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INTRODUCTION

PURPOSE AND SCOPE OF REPORT

In response to a vrequest by the British Columbia Ministry of
Environment, Klohn Leonoff Ltd. has carried out a floodplain mapping
study for the lower Quinsam and Campbell Rivers. The purpose of the
study is to delineate the limits of the 200-year floodplain.

The scope of this study includes:

- derivation of the discharge versus return period relationships for
the Quinsam and Campbell Rivers;

- development of a backwater model, using HEC-2, for the Quinsam and
Campbell Rivers using data from previous floods for calibration;

- . selection of an appropriate tide level to be used for the backwater
studies;

- selection of the appropriate Coastal Flood Level including
freeboard; and

- delineation of the 200-year floodplain using topographic maps
supplied by the British Columbia Ministry of Environment.

The floodplain maps are included in Appendix IV of this report. A study
file has also been prepared containing the computer output for all the
backwater simulations and is bound separately.

To ensure compliance with Ministry of Environment standards and
procedures, discussions were held throughout the course of this study
with Water Management Branch staff, Mr. Peter J. Woods, P.Eng. and
Mr. Richard W. Nichols, P.Eng. Mr. Brendan Holden, P.Eng. also of the
Water Management Branch, participated in the site visit and assisted in
selection of an appropriate Coastal Flood Level. Contact was also made
with James R. Card, P.Eng. of the Nanaimo office of the Ministry of
Environment. Discussions were held with B.C. Hydro staff in the
Engineering Division (P.A. Neudorf, P.Eng.) and Operations Division

KLOHN LEONOFF
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(W.G. Joe, P.Eng. and B.H. Fast, P.Eng.) regarding operation of the
Campbell River dams.

AREA DESCRIPTION

Geography and Climate

The following description of the geography and climate of the area is
taken from a report by B.C. Hydro dated August 1983 entitled "Campbell
River Probable Maximum Flood". The location of the study basin is shown
on the key plan (Drawing A-1001).

"The Campbell River basin lies on the east side of the Vancouver Island
mountains and drains to the north and east into the Strait of Georgia.

The basin above Strathcona Dam is very rugged with peaks rising to
2200 m and small areas of permanent snowpack exist. The reservoir
formed by joining Upper Campbell and Buttle Lakes is about 50 km long
and up to 5 km wide. The creeks feeding the reservoir tend to be short
and steep. The Elk River sub-basin contains the longest watercourse
which is 24 km long and falls about 760 m. The mean basin elevation is
950 m and the basin area is 1194 km2.

Below Strathcona Dam the terrain is much less rugged with rolling
heavily forested hills. The mean basin elevation is 250 m and the local
basin area above Ladore Falls Dam is 243 kmé. The local basin area
above John Hart Dam is 24 km?.

The critical months of the year for heavy precipitation in the Campbell
River basin are October through March. In this period frontal storms
arriving from the southwest off the Pacific Ocean are associated with
strong, moist winds that bring heavy precipitation for durations of a
few hours to four days. Very often a series of cyclonic storms are
carried in the flow of air separated by hours or days.

KLOHN LEONOFF
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During these large winter storms the air temperature may be above
freezing at all altitudes in the basin. Consequently, the accumulated
snowpack may vary appreciably especially at Tow elevations. Typically a
period of cooler weather in which the snowpack increases may be followed
by a larger Pacific disturbance that raises temperatures and melts a
portion of the snowpack."

The Quinsam River basin is located on the eastern side of the Campbell
River basin and drains 280 kmZ. The basin ranges from 1500 m elevation
to 10 m with a mean basin elevation of 370 m. Due to its location it is
subject to the same climatic influences as Campbell River.

B.C. Hydro Dams On The Campbell River

The following excerpt from the B.C. Hydro report dated December 1984,
"Campbell River Inflow Forecasting and Operating Guidelines", describes
the dams on the Campbell River. Maps showing the locations of the dams
are contained in Operating Order No. 433, Appendix III.

"Three hydroelectric developments were built on the main stem of the
Campbell River from 1946 to 1958 with a total nameplate generating
capacity of 241.5 MW. Three diversions augment inflows to the system.

The Strathcona Development, constructed in 1957/58, is the furthest
upstream and provides significant reservoir storage for the regulation
of inflows. The reservoir storage between E1. 220.0 (721.7 ft) and the
maximum allowable reservoir level E1. 224.64 (737.0 ft) is approximately
300 x 106 m3. Two units have a nameplate generating capacity of 67.5 MW
and an average hydraulic capacity of about 180 m3/s. Spill facilities
include a Howell-Bunger valve with an average capacity of about 113 m3/s
and a spillway with three vertical 1ift gates and a discharge capacity
of 1220 m3/s at E1. 224.64. A dam on the Heber River diverts a maximum

KLOHN LEONOFF
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flow of 8.5 m3/s into Upper Campbell Lake. A dike permanently diverts
Crest Creek into Upper Campbell Lake.

Downstream of Strathcona is the Ladore Falls development which was
constructed in 1949 with modifications from 1955 to 1957. The dam
provides about 34 x 106 m3 of reservoir storage between the winter
operating level E1. 177.7 (583.0 ft) and the maximum allowable reservoir
Tevel E1. 178.92 (587.0 ft). Two units have a nameplate generating
capacity of 54 MW and an average hydraulic capacity of about 165 m3/s.
Spill facilities include a Howell-Bunger valve with an average capacity
of about 96 m3/s and a spillway with three vertical 1ift gates and a
discharge capacity of 1925 m3/s at E1. 178.92. A dam on the Salmon
River diverts a maximum flow of 42.5 m3/s into Lower Campbell Lake.
Dams on the Quinsam River divert a maximum flow of 8.5 m3/s into Lower
Campbell Lake.

Downstream of Ladore is the John Hart development which was constructed
from 1946 to 1953. The dam provides only pondage for turbine operation
and a source of potable water for Campbell River. Six units have a
nameplate generating capacity of 120 MW and a hydraulic capacity of
about 124 m3/s. Spill facilities consist of a spillway with three
vertical 1ift gates and a discharge capacity of 1895 m3/s at E1. 140.73
(461.7 ft).

DATA USED FOR STUDY

DATA SOURCES

Sources of data used for this study were, B.C. Hydro reports and data,
Ministry of Environment reports, Water Survey of Canada data and
Fisheries and Oceans data. Data sources are referenced below with a
brief explanation of their applicability.

a) "Operations Summary of the Campbell River Reservoirs and
River Diversions", Operating Order No. 433, Operations

KLOHN LEONOFF
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b)

f)

Control Department, B.C. Hydro, April 25, 1986. This
document, contained in Appendix III, was used to develop
a simulation model to route various floods through the
Campbell River System. Included in this document were
reservoir data and spillway and turbine rating curves.
See Section 3.

Daily Power Records Data, Operations Control Department,
B.C. Hydro, 1963-1987. This data was reviewed to obtain
inflow volume data for Strathcona Reservoir. Historical
reservoir operating practices were also analysed. See
Sections 3 and 4, and Table 1.

B.C. Hydro, Interoffice Memo, to Mr. P.W. Bell, from
R.H.D. Grace, February 24, 1987, File No. 502-1506.0.
Subject: Downstream Flow Conditions at John Hart. Data
contained in this memo was used for the January 13, 1987
calibration of HEC 2 backwater model. See Section 5.

Water Survey of Canada daily flow data for:

Station 08HDOO1 - Campbell River at Outlet of Campbell Lake;
Station 08HDOO3 - Campbell River near Campbell River;
Station 08HDOO5 - Quinsam River near Campbell River.

Data from the latter two stations were used to obtain specific
return period flood flows and relationships between Strathcona
inflow and Quinsam River flow. See Section 4.2. Data from
the first station was used for comparison purposes with the
results of this study. See Sub-Section 4.1.5.

River Survey, Project 87-FDC-1, British Columbia Ministry
of the Environment. This river survey data included
digital and non-digital cross-section data for the
Quinsam and Campbell Rivers. Plots of sections, photos,
and high water marks were also provided. These were used
to set up and calibrate the HEC 2 backwater model. See
Section 5.1.

"Coastal Environment and Coastal Construction, A
Discussion Paper - Elevations and Setbacks for Flood and
Erosion Prone Areas", B. Holden, British Columbia
Ministry of Environment, 1987. This reference was used,
in conjunction with a site visit with Mr. Holden, to
determine the appropriate Coastal Flood Level. See
Section 5.3.

KLOHN LEONOFF
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g) "Transcript of the Hearing of Campbell River Flooding",
British Columbia Department of Lands and Forests, Water
Rights Branch, Water Investigations Branch, April 28,
1954. This transcript provided historical background and
general information on hydrologic conditions resulting in
flooding in the Campbell River area.

h)  "Campbell River Probable Maximum Flood", B.C. Hydro,
HGPD, Report No. H1626, August 1983. This report
provided general hydrologic data and specific information
used for routing inflows through the Campbell River
System. See Section 4.1.

i) "Campbell River [Inflow Forecasting and Operating
Guidelines", B.C. Hydro, HGPD, Report No. H1436, December
1984. This report provided detailed information on the
development of the existing operating order
(Reference 2.1a).

J) Fisheries and Oceans, Tide Tables. These data were used
in the analysis of the Coastal Flood Construction Level
and backwater modelling. See Section 5.3.

k)  "Loveland Bay Saddle Dam - Potential For Breaching To Reduce
Flooding in Lower Campbell River - Overview Study", Draft,
B.C. Hydro, HED, Report No. 2053, May 1988. This report along
with discussions with B.C. Hydro Engineer, P.A. Neudorf,
P.Eng., confirmed the applicability of the probability-tree
analysis described in Section 4.1.

HISTORIC FLOODING

A site visit was made on January 31 to February 1, 1989 by Richard
Rodman, P.Eng. of Kiohn Leonoff Ltd. An assessment was made of the
overbank flow areas along the Quinsam and Campbell Rivers. Areas of
ineffective flow were identified along with treed, shrub covered and
non-vegetated areas. Adjustments were made to the backwater model to
account for conditions which were not evident from the topographic maps.

