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ABSTRACT

The streamflow daté co]]ecfed at this station has béen analyzed in this
report. Rating curves, both high and 7low, have been inspected for
appropriate extensﬁpns. The high and mean flow characteristics have been
compared to those of neighbouring streams and methods of computation have
been noted. The effect of wvarious physical conditions_on the development

of data have been related to the quality of the records.

Over one ha]f of the streamflow record has been estimated which includes
the ice period (47%) and periods during open water (6%) where stage
record was not obtained. Only one peak flow record is suspect. Peak
discharges in this basin have two distinct causes: snowmelt and

rainstorms.

The minimum and mean flow record will not be improved until a stable

control is found or the frequency of measurements is increased.
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INTRODUCTION

Streamflow records are among the most valuable of all hydrologic
factors used in basin planning. The flow of streams is a sensitive
indicator of «climatic variations as runoff s the residual

precipitation after the requirements for evapotranspiration have been

satisified.

Streamf Tow records to be used in any ana]ys1s involving the record as

a whole shou1d be checked for quality.

The primary purpose of station evaluation, therefore, is to assess
the quality of data being collected at hydrometric stations. This
report was undertaken to provide this quality assessment of the

streamf1ow data assembled for this station.

1.1 Purpose of Station

The station was established on June 16, 1972 in conjunction with
More Creek station, for hydroelectric powerA studies at the

request of G.E. Crippen and Associates acting for B.C. Hydro.

1.2 Basin Description

Forrest Kerr Creek rises in the Boundary Range of the Coast
Mountains befween the Iskut and Stikine Rivers. It is a

tributary to the Iskut River as shown on Tlocation map in

Figure 1.

.



The gauging station is located 21 kilometres (km) above‘ the
mouth or 1its confluence with the Iskut River. A stream profile
is  shown in Fiqure 2 whichlindicateS'it is a short stream with a
steep gradient. An area-elevation curve is shown in Figure 3.
The basin at the stream gauging station drains an area of 311
square ki]qmetres (kmz). The drainage area at this location
comprises mostly glaciers. Drainage area boundaries are
difficult to define in this type of terrain. A map of Forrest

Kerr Creek basin is shown on Figure 4.

Climate

The climate of the basin 1is dominated by continental
influences. The mean temperaturés for the five winter
months are below freezing. The winter continental Arctic
air masses move down from the North producing extremely low
temperétures as shown for Telegraph Creek in Figure 5. In
the spring and summer these cold air masses are pushed back
and the climate warms up reaching temperatures in the
mid-thirties. As a contrast the relatively even climate
regime is shown in Figure & for Stewart. Precipitation is
generally relatively 1light in the vé]]ey bottoms as shown
by the histogram of Figure 7. The basin is located in the
lee slopes of the Coast Mountains which accounts for the
1ower'préc1p1tation. Precipitation is considerably heavier

in the mountains as evidenced by the large glaciers and ice

fields.
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Pacific storms sometimes find their way through the mountains to
produce the October floods. The valleys of the Nass,

Bell-Irving, and Unuk Rivers to the south provide access for

these storms.

Station Description

This station was established June 16, 1972 with a cableway,
servo-manometer and A-71 recorder. The river channel at the

gauge is shown in Figures 8-10.

Highwater measurements are made from the cableway. Selected
cross sections under the cableway are shown in Figure 11 which
indicates that the stream bed is very unstable and subject to
scouring during high flow. Low water measurements are made by
wading a short distance above or below the gauge. A sample
cross section is shown in Figure 12. This section is also
subject td scouring during high flow. A\ new orifice was

installed in May of 1982.

Flow Computations

Discharges are computed from gauge heights obtained from an
automatic recorder chart. The open water rating curvés are
deve]oped each year from an average of five measurements.
Flowrates under ice have been estimated from an average of
two measurements per season, air temperatures and

hydrographing with other streams.



2.

QUALITY OF DATA

2.1

Derijvation of Maximum Flows

Inspection of past rating curves indicates that the control is
unstable at the lower gauge heights as is shown in Figure 13,
where selected discharges are plotted against the stage for the
period each rating curve has been used. A scatter of points
shows at low stage on the Tlogarithmic plot of stage versus
discharge shown in Figure 14 and a composite rating curve s
shown in Figure 15. This logarithmic plot also indicates that
there is a change 1in control from section to channel in the
range of stage from 0.9 to 1.2 metres (m). This change in
control has not'been recognized or accounted for in the various

rating curves. The rating curves, however, have been kept

constant atuthe top end.

The highest discharge.measurement taken during the operation of
this station was obtained on August 10, 1977 and July 24, 1979
with a flow of 136 cubic metres per second (m3/s). The maximum
recorded gauge height of 2.603 m occurred on September 8, 1981.
The discharge at this gauge height was 262 m3/s estimated by
extending the rating curve above a measured discharge of 136
m3/s. The highest measured flow and estimated peaks are shown

for each year in Figure 16.



The computer extension of rating curve #5 and the composite
curve of all measurements are to the right of curve #5. These

curves would give higher flows ranging from 11% to 18% as shown

in Table 1.

Figure 17 shows the relationship of the extended rafing curve

#5, Computer extension of curve #5 and the extended composite

curve.
The flood of September 8, 198] changed the stage-discharge
relationship over the low and medium stage range as illustrated

in Figures 11 and 14.

Double-Mass Curve Analysis

The streamflow records are free of any influence of storage
or diversion. Changes in basin runoff characteristics
because of logging, forest fires or mining are not
considered. Assuming that a constant ratio of cumulative
annual peak runoff exists between a given' station and a
group of stations, each record was tested for homogeneity
by o a double-mass curve analysis. The runoff
characteristics for the area were established by using five
gauging stations with fourteen years of concurrent record
from 1972 to 1985. These stations are listed in Table 2

and the location is shown in Figure 18.



The cumulative annual  maximum discharge per square
kilometre of drainage area for the Forrest Kerr Creek was
plotted against the cumulative average annual maximum
discharge per square kilometre of drainage area for all
five stations. The results are shown in Figure 19.
Forrest Kerr Creek has chanées in slope which test
statistically significant at the 5% level on the basis of a
variance ratio test (F-test). This indicates that this
basin is not homogeneous with the other basins in the area

in its flood-producing characteristics.

The relationship of the pub]jshed maximum instantaneous
discharge to published annual maximum daily discharge is
shown 1in Figure 20 and the average ratio of the two is
1:1.4. There is no discernible difference in the ratio

between snowmelt and rainstorm events.

Table 2 1ists the hydrometric and meteorologic stations in
the afea which were used in the study. The bar chart in

Figure 21 shows the length of record for these hydrometric

stations.

Assessment of the Quality of Maximum Flow Data

The tob end of the rating curves have not been adequately
defined. Peak flows have not been extreme, excépt in one
case where the estimated flow is nearly double the highest

measured discharge used to define the rating curve.



The uncertainty function program was used to calculate the

accuracy of the stage-discharge relationship. The

‘parameters used in the study are the number and accuracy of

measurements and the . accuracy of the stage-discharge
relationship during the open water period. The standard
error for the discharge measurements is set at 5% to
éccount for any unusual measuring conditions. No loss of
record was‘considered in the study. The standard error is
shown 1h Table 3 and Figure 22 corresponding to the number
of measurements requﬁred to obtain that standard error.
The standard error represents the maximum error in the

instantaneous discharge two thirds of the time.

The number of open water discharge measurements used in the
ana]ysis over the fourteen year period was 68, which
averages to 5 per season. The standard error as shown in
Table 3 for 5 measurements 1is approximately 8%. The latter
period of the record for the gauging station, Tulameen
River near Princeton (08NL024), (1974-1984), which was
considered good record, had a standard error of
approximately 14% for the same number of measurements. To
obtain the same standard error as Tulameen River data, a
minimum of 2 well planned measurements would be required

each year during the open water period.



2.2 Derivation of Minimum Flows

Minimum flows occur from late winter to early spriné. A1l of
the annual minimum flows have been obtained when the stream is
under ice cover. On the average, flow at this stream is either
under ice or affected by ice 47% of the time each year. See
Table 4. Records for the period affected by ice are estimated
by the use of two measurements, comparing hydrographs with other
stations and temperatures recorded at Bob Quinn Lake. A more
reliable means of estimating flow under ice is by the use of
recession analysis or by use of a model. The ice measufements
would need to be timed better in order to make maximum use of

the above methods.

The lowest discharge measurement to date was made March 19, 1974
for a flow of 0.566 m3/s. The minimum flow on record is 0.549

m3/s estimated for the period of March 7, 1974.

Assessment of the Quality of Minimum Flows

The Sectibn control is subject to some shifting as
indicated in Figure 13. (A large shift occurred in the low
to medium stage range during the high flow of 1981.)
Shifts_ in control are adjusted from measurement to
measurement but when  there are long periods between
measurements, adjustments are not always reliable. There
have been seven rating curves developed for twelve years of

record, which means an average of a shift every two years.



A shifting.contro] does not always mean poor record. It is
a matter of how well the measurement program is planned.
The standard error as shown by the uncertainty function
program is a means to assess the quality of data as shown
in Table 3. The ice period record is at best an educated
guess guided by two measurements, temperature and
hydrographs from neighbouring stations. The 1ice period
each year averages 5.6 months as shown in Table 4. The ice
period together with the missing data make up 56% of the
record produced from this station. This is  shown

graphically in Figure 23.

