST BE CREATED,AS DESCRIBED IN 
TABLE C.2 OF THE APPLICATIONS MANUAL

IF THE CONTROL DATA FILE HAS BEEN CREATED,
TYPE "ENERGY" AND THEN PRESS RETURN



A  - 5

T A B L E  A. 1

H Y S I M O N T  I N T E R A C T I V E  C O M M A N D S  - F L O W  D U R A T I O N  - 5

ACRES INTERNATIONAL LIMITED MAKES NO WARRANTIES,EITHER EXPRESSED OR IMPLIED, REGARDING THIS COMPUTER SOFTWARE PACKAGE. THE SUITABILITY OF THIS PROGRAM FOR ANY PARTICULAR APPLICATION IS THE SOLE REPONSIBILITY 
OF THE USER

PROGRAM TO GENERATE SYNTHETIC DAILY STREAMFLOW DATA

SELECT THE REGION WHERE THE SITE 
UNDER STUDY IS LOCATED:

A -REGION A -HUDSON BAY LOWLANDS
B -REGION B -CANADIAN SHIELD- NORTHWESTERN ONTARIO 
C -REGION C -CANADIAN SHIELD- NORTH CENTRAL ONTARIO 
D -REGION D -CANADIAN SHIELD- NORTH CENTRAL ONTARIO 
E -REGION E -CANADIAN SHIELD- SOUTHERN ONTARIO 
F -REGION F -SOUTHERN ONTARIO
CHOOSE OPTION (A,B,C,D,E,F): E

NOTE: IN NAMING THE FOLLOWING OUTPUT FILES 
THE USER MUST SPECIFY AS PART OF THE FILE NAME 
THE DISK DRIVE WHERE THE FILES ARE TO BE CREATED.
ENTER THE NAME OF THE FILE WHERE THE GENERATED
DISCHARGE DATA IS TO BE STORED (i.e. C:TESTSITE.DIS): 02EA06FD.DIS
ENTER THE NAME OF THE FILE WHERE A SUMMARY OF THE
GENERATED DATA IS TO BE STORED (i.e. C:TESTSITE.SUM): 02EA06FD.SUM
THIS PROGRAM CALCULATES SYNTHETIC DAILY STREAMFLOW 
DATA BY ONE OF THE FOLLOWING ALTERNATIVE METHODS:

1 - PRORATION2 - FLOW DURATION
CHOOSE OPTION (1,2): 2

FLOW DURATION

FULL DETAILS OF THE FLOW DURATION METHODOLOGY ARE GIVEN 
IN THE STUDY DOCUMENTATION AND APPLICATION MANUALS
FOR DETERMINING DAILY DATA THE PROGRAM WILL USE,
STATION 02HL004 IN REGION E- CANADIAN SHIELD- SOUTHERN ONTARIO
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H Y S I M O N T  I N T E R A C T I V E  C O M M A N D S  - F L O W  D U R A T I O N  - 6

FOR DETERMINING DAILY DATA THE PROGRAM WILL USE AFLOW DURATION CURVE CALCULATED FROM THE PHYSIOGRAPHIC DATAOR USE A FLOW DURATION CURVE PROVIDED BY THE USER
1 - CALCULATED CURVE
2 - USER SPECIFIED CURVE 
ENTER OPTION (1,2): 1

ENTER THE REQUIRED PHYSIOGRAPHIC DATA FOR REGION E
BASIN DRAINAGE AREA (km~2): 640.0 BASIN MEAN ANNUAL RUNOFF (mm): 525.0 
LONGITUDE OF THE GAUGE (deg): 79.388 
BASIN MEAN ANNUAL SNOWFALL (cm): 290.0 
SLOPE OF THE RIVER (m/km): 1.33 
LATITUDE OF THE GAUGE (deg): 45.617

THE GENERATED DAILY DATA HAVE BEEN STORED IN 02EA06FD.DIS
NOTE: BEFORE RUNNING THE DAILY SIMULATION POWER

AND ENERGY SIMULATION MODEL, A CONTROL DATA 
FILE MUST BE CREATED,AS DESCRIBED IN 
TABLE C.2 OF THE APPLICATIONS MANUAL

IF THE CONTROL DATA FILE HAS BEEN CREATED,
TYPE "ENERGY" AND THEN PRESS RETURN
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DESCRIPTION OF FLOW DURATION 
CURVE INPOT DATA FILE_______

TABLE A.2

Card
Number

Variable
Name

Variable^-
Tvoe Description

1 A Title - less than 20 characters
2 NFDPTS I Number of data points in flow 

duration curve
3 PESI, QFDS R Pairs of values of probability of 

exceedance and discharge. This card 
is repeated NFDPTS time.

1a - alphanumeric; I - integer; R - real.



APPENDIX B
INPUT/OUTPUT AND SAMPLE APPLICATIONS 
USING THE COMPUTER PROGRAM ’ENERGY'
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COMMANDS AND SCREEN OUTPUT FOR POWER 
AND ENERGY ESTIMATION USING 'ENERGY' - 1

ACRES INTERNATIONAL LIMITED MAKES NO WARRANTIES,EITHER EXPRESSED OR IMPLIED, REGARDING THIS COMPUTER 
SOFTWARE PACKAGE. THE SUITABILITY OF THIS PROGRAM FOR 
ANY PARTICULAR APPLICATION IS THE SOLE REPONSIBILITY 
OF THE USER

IF YOU REQUIRE THE DISK DRIVE WHERE THE PROGRAM
DISKETTE IS LOCATED, FOR EITHER INPUT OR OUTPUT, YOU MUST
NOW REPLACE THE PROGRAM DISKETTE WITH THE REQUIRED DISKETTE

ENTER THE NAME OF THE CONTROL DATA FILE: 02EA06PR.CTR 
ENTER THE NAME OF THE DISCHARGE DATA FILE: 02EA06PR.DIS 
ENTER THE NAME OF THE OUTPUT FILE: 02EA06PR.OUT

FOR THE SELECTED SITE ENTER THE FOLLOWING: 
THE INSTALLED CAPACITY (MW): 0.7 
THE FIRM DEMAND (MW): 0.0

END OF YEAR 
END OF YEAR 
END OF YEAR 
END OF YEAR 
END OF YEAR 
END OF YEAR 
END OF YEAR 
END OF YEAR 
END OF YEAR END OF YEAR 
END OF YEAR 
END OF YEAR 
END OF YEAR 
END OF YEAR 
END OF YEAR END OF YEAR 
END OF YEAR END OF YEAR 
END OF YEAR 
END OF YEAR

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
1516
17
18
19
20
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COMMANDS AND SCREEN OUTPUT FOR POWER 
AND ENERGY ESTIMATION USING 'ENERGY* - 2

T A B L E  B . l

END OF YEAR 21 
END OF YEAR 22 END OF YEAR 23 END OF YEAR 24 END OF YEAR 25 
END OF YEAR 26 
END OF YEAR 27 
END OF YEAR 28

OUTPUT SUMMARYINSTALLED CAPACITY 0.70 MW
FIRM DEMAND 0.00 MW

INITIAL RESERVOIR ELEV. 100.00 M
AVERAGE TOTAL ENERGY 4.24 GWH/yr
AVERAGE FIRM ENERGY 0.00 GWH/yrAVERAGE SECONDARY ENERGY 4.24 GWH/yr
AVERAGE RESERVOIR INFLOW 10.91 M~3/s
AVERAGE RESERVOIR RELEASE 10.86 M~3/3
AVERAGE POWER FLOW 6.99 M~3/s
AVERAGE SPILL 3.86 M~3/s
RAINFALL ON RESERVOIR 0.00 M~3/s
RESERVOIR EVAPORATION 0.00 M~3/s

MAXIMUM RESERVOIR ELEVATION DURING SIMULATION 100.00 METRES
MINIMUM RESERVOIR ELEVATION DURING SIMULATION 98.00 METRES

DO YOU WISH TO MAKE ANOTHER RUN (YES/NO)? N
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DESCRIPTION OF POWER AND 
ENERGY PROGRAM INPUT DATA FILE

TABLE B.2

Card
Number

Variable
Name

Variable^
Tvoe

1 - A

2 - A

3 NR I

NT I

NS I

4 GH R
DHL R

EFF R
BELEU R

5 SALEF R
SALES R
SALEP R

6 RELEV R

7 RAREA R

CM0
0 ESPR R

Description
Title - less than 60 characters

Title - less than 60 characters

Number of data points in reservoir 
elevation/area curve
Number of data points in tailwater 
elevation/discharge curve

Number of data points in reservoir 
elevation/spillway discharge curve
Gross head on plant (m)
Head loss (%)

Efficiency (%)
Initial reservoir elevation (m)
Value of firm energy (//kW-h)
Value of secondary energy (//kW-h)
Cost of not meeting firm energy
OfAW’ h)

Reservoir elevation (m) for reservoir 
elevation/area curve; repeat NR times
Reservoir areas (km^) for reservoir 
elevation/area curve; repeat NR times

Reservoir elevation (m) for reservoir 
elevation/spillway discharge curve; 
repeat NS times

-̂A - alphanumeric ; I - integer; R - real.