"Transcript of the Hearing of Campbell River Flooding", dated April 28,

1954, contained descriptions from local residents of flooding in the
Campbell River area. Flooding in the area of Campbell River Lodge, on

KLOHN LEONOFF
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the south bank of Campbell River, occurred in 1908, February 1935,
November 1939 and 1953. The maximum daily discharges measured at WSC
Gauge No. 08HDOO1l for the February 1935 and November 1939 floods were
762 m3/s and 858 m3/s. The maximum daily discharge measured at WSC
Gauge No. 08HDOO3 for the November 1953 flood was 580 m3/s. In December
1933 a small office on Tyee Spit was washed away by high tides and high
winds. Long time local residents comment that winter flooding is to be
expected in the area.

An attempt was made to obtain additional historic data on flooding. A
few photographs were on file in the public museum depicting flooding on
the banks of the Lower Campbell River. Most photographs were undated
but several were from the 1935 flood. A private citizen, Ray Compton of
701 Thulin Street, Campbell River was contacted. He had three
photographs of the 1935 flood including the Campbell River Lodge,
Quinsam Hotel and the old highway bridge. Negatives were not available
for photographic reproduction. The photographs demonstrated that high
tide levels and high river discharges have resulted in the Campbell
River overflowing its banks.

An article from the local newspaper, the Campbell River and Area Mirror,
dated November 19, 1975 referred to flooding on the Campbell River. It
states that "the Campbell River rose to a point where it was almost
touching the Island Highway bridge". The flooding at the Quinsam River
Fish Hatchery is also described (see Appendix I).

RESERVOIR OPERATION PROCEDURES

The Campbell River flood flows have been altered due to the construction
of three dams; Strathcona (1957/58), Ladore Falls (1949) and John Hart
(1946 to 1953). Strathcona Dam, the furthest upstream, is the only dam
which has significant flood storage capabilities. The other two dams

KLOHN LEONOFF
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are essentially run-of-river plants with capability of several hours of
storage only.

The B.C. Hydro Campbell River System, under normal conditions, is
operated by the Operations Control Department at Burnaby Mountain in the
Lower Mainland. During flood situations control is transferred to site
personnel. Discussions were held with Norm Smith, Superintendent of the
Campbell River System, regarding the operation of the Campbell River
System.

He stated that prior to 1986 the normal maximum operating level of
Strathcona Reservoir was 221 m. During flood events water level
readings at Campbell River Lodge are used to determine how much water
can be released. If tide levels are very high, releases are reduced
until tide levels drop. If the critical maximum reservoir Tlevel, as
defined in the Operating Order, is attained then releases must be made
regardless of tide levels.

If sufficient water is available to fill the reservoir, the reservoir is
kept as close as possible to the normal maximum level. The last two
years have been low runoff years and therefore reservoir levels have
been Tow.

Following the completion of a Probable Maximum Flood (PMF) study in
1983, new operating orders were introduced (see Reference 2.la,
Appendix III). The new operating order contains a logic diagram
detailing how the dams are to be operated in the event of large inflows.
PMF flood routings were carried out to determine at what reservoir level
it would be necessary to fully open all spill facilities. This level is
dependent on the volume of snow runoff expected and the volume of the
flood already stored. I[f the reservoir was quite Tow prior to the
beginning of the flood event, then much of the flood may be stored and

KLOHN LEONOFF
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the spill facilities need not be fully opened. If the reservoir is
close to normal maximum and a major flood event occurs, the spill
facilities would most 1likely need to be fully opened to prevent
overtopping should this event be the PMF.

HYDROLOGY
CAMPBELL RIVER
General Methodoloqy

Estimating a return period for outflows from the John Hart Dam involves
a combination of simulation and probability analysis wusing a
probability-tree method. Discussions with a B.C. Hydro Engineer
involved in another study on the Campbell River confirmed the
applicability of this method. (Reference (k) in Section 2.1).

Reservoir Levels

The probability associated with the initial reservoir Tlevel was
estimated based on 18 of 25 years of recorded data. Two years were
missing initial reservoir levels and five years were considered dry
years with abnormally Tow Tlevels. For each storm season, November
through February, the maximum five-day volume storm and the associated
initial reservoir level were selected (see Table 1). A percent duration ‘
analysis of the difference between the maximum normal operating 1eve1{2221f5?w€
and the reservoir Tlevel prior to the storm was carried out
(Drawing A-1002). The probability of the initial reservoir level being
within a given range was obtained by computing the difference of the
probabilities of the reservoir level being at the end points of the

range.

KLOHN LEONOFF
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TABLE 1
FIVE DAY STORM INFLOW VOLUMES o
AND ASSOCIATED RESERVOIR LEVEL PRIOR Aol SRR AAY Ej‘gﬁ
TO STORM EVENT* JWEL g e L
STRATHCONA RESERVOIR gusaiing
Storm 5-Day Inflow Initial
Date VoTlume Reservoir Level
(millions m3) (m)
Feb 3 - 7, 1963 250.71 218.45
Dec 22 - 26, 1963 219.22 218.85
Oct 19 - 23, 1965 165.10 217.75
Dec 15 - 19, 1966 207.58 220.00
Jan 17 - 21, 1968 235.34 221.47
Oct 26 - 30, 1968 199.00 221.53~
Jan 28 - Feb 1, 1971 158.14 215.80
Nov 7 - 11, 1971 111.82 218.54
Mar 15 - 19, 1972 177.74 214.94
Jan 14 - 18, 1973 105.68 218.05
Jan 14 - 18, 1974 144.02 219.30
Dec 16 - 20, 1974 92.29 219.03
Nov 2 - 6, 1975 257.81 219.61
Dec 15 - 19, 1976 117.21 218.48
Oct 22 - 26, 1977 134.37 217.11
Nov 6 - 10, 1978 133.14 219.06
Dec 17 - 21, 1979 171.23 220.10
Dec 24 - 28, 1980 212.53 220.68:
Oct 30 - Nov 3, 1981 125.40 218.10
Oct 22 - 26, 1982 257.60 218.85
Jan 3 - 7, 1984 140.57 -
Oct 7 - 11, 1984 192.67 -
Feb 24 - 28, 1986 131.24 218.39
Mar 4 - 8, 1987 175.65 219.17
Nov 20 - 24, 1987 93.92 215.36 -

* Data from
Control Department, B.C. Hydro.

Reference 2.1b,

KLOHN LEONOFF
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Volume Frequency Analysis

A frequency analysis was carried out on the five-day storm volumes using
the Environment Canada computer program, CFA88 (see Table 2). The
probability of occurrence of a storm within a selected volume range was
obtained by computing the difference of the probabilities of the volumes
at the end points of the range.

TABLE 2

FIVE-DAY STORM INFLOW VOLUME FREQUENCY
ANALYSIS FOR UPPER CAMPBELL LAKE
LOG PEARSON TYPE III DISTRIBUTION

Return Period Exceedance Volume
(Years) : Probability (millions m3)
1.003 0.997 54.5
1.05 0.952 90.4
1.25 0.800 125.0
2.0 0.500 166.0
5.0 0.200 210.0
10.0 0.100 234.0
20.0 0.050 254.0
50.0 0.020 275.0
100.0 0.010 289.0
200.0 0.005 301.0
500.0 0.002 316.0

Reservoir Operation Simulation

A computer program was written, using Quick Basic, to simulate the
reservoir operation procedure. A program Tisting and sample output are
contained in Appendix II. The program code is filed on the supplied
diskette together with the HEC-2 data files. The program logic follows
the Tlogic diagram (Figure 4-3) contained in the operating order
(Appendix III). Sufficient comments have been included in the program

KLOHN LEONOFF
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Tisting to allow identification of the path through the logic diagram.
The Tast column of the resulting table indicates which step was
implemented to obtain the outflow for that time step.

As can be seen on the sample output, diversion inflow from the Heber
River is very small compared to storm inflows to Upper Campbell Lake.
The diversion is turned off in the event of large inflows and a high
reservoir Tevel. The shape of the inflow hydrographs was based on a
typical storm December 24 to 26, 1980. A six-hour time step was
sufficient to simulate operation of the system.

B.C. Hydro monitors river levels on the Lower Campbell River and if
possible reduces releases from the dams to prevent flooding. If the
reservoir is below normal maximum, downstream flood protection measures
are implemented. Figure 4-1 in the operating order (Appendix III)
indicates flood levels given a tidal level and river flow. A mean tidal
cycle was included in the routing program. The total downstream river
discharge had to be estimated. Local inflows to Ladore and John Hart
were estimated as 14% and 1.4% of the Strathcona inflow, respectively.
These ratios were obtained from Reference 2.1h, "Campbell River Probable
Maximum Flood".

The coincident Quinsam River flow ranged from 12% to 5% of the
Strathcona inflow. These figures were obtained by comparison of peak
flows on the Quinsam River with Strathcona inflows. The routings
demonstrated that inflows downstream of Strathcona Dam only influence
the maximum releases for events with combined return periods less than
approximately eight years. For events greater than this the spillway
gates must be fully opened to prevent overtopping should the event turn
out to be a PMF.
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Outflow Frequency

A probability-tree analysis was used to determine the outflow frequency
relationship. A series of ranges of initial reservoir levels were
selected with mid-points from 2.60 m to 0.07 m below normal maximum
reservoir level. Up to nine storm volume ranges were selected. For
each mid-range starting level, the mid-range storm volumes were routed
through the Campbell River System, following the operating orders, to
obtain the peak outflow for each combined event. The combined event
probability 1is the product of the initial reservoir level range
probability (Section 4.1.2) and the storm volume range probability
(Section 4.1.3.). The peak outflows from each combined event were then
ranked and a cumulative probability distribution developed from the
combined event probabilities. Tables 3 and 4 demonstrate the
probability-tree analysis for Strathcona peak outflows.