2.3 Derivation of Average Flow

The mean annual discharge for the period of record is 26.9 m3/s

for thirteen years of record. Shifting of the control is not

expected to have a significant effect on the average flow.

Record estimation has amounted to 9% of the total record
produced. vFor example in the calendar year of 1975, which is
the worst year, 194 days of open water record were estimated and
171 days of discharges affected by ice cover. Lost records are
due to equipment malfunction and sediment build-up over the
orifice which appeared to be a continuous probiem. Some stage

record was discarded because of large flushing corrections.

The volume of runoff for the four months (June to September) is

approximately 84% of the annual runoff. Figure 24" shows the
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mean anrnual and mean monthly runoff for this station. Volume of
runoff during the ice period averages approkimate1y 4% of the

annual runoff..

Double-Mass Curve Analysis

Under the assumption that a constant ratio of cumu1ét1ve
annual runoff (mm) exists between a given station and a
group of stations, each record was tested for homogeneity
by a double-mass curve analysis. The runoff characteristics
for .the area were established by using the five gauging
statibns listed in Table 2, which havé thirteen years of
concurrént record from 1973 to 1985. The cumulative mean
-annual runoff for Forrest Kerr Creek in millimetres was
plotted .against the cumulative average annual runoff for
all fivé stations. The results are shown in Figure 25.
Forrest Kerr Creek has changes in slope which test
statistically significant at the 5% level on the basis of a
variance ratio test (F-test). This indicates that the
basin is not homogeneous with the other basins in the area

in its annual runoff characteristic.

Assessment of the Quality of Average Flow

The qua]ity of the mean annual discharge would not 'be
adverse]y:affected by the shifting control at the lower and
medium stages but may be affected by silting of the orifice
if the pkoper adjustments are not made. Some records have

been rated very poor because silting of the orifice.
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2.5
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Summary
The reliability of the stage-discharge relationship for the
lower stages is fair. The control shifts are caused either by

high water or ice. The top ends of the rating curves, although

held fairly constant, have not been- adequately defined by

measurements, although only one high flow would be questioned
because of this. There has_been a problem with sediment build
up over the orifice which has resulted in some large and long

flushing corrections. This record has been rated as poor.
Low flow data will not be improved until a more stable control
is found, although some improvement will be obtained by use of a

model for estimating flowrates under ice.

Recommendations

The station has a fairly stable control but requires some
jmprovement to solve the silting problems. The number of
required visits to this stqtion to obtain good data is low but
would have to be increased because of silting and redefinition

of the rating curve after any significant high flow.

The high énd of the rating curve should be better defined as

soon as the opportunity presents itself.

Recession curve analysis and the application of a flow model for

ice-covered streams should be initiated as soon as possible in
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order to improve the estimation of flowrates during the ice
periods. A measurement program should be initiated to obtain a
measurement soon after freeze-up to aid in the use of the above

methods of analysis.

Care should be taken in wusing data from this station in
correlation or regression studies for regional equations as some

streamflow characteristics are not homgeneous with the region.
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3. STATISTICS OF DATA

3.1 Statistical Structure of Selected Streamflow Characteristics

The following streamflow characteristics are considered: mean
annual, mean monthly, 1, 7 and 14 day lows, maximum daily mean

and maximum instantaneous discharges.

Population Statistics

The best estimates of population are given by:

Mean x

= (1/N) Ix
| _ _ %
Standard Deviation s = {[1/(N-1)] T (x-x)2}
Skew Coefficient g = {N2/[(N-1)(N-2)1} (m3/s-3)

Coefficient of Kurtosis gp= {[N2(N+1)1/[(N-1)(N-2)(N-3)1}(ms/s%)

The third and fourth central moments are defined by:

1]

m3 = (1/N)  (x-x)3

(1/N) £ (x-x)4

mg
The values are listed in Table 5.

3.2 Non-Parametric Statistical Tests

The streamflow characteristics of i, and 7 day Tlows, and the
maximum daily mean and maximum instantaneous discharges have
been tested by non-parametric tests for independence,

stationarity, homogeneity and general randomness. The data and
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test results are listed in Tables 6 to 15. A trend has been
1dent1f1ed'1n the lTow flow data for the beriod 1973 to 1985.
This is illustrated in Figure 26. The trend may be due to:
sampling procedures, a short period of record, or a climatic

warming trend.

The data has also been indicated as lacking in homogeneity based
on a time span of 1973/78 and 1979/85. This means that the two
samples appear to be from different populations. The reasons

for the non-homogeneity could be the same as those listed above.

Flood Frequency Distribution

Annual peak discharges from this basin are caused by two types
of runoff: snowmelt, and rainstorms or rain on snow. Although
this distribution of peaks did not show up as significant on the
hbmogeneity test it is obvious from an examination of

hydrographs.

Floods from snowmelt generally occur from June to August and
those occurring from rainstorms from September through October.
The type of flood was determined from an examination of mean
daily discharge hydrographs. It was assumed that a fairly
steady rise and recession would indicate snowmelt runoff, and
that a sharp rise and fall would indicate runoff from
rainstorms; In those years where a significant rainstorm flood

does not occur a flow value 1is accepted, after the flow
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recession is well below the mean annual discharge, where there
is a rapid increase in runoff. These arrays are listed in

Tables 16 and 17.

One Event Annual Series

The magnitude and frequency of peak discharges are shown in
table form for the annual maximum daily and annual maximum
instantaneous discharges. The period of record used is
from 1973 to 1985. The flood frequency estimates are given
for four distributions: Generalized Extreme Value, Three
Parameter Lognormal, Log Pearson Type III, and Wakeby. The
Weibull distribution is used only if the untransformed data
has a high negative skew. The distributions are fitted to
the data and are shown in Figures 27 to 30. The discharge
data, sample statistics and flood frequency regime data are
Tisted in Tables 18 to 23 for the maximum daily discharge.
The séme distributions fitted to the maximum instantaneous
dicharge are shown in Figures 31 ‘to 34, The discharge
data: sample statistics and flood frequency regime data are

listed in Tables 24 to 27.

One high outlier was detected in the maximum daily
discharge data but no historic information is available on

which to extend the time span.
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Two Event Annual Series

The four distributions were fitted to both the snowmelt and
rainfall events and are shown in Figures 35 to 42. The
sample statistics and flood frequency regime data are

Jisted in Tables 28 to 35.

The frequency curve for the two event analysis is obtained
by combining the frequencies of the events. The resulting
curve is shown in Figure 43. The difference in the two
analyses can be observed in the slope of the frequency

curves.

Figure 44 shows the monthly maximum discharge for the

period 1972 to 1985.

3.4 Low Flow Frequency Distribution

Low flow frequency curves show the magnitude and frequency of
low flows for various periods of consecutive days. The periods
selected are the 1, 7 and 14 days. The climatic year was used
for each period which begins May 1 and ends April 30. The
Gumbei Il brobabi]ity distribution has been fitted to the data
and is shown in Figures 45 to 47. Tables 36 to 41 1ist the low
flow data, sémp]e statistics and frequency regime data. For
comparison purposes Figure 48 shows the family of Jlow flow

frequency curves for the periods of 1, 7 and 14 consecutive days.
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The monthly minimum discharges for the .period 1974 to 1974 are

shown in Figure 49.

Hydrographs

The time distribution of runoff is influenced by climatic
factors, and by the topographic and geologic features of the
basin; thus the final hydrograph is affected by all three
factors. Climatic factors predominate in producing the rising
1imit, while the recession 1imb is largely independent of storm
characteristics producing the runoff. The maximum, minimum, and
mean discharge hydrographs and the standard deviations are
illustrated in Figure 50 for this basin. The daily discharge

hydrograph for 1985 is shown in Figure 51 for Forrest Kerr

Creek, More Creek and Iskut River for comparisoh purposes.

Base-Flow Index

Geologic conditions are generally congidered to have a major
1nf1uenceﬁon low flow yields. To isolate the geologic effect on
low flows a value called the base-flow index statistic is
computed. It is defined as the ratio of the runoff under the
base-flow separation 1line to the total runoff for the same
period. Differences in this wvalue can be attributed to
differences in basin hydrogeology with very 1little influence
from climate. The 1index indicates the amount of storage
available in the basin as groundwater. The average value of the
index for this basin was calculated to be 0.718. The yearly

values are listed in Table 42.
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Flow Duration Curves

The duration curve is used to determine water supply potential
for run of river hydro projects, -and municipal and domestic
water supplies. The amount of flow available for any selected
percent of time can be obtained from the curve. The
chronological sequence. of events 1is completely masked in a
duration curve which greatly restricts its use. Figure 52 shows

the flow duration curve for daily mean flows from 1975 to 1985.

Basin Physiographic Parameters

Basins have been defined‘on the Universal Transverse Mercator
projection maps of the National Topographic System. These maps,
at a scale of 1:50,000, have a rectangular system of grid lines:
spaced at one kilometre. The computation of basin parameters is
based on a unit of four of these squares, making a grid system
of two km by two km squares. The parameters extracted are: the
e]evatioh at the centre of the two km by two km square, area of
1akes and. swamps, stream length and the number of contour 1lines
crossing either the horizontal or vertical 1ine passing through
the centre of the two km by two km square. The average values
of basin parameters are computed from the sum of the two km by

two km squares within the basin boundary.