^If NS - 0, skip Cards 8 and 9. An assumption that all of the excess 
flow can be spilled will be made.
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Table B.2
Description of Power and
Energy Program Input Data File - 2

Card Variable
Number Name____
9* 2 QSPR

10 EMAX

11 EMIN

12 EPOW

13 EVAP

Variable^-
Type Description
R Spillway discharge (m^/s) for reser

voir elevation/spillway discharge 
curve; repeat NS times

R Maximum monthly reservoir elevations
(m) ; 12 values for January to 
December

R Minimum monthly reservoir elevations
(m); 12 values for January to 
December

R Secondary or power flow monthly
reservoir elevations (m); 12 values 
for January to December (at reservoir 
elevations above these levels, secon
dary energy is generated; at reser
voir elevations below these levels, 
only firm energy is generated)

R Monthly evaporation from the reser
voir (mm); 12 values for January to 
December

14 RAIN R

15 DEMAND R

Monthly precipitation on the reser 
voir surface (mm); 12 values for 
January to December
Monthly minimum flow release required 
(m^/s); 12 values for January to 
December

16 TWS R Tailwater elevations (m) for tail-
water elevation/discharge curve; NT 
values

^A - alphanumeric; I - integer; R - real.

2If NS - 0, skip Cards 8 and 9. An assumption that all of the excess 
flow can be spilled will be made.
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Table B.2
Description of Power and
Energy Program Input Data File - 3

Card
Number

Variable
Name

Variable^ 
ÏXES____ Descrintion

I?* 2 TWQ R Tailwater discharge (m^/s) for tail- 
water elevation/discharge curve; NT 
values

18 0PQ1, 
0PQ2, 
0PQ3 and 
0PQ4

A Flags (Y or N) with no commas or 
spaces controlling the desired output 
in the order of monthly inflow, power 
flow, spill flow and total outflow

19 0PE1,
0PE2,
0PE3,
0PE4,
OPE5 and
0PE6

A Flags (Y or N) with no commas or 
spaces controlling the desired output 
in the order of monthly total energy, 
firm energy, deficit on firm energy, 
secondary energy, minimum daily 
energy in each month, and the number 
of days firm energy is not met

20 0PV1, 
0PV2 and 
0PV3

A Flags (Y or N) with no commas or 
spaces controlling the desired output 
in the order of month end reservoir 
volume, maximum reservoir elevation 
by month, and minimum reservoir 
elevation by month

21 0PC1, 
0PC2, 
0PC3 and 
0PC4

A Flags (Y or N) with no commas or 
spaces controlling the desired output 
in the order of value of total 
energy, value of firm energy, cost of 
not achieving firm energy, and value 
of secondary energy

^A - alphanumeric; I - integer; R - real.

2If NT - 1, skip Card 17.



TABLE B.3
EXAMPLE INPUT DATA FILE FOR THE 
MAGNETAWAN RIVER PROJECT FOR * ENERGY*

MAGNETAWAN RIVER SITE AT BURK'S FALLS
DISCHARGE SERIES CREATED BY PRORATION TO GAUGE 02HL004
3 1 0
8.6 5. 85. 100.00
0 0 0
97.99 98.0 100.0
16.99 17.0 17.0
12* 100.00 
12*98.0 
12*98.00
12*0 .
12*0 .
12*0.0
90.4
YYYY
YYYYYY
YYY
NNNN
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POWER AUD EN ERG? OUTPUT USING ‘H B E r

ACRES INTERNATIONAL LIMITED DAILY POWER AND ENERGY SIMULATION PROGRAM Page 1

MAGNEIAWAN RIVER SITE AT BURK'S FALLS
DISCHARGE SERIES CREATED BY PROBATION TO GAUGE 02HL004

SUMARY OF INPUT VARIABLES

INSTALLED CAPACITY 0.70
FIRM DEMAND 0.00

GROSS DESIGN HEAD 8.80
DESIGN H E W  LOSS S.00

EFFICIENCY 83.00 
INITIAL RES. ELEVATION 100.00 
VALUE OF FIRM ENERGY 0.0
VALUE OF SEC. ENERGY 0.0

COST OF FAILURE 0.0
TAILHATER LEVEL 90.40

MEGAWATTS
MEGAWATTS CONTINUOUS 
METRES

(CENTS/KWh) 
(CENTS/KWh) 
(CENTS/KWh) 
METRES

SUMARY OF CALCULATED VARIABLES

RATED DESIGN BEAD 8.17
DESIGN DISCHARGE 10.28

FIRM DEMAND 0.000

METRES
M*3/S
GHh/day

CURVES FOR ELEVATION/AREA/VOLÜME (ELEVATION AND AREA ARE PARI OF INPUT DATA)

1 2 3
ELEVATION (METRES) 97.99 98.00 100.00

AREA (HT2) 18.99 17.00 17.00
LIVE STORAGE (Mm~3) 0.0 0.2 34.2

OVERFLOW SPILLWAY RATING CURVE (INPUT DATA)

ELEVATION (METRES) 
DISCHARGE (M~3/S)
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ACRES INTERNATIONAL LIMITED DAILY POWER AND ENERGY SIMULATION PROGRAM Page 2

MAGNETAHAN RIVER SITE AT BURK'S FALLS
DISCHARGE SERIES CREATED BY PRORATION TO GAUGE 02HL004

OPERATIONAL RULE CURVES (METRES) (INPUT DATA)

1 2 3 4 5 6 7 8 9 10 11 12
MAXIMUM ELEVATION 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
MINIMUM ELEVATION 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0

SECONDARY ELEVATION 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0

OPERATIONAL RULE CURVES (Mn~3) (INPUT DATA)

MAXIMUM VOLUME 
MINIMUM VOLUME 

SECONDARY VOLUME

MONTHLY EVAPORATION (mu) 
MONTHLY RAINFALL (mn) 
MINIMUM RELEASE (M~3/S)

1 2 3 4
34.2 34.2 34.2 34.2
0.2 0.2 0.2 0.2
0.2 0.2 0.2 0.2

1 2 3 4
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

0.00 0.00 0.00 0.00

3 8 7 8
34.2 34.2 34.2 34.2
0.2 0.2 0.2 0.2
0.2 0.2 0.2 0.2

5 6 7 8
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

0.00 0.00 0.00 0.00

9 10 11 12
34.2 34.2 34.2 34.2
0.2 0.2 0.2 0.2
0.2 0.2 0.2 0.2

9 10 11 12
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.00 0.00 0.00 0.00
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MAGNEXAHAN RIVER SITE AI BURK'S FALLS
DISCHARGE SERIES CREATED BY PROBATION TO GAUGE 02HL004

OUTPUT SUMMARY

AVERAGE TOTAL ENERGY 4.24 GWH/yr
AVERAGE FIRM ENERGY 0.00 GWH/yr
AVERAGE SECONDARY ENERGY 4.24 GWH/yr

AVERAGE RESERVOIR INFLOW 10.91 M“3/b
AVERAGE RESERVOIR BBT RASE 10.86 M“3/s
AVERAGE POWER FLOW 6.99 M*3/s
AVERAGE SPILL 3.86 M*3/s
RAINFALL ON RESERVOIR 0.00 M*3/s
RESERVOIR EVAPORATION 0.00 M*3/s

MAXIMUM RESERVOIR ELEVATION DURING SIMULATION 100.00 METRES
MINIMUM RESERVOIR ELEVATION DURING SIMULATION 98.00 METRES
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MAGNETAHAN RIVER SITE AT BURK'S FALLS
DISCHARGE SERIES CREATED BY PRORATION TO GAUGE 02HL004

TABLE OF ACHIEVED FIRM MONTHLY ENERGY (GNh/mo)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR

1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
11 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
14 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
15 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
16 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
17 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
18 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
19 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
20 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
21 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
22 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
23 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
24 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
25 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
26 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
27 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
28 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

MEAN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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MAGNETAWAN RIVER SITE AT BURK'S FALLS
DISCHARGE SERIES CREATED BY PROBATION TO SAUGE 02HL004

TABLE OF DEFICIT BETWEEN ACHIEVED AND DEMANDED MONTHLY FIRM ENERGY (GWh)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR

1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
11 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
14 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
IS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
16 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
17 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
18 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
19 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
20 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
21 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
22 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
23 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
24 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
25 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
26 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
27 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
28 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

MEAN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000



B - 12

ACRES INTERNATIONAL LIMITED DAILY POWER AND ENERGY SIMULATION PROGRAM Page 6

MAGNETAHAN RIVER SITE AT BURK’S FALLS
DISCHARGE SERIES CREATED BY PROBATION TO GAUGE 02HL004

TABLE OF SECONDARY MONTHLY ENERGY (GWh)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR

1 0.092 0.109 0.303 0.545 0.578 0.513 0.174 0.025 0.019 0.076 0.298 0.460 3.192
2 0.2S1 0.338 0.344 0.539 0.581 0.543 0.40S 0.014 0.019 0.044 0.027 0.033 3.138
3 0.023 0.028 0.198 0.501 0.581 0.558 0.525 0.158 0.015 0.074 0.019 0.136 2.815
4 0.082 0.046 0.232 0.560 0.579 0.519 0.219 0.015 0.018 0.087 0.413 0.493 3.262
5 0.370 0.132 0.240 0.562 0.581 0.540 0.337 0.011 0.009 0.010 0.237 0.349 3.378
6 0.282 0.285 0.458 0.538 0.581 0.537 0.329 0.010 0.075 0.030 0.027 0.185 3.336
7 0.208 0.327 0.479 0.520 0.581 0.528 0.268 0.023 0.085 ' 0.321 0.510 0.581 4.411
8 0.S79 0.496 0.567 0.563 0.580 0.555 0.509 0.018 0.026 0.070 0.355 0.571 4.890
8 0.577 0.521 0.545 0.561 0.581 0.536 0.529 0.329 0.106 0.353 0.557 0.581 5.776

10 0.579 0.539 0.561 0.562 0.557 0.506 0.492 0.039 0.035 0.030 0.175 0.392 4.467
11 0.309 0.452 0.503 0.563 0.581 0.556 0.518 0.132 0.092 0.026 0.127 0.268 4.127
12 0.141 0.169 0.249 0.521 0.581 0.545 0.502 0.152 0.041 0.035 0.240 0.400 3.576
13 0.283 0.244 0.458 0.527 0.579 0.519 0.282 0.081 0.084 0.097 0.134 0.406 3.695
14 0.494 0.457 0.433 0.515 0.581 0.547 0.544 0.518 0.236 0.212 0.485 0.563 5.587
IS 0.581 0.524 0.579 0.563 0.580 0.536 0.380 0.070 0.051 0.038 0.132 0.378 4.413
16 0.486 0.479 0.566 0.583 0.581 0.548 0.503 0.065 0.070 0.096 0.259 0.458 4.675
17 0.432 0.325 0.499 0.563 0.577 0.512 0.219 0.055 0.020 0.015 0.025 0.248 3.490
18 0.232 0.343 0.537 0.563 0.580 0.534 0.318 0.043 0.038 0.063 0.129 0.159 3.540
18 0.155 0.145 0.500 0.562 0.555 0.379 0.017 0.085 0.068 0.105 0.227 0.497 3.294
20 0.547 0.524 0.562 0.563 0.581 0.530 0.284 0.041 0.036 0.037 0.196 0.414 4.315
21 0.476 0.421 0.528 0.563 0.581 0.547 0.441 0.037 0.033 0.110 0.293 0.515 4.545
22 0.581 0.518 0.525 0.563 0.580 0.530 0.393 0.055 0.048 0.146 0.366 0.488 4.792
23 0.379 0.326 0.581 0.563 0.578 0.555 0.540 0.289 0.421 0.476 0.528 0.570 5.808
24 0.554 0.459 0.444 0.551 0.580 0.541 0.468 0.061 0.045 0.054 0.363 0.562 4.680
25 0.581 0.523 0.579 0.563 0.581 0.554 0.474 0.035 0.022 0.027 0.184 0.430 4.534
26 0.479 0.369 0.581 0.563 0.581 0.540 0.352 0.044 0.034 0.030 0.136 0.267 3.977
27 0.486 0.354 0.560 0.563 0.574 0.499 0.128 0.045 0.174 0.175 0.469 0.577 4.604
28 0.566 0.519 0.562 0.562 0.555 0.550 0.556 0.487 0.434 0.574 0.559 0.580 6.504

MEAN 0.386 0.356 0.470 0.551 0.578 0.531 0.382 0.105 0.083 0.122 0.266 0.413 4.244
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MAGNETAHAN RIVER SITE AT BURK'S FALLS
DISCHARGE SERIES CREATED BY PRORATION TO GAUGE 02HL004

TABLE OF MINIMUM DAILY ENERGY WITHIN MONTH (GWh)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1 0.003 0.004 0.004 0.015 0.018 0.016 0.001 0.001 0.001 0.000 0.004 0.013
2 0.006 0.006 0.008 0.015 0.019 0.017 0.001 0.000 0.000 0.001 0.001 0.001
3 0.000 0.000 0.003 0.015 0.019 0.018 0.016 0.000 0.000 0.000 0.000 0.001
4 0.002 0.001 0.002 0.017 0.018 0.016 0.000 0.000 0.000 0.001 0.008 0.015
5 0.005 0.004 0.004 0.018 0.019 0.017 0.000 0.000 0.000 0.000 0.001 0.007
6 0.005 0.006 0.007 0.017 0.019 0.017 0.000 0.000 0.001 0.000 0.000 0.002
7 0.004 0.004 0.015 0.015 0.019 0.016 0.000 0.000 0.001 0.002 0.016 0.019
8 0.018 0.017 0.017 0.019 0.019 0.018 0.015 0.000 0.000 0.001 0.002 0.017
9 0.018 0.018 0.017 0.018 0.019 0.017 0.016 0.002 0.001 0.007 0.017 0.019
10 0.018 0.018 0.017 0.019 0.017 0.016 0.011 0.000 0.000 0.000 0.002 0.009
11 0.007 0.015 0.015 0.019 0.019 0.018 0.015 0.001 0.000 0.000 0.001 0.005
12 0.004 0.005 0.005 0.015 0.019 0.017 0.015 0.002 0.001 0.001 0.002 0.011
13 0.007 0.007 0.014 0.015 0.018 0.016 0.002 0.001 0.001 0.001 0.004 0.006
14 0.016 0.015 0.010 0.015 0.019 0.018 0.017 0.016 0.001 0.003 0.015 0.017
15 0.019 0.019 0.018 0.019 0.019 0.017 0.002 0.001 0.001 0.001 0.003 0.009
16 0.015 0.017 0.017 0.019 0.019 0.018 0.013 0.001 0.001 0.002 0.003 0.012
17 0.010 0.007 0.015 0.019 0.018 0.016 0.001 0.001 0.001 0.000 0.000 0.003
18 0.006 0.007 0.016 0.019 0.019 0.017 0.001 0.001 0.001 0.001 0.003 0.005
19 0.005 0.004 0.010 0.019 0.017 0.001 0.000 0.002 0.002 0.002 0.002 0.015
20 0.017 0.018 0.018 0.019 0.019 0.016 0.001 0.001 0.001 0.001 0.001 0.011
21 0.015 0.012 0.015 0.019 0.019 0.017 0.001 0.001 0.001 0.001 0.004 0.015
22 0.019 0.017 0.016 0.019 0.018 0.017 0.002 0.001 0.001 0.001 0.005 0.012
23 0.004 0.004 0.019 0.019 0.018 0.018 0.016 0.001 0.002 0.015 0.016 0.018
24 0.017 0.016 0.006 0.016 0.019 0.017 0.002 0.002 0.001 0.001 0.001 0.016
25 0.019 0.019 0.018 0.019 0.019 0.018 0.001 0.001 0.000 0.000 0.001 0.008
26 0.012 0.007 0.019 0.019 0.019 0.017 0.001 0.001 0.001 0.001 0.002 0.004
27 0.015 0.007 0.016 0.019 0.018 0.015 0.001 0.001 0.002 0.003 0.007 0.018
28 0.018 0.018 0.018 0.019 0.017 0.018 0.017 0.015 0.005 0.017 0.018 0.019
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MAGNETAWAN RIVER SITE AT BURK'S FALLS
DISCHARGE SERIES CREATED BY EKJRATIQN TO GAUGE 02BL004

TABLE OF NUMBER OF DAYS WHERE FIRM DEMAND NOT ACHETVED

YEAR JAN FEB MAR AER MAY JUN JUL AUG SEP OCT NOV DEC

1 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
3 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
4 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
5 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
6 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
7 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
8 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
9 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
10 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
12 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
13 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
14 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
IS 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
16 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
17 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
18 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
19 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
20 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
21 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
22 0. 0. . 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
23 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
24 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
25 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
26 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
27 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
28 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
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MAGNETAHAN RIVER SITE AT BURK’S FALLS
DISCHARGE S E R IE S  CREATED BY PRORATION TO GAUGE 02HL004

TABLE OF MONTHLY POWER FLOW <M“3/S)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVERAGE

1 2.082 2.485 6.875 10.127 10.465 10.127 3.844 0.574 0.434 1.723 6.780 10.238 5.479
2 5.690 7.634 7.770 10.127 10.465 10.127 8.513 0.325 0.433 1.000 0.604 0.741 5.286
3 0.529 0.600 4.482 10.127 10.465 10.127 10.465 3.493 0.348 1.680 0.438 3.081 4.653
4 1.874 1.037 5.184 10.127 10.465 10.127 4.776 0.332 0.418 1.974 8.992 10.465 5.479
5 8.149 3.006 5.346 10.127 10.465 10.127 7.133 0.250 0.195 0.218 5.386 7.891 5.691
6 6.407 6.462 9.711 10.127 10.465 10.127 7.007 0.232 1.703 0.673 0.611 4.203 5.644
7 4.731 7.240 10.465 10.127 10.465 10.127 5.786 0.524 1.467 7.169 10.127 10.465 7.391
8 10.465 9.452 10.465 10.127 10.465 10.127 10.465 0.405 0.595 1.591 7.792 10.465 7.701
9 10.465 9.452 10.465 10.127 10.485 10.127 10.485 7.122 2.403 7.711 10.127 10.465 9.116
10 10.465 9.790 10.465 10.127 10.465 10.127 10.383 0.883 0.805 0.684 3.987 8.913 7.258
11 . 6.986 9.452 10.465 10.127 1Q.46S 10.127 10.465 2.963 2.083 0.597 2.896 6.101 6.894
12 3.214 3.837 5.632 10.127 10.465 10.127 10.465 3.425 0.928 0.789 5.463 9.099 6.131
13 6.437 5.542 10.364 10.127 10.465 10.127 6.170 1.843 1.917 2.216 3.053 8.858 6.427
14 10.465 9.790 9.749 10.127 10.465 10.127 10.465 10.465 5.191 4.812 10.127 10.465 9.354
15 10.465 9.452 10.465 10.127 10.465 10.127 8.128 1.587 1.164 0.874 2.991 8.588 7.036
16 10.465 9.452 10.465 10.127 10.465 10.127 10.432 1.486 1.587 2.185 5.871 10.326 7.749
17 9.668 7.336 10.465 10.127 10.465 10.127 4.834 1.255 0.454 0.336 0.574 5.634 5.940
18 5.276 7.741 10.465 10.127 10.465 10.127 8.824 0.988 0.854 1.424 2.943 3.625 5.905
19 3.528 3.289 9.956 10.127 10.465 8.016 0.390 1.924 1.541 2.385 5.151 10.465 5.603
20 10.465 9.452 10.465 10.127 10.465 10.127 6.144 0.937 0.827 0.842 4.452 9.383 6.974
21 10.465 9.384 10.465 10.127 10.465 10.127 9.240 0.840 0.751 2.506 6.632 10.465 7.622
22 10.465 9.790 10.465 10.127 10.465 10.127 8.372 1.247 1.101 3.304 8.304 10.411 7.848
23 8.255 6.766 10.465 10.127 10.465 10.127 10.465 6.339 9.072 10.465 10.127 10.465 9.428
24 10.465 9.452 9.882 10.127 10.465 10.127 9.821 1.380 1.014 1.223 8.125 10.485 7.712
25 10.465 9.452 10.465 10.127 10.465 10.127 9.853 0.806 0.500 0.622 3.738 9.456 7.173
26 10.392 7.522 10.465 10.127 10.465 10.127 7.497 1.007 0.774 0.693 3.082 6.060 6.518
27 10.465 7.907 10.465 10.127 10.465 10.127 2.869 1.024 3.926 3.977 9.624 10.465 7.620
28 10.465 9.452 10.465 10.127 10.465 10.127 10.465 10.465 9.418 10.465 10.127 10.465 10.209

MEAN 7.831 7.222 9.387 10.127 10.465 10.052 7.919 2.290 1.854 2.648 5.647 8.490 6.994



B - 16

ACRES INTERNATIONAL LIM ITED DAILY POWER AND ENERGY SIMULATION PROGRAM Page 10

MAGNEÏAWAN RIVER SITE AT BURK’S FALLS
DISCHARGE SERIES CREATED BY PROBATION TO GAUGE 02HL004

TABLE OF MONTHLY SPILL FLOW (M~3/S)

YEAR JAN FEB MAR AIR MAY JUN JUL AUG SEP OCT NOV DEC AVERAGE

1 0.000 0.000 0.000 28.445 5.775 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.852
2 0.000 0.000 0.000 50.383 10.201 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.049
3 0.000 0.000 0.000 0.199 14.275 1.783 0.000 0.000 0.000 0.000 0.000 0.000 1.355
4 0.000 0.000 0.000 15.875 1.156 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.419
5 0.000 0.000 0.000 16.552 5.145 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.808
6 0.000 0.000 0.000 6.718 5.251 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.997
7 0.000 0.000 0.000 22.787 8.951 0.000 0.000 0.000 0.000 0.000 1.539 13.567 3.904
8 4.221 0.000 11.407 8.667 2.866 0.034 0.000 0.000 0.000 0.000 0.000 16.291 3.624
9 0.323 0.919 0.000 26.601 4.083 0.000 0.000 0.000 0.000 0.000 13.452 7.915 4.441
10 1.364 0.155 12.728 14.347 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.383
11 0.000 0.000 2.382 33.121 30.778 1.577 0.000 0.000 0.000 0.000 0.000 0.000 5.655
12 0.000 0.000 0.000 18.107 9.409 0.022 0.000 0.000 0.000 0.000 0.000 0.000 2.295
13 0.000 0.000 0.000 34.175 9.880 0.000 0.000 0.000 0.000 0.000 0.000 0.000 3.671
14 0.000 0.000 0.000 29.168 23.341 0.000 0.000 0.000 0.000 0.000 0.000 1.549 4.505
15 11.081 5.334 39.836 21.632 3.318 0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.767
16 0.000 0.000 8.757 37.485 22.427 0.078 0.000 0.000 0.000 0.000 0.000 0.000 5.729
17 0.000 0.000 4.414 34.432 9.454 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.025
18 0.000 0.000 21.519 36.679 1.145 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.945
19 0.000 0.000 15.373 11.827 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.250
20 0.092 2.073 1.386 45.756 11.266 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.048
21 0.000 0.000 20.825 35.883 6.449 0.229 0.000 0.000 0.000 0.000 0.000 0.843 5.352
22 5.222 0.000 12.002 26.114 5.801 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.095
23 0.000 20.743 17.523 3.931 0.324 0.000 0.000 0.000 0.000 0.000 0.000 0.000 3.543
24 0.000 0.000 0.000 31.109 3.790 0.000 0.000 0.000 0.000 0.000 0.000 11.795 3.891
25 7.415 1.778 11.773 17.056 22.713 1.147 0.000 0.000 0.000 0.000 0.000 0.000 5.157
26 0.000 6.797 11.085 42.179 12.637 0.023 0.000 0.000 0.000 0.000 0.000 0.000 6.060
27 0.000 0.000 16.328 26.910 2.658 0.000 0.000 0.000 0.000 0.000 0.000 0.371 3.856
28 0.268 0.389 12.017 13.975 0.000 0.887 0.064 0.000 0.000 12.087 0.267 1.442 3.450

MEAN 1.071 1.364 7.834 24.640 8.325 0.206 0.002 0.000 0.000 0.432 0.545 1.920 3.862
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MAGNETAHAN RIVER SITE AT BURK'S FALLS
DISCHARGE SERIES CREATED BY PROBATION TO GAUGE 02HL004

TABLE 07 MONTHLY RESERVOIR RELEASE (POWER FLOW + SPILL) (M~3/S)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVERAGE

1 2.082 2.485 6.875 38.572 16.240 10.127 3.844 0.574 0.434 1.723 6.780 10.238 8.331
2 5.690 7.634 7.770 60.511 20.666 10.127 8.513 0.325 0.433 1.000 0.604 0.741 10.335
3 0.529 0.600 4.482 10.326 24.740 11.910 10.465 3.493 0.348 1.680 0.438 3.081 6.008
4 1.874 1.037 5.164 26.003 11.621 10.127 4.776 0.332 0.418 1.974 8.992 10.465 6.899
5 8.149 3.006 5.346 26.680 15.610 10.127 7.133 0.250 0.195 0.218 5.386 7.891 7.499
6 6.407 6.462 9.711 16.846 15.716 10.127 7.007 0.232 1.703 0.673 0.611 4.203 6.642
7 4.731 7.240 10.465 32.915 19.416 10.127 5.786 0.524 1.487 7.169 11.667 24.032 11.295
8 14.686 9.452 21.872 18.794 13.331 10.161 10.465 0.405 0.595 1.591 7.792 26.756 11.325
9 10.788 10.372 10.465 36.728 14.548 10.127 10.465 7.122 2.403 7.711 23.579 18.380 13.557
10 11.829 9.945 23.193 24.474 10.465 10.127 10.383 0.883 0.805 0.684 3.987 8.913 9.641
11 6.986 9.452 12.847 43.249 41.243 11.704 10.465 2.963 2.083 0.597 2.896 6.101 12.549
12 3.214 3.837 5.832 28.234 19.874 10.149 10.465 3.425 0.926 0.789 5.463 9.099 8.426
13 6.437 5.542 10.364 44.303 20.345 10.127 6.170 1.843 1.917 2.216 3.053 8.858 10.098
14 10.465 9.790 9.749 39.296 33.806 10.127 10.465 10.465 5.191 4.812 10.127 12.014 13.859
15 21.546 14.787 50.301 31.760 13.783 10.127 8.128 1.587 1.164 0.874 2.991 8.588 13.803
18 10.465 9.452 19.222 47.612 32.892 10.205 10.432 1.486 1.587 2.185 5.871 10.326 13.478
17 9.668 7.336 14.879 44.559 19.919 10.127 4.834 1.255 0.454 0.336 0.574 5.634 9.965
18 5.276 7.741 31.984 46.807 11.610 10.127 6.824 0.988 0.854 1.424 2.943 3.625 10.850
19 3.528 3.289 25.329 21.755 10.465 8.016 0.390 1.924 1.541 2.385 5.151 10.465 7.853
20 10.557 11.525 11.851 55.884 21.731 10.127 6.144 0.937 0.827 0.842 4.452 9.383 12.022
21 10.465 9.384 31.290 46.010 16.914 10.357 9.240 0.840 0.751 2.506 6.632 11.308 12.975
22 15.687 9.790 22.468 36.241 16.266 10.127 8.372 1.247 1.101 3.304 8.304 10.411 11.943
23 8.255 27.509 27.988 14.058 10.789 10.127 10.485 6.339 9.072 10.465 10.127 10.465 12.972
24 10.465 9.452 9.882 41.236 14.255 10.127 9.821 1.380 1.014 1.223 8.12S 22.260 11.603
25 17.880 11.230 22.238 27.183 33.178 11.275 9.853 0.806 0.500 0.622 3.738 9.456 12.330
26 10.392 14.319 21.550 52.307 23.102 10.151 7.497 1.007 0.774 0.693 3.082 6.060 12.578
27 10.465 7.907 26.793 37.038 13.124 10.127 2.869 1.024 3.926 3.977 9.624 10.836 11.476
28 10.733 9.841 22.483 24.102 10.465 11.014 10.529 10.465 9.418 22.552 10.395 11.907 13.659