The resulting probability release relationship for Strathcona Dam, given
in Table 4, is shown on Drawing A-1003. The John Hart release is
calculated as Strathcona release plus local inflows, as described in
Section 4.1.4 above. Events with return periods less than two years may
be passed with power releases only. For events with return periods
between two and eight years, power releases and controlled spilling are
necessary. For events with return periods greater than eight years, all
release facilities must be fully opened for periods of 12 hours or
greater. Drawing A-1003 is generally in agreement with analyses carried
out by B.C. Hydro in a separate concurrent study. It is apparent from
this relationship that the B.C. Hydro dams provide flood control only
for floods with a return period less than about 1 in 8 years.

The resulting 20-year and 200-year return period mean daily releases
from John Hart are 1084 m3/s and 1340 m3/s, respectively.

KLOHN LEONOFF
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A Water Survey of Canada gauge, Campbell River at Outlet of Campbell
Lake No. 08HD0O1, was in operation from 1910 to 1949. This gauge was
Tocated near the present location of Ladore Dam with a drainage area of
1400 kmz, compared to 1461 km at John Hart dam (including Heber, Salmon
and Quinsam Diversions). A frequency analysis was carried out using the
Three Parameter Log Normal distribution on the unregulated annual
maximum daily flows for this gauge as shown on Drawing A-1004. The 200-
year return period flood estimate for the gauge of 1240 m3/s is similar
to the value of 1340 m3/s, obtained above, for releases from John Hart
Dam. It should be noted that the analyses were for different periods of
record and the John Hart releases include diversions from other drainage
basins.

For comparison purposes, a Three Parameter Log Normal distribution was
fitted to recorded Campbell River flows downstream of John Hart Dam, WSC
Station No. 08HD003. This is shown on Drawing A-1005. The 200-year
flood indicated by this relationship is 880 m3/s, Tess than the 1340
m3/s determined above. This difference is because very few of the
historic floods were large enough to result in full gate opening. This
results in poor definition for the upper end of the frequency
relationship.
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TABLE 3

RESERVOIR ROUTING RESULTS

FOR _STRATHCONA DAM

May 19, 1989

RUN DIFFERENCE BETWEEN PROBABILITY FLOOD VOLUME PROBABILITY STRATHCONA COMBINED
NUMBER NORMAL MAXIMUM AND OF BEING RANGE OF BEING MAXIMUM DAILY EVENT
INITIAL LEVEL. WITHIN RANGE (milions m3) WITHIN RANGE QUTFLOW (m3/s) PROBABILITY
RANGE (m)
1 2.2 -3.0 0.37 >316 .002 400 0.00074
2 2.2 - 3.0 0.37 301 - 316 .003 400 0.00111
3 2.2 - 3.0 0.37 289 - 301 .005 400 0.00185
4 2.2 -3.0 0.37 275 - 289 .01 400 0.0037
5 2.2 - 3.0 0.37 254 - 275 .03 400 0.0111
6 2.2 - 3.0 0.37 210 - 254 .15 170 0.0555
7 2.2 - 3.0 0.37 166 - 210 .30 170 0.111
8 2.2 - 3.0 0.37 <166 .50 170 0.185
9 1.5 - 2.2 0.23 >316 .002 400 0.00046
10 1.5 -2.2 0.23 301 - 316 .003 400 0.000869
11 1.5 - 2.2 0.23 289 - 301 .005 400 0.00115
12 1.5 - 2.2 0.23 275 - 289 .01 400 0.0023
13 1.5-2.2 0.23 254 - 275 .03 400 0.0069
14 1.5-2.2 0.23 210 - 254 .15 400 0.0345
15 1.5-2.2 0.23 166 - 210 .30 170 0.069
16 1.5-2.2 0.23 <166 .50 170 0.115
17 0.7 - 1.5 0.15 >301 .005 400 0.00075
18 0.7 -1.5 0.15 275 - 301 .015 400 0.00225
19 0.7 - 1.5 0.15 254 - 275 .03 400 0.0045
20 0.7 - 1.5 0.15 234 - 254 .05 400 0.0075
21 0.7 - 1.5 0.15 210 - 234 .10 400 0.015
22 0.7 -1.5 0.15 166 - 210 .30 400 0.045
23 0.7 - 1.5 0.15 125 - 166 .30 400 0.045
24 0.7 - 1.5 0.15 <125 .20 170 0.03
25 0.3 - 0.7 0.10 >289 .01 1027 0.001
26 0.3 - 0.7 0.10 275 - 289 .01 988 0.001
27 0.3 - 0.7 0.10 254 - 275 .03 362 0.003
28 0.3 - 0.7 0.10 234 - 254 .05 937 0.005
29 0.3 - 0.7 0.10 210 - 234 .10 400 0.01
30 0.3 -0.7 0.10 166 - 210 .30 400 0.03
31 0.3 -0.7 0.10 125 - 166 .30 400 0.03
32 0.3 - 0.7 0.10 <125 .20 400 0.02
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TABLE 3
(continued)
RUN DIFFERENCE BETWEEN | PROBABILITY FLOOD VOLUME PROBABILITY STRATHCONA COMBINED
NUMBER | NORMAL MAXIMUM AND | OF BEING RANGE OF BEING MAXIMUM DAILY EVENT
INITIAL LEVEL. WITHIN RANGE (millions m®) | WITHIN RANGE | OUTFLOW (m3/s) | PROBABILITY
RANGE (m)
33 0.12 - 0.3 0.08 >289 .01 982 0.0008
34 0.12 - 0.3 0.08 254 - 289 .04 974 0.0032
35 0.12 - 0.3 0.08 210 - 254 .15 930 0.012
36 0.12 - 0.3 0.08 188 - 210 .15 892 0.012
37 0.12 - 0.3 0.08 166 - 188 .15 905 0.012
38 0.12 - 0.3 0.08 146 - 166 .15 883 0.012
39 0.12 - 0.3 0.08 125 - 146 .15 862 0.012
40 0.12 - 0.3 0.08 90 - 125 15 400 0.012
a1 0.12 - 0.3 0.08 <90 .048 170 0.00384
42 0.12 - 0.02 0.05 >289 .01 1003 0.0005
43 0.12 - 0.02 0.05 254 - 289 .04 959 0.002
44 0.12 - 0.02 0.05 210 - 254 .15 916 0.0075
45 0.12 - 0.02 0.05 188 - 210 .15 880 0.0075
46 0.12 - 0.02 0.05 166 - 188 .15 891 0.0075
47 0.12 - 0.02 0.05 146 - 166 .15 869 0.0075
48 0.12 - 0.02 0.05 125 - 146 .15 854 0.0075
49 0.12 - 0.02 0.05 90 - 125 15 701 0.0075
50 0.12 - 0.02 0.05 <80 0.048 170 0.0024
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TABLE 4

May 19, 1989

CUMULATIVE PROBABILITY FOR STRATHCONA MAXIMUM DAILY OUTFLOWS

RUN ORDERED COMBINED CUMULATIVE RETURN
NUMBER STRATHCONA EVENT PROBABILITY PERIOD
OUTFLOW (m3/s) PROBABILITY (YRS)

25 1027 0.001 0.001 1000.0
42 1003 0.0005 0.0015 666.7
26 988 0.001 0.0025 400.0
33 982 0.0008 0.0033 303.0
34 974 0.0032 0.0065 153.8
27 962 0.003 0.0095 105.3
43 959 0.002 0.0115 87.0
28 937 0.005 0.0165 60.6
35 930 0.012 0.0285 35.1
44 916 0.0075 0.036 27.8
37 905 0.012 0.048 20.8
36 892 0.012 0.06 16.7
46 891 0.0075 0.0675 14.8
38 883 0.012 0.0795 12.6
45 880 0.0075 0.087 11.5
47 869 0.0075 0.0945 10.6
39 862 0.012 0.1065 9.4
48 854 0.0075 0.114 8.8
49 701 0.0075 0.1215 8.2
29 400 0.01 0.1315 7.6
18 400 0.00225 0.13375 7.5
21 400 0.015 0.14875 6.7
17 400 0.00075 0.1495 6.7
23 400 0.045 0.1945 5.1
5 400 0.0111 0.2056 4.9
19 400 0.0045 0.2101 4.8
1 400 0.00074 0.21084 4.7
22 400 0.045 0.25584 3.9
20 400 0.0075 0.26334 3.8
11 400 0.00115 0.26449 3.8
30 400 0.03 0.29449 3.4
3 400 0.00185 0.29634 3.4
32 400 0.02 0.31634 3.2
12 400 0.0023 0.31864 3.1
14 400 0.0345 0.35314 2.8
40 400 0.012 0.36514 2.7
9 400 0.00046 0.3656 2.7
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TABLE 4
(continued)
RUN ORDERED COMBINED CUMULATIVE RETURN
NUMBER STRATHCONA EVENT PROBABILITY PERIOD
OUTFLOW (m3/s) PROBABILITY (YRS)
13 400 0.0069 0.3725 2.7
10 400 0.00069 0.37319 2.7
31 400 0.03 0.40319 2.5
4 400 0.0037 0.40689 2.5
2 400 0.00111 0.408 2.5
16 170 0.115 0.523 1.9
6 170 0.0555 0.5785 1.7
7 170 0.111 0.6895 1.5
15 170 0.069 0.7585 1.3
41 170 0.00384 0.76234 1.3
24 170 0.03 0.79234 1.3
8 170 0.185 0.97734 1.0
50 170 0.0024 0.97974 1.0
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QUINSAM RIVER

The Quinsam River drainage basin is adjacent to the Upper Campbell River
basin. Their respective drainage areas are 280 kmZ and 1194 km2. The
Quinsam basin is at an elevation ranging from 10 m to 1500 m while the
Upper Campbell River basin ranges from 200 m to 2200 m.