Basin Area:

Summation of one km by one km squares included in the basin
multiplied by four which is the area of each two km by two

km square in kmz.
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Average Basin Elevation:
Arithmetic mean of the elevation in metres of all squares.
| The elevation of each two km by two km square is measured

at its geometric centre.

'Percentage of Lakes and Swamps:

Summation of the area of lakes and swamps of each square
divided by'the area of the basin and multiplied by 100%.
Stream Density:

Summation of the stream lengths of each square divided by

the basin area.

Average Basin Slope:
Proportional to the summation of all the contour lines
cfossing either the horizontal or the vertical line passing
through the centre of each square.

The values are Tisted in Table 43.

CONCLUSIONS

4.1

Quality of Data

The quality of the data from this station is considered to be
only fair because of some shifting in the control and not enough
visits to reduce the influence of the silting orifice. However,
the data 1is considered to be within accuracy 1limits for

statistical analysis.

Peak and annual discharge characteristics should not be used in

regional studies as the basin is not homogeneous with others in

the region for these characteristics.
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TABLE 1

COMPARISON OF ESTIMATED PEAK FLOW FROM EXTENDED RATING CURVES

STAGE IN EXTENDED COMPUTER EXTENSION COMPOSITE CURVE
DATE METRES RATING CURVE #5 OF CURVE #5 ALL DATA
(m3/s) (m3/s) (m3/s)
Sept 8/81 2.603 262 291 308
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TABLE 2

SELECTED HYDROMETRIC AND METEORCLOGIC
: USED IN STUDY

Hydrometric Stations

STATIONS

STATION STATION NAME 'DRAINAGE AREA

NUMBER (Km2)

08DC006 Bear River above Bitter Creek 350

08DD001 Unuk River near Stewart 1480

08CG004 Iskut River above Snippaker Creek 7230

08CG0OO0T Iskut River below Johnson River 9350

08CG005 More Creek near the Mouth 844

08CG006 Forrest Kerr Creek above 460 M Contour 311
Meteorologic Stations

STATION STATION NAME

NUMBER

1200R0J Bob Quinn Lake

1204215 Kinaskan Lake

1208202 Todagin Ranch

1208041 Telegraph Creek

1067742

Stewart A
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TABLE 3
UNCERTAINTY FUNCTION STUDY
RELATION OF STANDARD ERROR OF DATA TO NUMBER OF MEASUREMENTS

1973 TO 1983

NUMBER OF MEASUREMENTS STANDARD ERROR IN PERCENT
' 1972 to 1985

0 15.89
1 13.49
2 11.38
3 9.88
4 8.82
5 8.01
6 1.40
7 6.89
8 6.47
9 6.14
10 5.86
15 4.83
20 4,24
25 3.83
30 3.53
35 3.29
STATISTICS
One Day Autocorrelation 0.98146
Variance of Process 0.00470
Mean of Residuals : -0.01215%
Measurement Variance 0.000471
Variance of Residuals ‘ 0.00684
Sample Size 68
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TABLE 4

PORfION OF DATA ESTIMATED EACH YEAR

Ice Periods Open Water Periods Open Water Periods

Calendar Year Estimated Record Actual Record Estimated Record
(months) {months) (months)

-1972 1 3.5 2

1973 6 6 0

1974 5 5 2

1975 5.5 6.5 0

1976 5 6 1

1971 4.75 1.25 0
1978 5.5 6.5 0

1979 6 4.5 1.5
1980 6 6 0

1981 5.5 - 4 2.5
1982 5.75 6.25 0

1983 b ) 0
1984 6.25 5.75 0

1985 6 5 1
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TABLE 5

STATISTICSlFOR SELECTED STREAMFLOW CHARACTERISTICS
' FOR PERIOD 1972 to 1985

_ Percent of
Streamflow Annual
Characteristics Mean SD cv - _ CS CK Runoff
Mean Monthly
Jan 1.4145 0.4693 33.18 1.876 8.251 0.44
Feb 1.1088 0.2796 25.21 0.7183 4.023 0.34
Mar 0.8602 0.1908 22.18 0.7188 4.2117 0.27
Apr 2.1216 1.116 52.60 0.2090 2.713 0.65
May 12.9692 3.887 29.97 0.5102 3.355 4.00
Jun 47.3769 13.70 28.91 0.3839 2.653 14.6
Jul 88.5071 23.16 26.17 0.1661 3.433 21.3
Aug 88.2846 18.30 20.73 -0.4663 6.192 27.2
Sept 47.5429 - 17.46 36.73 0.3944 3.349 14.7
Oct 25.4914 16.63 65.25 0.6334 2.729 7.86
Nov 6.2079 3.647 58.176 0.9683 3.445 1.9
Dec ' 2.0464 0.7112 34.75 1.208 4.887 0.63
Mean Annual 21.0117 5.428 20.09 -0.1222 3.728
Low Flow
1 Day ~0.7610 0.1559 20.48 0.4291 2.795
7 Day - 0.7694 0.1559 20.26 - 0.3995 2.662
14 Day 0.7868 0.1584 20.13 0.2746 2.5317
High Flow
Maximum Daily 157.2857 35.64 22.66 1.294 1.521
Instantaneous 174.5714 34.74 -19.90 0.8117 6.240
Snowmelt (Max.D) 149.3571 29.96 20.06 0.8387 5.170
Rainfall (Max.D) 85.5571 65.73 76.83 0.8116 3.634
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Table 6 Minimum Daily Discharge

WSC STATION NAME=FORREST KERR CREEK ABOVE 460 m CONTOUR

YEAR  MON FLOW
1973 4 0.5950
1974 3 0.5490
1975 4 0.6170
1976 3 0.6430
1977 3 0.8210
1978 3 0.6770
1979 3 0.9200
1980 3 0.7700
1981 3 0.8910
1982 4 0.6700
1983 © 3 1.0200
1984 1 0.9950
1985 3 0.7250
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Table 7 Non-parametric Statistical Tests - Minimum Daily Flow

=== SPFEARMAN TEST FOR INDEPENDENCE ---

08LHRO06 FORREST KERK CREEK ABOVE 460 m COMTOUR
MINIMUM DAILY DISCHARGE 1973 T0 198% DKATHAGE AREA = 311.0000

SPEARMAN RANK ORDER SERIAL CORKELATION COEEF = 0.32% D.E.= 10

va st

CORRESPONDS TO STUDENTS T = 1.087
CRITICAL T VALUE AT 5% LEVEL = 1.812 NOT STEMNIFLCANY
- - - - 1% - = 2.764 NOT STIGHIFICANT

Interpretation: The null hypothesis is that the correlation is zero.

At the 97 level of significance, the correlation is not significantly
different from zero. That is, the data do not display signiticant serial
deperndence. .

--=~ SPEAKMAN TEST FOR TREND ~---

08CIEOOG FORREST KERR CREEK ABOVE 460 w CONTOUK
MINIMUM DAILY DISCHARGE 1973 TO 1985 DRAINAGE AREA = 311.0000

SPEARMAN RANK ORDER CORRELATION COEEF =-0.725 D.E.= 11
CORRESPONDS TO STUDENTS T =-3.494

CRITICAL T VALUE AT %% LEVEL =-2,201 STENTE TCANY
- - - - 1% - =-3.1006 SIGNIFIC

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

correlation
is mero.

At the 14 level of significance, the correlation is signitficantly
different from zero. That is the data displ highly sigrificant trend.

=== RUN TEST FOK GENERAL RANDOMNESS ~--

0BCHO0G FORREST KERR CREEK AKOVE 460 m CUNTOUK
MINIMUM DAILY DISCHARGE 1973 T0 198Y% DRAINAGE AREA =  311.0000

THE NUMBER OF KUNS AROVE ANI RELOW THE MEDIANC(KRUNAE)

THE NUMBER OF RUNS ABOVE THE MEDI&NC(NL) 2 8
THE NUMBER OF RUNS BELOW THE MEDIAN(N2) = 6
(NOTE: Z I8 THE STANDARD NORMAL VARIATE.)
For this test, Z = 0.000 ‘
Critical 2 value at thg 94 level = 1.960 NOT SIGNIFICANT

Interpretation: The null hypotihesis is that the datz are rardon.

At the 5% level of significance, the rull hypothesis canrnot be
rejected. That is, the sample is significantly rardom.

“=- MANN-WHITNEY SPLIT SAMFLE TEST FOR HOMOGEMEITY ---

08CHOO6 FOKREST KERR CKREEK AHOVE 460 m CONTOUR
MINIMUM DAILY DISCHARGE - 1973 T0 198% Uka INAGEE AREA=  311.0000
SPLIT BY TIME SPAN, SURSAMPLE 1 SAMPLE SIZE= 6

SUBSAMPLE 2 SAMPLE SIZ2E= 7

MANN-WHITNEY U = 4.0 . P= 0.007 SIGNIFICANT (AT 1%)

Interpretation: The null hypothesis is Lhat there s no location
difference between the two sanples.,

At the 1% level of significance, the hypothesis of no location
difference between the samples is rejected.,
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Table 8 7 Day Low Flow

WSC STATION NO.=08CG006
WSC STATION NAME=FORREST KERR CREEK ABOVE 460 m CONTOUR

YEAR  MON FLOW

1973 4 0.5960
1974 3 0.5600
1975 4 0.6330
1976 3 0.6480
1977 3 0.8450
1978 3 0.6880
1979 - 3 0.9290
1980 3 0.7700
1981 3 0.9190
1982 4 0.6770
1983 3 1.0200
1984 1 0.9970
1985 3 0.7280
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Table 9 -Non-parametric Statistical Tests - 7 Day Low Flow
-== SPEARMAN TEST EOR INDEPENUENCE ~--

08L1HBOGE FORREST KERR CREEK ABOVE 460 m CONTOUR
7 DAY LOW FLOW 1973 TO 198Y DRAINAGE AKEA =  311.0000

SPEARMAN RANK ORDER SERTIAL CORRELATION COETF
CORRESPONDS TO STUDENTS T

CRITICAL T VALUE AT 5% LEVEL =

- - - - 1% - z

D.E.= 10

ot

NOT STENIEITCANY
NOT STIGNIFLICANT

Interpretation: The null hypothesis is that the correlation is zero.

