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ABSTRACT

The 2009 Nechako River Summer Water Temperature and Flow Management Project
(the Project) was undertaken to attempt to prevent mean daily water temperatures in the
Nechako River above the Stuart River confluence (at Finmoore) from exceeding 20.0°C (68.0°F)
between July 20 and August 20. Water temperatures were managed by regulating Skins Lake
Spillway releases to control flows in the Nechako River below Cheslatta Falls and at
Vanderhoof. In 2009, mean daily water temperatures in the Nechako River above the Stuart
River confluence did exceed 20.0°C (68.0°F) between July 15 and July 16, July 26 and July 31 and
August 2 and August 4, reaching a maximum of 21.4°C (70.5°F) on July 30. The first exceedance
occurred prior to the water temperature control period and the latter two occurred when the
river discharge was at the maximum permitted under the operating protocol. Comparisons
with the Stuart River temperatures indicate that the 2009 meteorological conditions were
warmer, for a longer period, than normal. However, the STMP operating protocol anticipated
the warming events and increased to the maximum allowed under the operating protocol
(283 m3/s) prior to these occurrences thus limiting both the magnitude, and duration, of the

exceedances of 20.0°C.

Over the duration of the 2009 Summer Water Temperature and Flow Management
Project (July 10 to August 20), the total volume of water released was 9,434.4 m’/s-d, (333,176
cfs-d), and the average release during the Project was 224.6 m’/s (7932.8 cfs).

INTRODUCTION

The  Nechako River Summer  Water
Temperature and Flow Management Project
(the Project) was designed and developed in
1982 and has been successfully implemented
since 1983. Since 1988, water temperature and
flow management projects (Triton 1995a
through Triton 1995h; Triton 1996 through
Triton 2008) have been carried out under the
auspices of the Nechako Fisheries Conservation
Program (NFCP).

The objective of the Project is to attempt to
prevent mean daily water temperatures in the
Nechako River above the Stuart River
confluence (at Finmoore) from exceeding
20.0°C (68.0°F) by regulating releases from the
Skins Lake Spillway to control flows in the
Nechako River below Cheslatta Falls and at
Vanderhoof. The Project operates from July 10
to August 20 (the operational period) with the
goal of managing water temperatures in the
Nechako River at Finmoore between July 20
and August 20 (the water temperature control

period, hereafter referred to as the control
period). These dates may vary as directed by
the NFCP in accordance with the timing of
sockeye runs in the system, but were followed
in 2009. At the completion of the STMP, flows
in the Nechako River at Cheslatta Falls are
reduced to fall spawning flows by early
September.

The Project study area is shown in Figure 1.
Unless otherwise stated, references to water
temperature, flow (including releases), and
meteorological data are mean daily values.
Note that water temperature measurements for
the Nechako River above the Stuart River
confluence are made at Finmoore (the closest
readily accessible location) while river
discharge = measurements are made at
Vanderhoof (at the Water Survey of Canada
discharge measuring site).

This report reviews the 2009 Summer Water
Temperature and Flow Management Project
and includes:
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e An outline of the method for
determining Skins Lake Spillway
releases and summaries of the 2009
Skins Lake Spillway releases for the
period July 10 to August 20 inclusive;

e Recorded flows and water
temperatures (July 10 to August 20) at
various locations along the Nechako
River; and,

e The volume of cooling water used in
the 2009 Summer Water Temperature
and Flow Management Project.

METHODS

Management of the Nechako River flows and
water temperatures used water temperature
predictions based on five-day meteorological
forecasts prepared by the commercial
forecasting division of Pelmorex Inc. (The
Weather Network) to determine the schedule of
Skins Lake Spillway releases required to meet
project objectives. The Summer Water
Temperature and Flow Management uses an
unsteady-state flow routing model and an
unsteady-state water temperature prediction
model designed to compute daily flows and
water temperatures in the Nechako River
during the entire operational period (Envirocon
Limited, 1984a,b,c and 1985).

Daily operations followed the protocol defined
in the Settlement Agreement (Anon. 1987), and
involved collection of water temperature and
river stage data from several locations in the
study area, as well as development of five-day
meteorological forecasts.

Water temperatures were obtained daily from
temperature loggers maintained in the Nechako
River below Cheslatta Falls (at Bert Irvine's
Lodge), in the Nechako River at Fort Fraser
(upstream of the Nautley River), in the
Nechako River above the Stuart River
confluence, and in the Nautley River. Water
temperature data for the Nechako River below

Cheslatta Falls and the Nautley River were
provided by Water Survey of Canada. Water
temperature data in the Nechako River at Fort
Fraser and in the Nechako River above the
Stuart River confluence were obtained using
HOBO U12 Outdoor/Industrial Data loggers
(listed accuracy of +/-0.25°C). In addition, spot
temperatures measured with a calibrated
mercury  thermometer  (+/-0.1°C)  and
corresponding recorded water temperatures
were collected daily in the Nechako River at
Fort Fraser and in the Nechako River above the
Stuart River confluence. The spot data enabled
an ongoing check of the HOBO data loggers.

River stages were obtained daily from Water
Survey of Canada recorders maintained in the
Nechako River below Cheslatta Falls, in the
Nechako River at Vanderhoof, and in the
Nautley River, and provided via a daily e-mail
from Environment Canada (Water Survey of
Canada, WSC). Five-day meteorological
forecasts were e-mailed daily by World
Weatherwatch (Pelmorex Inc.
www.theweathernetwork.com).