From an analysis of the 25 peak annual storms on record, it was
determined that peak inflows to Upper Campbell Lake occurred
approximately one and one-half days prior to peak flows on the Quinsam
River. Operational and flow records on the Lower Campbell River
indicated that the associated peak downstream flows occurred
approximately one to two days after the Upper Campbell Lake peak
inflows. This was a result of river travel time and the effects of
routing through three reservoirs. Thus it is reasonable to assume that
during a large event on the Campbell River basin peak flows on the
Campbell and Quinsam Rivers would be coincident.
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The frequency analysis program, CFA88, was used to obtain the
Generalized Extreme Value frequency distribution given in Table 5 and
plotted on Drawing A-1006. This distribution resulted in the best fit
of the data. The analysis was based on 31 years of maximum daily
discharges as recorded by Water Survey of Canada at their station
08HDOO5, Quinsam River near Campbell River. A1l of these maximums
occurred in the winter period when high inflows could be expected on the
Campbell River. Records of instantaneous discharges indicated that the
instantaneous discharge was less than 1.10% of the mean daily discharge.

TABLE 5

GENERALIZED EXTREME VALUE
FREQUENCY ANALYSIS OF MAXIMUM DAILY FLOWS -
QUINSAM RIVER NEAR CAMPBELL RIVER

Return Period Exceedance Flow
(Years) , Probability (m/s)
1.003 0.997 12.4
1.050 0.952 25.0
1.25 0.800 38.5
2.0 0.500 58.3
5.0 0.200 88.7
10.0 0.100 112.0
20.0 0.050 136.0
50.0 0.020 171.0
100.0 0.010 201.0
200.0 0.050 233.0
500.0 0.002 280.0

COMBINED FLOWS

For the purposes of floodplain mapping the 20 and 200 year maximum daily
flows on the Quinsam River, 136 m3/s and 233 m3/s have been combined
with the 20 and 200 year John Hart releases of 1084 m3/s and 1340 m3/s,
respectively.
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HYDRAULIC ANALYSIS

BACKWATER MODEL CALIBRATION

The HEC-2 backwater model was used to estimate river levels. A detailed
survey had been carried out by the Ministry of Environment which

included 25 river cross-sections on the Campbell River and 16 river
cross-sections on the Quinsam River. These cross-sections were provided
to Klohn Leonoff in digital form along with maps showing their location
and a series of photographs of the left and right banks of each cross-
section and views looking upstream and downstream at each cross-section.

High water marks, recalled by local residents from a November 15, 1975
flood, were surveyed at three locations on the Campbell River and three
Tocations on the Quinsam River. On the January 13, 1987, B.C. Hydro
took water level measurements and flow discharge measurements at seven
Tocations on the Campbell River (see Reference 2.1c). Figure A-1007
shows a typical rating curve developed by B.C. Hydro for cross
section 13. The 20 and 200 year flood levels excluding freeboard are
plotted on this figure.

The November 1975 flood had discharges of 565 m3/s on the Lower Campbell
River and 138 m3/s on the Quinsam River, as recorded by Water Survey of
Canada. This event had a return period in the range of two to eight
years on the Campbell River and one in 20 years on the Quinsam River.
The January 1987 flood had discharges of 486 m3/s on the Lower Campbell
River and 49 m3/s on the Quinsam River. This event had a return period
in the range of two to eight years on the Campbell River and one in two
years on the Quinsam River. Associated tide Tevels for the two flood
events were 0.5 m and 0.9 m, respectively, as taken from published tidal
charts and Reference 2.lc.
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Both these events were used for calibration purposes taking advantage of
the range of flows and the different associated tide levels. A
reasonable calibration was obtained for both floods as shown on Table 6.
Calibration points are shown on Drawings B-1008 and B-1009.

TABLE 6
HEC-2 CALIBRATION RESULTS

-

—

—

™

— (2

Distance November 15, 1975 January 13, 1987
U/S From
Mouth of
Campbell Cross Recorded Calibrated Recorded Calibrated
River Section Level Level Level Level
(km) Number (m) (m) {m) (m)
1.0 3 - - 1.01 0.94
1.8 5 - - 1.34 1.34
2.1 6 2.30 2.16 1.92 1.99
2.6 8 - - 2.71 2.87
2.9 10 4.80 4.42 - -
3.3 11 5.42 5.32 4.85 5.09
3.7 13 - - 6.29 6.25
4.1 16 - - 7.35 7.40
Distance
U/S From
Mouth of
Quinsam
River
(km)
1.1 8/9 14.51 14.20/14.59 - -
1.3 10 14.54 15.16 - -
1.4 11 15.77 15.41 - -

_ = O3

e
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Flood levels were well below bridge decks and therefore no special
considerations were needed. The Island Highway bridge, crossing the
Campbell River 2.6 km from the mouth, has no piers to restrict flows.
The Tog bridge crossing the Campbell River 3.7 km upstream of the mouth
has four piers which must be accounted for. The piers were modelled by
adding points to the cross-section data to simulate piers. This reduces
the flow area by the appropriate amount and also increases the wetted
perimeter. It was felt that the detailed method of estimation of pier
loss coefficients would introduce more error than accuracy. The
selected method resulted in a good calibration for the January 13, 1987
data.

The same method was used for the two piers on the Highway 28 bridge,
crossing the Quinsam River near the mouth.

For calibration, the main channel "n" values ranged from 0.035 to 0.065
and the overbank values ranged from 0.12 to 0.20 depending on conditions
at each section. Each cross section was inspected during the site visit
to confirm that the selected "n" values were reasonable.

SENSITIVITY ANALYSIS

The sensitivity of the backwater model investigated by varying the
discharges, "n" values and tidal level. Table 7 contains the results of
these runs. The 200-year Designated Flood Level run was used as the
Base Case for the sensitivity analysis.
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TABLE 7
SENSITIVITY ANALYSIS RESULTS
WATER SURFACE ELEVATION* (m)
CROSS BASE CASE CASE 1  CASE 2  CASE 3  CASE 4 CASE 5 CASE 6
SECTION
NUMBER 200-YEAR 20-YEAR HHW Extreme
RETURN RETURN Q-10%  Q+10% "n"-10%  "n"+10%  Mean Tide Tide on
PERIOD PERIOD Record
FLOOD FLOOD
CAMPBELL RIVER
1 1.9 1.9 1.9 1.9 1.9 1.9 1.2 2.4
2 2.0 2.0 2.0 2.0 2.0 2.0 1.4 2.5
3 2.0 2.0 2.0 2.0 1.9 2.1 1.5 2.4
4 2.6 2.3 2.5 2.8 2.5 2.8 2.4 2.9
5 3.3 2.8 3.1 3.5 3.0 3.5 3.1 3.4
6 4.3 3.7 4.0 4.5 4.0 4.5 4.2 4.3
7 4.6 4.0 4.4 4.8 4.4 4.8 4.6 4.8
8 5.0 4.5 4.8 5.2 4.7 5.2 5.0 5.0
9 5.1 4.6 4.9 5.2 4.9 5.3 5.1 5.1
10 7.3 6.1 6.9 7.7 6.9 7.6 7.3 7.3
11 7.8 6.9 7.4 8.1 7.4 8.1 7.8 7.8
12 8.4 7.6 8.1 8.7 8.1 8.7 8.4 8.4
13 9.1 8.3 8.7 9.4 8.7 9.4 9.1 9.1
14 9.2 8.3 8.8 9.5 8.7 9.5 9.2 9.2
15 9.6 8.8 9.3 9.9 9.5 9.8 9.6 9.6
16 10.4 9.8 10.1 10.7 10.2 10.6 10.4 10.4
17 10.5 9.7 10.2 10.8° 10.2 10.7 10.5 10.5
18 10.7 10.0 10.5 11.0 10.5 11.0 10.7 10.7
19 11.0 10.3 10.7 11.3 10.8 11.3 11.0 11.0
20 12.0 11.6 11.8 12.2 11.8 12.3 12.0 12.0
21 13.9 13.3 13.6 14.1 13.7 14.0 13.9 13.9
22 14.8 14.1 14.3 14.9 14.4 14.8 14.6 14.6
23 15.1 14.7 14.9 15.4 14.9 15.4 15.1 15.1

* Freeboard not included
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TABLE 7
(continued)
CROSS BASE CASE CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6
SECTION
NUMBER 200-YEAR 20-YEAR HHW Extreme
RETURN RETURN Q-10% Q+10% "n"-10% "n"+10% Mean Tide Tide on
PERIOD PERIOD Record
FLOOD FLOOD
Quinsam River
1 10.5 9.7 10.2 10.8 10.2 10.7 10.5 10.5
2 10.5 9.8 10.2 10.8 10.2 10.7 10.5 10.5
2.5 10.6 9.8 10.3 10.9 10.3 10.8 10.6 10.6
3 11.0 10.1 10.8 11.3 10.8 11.3 11.0 11.0
4 11.8 11.0 11.7 12.0 11.6 12.0 11.8 11.8
5 12.7 12.0 12.6 12.8 12.5 12.9 12.7 12.7
6 13.7 13.0 13.6 13.9 13.7 13.8 13.7 13.7
7 14.4 13.7 14.3 14.6 14.3 14.5 14.4 14.4
8 14.9 14.2 14.7 15.0 14.7 15.0 14.8 14.9
<] 15.2 14.6 15.1 15.4 15.1 15.4 15.2 15.2
10 15.7 15.1 15.6 15.8 15.6 15.7 15.7 15.7
11 16.0 15.4 15.9 16.1 16.0 16.0 16.0 16.0
12 17.2 16.6 17.1 17.3 7.1 17.3 17.2 17.2
13 17.5 16.9 17.4 17.7 17.4 17.7 17.5 17.5
14 18.8 18.3 18.7 18.9 18.7 18.9 18.8 18.8
15 19.5 18.8 19.3 19.7 19.5 19.5 19.5 19.5
16 20.0 19.2 19.8 20.2 20.0 20.1 20.0 20.0

* Freeboard not included

The discharge was varied $10% of the base case. The resulting flows

were:

CASE 1 CASE 2

m3/s m3/s
Campbell River Above Quinsam River 1206 1474
Quinsam River 210 256
Campbell River Below Quinsam River 1416 1730
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The maximum variation in flood level was +0.4 m on the Campbell River
and 0.3 m on the Quinsam River.