At the G% level of significance, the correlatiom is rot significantly
different from zero. That is, the data do rot display significant serial
dependence .

=== SPEARMAN TEST FOR TREND ---~

08LGEO66 ’ EORREST KEKR CREEK AROVE 460 w CONTOUR
7 DAY LOW FLOW : 1973 TO 198% DURAINAGE ARE&4 =  311.0000

SPEARMAN RANK ORDER CORRELATION COEEE
CORRESPONDS TO STULENTS T

735G DoF.= 11

CRITICAL T VALUE AT B%Z LEVEL =-2.20) ' SIGEHRIELTARY
- - - - 14 - =-3.1006 SIGHIELTANT

Interpretation: The null hypotnesis is that the serial(lag-one) corvelalion
iz sero. :

At the 1% level of significance, the correlation is significantly
different from zero. That is the dats displ highly significant trevd.

=== RUN TEST FOR GENERAL RANDOMNESS -

08CHOOG FORREST KERR CREEK ABOVE 460 m CUONYGUR
7 DAY LOW FLOW ) 1973 TO0 198% DRAINAGE AKEA =  311.0000

THE NUMBER OF KUMNS AROVE AND BELOW THE MEDIANCKUMNAR) = ©
THE NUMBEK OF RUNS ABOVE THE MEDIAN(HLY = §
THE HUMEER OF RUNS EELOW THE MEDIAN(NZ) =
(NOTED 2 I8 THE STANDARD NORMAL VARIATE.)
For tnis test, Z = 0.000
Critical Z value at the 5% level = 1.960 . NOT SIGENIFLCANL
Interpretation: The null hypothesis is tnat the data sre randonm.
At the 9% level of significance, the null hypothesis cannol be

rejected. That is, the sample is significantly random.

== MANN-WHITINEY SPLIT SAMPLE TEST FORK HOMOGENELTY ---

08CGO0G FORREST KERR CREEK AROVE 4G0 m CORTOUR
7 DAY LOW FLOW 1973 TO 1989 DRATHAGE AKEA=  311.0000

SPLIT BY TIME SPAN, SURSAMPLE 1 S8MPLE SIZE: &
SUBSAMPLE 2 SAMPLE SIZE= 7

MANN-WHITNEY U = 4.0 P= 0.007 SIGNIFICANT (AT 125

Interpretation: The null hypothesis is thal there 18 1o location
difference between the two samples.

At the 14 level of significance, the hypothesis of no

tocation
difference between the samples is rejecled.
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Table 10 14 Day Low Flow

WSC STATION NO.=08CG006
WSC STATION NAME=FORREST KERR CREEK ABOVE 460 m CONTOUR

YEAR  MON  FLOW
1973 4 0.5990
1974 3 0.5660
1975 3 0.6640
1976 3 0.6540
1977 3 0.8540
1978 3 0.7030
1979 3 0.9470
1980 3 0.7720
1981 3 0.9640
1982 3 0.6850
1983 3 1.0300
1984 1 1.0000
1985 3 0.7880
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Table 11 Non-parametric Statistical Tests - 14 Day Low Flow

SPEARMAN TEST FOR INDEPENDENCE -~--

oBCLOGG FORREST KERK CREEK AROVE 460 m CONTOUR
14 Day Low Flow 1973 TO 1985 DRAINAGE AREA = - 311.0000
HGPEARMAN RANK OFRDER SERIAL CORRELATION COEEF = 0.252 D.E.= 10
CORRESPONDS TO STULENTS T = 0.823 o ‘
CRITICAL T VALUE AT O% LEVEL 1.817 NOT SIGNIFICANT
2.76

g
- - - - 1% - : 2.7064 NOT SIGHIFICANT

Interpretation: The null hypothesis i3 that the correlation is zero.

At the 54 level of significance, the correlation is not sigpificantly .
different from zero. That is, the data do not display significant serial
Tdependence.

-~ BPEARMAN TEST FOR TREND ~--

OBCHNNG FORREST KERR CREEK AROVE 460 m CONTOUR
14 Day Low Flow . 1973 TO 198% DRAINAGE AKEA = 311.0000
SFEARMAN RANK ORDER CORRELATION COEEE =-0.75 D.E.= 11
CORE FONDE TO STUDENTIS T =-3.8%57
CRITICAL T VALUE AT 5% LEVEL =-2.201 . SIGNIFICANT
- - T B4 - =-3.1006 SIGNIFICANT

Interpretation: The null nypothesis is that the serial(lag~one) correlation
1% 2ero.

At the LX

] ol of significance, the correlation is significantly
different f

sero. That is the data oispl highly significant trend.

== RUM TEST FOK GEHERAL EANDOMNESS -«

DECEI06 FORKEST KERK CREEK AROBVE 460 m CONTOUR
14 Day Low Flow 1973 TO 198% DRAINAGE AREA =  311.0000
THE NUMBER OF FUHS ABOVE AND RELOW THE MEDIANC(KUNAR) = 6
THE MUMBER OF BUNS ABOVE THE MEDIAN(NL) = §
THE HUMBER OF RUNS RELOW THE MEDIAN(ND) = 6
(NOTE: Z I8 THE STANDARD NORMAL VARIATE.)
For this test, 2 = 0.000
Critical 2 value at the % level = 1.960 NOT SIGNIFICANT

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

At the &% level of significance, the null hypothesis cannot be
rejected.  That is, the sample is significantly random.

HANN-WHITMEY SFLIT SAMPLE TEST FOR HOMOGENEITY ---

08CRO06 FORRESY KERR CREEK AROVE 460 m CONTOUR
14 Day Low Flow 1973 T0 1985  DRAINAGE AREA= 311.0000

SFLIT BY TIME SPAN, SUBSANFLE 1 SAMFLE SIZE= G
SUBSAMPLE 2 SAMFLE SI1ZE= 7

MANN-WHITNEYT U = 4.0 F= 0.007 SIGNIEICANT (AT 1%)

Interpretation: The null hypothesis is that there is

no location
difference betweern the two samples.

significance, the hypothesis of ro location

At the 174 level
w1 the samples is rejected.

dJifference
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Table 12 Maximum Instantaneous Discharge

WHEC STATION NO.=08CGI0G6
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Table 13 Non-parametric Statistical Tests - Maximum Instantaneous
Discharge ‘

s GPEARMAN TEST FOR INDEFENDENCE ~---

08CGI0G6 FORKREST KERRKR CREEK AROVE 460 m CONTOUR

ANNUAL MAXIMUM TALLY FLOW SERIES 1972 T0 1985 DRAINAGE AKEA = 311.0000

BFEARMAN RANK ORDER SERIAL CORRELATION COEEF 0.261 H.E.= 11

CORRESPONDS TO STUDENTIS T = 0.895
CRITICAL T VALUE AT 5% LEVEL = 1.796 NOT SIGNIEICANT
- - - - 1% - = 2.718 NOT SIGNIFICANT

Interpretation: The null hypothesis is that the correlation is zero.

At the 5% level of significance, the correlation is not significantly
different from mero. That is, the data do not display sigmnificant serial
dependence .

=—= GPEARMAN TEST FOR TREND -~-
0B8CHIOG FORREST KERK CREEK ABOVE 460 m CONTOUR
ANNUAL MAXIMUM DAILY FLOW SERIES 1972 T0 1985 DRAINAGE AREA = 311.0000

SPEARMAN RANK OFDER CORRELATION COEER 0.086 D.E.= 12

CORRESPONDS TO STULENTS T = 0.298
CRITICAL T VALUE AT S% LEVEL = 2,179 NOT SIGNIFICANT
- - - - 1% - = 3.099 NOT SIGNIFLCANT

Interpretation: The null hypothesis is that the serial(lag~one) correlation
is zero.

ﬁﬂ the 5% level of significance, the correlation is not sigrnificantly
dlfferent from zero. That is, the data do not display significant trend.

——— RUN TEST FOR GENERAL RANDOMNESS —--

08CHTIO06 FORKEST KERR CREEK ABOVE 460 m CONTQUR
ANNUAL MAXIHUM DAILY FLOW SERIES 1972 TO 198% DRAINAGE AKEA = 311.0000
THE NUMEER OF RUNS ABOVE AMD BELOW THE MEDIANCRUNAER) = §
THE NUMBER 0F OBSERVATIONS ARBOVE THE MEDIAMN(NLY = 6
THE NUMBEER OF OBSERVATIOMS BELOW THE MEDIANC(N2) = 6
Rarnge at 5% level ofsignificance: 4. to 10. NOT SIGNIEICANT

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

At the 9% level of significance, the null hypothesis cannot he

rejected. That is, the sample is significantly random.
FAONN-WHITNEY SPLIT SAMPLE TEST FOR HOMOGENEITY ---

OBCETC6 FORREST KERE CREEK AROVE 460 m CONTOUR
ANNUAL MAXIMUM FLOW SERIES 1972 T0 1985 DRAINAGE AREA= 311.0000

SFLIT BY TIME SFAN, SUBSAMFPLE 1 SAMPLE SIZE= O
SUBRSAMPLE 2 SAMPLE SIZE= 9

MANN-WHITNEY U = 20.0
CRITICAL U VALUE AT 84 SIGNIFICANT LEVEL = 9.0 NOT SIGNIFICANT
- - - - 1% - - = 5.0 NOT SIGNIFLICANY

Interpretation: The null hypothesis is that there is no location
difference between the two samples.