MEAN 8.902 8.586 17.221 34.767 18.790 10.258 7.921 2.290 1.854 3.079 6.192 10.411 10.856
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MAGNETAHAN RTVER SITE AT BURK’S FALLS
DISCHARGE SERIES CREATED BY PROBATION TO GAUGE 02HL004

TABLE OF MAXIMUM RESERVOIR SURFACE ELEVATIONS (METRES)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR

1 98.0 98.0 98.2 100.0 100.0 99.7 98.4 98.0 98.0 98.0 98.0 98.3 100.0
2 98.1 98.1 98.1 100.0 100.0 100.0 99.1 98.0 98.0 98.0 96.0 98.0 100.0
3 98.0 98.0 98.2 100.0 100.0 100.0 99.6 98.4 98.0 98.0 98.0 98.0 100.0
4 98.0 98.0 99.4 100.0 100.0 99.7 98.6 98.0 98.0 98.0 98.5 98.7 100.0
5 98.5 98.0 99.5 100.0 100.0 100.0 99.0 98.0 98.0 98.0 98.0 98.1 100.0
6 98.1 98.1 99.0 100.0 100.0 99.9 98.9 98.0 98.0 98.0 98.0 98.1 100.0
7 98.0 98.3 98.4 100.0 100.0 99.9 98.7 98.0 98.0 98.6 100.0 100.0 100.0
8 100.0 99.8 100.0 100.0 100.0 100.0 99.5 98.0 98.0 98.0 98.9 100.0 100.0
9 100.0 100.0 99.7 100.0 100.0 99.9 99.3 98.7 98.0 99.3 100.0 100.0 100.0
10 100.0 100.0 100.0 100.0 99.9 99.3 98.9 98.0 98.0 98.0 98.0 98.0 100.0
11 98.3 98.8 100.0 100.0 100.0 100.0 99.5 98.2 98.0 98.0 98.0 98.0 100.0
12 98.0 98.0 98.2 100.0 100.0 100.0 99.2 98.1 98.0 98.0 98.0 98.0 100.0
13 98.0 98.0 98.1 100.0 100.0 99.7 98.6 98.0 98.0 98.0 98.0 98.6 100.0
14 98.6 98.6 98.2 100.0 100.0 100.0 99.5 99.3 98.4 98.0 99.2 100.0 100.0
IS 100.0 100.0 100.0 100.0 100.0 99.9 98.9 98.0 98.0 98.0 98.0 98.2 100.0
16 98.9 99.3 100.0 100.0 100.0 100.0 99.3 98.0 98.0 98.0 98.0 98.1 100.0
17 98.2 98.2 100.0 100.0 100.0 99.6 98.5 98.0 98.0 98.0 98.0 98.0 100.0
18 98.0 98.4 100.0 100.0 100.0 100.0 98.8 98.0 98.0 98.0 98.0 98.0 100.0
19 98.0 98.0 100.0 100.0 100.0 99.0 98.0 98.0 98.0 98.0 98.0 99.1 100.0
20 100.0 100.0 100.0 100.0 100.0 99.9 98.8 98.0 98.0 98.0 98.0 98.1 100.0
21 98.3 98.3 100.0 100.0 100.0 100.0 99.2 98.0 98.0 98.0 98.3 100.0 100.0
22 100.0 99.9 100.0 100.0 100.0 99.8 99.0 98.0 98.0 98.0 98.0 98.7 100.0
23 98.6 100.0 100.0 100.0 100.0 100.0 99.7 98.6 98.6 98.7 99.8 99.9 100.0
24 99.7 99.2 98.6 100.0 100.0 99.9 99.2 98.0 98.0 98.0 98.5 100.0 100.0
25 100.0 100.0 100.0 100.0 100.0 100.0 99.3 98.0 98.0 98.0 98.0 98.6 100.0
26 98.6 100.0 100.0 100.0 100.0 100.0 99.0 98.0 98.0 98.0 98.0 98.1 100.0
27 98.5 98.6 100.0 100.0 100.0 99.5 98.2 98.0 98.1 98.0 99.6 100.0 100.0
28 100.0 100.0 100.0 100.0 99.9 100.0 100.0 98.9 98.9 100.0 100.0 100.0 100.0

MEAN 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.3 98.9 100.0 100.0 100.0 100.0
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MAGNETAWAN RIVER SITE AT BURK'S FALLS
DISCHARGE SERIES CREATED BY PROBATION TO GAUGE 02HL004

TABLE OF MINIMUM RESERVOIR SURFACE ELEVATIONS (METRES)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR

1 98.000 98.000 98.000 98.240 99.724 98.456 98.000 98.000 98.000 98.000 98.000 98.000 98.000
2 98.000 98.000 98.000 98.008 99.989 99.164 98.000 98.000 98.000 98.000 98.000 98.000 98.000
3 98.000 98.000 98.000 98.213 100.000 99.640 98.429 98.000 98.000 98.000 98.000 98.000 98.000
4 98.000 98.000 98.000 99.624 99.776 98.632 98.000 98.000 98.000 98.000 98.000 98.317 98.000
S 98.000 98.000 98.000 99.953 99.988 99.042 98.000 98.000 98.000 98.000 98.000 98.000 98.000
6 98.000 98.000 98.000 99.003 99.964 98.991 98,000 98.000 98.000 98.000 98.000 98.000 98.000
7 98.000 98.000 98.139 98.031 99.908 98.763 98.000 98.000 98.000 98.000 98.397 100.000 98.000
8 99.800 99.109 99.102 100.000 99.935 99.490 98.017 98.000 98.000 98.000 98.000 99.032 98.000
9 99.812 99.725 99.166 99.813 99.946 99.271 98.755 98.000 98.000 98.000 99.331 100.000 98.000
10 99.779 99.760 99.312 99.889 99.292 98.747 98.000 98.000 98.000 98.000 98.000 98.000 98.000
11 98.000 98.337 98.310 100.000 100.000 99.329 98.289 98.000 98.000 98.000 98.000 98.000 98.000
12 98.000 98.000 98.000 98.179 100.000 99.198 98.180 98.000 98.000 98.000 98.000 98.000 98.000
13 98.000 98.000 98.000 98.083 99.773 98.632 98.000 98.000 98.000 98.000 98.000 98.000 98.000
14 98.336 98.262 98.000 98.051 100.000 99.493 99.281 98.491 98.000 98.000 98.040 99.234 98.000
13 100.000 99.885 99.833 99.979 99.906 98.973 98.000 98.000 98.000 98.000 98.000 98.000 98.000
16 98.243 98.988 98.946 100.000 100.000 99.339 98.000 98.000 98.000 98.000 98.000 98.000 98.000
17 98.000 98.000 98.121 100.000 99.636 98.340 98.000 98.000 98.000 98.000 98.000 98.000 98.000
18 98.000 98.000 98.439 100.000 99.946 98.873 98.000 98.000 98.000 98.000 98.000 98.000 98.000
19 98.000 98.000 98.000 99.986 99.042 98.000 98.000 98.000 98.000 98.000 98.000 98.009 98.000
20 99.077 99.833 99.438 100.000 99.958 98.798 98.000 98.000 98.000 98.000 98.000 98.000 98.000
21 98.003 98.000 98.016 100.000 99.961 99.230 98.000 98.000 98.000 98.000 98.000 98.382 98.000
22 99.949 99.038 98.436 100.000 99.830 99.000 98.000 98.000 98.000 98.000 96.000 98.000 98.000
23 98.000 98.000 100.000 100.000 99.848 99.737 98.636 98.000 98.000 98.OSS 98.807 99.698 98.000
24 99.21S 98.328 98.000 98.720 99.887 99.221 98.000 98.000 98.000 98.000 98.000 98.608 98.000
23 99.978 99.877 99.831 100.000 100.000 99.386 98.000 98.000 98.000 98.000 98.000 98.000 98.000
26 98.000 98.000 100.000 100.000 100.000 99.007 98.000 98.000 98.000 98.000 98.000 98.000 98.000
27 98.198 98.000 98.763 100.000 99.493 98.239 98.000 98.000 98.000 98.000 98.000 99.661 98.000
28 99.481 99.633 99.411 99.890 99.200 99.380 98.939 98.186 98.000 99.043 99.838 99.909 98.000