The estimated "n" values were varied +10% of the base case values given
in Section 5.1. Case 3 has low "n" values and Case 4 has high "n"
values.

The maximum variation in flood level was +0.4 m on the Campbell River
and +0.3 m on the Quinsam River.

The tidal level used for the Base Case was the Higher High Water Large
Tide, 1.9 m GSC. Tidal sensitivity was tested using the Higher High
Water Mean Tide, 1.2 m GSC, and the Extreme on Record, 2.4 m GSC,
Cases 5 and 6, respectively. The variation in flood levels extended
upstream for 2.1 km, cross section 6.

The maximum increase in water level from these sensitivity cases was
0.3 m. This was well within the 0.6 m of freeboard which was added to
the base case water levels.

COASTAL FLOODING

Determination of the coastal natural boundary was made in conjunction
with Brendan Holden of the British Columbia Ministry of Environment.
Using an inclinometer, GSC benchmarks and recent topographic maps the
elevation of the coastal natural boundary was estimated at three sites.
The mean coastal boundary elevation was estimated to be 2.0 m.
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This elevation integrates site specific factors such as exposure, fetch
and wind direction. As recommended in Reference 2.1f, "Elevations and
Setbacks for Flood and Erosion Prone Areas", the Coastal Flood Level
including freeboard should be Coastal Natural Boundary elevation plus
1.5 m. Using this criterion the Coastal Flood Level including freeboard
would be 3.5 m.

As a check on the above calculation, the following analysis was carried
out. The two highest recorded tides at Campbell River are 2.43 m GSC
(December 1967) and 2.24 m GSC (December 1982).  The December 1982
extreme includes approximately 1.0 m due to storm surge. As explained
in Reference 2.1f, there are physical limits to storm surge due to lack
of fetch, confinement of surge due to bays and barometric low pressure
zones due to storms. Based on discussions with Mr. B. Holden of the
Ministry of Environment and the information presented above it is
estimated that the maximum possible storm surge would be in the order of
1.2 m.

Wave runup is very limited in this area due to the short fetch and the
direction of the prevailing winds. The winds are generally along shore
in this area thus precluding wave runup. Any waves which develop,
travel parallel to the shoreline and not perpendicular to it. Very
Tittle allowance is necessary for wave runup.

Tidal information is developed for use by navigators. Thus any rounding
of values is done by truncation to err on the conservative side when
calculating depths for navigation. An allowance of 0.3 m should be
included to compensate for truncation in the published tidal levels.
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A total of 1.5 m should be added to the Highest High Water Large Tide,
1.9 m to obtain a Coastal Flood Level including freeboard, i.e.

1.9m+ 1.5m = 3.4 m.  This compares well to the proposed value of
3.5 m derived above.

DESIGNATED FLOOD LEVEL :
As outlined in the Terms of Reference freeboards of 0.6 m and 0.03 m
should be used in association with the 20-year and 200-year return
period mean daily and instantaneous discharges, respectively. Maximum
instantaneous discharges on both the Campbell and Quinsam Rivers are
Tess than 110% of the mean daily discharge. If the designated freeboard
of 0.3 m is added to the sensitivity Case 2 (mean daily discharge plus
10%) the resulting flood Tlevel plus freeboard is Tless than that
resulting from the mean daily discharge plus 0.6 m freeboard. Therefore
the Tlatter case governs. The freeboard of 0.6 m 1is reasonable
considering the possible effects of wind waves and standing waves.
Other factors which lend support to using a freeboard allowance are the
unpredictability of "n" values in overbank residential areas and the
unpredictability of debris dams.

The discharges, presented in Section 4.3, to be used in determining the
Designated Flood Levels are:

Return Period 20 Years 200 Years
Campbell River above Quinsam River (m3/s) 1084 1340
Quinsam River (m3/s) 136 233
Campbell River below Quinsam River (m3/s) 1220 1573

For both cases, the selected tidal level for backwater modelling was
1.9 m, Higher High Water Large Tide. The extent of the influence of
this tidal Tevel, as shown in the sensitivity analysis, Section 5.2,
indicated that this level was appropriate.
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While modelling these large discharges it was found that the bridge
roadways on the Campbell River must be accounted for. The Island
Highway bridge, located 2.6 km upstream of the mouth of the Campbell
River, was modelled using the normal bridge method. Flood flows will
impinge on the Tower chord of the bridge deck but not overtop it.

Flood Tevels for the Togging bridge, located on the Campbell River
3.7 km upstream from the mouth, rise above the road deck on one end of
the bridge. Flows of this magnitude over this type of bridge would be
expected to remove the bridge deck. Thus this section was modelled as
if no bridge deck was present. The bridge piers were assumed to remain
in the riverbed.

The Highway 28 bridge crosses the Quinsam River immediately upstream of
the mouth. The flood levels on the Quinsam River did not reach the

lower chord of the bridge deck. The surveyed cross-sections were
extended using the 1:5000 scale maps supplied by the Ministry of
Environment. At several Tlocations the effective flow area was

explicitly Timited. Some sections were extended vertically from their
end points by the HEC-2 program during the backwater computations. The
areas outside of these Timits were considered non-effective flow areas
due to expansion or contraction of flows or significant obstructions to
flow, as noted during the site visit.

In the immediate area of the mouth of the Campbell River the Designated
Flood Level should correspond to the 3.5 m GSC, as discussed in
Section 3.2. .

The floodplain maps, Appendix IV, depict the Designated 200-year Return
Period Flood Level including 0.6 m of freeboard. Table 7 demonstrates
that the difference in flood levels between the 200-year and 20-year
return period profiles is a maximum of 0.5 m near the mouth of the
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Campbell River. This difference would not significantly affect the
outline of the flooded area in this relatively flat area. Due to the
steeper topography upstream of the Island Highway bridge, the difference
in flooded area between the two events is even Tess. Only the 200-year
return period event flood levels (including freeboard) have been shown
on the maps.

CONCLUSTONS AND RECOMMENDATIONS

Historically the lower Campbell River area has been prone to winter
flooding. Since the construction of the B.C. Hydro dams on the upper
Campbell River, floods of low return period have been controlled to
prevent significant flooding. The analysis carried out in this report,
however, demonstrated that while low return period floods would continue
to be controlled, the B.C. Hydro dams on the Campbell River do not
significantly alter the 200-year flood discharge on the Campbell River.

A combination of high tide levels and high discharge was determined as
part of this study to delineate the 200-year floodplain level including
freeboard.

KLOHN LEONOFF




1

1

PB 5049 0101
WP 53

- 30 - May 19, 1989

It is recommended that the floodplain area outlined on Maps 88-28-1 and
88-28-2 be designated the 200-year floodplain.
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APPENDIX II
RESERVOIR ROUTING PROGRAM

- LISTING
- SAMPLE OUTPUT
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APPENDIX III
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ELECTRICAL OPERATIONS

SYSTEM OPERATIONS AND MAINTENANCE DIVISION

OPERATIONS CONTROL DEPARTMENT

OPERATING ORDER NO. 433

(NEW ORDER)

25 April 1986
Page 1 of 15

(Supersedes 0.0. No. 412, Sections 3 to 6)

OPERATIONS SUMMARY OF THE CAMPBELL
RIVER RESERVOIRS AND RIVER DIVERSIONS

DIRECTORY

GENERAL
1.1 Description of Projects
WATER LICENCE REQUIREMENTS

Upper Campbell
Lower Campbell
Heber Diversion
Salmon Diversion
Quinsam Diversion

(S N~ WY SURN AN Y

FLOOD RELEASES

Upper Campbell
Lower Campbell
John Hart

Heber Diversion
Salmon Diversion
Quinsam Diversion
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SPILLWAY OPERATION

4,1 Strathcona Dam
4.2 Ladore Dam

4.3 John Hart Dam
FISHERIES REQUIREMENTS

5.1 John Hart
5.2 Heber Diversion
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6.0 DATA COLLECTION PLATFORMS (DCP)
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Elk River DCP

Wolf River DCP )
Strathcona Dam DCP
Upper Campbell Lake DCP
Salmon River DCP
Quinsam River DCP

7.0 HYDRAULIC DATA

7.1
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Strathcona

Ladore

John Hart

Heber Diversion

Salmon Diversion : .
Quinsam Diversion

Quinsam Storage Dam

8.0 ATTACHMENTS
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Plan of Campbell River System

Plan of Heber Diversion

Plan of Saimon Diversion

Plan of Quinsam Diversion

Operating Procedures During High Inflow Periods
(excerpts from HGP Report #H1436, Section 4)
Regression Equations for Infiow Forecasting
(excerpts from HGP Report #H1436, Section 3)
Statistics for the Regression Correlation
(excerpts from HGP Report #H1436, Section 2)
Graph of Minimum Maintenance Releases
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1.0 GENERAL

The Production Superintendent of the North Vancouver Island Area or
his delegate is directly responsible for prescribing and carrying

out spilling operations for the Campbell River System for flood flow
releases. The Operations Planning and the Hydrology sections at SCC
will assist where appropriate. The general policy for such operations
is covered in 0.0. No. 410. Additional information may be found in
Report #H1436 - "Campbell River - Inflow Forecasting and Operating
Guidelines" and in the Emergency Preparedness Plan for Strathcona,
Ladore and John Hart dams.

1.1 Description of Projects (See Attachment 1)

The Campbell River System consists of a chain of three reservoirs:
Upper Campbell Lake, Lower Campbell Lake and John Hart Lake-

which feed, respectively, the Strathcona, Ladore and John Hart
Generating Stations. Three diversions augment the inflows to

the two upstream reservoirs. The Heber River Diversion diverts
flows into Upper Campbell Lake; the Salmon and the Quinsam
Diversions augment inflows into Lower Campbell Lake. These
diversions add 414 square km of drainage to the original

1,461 square km of drainage controlled by the reservoir system.