A£ the S7% level of significance, there is no significant location
difference between the two samples. That is, they appear to be from the
same population.
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Tablé_lS - Non-parametric Statistical Tests - Maximum Daily Discharge

~ww GPEAKMAN TEST FOK INDEFENDENCE ---

0BLHBGOG - FORREST KERK CREEK AROVE 460 m CONTOUR

MAXIMUM DAILY DISCBARGE 1972 T0 1985 DRAINAGE AREA = 311.0000

SPEARMAN RAMK ORDER SF

RIAL CORRELATION COEFF = 0.061 D.E.= 11

CORRESPONDS TO STUDENTS T = 0.201
CEITICAL T VALUE AT 9% LEVEL = 1.796 NOT SIGNIELICANT
- - - . 4 - = 2.718 NOT SIGNIFICANT

Interpretation: The null hypothesis is that the correlatiom is zero.

At the 9% level of ﬁignificance, the correlation is not sigrificamtly
different from zero. Ihat is, the data do not display significant serial
dependence. ’

=== SPFEARMAN TEST FOR TREND ---

0BCHAOOG FOKREST KERR CREEK AEOVE 460 m CONTOUR
MAXIMUM DAILY DISCHARGE 1972 TO 198% DLRAINAGE AREA = 311.0000

SPEARMAN RANK ORDER CORRELATION COEEF 0.119 D.E.= 12

H}

CORRESPONDS T0 STUDENTS T = 0.415
CRITICAL T.VALUE AT 9% LEVEL = 2.179 NOT SIGNIFICANT
- - - - 1% - = 3.058 NOT SIGNIFICANT

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

is mero.

At the SX% level of significance, the correlation is not signrificantly
different from zero. That is, the data do not display significant trend.

=== RUN TEST FOR BENERAL RKANDOMNESS ---

QRCGONG . FORREST KERR CREEK AROVE 460 m CONIOQUR
MAXIMUM DAILY DISCHARGE 1972 TO 1985 DRAINAGE AREA = 311.0000

THE MNUHMEER 0OF RUMS ABDVE AND EELOW THE MEDIANCRUNAR) 7
THE MUKRBEER OF OBSERVATIONS AROVE THE MEDIANCNL) 7
THE MUMBEF OF OBSERVATIONS BRELOW THE MEDIAN(NR) = 7
Kange at 5% level of siqnificance: 4. to 12. NOT SIGN

HAH

IEICANT
Interpretation: The rnull hypothesis is that the data are random.
At the 5% level of significance, the rnull hypothesis cannot be

rejected. That iz, the sample is significanmtly random.

R MHNNMHHIIHEY.SPLII SAMPLE TEST FOR HOMOGENEITY ---

ORCHOOL FOREEST KERR CREEK AROVE 460 m CONIOUR
‘'MAXIMUM DAILY DISCHARGE 1972 TO 1985 URAINAGE AKEA= 311.0000
SPLIT RY TIME Srad, SUBSAMFLE 1 SAMPLE SIZE= O
SURSAMPLE 2 SAMELE SI1ZE= 9
. MANN-WHITNEY U = 18.0
CRITICAL U VALUE AT 37 SIGNIFICANT LEVEL = 9.0 HOT SIGNIFICANT
- - T b4 - - = 5.0 NOT SIGNIFICANT

Interpretation: The null hypothesis is that there is no location
difference bhetween the two samples.

At the S% level of significance, there is no significant location
difference betweern the two samples. That is, they appear to be from the
same population. :
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WSC STATION NAME=FORKEST KERK

MOMNTH

0W WO NINWNE MO NG o

STATION NO=SNOWCGEG

YEAK

(2)

19723
1973
1974
1975
1976
1977
1978

1979 .

1980
1981
1982
1983
1994
1985
1986

DATA -

161.000
113.000
134.000
151.000
168.000
171.000
151.000
1326.000
163.000
232.000
169.000
129.000
108.000
125.000
134.600

-37-

CREEK

ORRBERED
{£4)
(CMs)

222,000
171.000
169.000
162.00¢
163.0G0
161,000
151.000
131.0600
136.000
124,000
129,000
125.000
124.000
113.000
108,000

ABOVE 460

RANK

(5

-

LT L

it BN

10
11
12
13
14

L

Table 16 Maximum Daily Discharge - Snowmelt

M PONIUUh,

PROE.
(G)
(%)

3“f')l'

0.52

7.11

23.68

30.306

3h.34

43.42

50.00

56.98

6G3.16

59"
V.74

1
1

«

~

Tb 32
gd.489
39.47
9. 008

5

SNOW

PLl.

FPERIOD

g e

15,335
Q9.500
fiog -
T L8406
4 3
o)y
[o0 JPR ‘X
%
au/i‘
2.303
"'\

}l“l“




-38-

Table 17 Maximum Daily Discharge - Rainstorm

WSC STATION NO=RAINCG6
W3C STATION NAME=FORREST KERR CK ABOVE 460 M CONTOUR

MONTH YEAR DATA ORDERED RANK PROB. RET. PERIOD

(1) (2). (3) (4) (5) (6) (7)
(CM3) (CM3) (%) (YEARS)
10 1972 129.700 254,000 1 3.95 25.333
9 1973 ©0.600 175.000 2 10.53 9.500
10 1974 164.000 164.000 3 17.11 5.846
9 1975 30.000 149.000 4 23.68 4.222
11 1976 55.800 148.000 5 30.26 3.304
10 1977 32.300 144.000 6 36.84 2.714
10 1978 148.000 129.700 7 43.472 2.303
10 1979 175.000 75.300 8 50.00 2.000
10 1980 149.000 60.600 9 56.58 1.767
9 1981 254.000 - 60.200 10 63.16 1.583
10 1982 75.300 55.800 11 69.74 1.434
9 1583 50.400 50.400 12 76.32 1.310
10 1984 29.700 32.300 13 82.89 . 1.206
9 1985 - 60.200 : 30.000 14 89.47 1.118
10 1986 144.000 29.700 15 96.05 1.041
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Table 18 Flood Frequency - Maximum Daily Discharge

W3C ETATION NO=08CHO06
WEC STATION NAME=PORRESYT KERK CREEK AROVE 260 m COMTOUR
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1975 131,000 19,600
1976 168.000 168,000

171,000 14, 000

aa

M D

5

sl i I e
3
i

NIONG
LR B

R,

8 : 131,000 13, 000 7 “
10 DAY L75.000 161,000 ;

2!5{3:;
oI Rt
L

i WL
20
-
L

163,000 L3000
204,000 W

Fo bRy

&y

s~
LR

al. 000

; 82 169.000 ' 1
9 373 .

el

108,000

LEG.000

w7
P

-~
)

T s

FRRCIE SO SR S SR R

1

]
129,000 125

:

]

’,

jax g sn]

fas]
B
&

2



Table 19

ANALTS IS
FORRES

FREQUENCTY
OBCGOOG

MEfAN
A SERIES 157286
LN X SERIES G.0306
KIMIND = 108.000
KIMAX) = 254,000
LOWEER OUTLIER LIMIT OF X

SOLUTION OBRTATL

DISTRIRUTION
BEV PARAMETERS:

EETURHN
FERIOD

|

I
1,350
2.000
H.000
10000
“OHOO(
H0.G00
10G.000
A00 . 000
SG00.000
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T KERE CREEK

SAMPLE

u
() Wl

= Q5. 647

MEDD VIa Max Irun

I8 UPPER BOUNDED
= 143,23

FLOOD

EXCEEDARDE
IJ I‘ I_] =] '] LITY

NN

D.H00
a0
0.100
0,000
O, 000

Y VY

L0010
{| (S

CRERY AV

0.003

ENERALLZED
AEOVE

FREGUENCY

EXTREME
460

STATIZTICS

0.043

ToTak
OF Low
N0

RN

VaLUul

Or ZER

LIHEL IHOGO

AT LA,

Sy

I

FEGTHE

SHMPLE

FLUMuw

Sample Statistics and Frequency Regime Data for
Generalized Extreme Value Distribution

VIR TEUT TOM
o CONTOWR

ARY= QL LIG8E+D4

2750

FLO0n

3

GELE0

111.00
129,00
182,00
13,00
208,00
ﬁﬁluﬁﬁ

244,00

3 (‘n)

‘.l:,. u

Coidy



LN X SERIES 5L 036 0
LH(X~A) SERIES 4,606 o

KOMINY= 108,000 _ . o TOTAHL SaMPLE 517
KOHAX )= 204.000 ' MO DF LOW OQUTLIE
LOWER QUILIER LIMIT OF %= DE.GAT MO DF ZERD FLOWS
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Table 20 Sample Statistics and. Frequency Regime Data for Three
Parameter Lognormal Distribution