MEAN 98.000 98.000 98.000 98.008 99.042 98.000 98.000 98.000 98.000 98.000 98.000 98.000 98.000



APPENDIX C
MONTHLY HYDROLOGY SUMMARIES 

FOR SAMPLE APPLICATIONS



TABLE C . l

SÏHTHETIC HDHIBIX HÏÏBBfflg StHUBÏ 
FÜR CPHESHKA HIVER ABOVE B B H B  
(m3/s)

Year Jan Feb Sas Am? e s June Joly «SS Sept Ocfc Bot Dec Averaee

1 S.372 4.094 13.351 14.191 0.406 0.381 0.476 0.055 0.090 1.881 7.410 2.545 4.188
2 5.674 1.473 7.996 10.855 0.463 0.069 0.066 0.150 0.082 0.054 0.568 3.085 2.545
3 2.377 2.556 9.052 2.423 4.962 1.743 0.835 0.108 0.097 0.095 0.155 0.724 2.077
4 0.392 10.105 9.881 10.571 0.592 0.125 0.043 0.051 0.153 7.794 1.324 1.948 3.581
5 2.260 0.649 8.467 10.950 1.294 0.288 0.043 0.024 0.058 0.490 4.244 1.517 2.524
6 0.558 0.327 3.379 24.337 6.880 0.581 2.226 2.677 1.091 0.605 0.749 3.107 3.876
7 1.836 3.115 4.846 5.912 1.330 4.708 1.445 0.058 0.614 1.352 5.600 7.084 3.158
8 0.552 0.166 4.187 2.312 0.294 0.062 0.051 0.045 0.091 0.085 0.362 0.346 0.713
g 0.221 0.173 4.879 24.650 4.337 0.214 0.191 1.575 1.847 2.892 7.448 2.975 4.267
10 1.592 2.276 1.689 24.046 8.476 1.306 0.087 0.031 0.020 0.059 0.299 0.120 3.333
11 0.110 3.168 6.743 4.584 2.333 0.803 0.122 0.097 0.115 0.062 0.370 1.480 1.666
12 0.244 0.230 8.889 7.042 0.358 0.116 0.048 0.054 0.054 0.234 3.068 2.179 1.876
13 0.518 0.254 13.735 3.469 2.765 0.189 0.028 0.057 0.037 0.047 0.149 0.112 1.780
14 1.800 1.119 8.432 6.636 0.605 0.152 0.038 1.177 0.115 0.099 0.194 4.095 2.039
15 1.765 6.052 2.918 16.302 3.223 . 0.104 0.055 0.040 0.099 2.938 7.129 10.056 4.223
16 1.623 3.309 8.933 4.642 2.119 1.510 0.022 0.042 0.079 0.087 1.712 5.864 2.495
17 4.784 1.102 8.592 9.868 0.897 5.332 4.065 1.003 1.003 6.686 8.061 9.273 5.056
18 0.691 6.087 14.290 2.500 0.888 0.257 0.111 0.806 1.395 3.351 7.431 3.853 3.472
19 2.461 2.732 8.206 15.540 4.295 0.476 0.121 0.051 0.027 0.090 1.264 0.569 2.986
20 0.542 1.036 1.036 19.098 1.640 0.290 0.334 0.050 0.130 0.587 3.025 5.454 2.768
21 1.198 0.864 3.608 24*410 0.828 0.401 0.048 0.060 0.075 0.052 0.168 1.888 2.800
22 2.111 0.720 3.059 25.538 2.010 1.060 0.287 0.045 0.042 0.892 2.649 3.179 3.466

(faon 1.758 2.346 7.099 12.267 2.318 0.917 0.479 0.375 0.323 1.383 2.881 3.248 2.950
a 1.625 2.479 3.813 8.271 2.232 1.417 0.962 0.679 0.491 2.169 2.939 2.787



c 2

SÏMXUKTIC MQHIBLZ HXDBOUS? SIMHBÏ 
FOR STÜRGEPW UTTER A T MCDOOGAlui M TTM  

<m3/s|

TABLE C -2

Year -Tun Feb Iks Mar Jqne July £s b Sept Oct Kov Dec Averaaa

1 15.325 7.789 4.883 12.666 92.564 105.981 38.700 30.719 11.568 11.922 20.216 16.413 30.727
2 11.737 8.545 6.381 16.288 94.353 126.925 73.647 90.131 66.406 53.493 51.989 30.533 52.536
3 20.277 17.878 13.228 29.850 68.906 70.837 97.193 46.663 108.848 129.983 40.590 28.993 56.104
4 21.181 15.115 10.620 10.253 80.062 64.379 64.568 34.234 60.748 67.923 81.413 34.393 43.741
5 25.341 19.291 14.941 54.282 144.892 40.496 41.971 70.068 23.927 40.548 56.726 32.141 47.052
6 23.202 17.671 13.198 14.425 132.814 47.342 47.372 41.784 28.376 59.748 39.449 24.638 40.835
7 18.395 13.194 10.322 19.234 79.827 41.655 43.606 25.155 38.804 48.976 36.899 24.536 33.384
a 16.079 10.649 8.514 11.563 105.038 171.435 61.589 88.648 78.371 46.284 32.281 27.230 54.807
9 22.486 19.333 15.686 18.582 106.773 60.343 39.839 42.008 35.666 27.248 29.045 21.535 36.379
10 15.419 11.383 8.488 30.103 74.180 35.142 19.578 15.487 22.063 22.665 18.883 11.384 23.731
11 8.126 7.129 6.335 25.053 63.972 37.339 34.453 44.867 44.001 38.176 28.475 19.795 29.810
12 12.260 8.515 7.004 8.270 109.529 70.584 79.379 67.542 67.572 45.304 39.242 23.157 44.863
13 14.210 9.889 8.441 20.704 98.573 48.940 36.270 39.043 63.620 59.728 52.651 27.553 39.969
14 17.854 11.687 7.895 19.222 85.515 26.370 12.869 12.409 38.328 57.387 31.987 17.805 26.611
15 10.807 6.293 4.833 10.488 50.630 64.587 33.387 12.216 30.463 45.523 36.095 22.373 27.308
16 12.774 8.650 7.959 8.389 150.530 108.678 43.711 31.959 39.517 80.270 33.436 18.617 43.707
17 12.048 8.537 6.529 9.508 38.111 41.326 89.779 23.321 13.753 19.818 24.887 19.024 25.553
18 14.386 10.575 6.799 31.331 63.397 50.020 39.902 23.818 18.683 33.393 35.403 26.180 29.491
19 18.322 10.721 7.114 30.617 171.277 89.630 84.724 49.242 55.020 77.688 39.876 21.433 54.639
20 13.770 10.024 7.661 33.854 111.815 31.881 28.477 28.308 32.310 42.878 27.929 20.724 32.453

Mean 16.200 11.643 8.842 20.634 95.128 86.693 50.551 40.881 43.902 49.448 36.874 23.423 38.685
a 4.582 4.090 3.171 11.644 34.921 37.08S 23.771 22.831 24.533 25.214 11.528 5.699



c 3

TAHTJC n . 3

SYNTHETIC M3HTHLÏ BTOBOUST SDMAHT 
FCR MâGNEUMAH HIVER HBW HIBC'S FALLS
rrantsf bahge racranan____________
(m3/s)