2.0 WATER LICENCE REQUIREMENTS

2.1 Upper Campbell

2.1.1 Normal maximum reservoir storage elevation to be 727'
(221.59 m).

2.1.2 Maximum licensed storage in Upper Campbell Lake is
1,160,000 acre-feet (584,837 cfsd).

2.1.3 Reservoir to be at or near maximum on 1 July.

2.1.4 O0Observe a 3' per month maximum draw down rate in July,
August and September. At the end of this 3 month period
the total draw down below the 1 July reservoir elevation
should not exceed 9'. Consent from the Comptrolier of
Water Rights must be obtained prior to drafting Upper
Campbell elevation below 716' (218.24 m) before the end of
September. This consent should be obtained as early as
possible.

2.2 Lower Campbell

Maximum licensed storage in Lower Campbell is 251,000 acre-feet
(126,547 cfsd).
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2.3 Heber Diversion (See Attachment 2)

2.3.1

2.3.2

A flow of 20 cfs' (0.57 M3/S) is to be maintained at Heber
Fal¥s in Heber Creek below point of diversion (unless
total available supply is less).

The above 20 cfs (0.57 M3/S) reference flow is supplanted
by a corresponding reference flow of 22 cfs (0.62 M3/S)
minimum at the downstream B. C. Forest Products Ltd.

bridge gauge. This gauge is approximately 6 km downstream
of the dam. A gauge reading of 2.05' (0.62 m) is necessary
to provide 22 cfs (0.62 M3/S).

2.4 Salmon Diversion’' (See Attachment 3)

2.4.1

2.4.2

At the Water Survey of Canada Gauge 8HD7, which is about
10 km downstream of the Salmon Diversion Dam and 3 km

above the confluence of the Salmon and Memekay Rivers

fisheries flow is to be as follows:

Aug 20 to Nov 15 - 100 cfs (2.8 M3/$) minimum
Nov 16 to ‘Aug 19 - 83 cfs (2.4 M3/S) minimum.

The minimum fisheries flow water release is 5 cfs %(0.15 M3/S)
at all times.

NOTE: The fisheries flow at the diversion dam when
added to the Paterson Creek flow must meet the
required flow at the 8HD7 gauge.

2.5 Quinsam Diversion (See Attachment 4)

2.5.1

2.5.2

The rate of diversion under this licence may be restricted
by the Water Comptroller at any time in order to provide
for fisheries maintenance.

Required flows:
Feb 1 to May 31

and
Sep 1 to Nov 15

60 cfs (1.7 M3/S)
immediately below
Lower Quinsam Lake

10:cfs (0.3 M3/S) minimum
in Quinsam River immediately
above Middle Quinsam Lake.
This flow is normally read
on the Argonaut Bridge gauge.

All year round

e N N N N
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2.5.3 Water Level

In Wokas Lake/Upper Quinsam Lake a minimum of 2' (0.6 m)
of storage is to be maintained above elevation 1186.5'
(361.65 m) for use in maintaining flows required in 2.5.2
above,.-if natural inflow is less than required outflow.

FLOOD RELEASES

Operation during floods is the responsibility of the North Vancouver
Island Production Superintendent or his delegate.

The following normal maximum operating elevations, plant operations
and flood routing are guidelines only. Alternate operations mutually
accepted by the field staff and System Control Centre may be necessary
to conform with the prevailing circumstances during the flood

storms. In case of conditions which may cause severe flooding, the
procedures in the Emergency Preparedness plans may be applicable.

3.1 Upper Campbell

3.1.1 The normal maximum operating elevations for Upper Campbell
are: ‘

Oct 1 - Feb 28’ 721.8' to 725.6' (220.-m to 221.16 m)
Mar 1 - Sep 30 727.0' (221.6 m) )

The winter maximum operating elevation is dependent on the
snowline elevation. Refer to attachment 5, sheet 8 for
details.

3.1.2 The design maximum flood level for Upper Campbell Reservoir
is 737.0! (224.64 m).

3.1.3 During periods of high inflow, the Strathcona Generating
Units should be put on full load before the elevation
encroaches on the normal maximum operating elevation.

This action is taken to generate some energy from the
inflow which may otherwise have to be spilled when the
elevation does exceed the normal maximum operating elevation.

3.1.4 Flood damage upstream of the Strathcona Dam has been
observed at several campsites when lake level is 730'
(222.5 m) or higher.

3.1.5 Refer to Attachments 5, 6 and 7 for excerpts from Report #H1436

detailing the flood routing procedures for the October to .
February period.
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3.2 Lower Campbell

3.2.1 The normal maximum operating elevatiens for Lower Campbell

0.0. No. 433
25 April 1986
Page

for minimizing downstream flooding are:

Dec 15 to Feb 15
Mar 1

Mar 15

Apr 1 :
Apr 15 to Oct 15
Nov 1

Nov 15

Dec 1

583.
583.
584.
584.
585.
584.
584.
583.

Ol
5|
Ol
5I
OI
5l
Ol
5|

(177.
(177.
(178.
(178.
(178.
(178.
(178.
(177.

70

85
00
16
30
16
00
85

6 of 15

m)
m)
m)
m)
m)
m)
m)
m)

Linear interpolation should be used to obtain the normal

maximum operating elevations for dates not included in the

above.

3.2.2 The elevation of Lower Campbell shall not,
under controlled operations.

elevation 587.0' (178.92 m).

be kept under surveillance.

from the System Operations and Maintenance Division should

under any
circumstances, be allowed to exceed 587.0' (178.92 m)
Only during extreme flood

conditions should Lower Campbell be allowed to rise up to
Such high elevations should
be for short durations and the rise should be carefully

controlled. When the Lower Campbell Lake rises to 587.0'
(178.92 m) the Loveland and Big Slide Saddle Dams should
The Civil Inspection Section

be notified in order that inspections for seepage or

settlement can be made.

3.2.3 The Ladore Generating Units should be operated at full

load in advance of operating the Strathcona Units at full
load since the Ladore Units at full load may, under

moderate inflow conditions, be sufficient to control water

Tevels.

" 3.3 “JohnHart - °

QR63

3.3.1 The normal operating range for the John Hart Headpond is
between 456' (138.99 m) and 458' (139.60 m).
under abnormal conditions a maximum forebay elevation
with spill gates closed of 459' (139.90 m) is tolerable.
As of October 1985, due to dam safety considerations,
forebay level 1is be1ng operated between 455.5' and 456 5'

(138.8 m to 139.1 m).

However,

the
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3.3.2 John Hart forebay may be used for minor re-reguiation
(hourly) with maximum elevation not to exceed 460.75"
(140.43 m).

3.3.3 Flood damages downstream of John Hart Dam may involve
: various low lying areas. Listed below are two of the more
sensitive areas. Maximum safe discharge at John Hart i%
dependent on the prevailing wind and tides but is considered
to be nominally 16,000 cfs (453 M3/S) average. During
extremely high tides, even full turbine discharge alone
may cause flooding.

3.3.3.1 Egan's Property - located downstream of the confluence
of the Quinsam River and 580 m upstream of the
Highway Bridge. Stage of Campbell Rjver there should
not exceed 16' (4.88 m) geodetic which corresponds to
20,000 acfs (560 M3/S). This flow is the combined
Quinsam River flow, John Hart turbines and spillway .
releases. The stage there is not influenced by the-
tide.

3.3.3.2 Campbell-River Lodge - located 518 m downstream of
- the Highway Bridge. Stage of Campbell River there

should not exceed 6.9' (2.1 m) geodetic. The gauge
height there is determined by the combined Quinsam
River flow, John Hart turbine and spillway and iss
influenced by the tide. Refer to Sheet 7 of Attachment 5
for an estimate of the stage given the flow and the
tide.

3.4 Heber Diversion

This diversion provides a maximum of 300 cfs (8.5 M3/S) of
additional inflow into Crest Lake which then flows into Upper
Campbell. There is no flood control requirement for the
diversion dam, however, for habitat protection in the Elk River
Valley, the diversion is to be turned off whenever the inflow
from the E1k River into Upper Campbell Lake is greater than
1540 cfs (43.6 M3/S) and has an upward trend. This corresponds
to a total inflow into Upper Campbell .Lake of approximately
15,000 cfs (425 M3/S) average over a 4 to 6 hour period. The
diversion should also be turned off when there is danger of
flooding at Campbellton due to high spills at the Strathcona
Dam.
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3.5 Salmon Diversign

This diversion provides a maximum of 1500 cfs (43 M3/S) of
additional inflow into Lower Campbell. There is no flood
control requirement for the diversion dam, however, the diver-
sion should be turned off when there is danger of flooding at
Campbellton due to high spills at the Ladore Dam and John Hart
Dam.

‘3.6 Quinsam Diversion

4.0

QR63

This diversion provides a maximum of 300 cfs (8.5 M3/S) of
additional inflow into Lower Campbell. There is no flood
control requirement for the diversion dam. As the Quinsam
River flows naturally back into the Campbell River above
Campbellton, turning it off to assist in flood control at
Campbellton is not considered effective, however there may be
some benefit due to the time delay to charge up the Quinsam
River System.

SPILLWAY OPERATION

Spillway tests were conducted in connection with the dam safety
review in 1982.

4.1 Strathcona Dam

4.1.1 Sluice gates - revised elevation vs discharge curves were
derived from the test results. The revised curves show a
Tower discharge capacity than the superseded curves.
There is no restriction on the use of any or all of the
sluice gates.

4.1.2 Low level outlet - operation of the L.L.0. was tested and
there is no restriction on the use of the L.L.0.~

4.2 Ladore Dam »

4.2.1 Sluice gates - revised elevation vs discharge curves were
derived from the test results. The revised curves show a
higher discharge capacity than the superseded curves.
There is no restriction on the use of any or all of the-
sluice gates.