FREQUENCY ANALYSIE -~ THREE-PARAMETER LOGHOEMAL DISTRIBUT IO
OBLEOOG FORREST HERRE CREEK ABOVE 460 m COHTOUR

—

CHAMPLE STATIsSTICS

Loz

MEAN Sl
X SERIES - 187,286 . 35

0. 047 0. 390

0,071 O.LG00

L

= (s

&

SOLUTION OBTAINED VIa MaXIvUM LIKELIHOOD

SLN FARAMETERS: = Jaa.lla Fi= 4, G0G R O

FLOOD FREQUENCY REGIME

FETURN - ‘I.:". KCEEDANCE FLOGn
PERIOD PEORBARILITY

1.003 00,997 QLLT70
1,050 ] 1
La250 GLE00

Aa 00 0w S00
5.000 TR A
10.000 Ou100
204000 . DL050
G0.000 QL0320
100,000 : DLO1G
A00.000 G.005
G00.000 D.003
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Table 21 Sample Statistics and Frequency Regime Data for Log
' Pearson Type III Distribution

FREQUENCY ANSLYSIS - LOG
0BLE006 FORREST KERE

PEARSON TYPE ITIL DISTHRIBUTION
CREEH ABOVE 460 wm CORNTOUR

SAMPLE STATISTICS

MEAN ' Sal
IES 137,286 35,6348

Lk
LN X SERIES Gu036 VIR B

Cub.
1.294
0. 390

'X(MIN)x 158,000 TOTAL SamMPLE L= 14
AAMAK Y= 254,000 \ HD. OF LOW OUTL) = 0
LOWER OUTLIER LIMIT OF X= 95.0647 MO. OF ZERD FLOWS= 2

SOLUTION ORTAINED VIa MaxINUM LIKELIHDOD

LP3 PARAMETERS: A= 0.3232E-01 E=  41.03 L )

ELOOD EREQUENCY REGIME

RETURN EXCEEDANCE FLoapn
PERION PROBEBILITY

1.003 0,997
1059 0
1L 2E0 C.
2.000
S.000
LO.D00 0.100
20.000 G G50
S50.000 0.020
190,000 D0.010 261,00
2C0.L 000 0.000 ' )
HO0.000 D.003
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Table 22 Sample Statistics and Frequency Regime Data for Wakeby
Distribution

" :;‘
\

FREQUENCY ANALYSIS -~ WAKERY UISTRIRUT IOM
08LEOOG FORREST KERR CREEK ABOVE 460 wm COMTOUE

SAMPLE STATISTICS

MEAN
QIR]I\g LOH7 2286

SERIES SL086

>

LN

AOMIN 108.000 | TOTaL SarPLE
X(MHX'A 254.000 MO OF LOw OUTL
LOWEK OUTLIER LIMIT OF X= 95,647 MO. OF ZERO FLOWS=

P
Lo

THE FOLLOWING WAKEEBY FARAMETERS WERE ORTAINED BY ass
NOM-ZERO. THE ITERATION ALGORITHM WAS NOT REQUIRED.

UM ING M TO RE

P == 71,1066 fi= BL.750 B= 5,51 e 14,978 D= GLU5E0

FLOOD EREQUENCY REGIME

EACEEDANDGE FLODD
PROBARBILITY

1.003 . 0,997
L.080 0. 953
R 0.800
0LE00

H.000 G.ann
10.000 0L OG0
20,000 0.050
S0.000 0,020
100000 Guiald
00,000 Q.00%
SO0.,.000 3.003
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Table 23 Flood Fregquency - Maximum Instantaneous Discharge

"
Lo
v

WHT STATION NO=08CH o0
WEC STATION NaME=FORRKEST

RERK CREEK AROVE 460 m COMTOUE

MUN]H TEAK

DaTh

ORDERED LA M FROR.

(1) (2 ' (3 (4) CE (6

COMBS COMS) A
19 la72 180.000 202,000 1

8 1973
10 1974
7 1975
8 - 1976

139,000 LG, 000 4
180,000 193,600 ]
IQS“OC“ 196,600 4
182,000 184,000 )

8 1977 193,000 5A.000 i
10 1978 120,000 180,000 7

16 1)”9 124,000 130,600 B
1714000 1202000 o GO EE

A0E2.000 165,006 1o LF WG]

196,000 145,000 11 /Qnﬁﬁ

: 145,000 141,000 1

984 L1G..000 139,000 13

) 141,000 L1t a Gl 1

-

L8]
o~

i

_
™

A

e

VA I I
IR R

DR O

5a)
-
LA R,
—
Al
%1

ot et s e g n

L -*’i ‘.)

;
L
1.340
1
I
1



SERIES J.l44 J.196 G.035 L0110 il

X{MIN)= 116.000 TTaL £
X{MAX )= 262.000 MOLODF LOW 0T -
LOWER OUTLIEKR LIMIT OF X= 111,129 NOL OF ZERD FLOWS=

-45-

Table 24 Sample Statistics and Frequency Regime Data for
Generalized Extreme Value Distribution

EREQUENCY ANALYSIEH - GENVRQLIZEﬁ EXTREME YALUE DISTRIBUTION
08CEI0G FOEREST KERE CREEK AROVE 460 m CONTOUR

SAMPLE STATISTICS

MEAN Sul. Oy o

SERIES 174.,57) 24,756 D.199 DuBla

B
L "*.

G o &0

2.004

SAMPLI

o

SOLUTTON OBTAINED VIa MaxXIMUM LIKEL IHOOD

DISTRIBUTION IS UPPER BOUNDED AT (U+a K= OLAL7EEYOS ’
GEV PARAMETERS: U= 150.568 A= 4. 340 f= Dullh

FLOOD FREQUEMCY BEGIME

- RETURN EXCEREDANCE FLAOGH
FERIOD PROGBABILITY

L.003 0.997
L.OSa G952
1.254 0.800
S.000
G, 000
10.000
20,000 .
G0.000 L ROERY
160,000 GL.OLG
200,000 RNV R
00,000 0.002




L
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Table 25
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Sample Statistics and Frequency Regime Data for

Three Parameter Lognormal Dlstrlbutlon

EREQUENCY
CBCETI06L

MEAl
174,571

H.144

el 63

X BERIES
LN SERTES
SERIES
AMING =
X{MAax )=
LDWER

116.000
262.000
DUTLIER LIMIT OF

SOLUTION OBTAIMED VIa

LN FARAMETERS:

RETURN
PERICGH

1.003
1. 050
1,250
2,000
3.000
10,000
20,000
0 000
lOO,QOU
200,000
S00.0060

ANALYS TS
FORREST

THREE~
KERR

D]

SaMPLE

5.0
34.736
0196

W 193

XK= 111,120

MAaX ML

fs ~3.100

FLOOD

EXDEEDANCE

PROBARILITY

0,907
Q. BH2

2S00
0,500
QLE00
GaLl100

2. D0E

PﬁRéﬁETER
L AROVE

Low Vo L

,nx)i}l \)J'\
O Qa7 0. A

FREQUENCY

LUGNURHQL OIS
460 m COMTOUR

TRIBUT TOM

STATISTICS

i1 <
e

W 1O O.S]Z

TOTAL SaMFLE &
NiJw OF LOW OUTLTES
NOL OF ZERO FLOWS= G

LIKEL ITHOOD

M= 5,163 G (O,

REGIME

FLOOD

L0
124,00
145,00
L7200
203,00




Table 26
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Sample Statlstlcs and Frequency Regime Data for Log

Pearson Type III Dlstrlbutloni%-

FREQUENCY
0BLELOG

ANALYE IS
FORREST

MEaH
174,571
Sa.l44

X BERIES
LN X SEKRIES

KIMING = 116.000
KiMaX)= 262,000

LOWER OQUILIER LIMIT OF

SOLUTION

LP3 PARAMETERE: A=

FLOOD

EETURN
PERIOD

1 003
1.050
1ad%0
2.000
S.000
1. 000
20.000
50,000
19G.000
200,000
H00.000

W

OBRTAHINED

0.9923

Sy

PIHIiUﬁ
CREREK

LO1G
KERE

SAMPLE STaATIs

Bal.
34,736
0,196

1110130

Ui

E-~03 B= 0,390

1

HXﬁP'DﬁNﬁE

PROBARILITY

Quaay
G.a5d
0,800
0.500
0.3200
0.100
0,050
0.020

0,010
O DGE

o WD

QL0003

FREGUENGY

TY 'l':-’ i
} b ‘..’

TICS

TOTAL
Or LOW
M.