Tear Jan Feb g»£ âos «SZ June July Ann Sent Oct Kov Sss Averase

1 2.046 2.701 7.779 51.187 14.195 1.955 0.882 0.563 0.439 1.692 6.880 10.610 8.411
2 5.031 8.966 6.741 74.505 20.220 4.865 0.971 0.320 0.438 0.982 0.612 0.727 10.365
3 0.519 0.652 5.548 22.407 24.290 9.724 2.589 0.705 0.352 1.648 0.444 3.026 5.992
4 1.840 1.127 13.678 30.603 9.990 2.767 0.679 0.328 0.424 1.938 11.991 10.912 7.190
5 4.587 3.267 14.963 30.148 15.248 4.073 0.391 0.245 0.199 0.215 5.600 7.617 7.213
6 6.789 6.246 15.839 23.692 15.205 3.888 0.593 0.228 1.728 0.660 0.620 4.379 6.656
7 4.393 9.724 9.733 45.342 18.483 2.775 0.827 0.515 1.489 10.621 21.253 23.595 12.396
a 13.149 5.424 27.128 19.089 13.090 6.965 0.927 0.290 0.604 1.563 13.672 33.386 11.272
9 10.592 9.341 9.464 39.907 13.940 5.853 7.000 2.200 2.438 15.598 28.746 18.047 13.594
10 10.210 10.366 24.245 24.102 6.485 7.262 4.914 0.867 0.817 0.671 4.118 8.718 8.565
li 8.590 13.197 20.902 43.878 40.493 8.784 2.405 1.076 2.113 0.586 2.938 5.989 12.579
12 3.156 4.173 6.SS3 40.706 19.513 5.038 3.817 2.217 0.939 0.774 5.563 8.914 8.447
13 6.320 6.024 10.654 57.573 18.538 2.921 1.920 1.809 1.944 2.177 3.097 12.323 10.442
14 10.356 8.087 8.066 52.824 33.191 6.973 9.068 5.101 2.046 4.984 18.101 16.656 14.621
15 21.155 15.266 50.117 32.223 13.018 4.084 1.792 1.559 1.181 0.858 3.035 9.721 12.834
16 14.604 11.001 25.293 48.306 32.294 6.019 1.743 1.459 1.611 2.145 6.191 10.110 13.398
17 10.470 7.358 26.683 45.207 17.246 3.089 1.319 1.233 0.461 0.329 0.583 5.532 9.959
18 5.180 10.721 41.668 47.490 11.261 3.040 1.148 0.970 0.866 1.397 2.986 3.560 10.857
19 3.466 3.575 37.564 21.852 4.407 1.301 0.382 1.890 1.563 2.343 5.226 17.021 8.382
20 16.313 11.353 12.696 56.697 21,068 2.669 0.988 0.920 0.839 0.827 4.517 9.212 11.507
21 12.175 8.205 43.320 46.682 16.607 5.587 1.140 0.826 0.762 2.461 8.868 21.726 14.030
22 15.079 4.227 28.042 36.769 14.894 4.826 1.877 1.225 1.117 3.243 8.425 14.410 11.178
23 3.917 43.957 27.480 14.263 10.022 9.384 3.180 2.060 12.447 11.519 17.342 9.834 13.784
24 7.208 4.044 11.119 51.337 13.563 5.615 1.893 1.356 1.029 1.201 11.749 31.157 11.773
25 17.416 11.499 22.615 27.579 32.576 7.414 0.875 0.792 0.507 0.610 3.792 12.963 11.553
26 6.526 28.598 21.159 53.068 22.682 3.788 0.968 0.988 0.784 0.680 3.127 6.888 12.438
27 11.342 10.830 34.979 37.577 9.667 2.048 1.302 1.006 3.983 3.907 20.558 12.260 12.455
28 11.167 8.272 24.264 23.732 9.656 12.537 3.602 5.689 13.950 29.213 9.940 12.278 13.692

Mean 8.700 9.579 21.010 39.240 17.566 5.187 2.113 1.373 2.038 3.744 8.213 12.199 10.914
a 5.229 8.642 12.308 14.313 8.571 2.695 2.024 1.282 3.261 6.211 7.282 7.812



C - 4

SMIXHEtlC MCHTHLY BHBHXJOGE SDtUSE 
m  HiGHEUDUi SEVER BURK'S FAILS
THEAHEST RATER HMHATKEO_____________
Cm3/s>

TABT.1t C - k

T m r Jan Feb MSS M £ M bx Jnaa Jnly ÉHS Sant Oct Bar Dec tarnrase

1 4.570 1.710 8.567 8.401 10.174 10.211 15.206 7.939 46.204 27.656 18.589 5.170 13.700
2 1.616 3.750 12.094 15.168 21.495 5.387 4.846 5.478 40.206 19.680 11.285 19.435 13.370
3 4.341 2.254 7.067 7.875 4.029 2.357 1.904 7.303 31.984 17.587 7.284 3.545 8.127
4 2.195 4.148 15.638 14.802 14.049 8.556 4.982 15.779 34.506 26.378 11.391 2.227 12.887
5 2.167 3.498 6.753 16.813 13.745 4.315 3.185 18.297 30.110 17.915 4.565 6.090 10.621
6 2.740 3.468 4.232 11.067 11.195 9.233 5.190 36.572 31.924 12.306 4.934 2.207 11.256
7 3.100 1.550 3.479 9.546 16.148 6.885 5.727 9.925 55.788 12.619 4.013 5.319 11.175
8 2.798 1.457 1.865 4.240 3.815 2.847 2.524 3.532 39.135 37.435 10.380 2.525 9.379
9 1.628 3.384 1.809 3.331 9.896 4.558 4.252 6.300 33.587 35.828 10.064 2.424 9.755

10 1.952 1.700 2.490 2.729 6.277 2.865 4.862 8.175 44.5*1 13.410 11.778 5.092 8.825
11 1.816 1.313 2.402 10.212 9.048 4.443 3.701 2.943 12.842 47.898 12.631 9.865 9.909
12 3.263 2.304 3.187 28.934 11.559 4.517 4.195 17.654 22.970 16.944 12.028 7.994 11.296
13 3.557 1.791 7.198 14.891 13.528 8.204 5.549 6.751 61.789 33.980 15.586 11.750 15.381
14 12.911 12.855 36.711 19.376 11.753 9.833 7.010 14.539 58.579 29.853 8.599 4.072 18.841
15 2.020 1.758 2.029 3.808 3.018 4.669 6.074 8.864 31.872 18.739 10.249 4.555 8.138
16 2.021 2.191 2.412 3.459 2.695 1.881 1.813 1.973 26.598 12.658 3.544 2.446 5.291
17 1.111 1.488 2.857 8.220 8.598 18.012 10.913 5.865 32.606 12.877 5.681 3.941 9.347
18 2.082 8.212 22.169 23.571 14.406 12.793 6.776 4.387 47.744 13.309 5.616 2.308 13.448
19 1.572 1.295 3.184 4.525 5.694 5.163 4.517 4.263 36.038 28.976 6.980 3.352 8.795
20 1.591 2.011 3.341 11.464 10.279 4.346 3.815 10.463 27.698 13.413 11.680 13.546 9.471
21 '4.413 1.706 3.899 9.161 6.131 2.790 1.828 6.684 26.346 31.065 8.098 1.930 8.671
22 1.184 3.481 11.279 14.635 9.963 28.120 10.031 6.886 35.687 20.397 6.062 2.187 12.326
23 1.733 2.201 4.825 15.145 6.605 4.19S 6.985 21.661 41.543 15.646 5.845 2.766 10.762
24 1.842 3.474 3.958 5.952 5.791 5.751 4.517 4.897 36.478 28.640 6.215 2.761 9.190
25 2.823 2.101 5.969 9.400 4.192 2.410 1.720 1.505 17.713 29.478 10.198 4.076 7.632
26 6.037 9.112 9.093 15.331 9.243 6.719 3.701 2.904 46.318 9.654 3.353 2.013 10.290
27 1.883 1.655 8.222 22.651 9.736 6.453 3.284 10.659 46.216 21.846 6.828 1.694 11.761
28 0.872 2.759 6.356 17.850 6.933 4.517 3.340 3.929 34.699 40.929 14.963 5.630 11.898
29 3.052 5.555 3.525 8.557 4.574 3.056 2.790 2.900 26.812 20.736 4.203 2.827 7.382
30 1.617 2.522 10.590 7.430 5.218 3.113 2.524 27.776 21.175 16.115 12.610 2.943 9.469
31 1.066 1.525 8.204 11.691 4.726 11.976 6.131 31.464 18.380 11.138 5.638 1.913 9.488
32 1.179 1.141 1.660 6.604 11.973 6.605 5.163 4.861 54.733 37.335 15.383 10.266 13.075
33 4.324 5.102 4.782 8.981 7.352 4.403 2.961 16.345 43.133 20.697 5.796 2.135 10.501
34 1.566 1.069 4.067 18.451 9.538 9.623 8.389 13.479 48.184 15.561 7.930 3.809 11.639
35 1.751 1.301 2.401 3.943 12.676 20.498 8.066 7.537 27.165 14.519 7.268 2.544 9.139
36 4.807 5.278 2.898 12.300 11.265 8.389 5.878 10.244 68.410 17.435 4.302 3.884 12.924
37 2.204 1.887 10.076 21.396 12.408 9.502 7.307 5.238 46.331 14.073 5.595 3.103 11.593
38 4.542 7.961 3.235 6.761 12.218 6.548 7.473 26.783 23.329 12.243 5.374 2.279 9.895
39 1.106 2.797 4.507 5.781 10.992 5.960 6.037 16.018 39.503 16.654 17.832 4.240 10.952
40 2.799 4.185 26.946 15.069 9.440 8.071 5.066 6.965 44.230 9.090 4.189 1.809 11.321
41 1.295 1.051 3.959 12.532 5.297 2.871 2.129 2.627 24.627 24.562 8.914 5.628 7.958
42 4.580 16.539 9.470 9.928 8.307 6.675 6.395 7.947 28.991 15.032 10.337 21.880 12.173