4.2.2 Low level outlet - operation of the L.L.0. was not tested
during the 1982 tests. It is not required for passing the
PMF and is considered out of service.
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4.3 John Hart Dam

4.3.1

Sluice gates - revised elevation vs discharge curves were
derived from the test results. The revised curves show a
higher discharge capacity than the superseded curves.
There is no restriction on the use of any or all of the
sluice gates.

4.4 Debris Booms

Debris loads against all booms should be noted prior to any
major flood, and checked regularly during floods.

5.0 FISHERIES REQUIREMENTS

QR63

5.1 John Hart

5.1.1

5.1.2

As a result of their inspections the fisheries have
suggested a minimum of 1000 cfs (28.3 M3/S) or 29 MW at
John Hart Generating Station. Reference: Planning
Division recommendations 2 December, 1963.

The normal operating minimum is 1200 cfs (34 M3/S).
(Discharges less than 1000 cfs (28.3 M3/S) would also
create problems for the Crown Forest Mill pumphouse
intake.)

The normal plant operating minimum is 52 MW or 1800 cfs
(51 M3/S). The reduction from 52 MW to 29 MW should be
done gradually over a 80 minute period to avoid stranding
juvenile fish in isolated pools. The subsequent increase
back from 29 MW to 52 MW should also be done gradually
over a 80 minute period to avoid flushing juvenile fish
downstream.

5.2 Heber Diversion

5.2.1

5.2.2

Fisheries requirements are as stipulated by the Water
Licence (refer to Section 2.0).

Operating guidelines to meet fisheries requirements are:

5.2.2.1 Following Decrease in Runoff

At the point that Crest Lake water level falls, under
full diversion supply, to approximately 1087’
(331.32 m), open the fishwater spillgate to 0.8'

(24 cm) setting. Maintain this setting until runoff
supply again increases.
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5.2.2.2 Following Increase in Runoff

When Crest Lake water level reaches approximately
1086.5"' (321.17 m), close the fishwater spilligate.
Do not reopen until a reduction in runoff again
necessitates reopening of the bypass to maintain the
minimum 22 cfs (0.63 M3/S) flow at the B. C. Forest
Products Ltd. Bridge.

5.2.2.3 General

5.2.2.3.1

5.2.2.3.2

5.2.2.3.3

Some degree of judgement will be required to
determine the frequency of adjustment of fish
water releases due to the large uncontrolled
runoff area between the dam and the gauging
site.

The proposed setting of spillgate setting of
0.8' (24 cm) will waste only a minor amount of
water. Experience will determine this wastage
and the possible justification for more frequent
regulation.

Normally, these operating guidelines will apply
only during the mid-summer dry spell period.

6.0 DATA COLLECTION PLATFORMS (DCPs)

QR63

Information from DCPs are received at the System Control Centre
hourly or half-hourly. The information may be utilized to provide
advance indication of increasing and decreasing inflows to the
basins. The accuracy of the forecast inflow for the basins may also
be improved through the use of the DCP information. Field personnel
access the DCP information from a terminal in the JHT Control Room.

6.1 ETk River DCP (ELK)

Located on Elk River approximately one-half way between Crest
Lake and Upper Campbell Lake. It provides real time information
on the air temperature, precipitation, river stage and corres-
ponding river flow. :

6.2 Wolf River DCP (WOL)

Located on the Upper Wolf River. It provides real time infor-
mation on the air temperature, precipitation and snow water

equivalent.
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6.3

6.4

6.5

6.6
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Strathcona Dam DCP (SCA)

Located near the logging bridge on Upper Campbell Lake. It
provides real time information on the air temperature and
precipitation.

Upper Campbell Lake DCP (UCL)

Located at Strathcona Dam. It provides real time Upper Campbell
Lake elevations. :

Salmon River DCP (WSC No. 8HD15) (SAM)

Located above the Salmon River Diversion Dam. It provides real
time information on the air temperature, precipitation, river
stage and corresponding river flow.

Quinsam River DCP (WSC #8HD5) (QSM)

Located above confluence with Campbell River. It provides real
time information on the air temperature, precipitation, river
stage and corresponding river flow.

HYDRAULIC DATA

7.1 Strathcona

Elevation Elevation
(Feet) (Metres) Comments
740.00 225.55 Dam crest (2,680 m long).
737.00 224.64 Maximum allowable elevation
permitted by the structures.
729.07 222.22 Top of flash boards on closed
spill gates.
728.00 221.90 Maximum surcharged level.
727.00 ., 221.60 Normal maximum operating elevation
(1 March - 30 September).
725.92 221.13 Top of three 30' w x 21' h
vertical closed sluice gates.
721.80 220.00 Maximum initial elevatjon for
- - 1 October - 1 March to route the
PMF without exceeding 224.64 m.
704.90 214.85 Si11 elevation of spillway gates.
702.00 214.00 Upper Campbell separates into two
lakes.
700.00 213.36 Insufficient head to remote start
Gl/G2.
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655.00
630.00

580.00

722 Ladore

Elevation
(Feet)

589.00
587.00
585.00
584.50
583.00
572.00
554.00

535.00
509.00

494.00

7.3 John Hart

Elevation
(Feet)

465.00
459.50

459.00
456.50

199.64
192.02

176.78

Elevation

(Metres)

179.53
178.92
178.31
178.16
177.70
174.35
168.86

163.07
155.14

150.57

Elevation
(Metres)

141.73
140.40

139.90
139.14

0.0. No. 433
25 April 1986
Page 12 of 15

Bottom of live storage.

Si11 elevation of 22' diameter
common intake for HBV, Gl and G2.
Centre line of 8' diameter Howell
Bunger valve.

Comments

Dam crest (500 m long).

Maximum elevation under the PMF.
Top of flash boards on spill
gates. Normal maximum operating
elevation (summer).

Top of three 30' w x 30.5' h
vertical sluice gates.

Normal maximum operating elevation
(winter).

SCA tailwater weir separates SCA
tailwater from Lower Campbell.
Si11 elevation of three spillway
gates.

Bottom of live storage.

Centre line of 8' diamater Howell
Bunger valve.

Centre line of 20' diameter
common intake for HCV, Gl and G2.

Comments

Dam crest (1,040 m long).

Top of three 30' w x 30.5' h
vertical sluice gates. Normal
maximum operating elevation.
Maximum elevation under the PMF.
Temporary maximum operating
elevation since Oct/85 due to dam
safety.
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455.00
455.00

438.00
429.00

7.4 Heber Diversion

Elevation
(Feet)

1165.00
1164.00

1160.00
1155.00

1145.00

1142.00

138.68

138.68

133.50
130.76

Elevation

(Metres)

355.09
354.79

353.57
352.04

349.00

348.08

7.5 Salmon Diversion

Elevation
(Feet)

749.00
747.70

735.50
734.00
725.80

719.00

Elevation

(Metres)

228.30
227.90

224.20
223.72
221.22

219.15

0.0. No. 433
25 April 1986
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Maximum draw down without derating
unit capacity.

Minimum elevation for operation

of District of Campbell River

pump station.

Centre 1ine of three 12' diameter
intakes.

Si11 elevation of three spillway
gates.

Comments

Dam crest (630 m long).
Maximum elevation permitted under
the PMF.

Normal maximum operating elevation.

Elevation of 150 m long free
crest weir.

Centre line of 6' diameter
diversion intake.

Centre line of 4' diameter sluice

intake for fish water compensation.

Comments

Dam crest (190 m long).
Maximum elevation permitted under
the PMF.

Elevation of 225 m free crest
weir,

Normal maximum operating elevation.

Si1l elevation of 22' w x 13' h
diversion canal intake radial
gates.

Si1l elevation of 10.5' w x 8.5' h
sluice gate for fish water
compensation.
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7.6 Quinsam Diversion

Elevation

(Feet)

1015.00
1011.50

1006.00
1005.00

999.00
974.50

Elevation

(Metres)

309.37
308.31

306.63
306.32

304.50

297.03

7.7 Quinsam Storage Dam

Elevation
(Feet)

1,208.00
1,204.00

1,198.00
1,196.00

1,182.50

8.0 ATTACHMENTS

QR63

1.
2.
3.
4.

Plan of Campbell River System

Elevation
(Metres)

368.20
366.98

365.15
364.54

360.43

Plan of Heber Diversion

Plan of Salmon Diversion
Plan of Quinsam Diversion

0.0. No. 433
25 April 1986
Page 14 of 15

Comments

Dam crest (510 m long).
Maximum elevation permitted under
the PMF.

Normal maximum operating elevation.

Elevation of 225 m long free
crest weir. .
Si11 elevation of 5' w x 9.75' h
diversion canal intake.

Centre line of 3' diameter sluice

intake for fish water compensation.

Comments

Dam Crest (225 m Tong).
Maximum elevation permitted under
the PMF.

Normal maximum operating elevation.

Elevation of 160 m Tong free
crest weir.

Si11 elevation of 8' w x 12' h
sluice gate.




C—— = 5

0.0. No. 433
25 April 1986
Page 15 of 15

5. Operating Procedures During High Inflow Periods
(excerpts from HGP Report #H1436, Section 4)

6. Regression Equations for Inflow Forecasting
(excerpts from HGP Report #H1436, Section 3)

7. Statistics for the Regression Correlation
(excepts from HGP Report #H1436, Section 2)

8. Graph of Minimum Maintenance Releases

%ﬂ U

T /Mo N TIVY, MANAGER
OPERATIONS CONTROL DEPARTMENT

QR63
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REVISED QPERATING PROCEDURES

The operating procedures presented in this section have been designed to

guide operation personnel during high flow periods. Key factors in the
procedure are:

1. The collection of real-time data from the Elk River hydrometeoro-
logical station. ‘

2. The prediction of inflows to Upper Campbell Lake by regression
equations using real-time data.

3. Calculating system outflows: based on the potential overtopping of
Strathcona Dam and on optional flood routing downstream of John
Hart Dam.