W

MOMENTS

GLR+GE

FEGIMAE

[

LOG O 5 e

ISTR IR l] IO
m CORTOUR

\
Liw'
]

)
0.010

o

SAMPLE &
OUTL.
OF ZERD FLOWS= 0

Moo

FLOOD

10G.00
134,00
1ad.,00
1?1nmu
202,00

oy

aal 00
i “")

o

Ao 00

1 )l

A

00

.00

F0E.00

i
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Table 27 ' Sample Statistics and Frequency Reglme Data for Wakeby

Dlstrlbutlon

. FREQUENCY ANALYSIS - WAKERY DISTRIRBUTION
08CEHIOGE - - FORREST KERR CREEK ABOVE 460 m CONTOUR

SAMPLE STATISTICS

MEAN .0 CuV. C.5.
A SERIES 174,571 34.7306 0.199 0.813 G
LN X SERIES G.144 0. 196 0.038 0.010 ¥

ACMIN) = 116.000 TOTAL SAMPLE S51ZE=
XOMEX )= 262.000 NO. OF LOW OUTLIERS=
LOWER OUTLIER LIMIT OF X= 111.120 NO. OF ZERO FLOWS=

THE FOLLOWING WAKERY PARAMETERS WERE OBTAINED RY ASSUMING M TD

NON-ZEKRO. THE ITERATION ALGORITHM WAS NOT KEQUIKEL.

fi= 7h.214 A= 90.6206 B= 6.B0 = 25.970 fi= G,

FLOOD FREQUENCY REGIME

RETURN EXCEEDANCE ELOON
PERIOD PROBABILITY

1.003 0. 99” 783,10
1.050 0.952 102.00
1.3230 0n800 150.00
2.000 0.500 175.00
3.000 ' 0. 200 : 192.00
10.000 . 2.100 210400
20.000 0.0350 234.00
10.000 0.020 279,00
100.000 0.010 326.00
200.000 S 0.005 390.00
G00.000 0.002 310.00

Cak.

L1240
004

14
0
()

RE

P
L 3EA
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Table 28 Sample Statistics and Frequency Regime Data for
Generalized Extreme Value Distribution -~ Snowmelt

FREQUENCY ANALYSIS - GENERALIZED EXTREME VALUE DISTRIBUTION
SNOW FORREST KERR CREEK ABOVE 460 M CONTOUR

SAMPLE STATISTICS

‘ MEAN S.D. C.V. C.S. C.K.

X SERIES 148.333 -29.139 0.196 0.947 5.361

LN X SERIES 4.982 : 0.189 0.038 0.394 4.028
X(MIN) = 108.000

TOTAL SAMPLE SIZE- 15
NO. OF LOW OUTLIERS= 0
NO. OF ZERO FLOWS= 0

H(MAX) = 222.000 ’
LOWER OUTLIER LIMIT OF X= 95.362

SOLUTION OBTAINED VIA MAXIMUM LIKELIHOOD

. DISTRIBUTION IS UPPER BOUNDED AT (U+A/K)= 0,2037E+04
GEV PARAMETERS: U= 135.52 A= 22.528 K= 0.012

FLOOD FREQUENCY REGIME

RETURN EXCEEDANCE FLOOD
PERIOD PROBABILITY
1.003 0.997 95.50
1.050 0.952 110.00
1.250 0.800 125.00
2.000 0.500 144.00
5.000 0.200 169.00
10.000 0.100 186.00
20.000 0.050 201.00
50.000 0.020 221.00
100.000 - 0.010 236.00
200.000 0.005 | 251.00
500.000 0.002 270.00
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Table 29 Sample Statistics and Frequéncy Regime Data for
Three Parameter Lognormal Distribution - Snowmelt

FREQUENCY ANALYSIS - THREE-PARAMETER LOGNORMAL DISTRIBUTION
SNOW FORREST KERR CREEK ABOVE 460 M CONTOUR

SAMPLE STATISTICS

MEAN . S.D. C.V. C.S. C.K.

X SERIES 148.333 29.139 0.196 0.947 5.361

LN X SERIES 4,982 " 0.189 - 0,038 0.394 4.028

LN(X-A) SERIES 4.248 - 0.387 0.091 ~0.082 3.565
K(MIN)= 108.000

TOTAL SAMPLE SIZE= 15

X(MAX) = 222.000 NO. OF LOW OUTLIERS= 0
LOWER OUTLIER LIMIT OF X= 95.362 NO. OF ZERO FLOWS= 0

SOLUTION OBTAINED VIA MAXIMUM LIKELIHOOD

3LN PARAMETERS: A= 73.341 M= 4.248 S= 0.387

FLOOD FREQUENCY REGIME
RETURN : EXCEEDANCE FLOOD

PERIOD PROBABILITY
1.003 0.997 97.50
- 1.050 0.952 110.00
1.250 0.800 124.00
2.000 0.500 143.00
5.000 0.200 170.00
10.000 0.100 188.00
20,000 0.050 206.00
50.000 0.020 228.00
100.000 0.010 246.00
200.000 0.005 263.00
500.000 0.002 287.00
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Table 30 sSample Statistics and Frequency Regime Data for Log
Pearson Type III Distribution - Snowmelt

FREQUENCY ANALYSIS - LOG PEARSON TYPE III DISTRIBUTION
SNOW. . FORREST KERR CREEK ABOVE 460 M CONTOUR

SAMPLE STATISTICS

MEAN S.D. : C.V. C.S. C.K.

X SERIES 148.333 29.139 0.196 0.947 5.361
LN X SERIES 4.982 0.189 0.038 0.394 4.028
X(MIN) = 108.000 ’ TOTAL SAMPLE SIZE= 15
X(MAX) = 222.000 NO. OF LOW OUTLIERS= 0
LOWER OUTLIER LIMIT OF X= 95.362 - NO. OF ZERO FLOWS= 0

SOLUTION OBTAINED VIA MAXIMUM LIKELIHOOD

'LP3 PARAMETERS: A= 0.5478E-01 B= 11.43 LOG(M)= 4.357
M= 77.98
FLOOD FREQUENCY REGIME
RETURN . EXCEEDANCE FLOOD
PERIOD PROBABILITY

1.003 0.997 98.40
1.050 0.952 111.00
1.250 0.800 124.00
2.000° 0.500 143.00
5.000 0.200 169.00
10.000 0.100 186.00
20.000° 0.050 203.00
50.000 0.020 226.00
100.000 0.010 243.00
200.000 0.005 260.00
500.000 0.002 , 285.00
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Table 31 Sample Statistics and Frequency Regime Data for
Wakeby Distribution - Snowmelt -

FREQUENCY ANALYSIS - WAKEBY DISTRIBUTION
SNOW- FORREST KERR CREEK ABOVE 460 M CONTOUR

SAMPLE STATISTICS

MEAN S.D.

X SERIES 148.333 29.139
LN X SERIES 4,982 0.189
Z(MIN) = 108.000
X(MAX) = 222.000 -

LOWER OUTLIER LIMIT OF X= 95.362

THE FOLLOWING WAKEBY PA
NON-ZERO. THE ITERATION

M=  78.456 A=

RETURN

PERIOD

1.003
1.050
1.250
2.000

5.000.

10.000
20.000
50.000
100.000
200.000

500.000

92.131 B

7.11

C.V.
0.196
0.038

C

NO. OF LOW OUTLIERS=

C.8S.
0.947

0.394

C.K

5.361
4,028

TOTAL SAMPLE SIZE= 1

NO. OF ZERO FLOWS=

121

FLOOD FREQUENCY REGIME

EXCEEDANCE
PROBABILITY

0.997
0.952
0.800
.500
.200
.100
.050
.020
.010

loleolooNoloNaole

.005
.002

FLO

79.
94.
124,

145

168.
187.
209.
242.
270.
302.
350.

RAMETERS WERE OBTAINED BY ASSUMING M TO BE
ALGORITHM WAS NOT REQUIRED.

.083 D= 0.166

OD

60
70
00
.00
00
00
00
00
00
00
00

5

-0

0
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Table 32 Sample Statistics and Frequency Regime Data'forA
Generalized Extreme Value Distribution - Rainfall

FREQUENCY ANALYSIS - GENERALIZED EXTREME VALUE DISTRIBUTION
RAIN FORREST KERR CREEK ABOVE 460 M CONTOUR

SAMPLE STATISTICS

MEAN S.D. C.V. C.S. C.K.

X SERIES 103.867 ©7.253 0.647 0.702 3.574

LN X SERIES 4.425 0.710 0.160 -0.133 2.405

X(MIN) = 29.700 TOTAL SAMPLE SIZE= 15
Z(MAX) = 254,000

NO. OF LOW OUTLIERS= 0

LOWER OUTLIER LIMIT OF X= 16.959 NO. OF ZERO FLOWS= 0
SOLUTION OBTAINED VIA MOMENTS
DISTRIBUTION IS UPPER BOUNDED AT (U+A/K)-= 0.7544E+03
GEV PARAMETERS : U= 74.98 A= 57.891 K= 0.085

FLOOD FREQUENCY REGIME

RETURN EXCEEDANCE FLOOD
PERIOD PROBABILITY
1.003 0.997 -
1.050 - 0.952 7.37
1.250 0.800 46.90
2.000 0.500 95.90
5.000 0.200 156.00
10.000 0.100 194.00
20.000 0.050 227.00
50.000 0.020 267.00
100.000 0.010 295.00
200.000 0.005 322.00
500.000 0.002 354.00
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Table 33 Sample Statistics and Frequency Regime Data for Three
Parameter Lognormal Distribution - Rainfall

FREQUENCY ANALYSIS - THREE-PARAMETER LOGNORMAL DISTRIBUTION
RAIN FORREST KERR CREEK  ABOVE 460 M CONTOUR

SAMPLE STATISTICS

_ MEAN S.D. C.V. C.S. C.K.