C - 5

labia C.4
Synthetic Monthly Hydrology Stnary 
for Magnetaaom Hivar Hear Bodc's Falla 
(Nearest Gange Proration) (m3/s) - 2

Tear Jan Feb M s ter MgZ Jane Jp It iS8 Sags Oct Hoy Dec Averaae

43 1.704 9.120 14.456 20.899 19.422 9.148 4.949 4.331 23.762 7.854 6.525 13.498 11.306
44 2.505 3.242 7.851 7.856 5.269 4.813 4.172 4.792 43.946 20.688 5.328 2.794 9.438
4S 3.566 4.494 11.760 22.915 12.708 S.820 5.553 4.855 52.390 25.946 6.860 7.386 13.688
46 3.576 1.973 2.856 9.696 6.512 4.316 2.730 4.377 26.477 14.872 6.585 6.881 7.571
47 . 3.779 2.604 2.801 6.146 11.068 5.204 3.435 3.810 32.863 17.157 4.243 2.073 7.932
48 1.102 0.810 1.606 2.793 2.966 2.619 2.188 4.047 33.329 15.276 7.589 2.505 6.402
49 2.703 2.8S5 2.224 4.550 5.343 3.982 3.960 6.549 23.216 12.186 3.965 1.340 6.073
SO 1.122 5.173 4.185 4.364 10.113 6.946 3.441 4.546 16,787 37.708 4.030 3.807 8.502
SI 5.170 6.993 15.350 15.977 15.022 11.618 6.818 9.050 27.797 14.064 11.423 2.662 11.828
S2 1.327 1.182 3.738 13.613 20.979 6.415 5.983 3.707 42.466 11.113 13.134 4.701 10.697
S3 2.015 1.856 10.242 22.946 11.903 6.222 8.320 6.709 32.941 8.904 6.446 5.445 10.329
S4 3.188 4.803 2.866 4.258 7.200 4.970 4.850 4.726 35.706 27.523 10.163 6.039 9.691
S3 5.235 8.230 10.895 21.863 9.503 4.782 4.045 3.775 33.981 21.722 9.491 16.737 12.522
56 5.225 5.490 11.326 10.018 9.937 4.790 3.107 5.086 41.306 20.820 6.894 3.039 10.585
57 3.200 3.054 3.703 6.469 11.749 5.071 3.127 2.712 29.750 34.511 11.125 8.803 10.256
58 8.627 5.206 8.348 11.546 5.984 6.250 5.291 26.898 30.330 15.388 9.384 6.954 11.684
59 6.249 3.101 6.033 8.549 11.168 6.822 7.458 7.994 41.149 23.314 9.102 4.438 11.281
60 2.578 2.801 9.583 17.186 8.354 6.788 5.142 7.028 28.906 25.697 4.754 2.459 10.106
61 2.055 7.241 10.208 10.355 18.210 5.013 4.432 24.317 39.607 16.786 5.798 5.092 12.426
62 1.510 1.698 2.901 4.427 6.232 2.928 1.885 15.916 37.634 8.060 2.105 2.868 7.330
63 1.633 5.917 16.750 18.364 12.526 5.574 3.311 2.333 21.981 27.311 6.073 2.009 10.315
64 2.731 4.794 11.027 8.049 7.133 5.213 3.951 21.346 39.238 18.609 6.628 2.575 10.941
65 3,517 3.453 9.776 17.190 13.293 10.381 4.333 7.136 47.577 12.542 13.419 12.245 12.905
66 9.201 12.725 15.101 16.740 9.549 4.438 15.345 15.472 39.513 16.186 10.271 8.823 14.447
67 6.483 23.617 21.957 8.726 7.916 5.347 3.935 4.983 43.763 13.382 4.765 2.424 12.275
68 0.959 6.522 11.282 16.593 24.777 15.082 5.180 15.062 19.926 29.988 10.736 2.178 13.190
69 1.442 2.262 5.820 11.087 9.326 4.298 15.S32 9.629 36.346 19.612 12.778 9.609 11.479
70 4.055 3.539 5.349 15.708 12.510 11.223 5.055 10.223 51.273 16.938 6.106 7.095 12.423
71 11.659 12.173 10.019 15.715 11.671 6.045 4.489 13.792 44.494 15.815 10.171 3.944 13.332

Mean 3.153 4.246 7.738 11.755 9.920 6.724 5.219 9.739 36.127 20.314 8.306 5.211 10.704
a 2.336 3.907 6.324 6.085 4.469 4.192 2.883 7.655 11.205 8.769 3.642 4.213



c 6

TAWT.B r  S

c m »  D nH A TTO W I
Cm3/s)

Year Jan fife |fa£ tor S S June July 4SS Sept 2s£ Bov Bss Averaaa

1 3.664 4.380 8.448 43.485 12.311 3.455 1.915 1.267 1.007 2.779 8.034 10.580 8.444
2 6.674 9.533 7.993 54.655 15.989 6.361 1.995 0.736 0.995 2.089 1.375 1.613 9.167
3 1.167 1.265 6.481 17.224 20.419 9.917 4.250 1.536 0.808 2.880 1.000 4.631 5.965
4 3.386 2.386 12.810 29.620 10.275 4.377 1.443 0.749 0.955 3.220 11.229 10.739 7.599
5 6.243 4.983 13.309 24.881 13.528 5.575 0.848 0.563 0.458 0.495 6.661 8.546 7.173
6 7.896 7.573 13.715 17.872 13.444 5.518 1.283 0.483 3.193 1.451 1.353 5.631 6.601
7 5.999 9.623 9.907 43.665 14.989 4.401 1.734 1.180 2.635 9.955 18.183 17.758 11.667
8 11.928 6.933 22.609 15.621 12.229 8.057 1.858 0.889 1.284 2.907 12.814 28.942 10.471
9 10.636 9.800 10.151 34.350 12.759 7.266 8.139 3.750 3.761 12.713 20.188 15.016 12.377
10 10.424 10.439 24.902 23.090 7.784 8.269 6.120 1.828 1.689 1.431 5.664 9.470 9.259
U 9.051 12.218 20.424 48.015 34.055 9.224 3.965 .2.212 3.418 1.241 4.544 7.358 12.977
12 4.851 5.927 7.508 42.217 15.710 6.521 5.487 3.885 1.954 1.699 6.739 9.633 9.343
13 7.658 7.435 10.879 48.053 17.670 4.620 3.499 3.184 3.474 3.709 4.789 11.500 10.539
14 10.705 9.003 8.974 41.460 33.003 8.121 9.592 6.545 3.411 6.245 16.438 14.299 13.983
15 16.586 13.179 41.994 29.200 12.179 5.636 3.275 2.992 2.475 1.870 4.667 9.999 12.004
16 12.947 10.620 23.284 44.247 29.047 7.397 3.020 2.874 3.076 3.753 7.315 10.459 13.170
17 10.565 8.330 25.302 36.503 15.258 4.740 2.600 2.473 1.054 0.759 1.305 6.854 9.645
18 6.789 10.527 29.652 34.606 11.194 4.620 2.332 2.083 1.899 2.694 4.672 5.272 9.695
19 5.171 5.235 32.503 19.098 6.044 2.461 0.879 3.456 3.014 3.967 6.502 14.500 8.569
20 14.101 11.102 11.443 52.189 17.157 4.273 2.116 2.000 1.825 1.813 5.644 9.794 11.121
21 11.695 9.088 34.697 40.195 14.121 6.883 2.353 1.806 1.679 3.924 8.978 19.078 12.875
22 13.274 5.916 23.145 32.676 12.983 6.311 3.366 2.517 2.336 4.439 9.205 12.917 10.759
23 5.560 25.872 24.153 13.043 10.203 9.821 4.633 3.533 11.413 10.707 14.587 10.243 11.981
24 8.315 5.813 10.573 48.679 12.360 7.077 3.424 2.732 2.204 2.456 11.001 27.624 11.855
25 14.536 11.136 17.524 19.757 28.955 8.036 1.896 1.741 1.147 1.367 5.188 12.015 10.275
26 7.817 30.261 16.548 45.730 18.084 5.200 2.095 2.096 1.731 1.509 4.808 7.746 11.969
27 11.045 11.870 29.894 33.358 9.854 3.595 2.640 2.176 5.010 5.478 16.021 11.720 11.855
28 10.574 9.084 23.271 20.564 9.116 11.645 5.080 6.878 12.188 26.348 10.347 11.863 13.080

(fean 8.902 9.618 18.646 34.066 15.733 6.406 3.281 2.425 2.860 4.425 8.180 11.636 10.515
a 3.738 8.000 9.506 12.380 7.242 2.204 2.084 1.558 2.747 5.242 5.237 6.051
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