4. Monitoring of downstream conditions.

The following steps should be taken to ensure dam safety in an extreme

flood and to provide optional flood control downstream of John Hart Dam.

Fig. 4-3 is a 1ogic\diagram of the steps outlined below. The effective

period for these procedures will be roughly October through February

when the flood potential is highest.

Sfeg 1: Read/obtain data on:

1. Upper Campbell level.

2. Lower Campbell level.

4 - 6 . H 1436
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3. E1k River level, discharge, precipitation and temperature.
4. Tide height for Campbell River.

5. River stage at the Campbell River Lodge.

6. Upper Campbell basin snowline.

7. _Inf]ows to Upper Campbell Lake.

8. Quinsam River flow from gauge 08HD0OS.
9.  Weather data from Campbell River and Comox Airports including storm -
warnings.

Step 2: Use the Elk River hydrometeorological data to forecast.the
inflow to Upper Campbell Lake for the next 12 hours and for
the next 24 hours wusing the regression equations from
Section 3.4.. If the Elk River DCP data is unavailable use the
less preferred Strathcona DCP data, as explained in
Section 2.3.

Decision 1: Is either the present or forecast inflow to
Upper Campbell Lake greater than 400 m3/s?

Decision 2: If inflows to Upper Campbell Lake are less than
400 m3/s then check if the Upper Campbell Lake
level is above the safe level as indicated in
Fig. 4-2C."» For example, if the Upper Campbell
basin snowline is at E1. 220 then an 1initial
reservoir of 220.0 m or lower is required on
Upper Campbell Lake to pass the PMF.

4 -7 H 1436
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Step 3: If Upper Campbell Lake is at or below the safe leve] then
continue normal operation. Return to Step 1 each day.

.

Decision 3: If inflows to Upper Campbell Lake are greater
~ than 400 m3/s then check on Fig. 4-2A if flood

routing must be carried out to ensure the

safety of Strathcona Dam. If optional down-

=

L stream flood control (Decision 4) has not been
- initiated then enter Fig. 4~2A with the present
L ' level of Upper Campbell Lake, otherwise use the

level of Upper Campbell Lake when downstream
flood control was initiated. For example, if
downstream flood control was initiated when
Upper Campbell Lake was at E1. 219.6 then flood
L routing to ensure the safety of Strathcona Dam
' is not required until Upper Campbell Lake rises
to 220.5 m. The initial reservoir ‘level would
be 219.6 m, the 1level of StraEhcona when
downstream flood control was initiated.

ppppp

D R

Decision 4: If flood routing is not required to maintain

2

dam safety, optional downstream flood control
may be selected.

2

Optional downstream flood control once started
cannot be discontinued until either:

1. Flood routing is started (as per
Fig. 4-2A).

T
N

Strathcona levels are below the safe
levels indicated by Fig. 4-2C.

R R S N
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Step 4:

Step 5:

Step 6:

Step 7:
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If downstream flood control 'is selected then perform the
following:

1. Shut off diversions.

2. Release * 400 m3/s (daily averages) from Upper Campbel1
Lake and record the reservoir level when releases were
initiated. The river stage at the Campbell River Lodge
may be limited to 2.10 m by controlling outflows from
John Hart Dam. Estimate the John Hart outflow by
deducting the Quinsam River flow from the estimated
bankful capacity using Fig. 4-1 given a stage of 2.10 m.
The tide height should be the maximum-height anticipated
in the next 3 hours.

3. After 3 hours go to Step 1.

.

Decision 5: If flood routing must be carried out

(Decision 3) check if the inflows to Upper
Campbell Lake are in recession.

If the inflows are not in recession then do the following:

1. Shut off the diversion if they are still open.

2. Pass inflows to Upper Campbell Lake by opening the
spillway gates and low level outlet until maximum

capacity is reached.

Pass inflows to Lower Campbell Lake subject to the maximum
discharge capacity of the spillway above E1. 177.7.

Pass inflows to John Hart Lake.

4 -9 H 1436
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Decision 6: Check if Upper Campbell Lake is rising 1 hour
after performing Step 5. If it is rising,
estimate the inflow and go to Step 5. If it is
not rising, go to Step 1.

If the inflows to Upper Campbell Lake are in recession
(Decision 5) then pass 1.5 times inflows or the previous
6-hour outflow whichever is Jess (subject to the maximum
discharge capacity). After 6 hours go to Step 1.

4 - 10 H 1436
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THE REGRESSION EQUATIONS

Reconstitution of inflows to Upper Campbell Lake were attempted for 6,
12 and 24 hours in a predictive mode. The analysis was based on average
conditions at 1200 and 2400 hours each day which were compiled from
hourly records at the Elk.River station for the winters of 1980/81,
1981/82 and 1982/83. The record includes 13 significant high inflow
pericds of which the inflows of 9 December to 11 December 1980 were the

largest.

For several reasons the regression input data were limited to periods
when high flows occurred in the Elk River. The most important
restriction was the inability of the Elk River DCP to measure low flows
prior to October 1983. In addition the Heber River diversion may
contribute an unknown flow up to 8.5 m3/s to flow at the gauge. Since
the diversion is closed during high inflow periods there is no need to
adjust the recorded Elk River flows during these periods. By limiting
the regression data to high inflow periods the resulting regression
equation should be heavily weighted towards the average meteorologic

conditions producing high inflows.

The results for the 6-hour predictions were statistically significant,
but not acceptable for use as an operational tool. This was largely due
to the relatively large fluctuations in the recorded inflows to Upper
Campbell Lake in a 6-hour period. The inflows are calculated from water

levels that can vary significantly due to wind set-up and wave action.
The correlation for the 12-hour prediction was the best of the three.

This is a result of the prediction period of 12 hours being close to the

basin response time. In such a case, the effects of the recorded

3 -5 H 1436
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parameters should be perceptible by the end of the forecast period. The
relative magnitude of error introduced by the measurement of inflows
from reservoir water levels should also be Jess since a larger volume of
water flows into the reservoir in 12 hours.

The derived 12-hour inflow prediction equation is as follows:

INFLOW = 80 + 6.6 x FLOW6 + 15 x PREC6 + 5.3 x TEMPS
where:
INFLOW = the average inflow into Upper Campbell Lake for the next

12 hours in m3/s. The independent variables are as defined in
Section 3.3.

Relevant statistics are given in Table 3-1.

The correlation for the 24-hour inflow prediction was not as good as for
the 12-hour prediction because of the quick basin response time. The
changing meteorological conditions in a 24-hour period can affect the
inflows in the same period. This means that the recorded data available
at the forecast time may not reflect basin conditions for the next full
24 hours.  However, the correlation is acceptable if the regressed
equation is used as an indication of daily trends.

The derived 24-hour inflow prediction equation is as follows:

INFLOW = 90 + 5.4 x FLOW6 + 11 x PREC6 + 6.2 x TEMPS
where:
INFLOW = the average inflow into Upper Campbell Lake for the next

24 hours in m3/s. The independent variables are as defined in
Section 3.3.

Relevant statistics are given in Table 3-2.

3-6 H 1436
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The derived regression equations are dependent on a single DCP station
at Elk River, which 1leaves the inflow forecast dependent on the
continual operation of the DCP. If the Elk River DCP is inoperative
during a storm, the 6-hourly values of Elk River flow, Elk River air
temperature and Elk River precipitation can be approximated in the
prediction equations as follows:

Elk River flow = 0.07 x inflow to Strathcona as calculated
by Power Records

Elk River air temperature = air temperature at Strathcona OCP

E1k River precipitation = Precipitation recorded at Strathcona
oce

The inflow forecasts provided by those approximations would, however, be
less reliable than those obtained by using the Elk River DCP data and,
therefore, these forecasts should be used with caution. As more data
become available during the next 3 to 5 years at Elk River and
Strathcona DCP's the above approximations could be refined. '

3-7 H 1436
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TABLE 3-2

THE 24-HOUR INFLOW PREDICTION EQUATION AND STATISTICS

INFLOW = 90 + 5.4 x FLOW6 + 11 x PREC6E + 6.2 TEMP6

where:
INFLOW
FLOWS

PRECE

TEMP6

inflow to Upper Campbell Lake for the next 24 hours in m3/s.

average discharge of the Elk River for the previous 6 hours in
m3/s.

measured precipitation at ETk River for the previous 6 hours
in mm. .

average temperature at Elk River for the previous 6 hours in
degrees Celcius.

R2 = 0.65 Total F value = 70.1
R =0.81 Prob. > F = 0.0001
Independent ) Partial F
Variahle Coefficient Value " Prob. > F
FLOWB 5.4 8.9 0.0001
PRECS 11.0 8.1 ~0.0001
TEMPS 6.2 2.0 0.0496
H 1436

Table 3-2
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- where:
INFLOW =
|
- FLOW6 =
— m3/s.
| )
L PRECE = measured.
in mm.
TEMPS =
R RZ = 0.75
L R =20.86
3 Independent
- Variable .
FLOWG
L PREC6E
TEMPE
]
r""“
-l
o
|

1

TABLE 3-1

INFLOW = 80 + 6.6 x FLOW6 + 15 x PREC6 + 5.3 x TEMPG

Total F value = 111.6
Prob. > F = 0.0001

6.
5.
5.

Coefficient

6
0
3

Partial F

Value

10.7
11.0
1.7

0.0. No. 433
Attachment 7
Sheet 2 of 2

{7 THE 12-HOUR INFLOW PREDICTION EQUATION AND STATISTICS

inflow to Upper Campbell Lake for the next 12 hours in m3/s.

average discharge of the Elk River for the previous 6 hours in
precipitation at Elk River for the previous 6 hours

average temperature at Elk River for the previous 6 hours in
degrees Celcius. '

Prob. > F

0.0001
0.0001
0.0952

H 1436

Table 3-1
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