X SERIES = 103.867 ©7.253 0.647 0.702 3.574

LN X SERIES 4,425 0.710 0.160 -0.133 2.405
N(X-A) SERIES 3.942 1.131 0.287 -0.571 2.867
L(MIN) = 28.700 TOTAL SAMPLE SIZE= 15
X(MAX) = 254.000 NO. OF LOW OUTLIERS= 0
LOWER OUTLIER LIMIT OF X= 16.959 NO. OF ZERO FLOWS= 0

SOLUTION OBTAINED VIA MAXIMUM LIKELIHOOD

3LN PARAMETERS: A= 22.116 M= 3.942 5= 1.131

FLOOD FREQUENCY REGIME

RETURN EXCEEDANCE FLOOD
PERIOD PROBABILITY
1.003 0.997 - 24.40
1.050 0.952 : 29.90
1.250 0.800 42.00
2.000 0.500 73.60
5.000 0.200 156.00
10.000 0.100 242.00
20.000 0.050 : 353.00
50.000 0.020 : 548.00
100.000 0.010 738.00
200.000 0.005 971.00
500.000 0.002 1360.00

Il I BN N N S BN BN B BN R BN BN B EE e .II- L <III<
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Table 34 sSample Statistics and Frequency Regime Data for
. ' Log Pearson Type III Distribution - Rainfall

FREQUENCY ANALYSIS - LOG PEARSON. TYPE ITI DISTRIBUTION
RAIN F'ORREST KERR CREEK ABOVE 460 M CONTOUR

SAMPLE STATISTICS

MEAN ~ 8.D. C.V. C.S. C.K.

X SERIES 103.867 67.253 . 0.647 0.702 3.574
LN X SERIES 4.425 0.710 0.160 -0.133 2.405
X(MIN)= 29.700 TOTAL SAMPLE SIZE= 15
A(MAX) = 254,000 NO. OF LOW OUTLIERS= 0
LOWER OUTLIER LIMIT OF X= 16.959 NO. OF ZERO FLOWS= 0

SOLUTION OBTAINED VIA MAXIMUM LIKELIHOOD

DISTRIBUTION IS UPPER BOUNDED AT M= 419.1 :
LP3 PARAMETERS: A=-0.3263 B= 4.945 LOG(M)= 6.038

M= 419.1

FLOOD FREQUENCY REGIME

RETURN EXCEEDANCE FLOOD
PERIOD PROBABILITY
1.003 0.997 5.52
1.050 0.952 21.20
1.250 0.800 - 47.90
2.000 0.500 ~92.90
5.000 0.200 155.00
10.000 0.100 : 192.00
20.000 0.050 ' 223.00
50.000 : 0.020 258.00
100.000 0.010 281.00
200.000 0.005 300.00
500.000 0.002 322.00
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Table 35 Sample Statistics and Frequéncy Regime Data for |
Wakeby Distribution - Rainfall

FREQUENCY ANALYSIS - WAKEBY DISTRIBUTION
RAIN - FORREST KERR CREEK ABOVE 460 M CONTOUR

- SAMPLE STATISTICS

MEAN S.D. C.V. C.S. C.K.

X SERIES 103.867 67.253- 0.647 0.702 3.574

LN X SERIES 4.425 0.710 0.160 -0.133 2.405
X(MIN)= 29.700 TOTAL SAMPLE SIZE= 15
X(MAX) = 254.000 NO. OF LOW OUTLIERS= 0
LOWER OUTLIER LIMIT OF X= 16.959 : NO. OF ZERO FLOWS= 0

THE FOLLOWING WAKEBY PARAMETERS WERE OBTAINED VIA ITERATION FOR
PARAMETER B, ASSUMING M TO BE NON-ZERO.

M= 20.999 A= -9.191 B= 10.24 C= -332.783 D=-0.378
' DISTRIBUTION IS5 UPPER BOUNDED AT E= 0.3446E+03

FLOOD FREQUENCY REGIME

RETURN EXCEEDANCE FLOOD
PERIOD PROBABILITY
1.003 0.997 21.10
1.050 ' 0.952 : 23.50
1.250 10.800 39.60
2.000 . - 0.500 88.50
5.000 0.200 163.00
10.000 0.100 205.00
20.000 - 0.050 237.00
50.000 0.020 269.00
100.000 0.010 286.00
200.000 - 0.005 300.00
500.000 0.002 313.00
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Table 36 Low Flow Frequency - Minimum Daily Discharge

OUCHOOG FOREEST KERR CREEH OVE

LoDaY Low FLOW MEAN DISCH. I

MY Gl

STARTING Looay
MONTH TEAR MhdN FLOW

CUMUL AT
PROBAETL.

4 1975 0 1
3 1974 0 -
4 1979 0
3 1976 0
3 1977 0 5
it 1a?a {} i
€ 1979 0 .
3 ) Y] ;

3 0 |

o

1983 L 0aof
19834 0 '

198% Da?

o

LG
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Table 37 Sample Statistics and Frequency Regime Data for Gumbel III
Distribution

DULGEOGE FORKREST KERR CREEK AROVE 460 m CONTOUR

DAY LOW FLOW HMEAN DISCH. IN PERIODD DEC L TO May

ME @& N = .76 S.l.= L1559 SREW= AT D B0
GUMEBEL II1 DYISTRIRBUTION

M= 13 AMIiN= D049

FEETURN PERIOD (YRS)

L.0G0E

1.010

1,116

1,350

2. 000

G.000
10,000
A0. 000
G0.000
100,000
20C.000

A
GRILER)
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Table 38 Low Flow Frequency - 7 Day Minimum Discharge

START ING 7oAy AOUEND ING CUMLDILAT .
MONTH TEAR MEAR FLOW OREDER REdk PROBABIL.

RETURN

£
L)

4 1973 0.5960 O 1
3 1974 D.5G00 0. &
4 19735 AP PRCIETE 0. 3
] 1976 Q. hAR 0

D

1977 O
{

™

4 1979 0wl X 0. &
3 1979 0.9290 I, ¥
a 0LFT0O0 0w F
3 G.9199 Ou i K

GuB770 [V

>,

GO 0
Q.9970 QS

Q. 7380 1.

L O]

1.
i
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Table 39 Sample Statistics and Frequency Regime Data for Gumbel III
Distribution

OBLEOOO  FORREST KERR CREEK AROVE 460 m C
7OoDAY LOW BLOW MEAN DISCH. TN I

MEAN:= Q.77  G.l.= D.106]1 SREW=
GUMEBEL TIT DISTRIBUTION - FAak

M= 13 XM IH= 0. G50 d

) LoV

BY AKX

T

EETURMN PERIOD (YRS

1,600

10.000
20,000
HB0.000
106,000
A00.000
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Table 40 Low Flow Frequency - 14 Day Minimum Discharge

DBCHOOG FORREST KERER CREEK AROVE 460 m CONTOUR
14 DAY LOW FLOW MEAN DISCH. I PERIOD DEC 1L TO way 31
START LNG 14 Doy
MONTH TEAR MEAN FLOW

CEMDING
TEDER -

ISR

1973 0. 5990

[T

1974 GLEbGO 2
1975 0.60640 3

[EEIN %

1976 0a.bE4A0

3 1977 &
3 19748 &
3 la7a 7
3 °}
3 O
a4

LL0E00



I Table 41 Sample Statistics and Frequency Regime Data for Gumbel III
Distribution
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QACHEOOG  FORREST HERE CREREE ABOVE 460 w CONTOUR
14 DAY LOW FLOW MEAN DISCH. IH PERIOD DEC 1 TO Hay 31
MEAN= 0u79 H5.D.= L1883 SHEW= ¥ R VI 2]
GUMEBEL IIT DISZTRIBUTION - FaRaMBET BY MaXIsur LY

13

M= AMIN= 0.5G6 A L. 491EY e G, Hauy

55T TMATE

RETURN PERIOD (YRS DROUGHT

1,008
1.G10
.11

HO.0G0
100,000
200,000
500,000
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TABLE 42

BASE-FLOW INDEX

YEAR OF RECORD | BASE-FLOW INDEX
1973 A 0.736
1974 0.730
1975 0.776
1976 0.514
1977 | | 0.591
1978 - 0.737
1980 | 0.766
1981 0.624
1982 - 0.735
1983 ' 0.782
1984 0.849

.1985 _ ' 0.778
MEAN = 0.718
SD = 0.094
CV = 0.131
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TABLE 43
PHYSIOGRAPHIC PARAMETERS

Main Main
Basin Average % of Stream Average Channel Channel

Station _ Area Elevation Lakes Densit Slope Length Slope
Name (km?) (m) (km/km?)  (m/km)  (km) (m/km)
Forrest Kerr Cr. 311 4386 0.3183 0.2352 1408 32.3 55.8

ab. 460m Contour

More Creek near 888 4369 0.5394 0.5466 1954 33.6 14.0

the Mouth
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FIGURES 1 - 52
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Figure 1 Key Map of British Columbia Showing Location of Forrest Kerr
Creek and More Creek Basins
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Figure 8 Photographs of
July 8, 1986 -

Stream Channel - Downstream f

Right Bank (top)
| aft Ranlkl (hnttam)

rdm Cableway -
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Figure 9 Photographs of Stream Channel - Upstream from

July 8, 1986 - Right Bank (top)
Left Bank (bottom)

Cableway
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MEAN ANNUAL RUNOFF FOR FORREST KERR CREEK
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Figure 24 Mean Annual Runoff and Mean Monthly Runoff
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‘Figure 43 Combined Frequency Curve - Snowmelt and Rainfall
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MEAN DAILY DISCHARGE IN m3/s
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FORREST KERR CREEK ABOVE 460 M CONTOQOUR

STATION NO. 08CG0O06
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Figure 50 Hydrograph of the Maximum, Minimum, Mean

and Standard Deviation of Daily Discharge
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