The first 10 days of the operational period, July
10 to July 19, were utilized for system start up,
for initialization of the database required to
schedule Skins Lake Spillway releases, and to
increase flows in the Nechako River from
spring flows to the minimum cooling flow of
170 m3/s (6,000 cfs) below Cheslatta Falls. The
2009 Skins Lake Spillway spring base release as
directed by the NFCP was 49.0 m3/s (1,730 cfs).
Upon commencement of the operational period
on July 10, the recorded flow in the Nechako
River below Cheslatta Falls was 52.5 m3/s
(1,854 cfs). The Skins Lake Spillway was
increased to 136 m3/s (4,802 cfs) on July 11 and
to 226.5 m3/s (8,000 cfs) on July 13 to ensure
flows in the Nechako River below Cheslatta
Falls reached the minimum cooling flow of 170
m?3/s (6,000 cfs) by July 20 (the beginning of the
water temperature control period).
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Table 1

Daily Operations to Manage Water Temperatures in the Nechako River above the Stuart River
Confluence

Date 11-Jul 12-Jul 13-Jul

14-Jul

15-Jul

16-Jul*  17-Jul  18Jul  19Jul  20-Jul

Fifth Day's Predicted
Water Temperature
@ Date + 4 Days

Fourth Day's Predicted
Water Temperature
@ Date + 3 Days

Third Day's Predicted
Water Temperature
@ Date + 2 Days

Second Day's Predicted
Water Temperature
@ Date + 1 Day

Current Day's Predicted
Water Temperature @ Date

Previous Day's Calculated as
Water Temperature

@ Date - 1 Day

Previous Day's Recorded ao
Water Temperature

@ Date - 1 Day

Current Day's Release
@ Date

* The current day (i.e., the day of operation) for this example is July 16.

al

bs

bo——

ra

ab b5 c5

<«
7
7
/

ad c4

a3

a2

bl

—_

cs observed trend

—_

predicted trend

-———

co forecast trend

rb rc

Throughout the operational period, water
temperatures in the Nechako River were
calculated daily for the previous day, the
current day, and each of the next four days
using the unsteady-state flow routing and
water temperature prediction models. These
calculations were based on recorded and five-
day forecast meteorological data, recorded
water temperature, and computed flow data.
Forecast water temperature predictions were

tabulated and reviewed daily to identify trends
in water temperature changes. These trends are
the same as those used in the water
temperature and flow management projects
since 1984 (Envirocon Ltd. 1985), and are best
explained through reference to Table 1.

Assuming the current day is July 16, entries
corresponding to the current day’s operation
are represented by the letter c.
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Entries co and cs represent the recorded and
calculated water temperatures, respectively, for
the previous day (July 15).

Entries c1 through c5 represent predicted water
temperatures computed using the current day’s
five-day meteorological forecast and an
assumed current day’s flow regime. The entry
rc represents the current day Skins Lake
Spillway release required to meet Project
objectives.

The following three trends in water
temperature changes were reviewed on a day-
by-day basis:

1. Observed trend - developed from
recorded mean daily water
temperatures measured in the Nechako
River above the Stuart River confluence
each day (bo and co in Table 1). The
difference in recorded water
temperatures for the previous two days
is extrapolated over the next five days to
determine  the  observed  water
temperature trend.

2. Predicted trend - developed from the
predicted water temperatures for the
previous day and the following five
days (cs, c1, c2, c3, c4, c5, in Table 1).
These data represent the predicted
trend.

3. Forecast trend - developed from the
difference between the current five-day
and previous five-day predictions for
the same calendar days (c3 and b4, c2
and b3, c1 and b2 in Table 1). Differences
between forecasted data on coincident
dates for the current day and the next
two days only are averaged and added
to the fifth day predicted temperature to
determine the trend in forecasted
temperatures.

A numerical example of how the trends are
calculated is presented in Appendix A.

Each day predicted water temperatures for the
five-day forecast period were checked and the
three trends calculated. If two of the three
trends indicated that the water temperature in
the Nechako River above the Stuart River
confluence could potentially exceed 19.4°C
(67.0°F) then an increase in the Skins Lake
Spillway release was required. When this
occurred the current day’s release was revised
and the flow and temperature models were
rerun using the modified flow regime. Results
of each day’s final computer run were
subsequently used to initialize water
temperatures for the following day’s
computations. Entries in Table 1 represent each
day’s final cooling water release and resultant
predicted water temperatures.

The following release criteria were used with
the three trends identified above to determine
the timing and magnitude of Skins Lake
Spillway releases:

1. When two of the three trends show an
increase in water temperature in the
Nechako River above the Stuart River
confluence, and these trends show that
potentially the water temperature could
exceed 19.4°C (67.0°F), increase the
Skins Lake Spillway release according
to criteria 2 and 3 below.

2. Operate Skins Lake Spillway such that
flow in the Nechako River below
Cheslatta Falls ranges between 170 m3/s
(6,000 cfs) and 283 m3/s (10,000 cfs) as
required, and flow in the Nechako River
above the Stuart River confluence (as
measured at Vanderhoof) does not
exceed 340 m3/s (12,000 cfs). It is
understood that the flow in the
Nechako River below Cheslatta Falls is
to be not less than 170 m3/s (6,000 cfs)
by the beginning of the control period,
and is to be reduced to approximately
31.2 m3/s (1,100 cfs) by September 6.
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3. At any time, increase the Skins Lake
Spillway release from the current level
to 453 m3/s (16,000 cfs) to achieve the
flow changes in the Nechako River as
quickly as possible.

4. During cooling periods when two of
three trends in forecasted water
temperatures are decreasing and these
trends indicate that potentially the
water temperature could drop below
19.4°C (67.0°F) within the forecast
period (five days), reduce the Skins
Lake Spillway release from the current
level to 14.2 m3/s (500 cfs).

RESULTS

Predicted and recorded mean daily water
temperatures for the Nechako River above the
Stuart River confluence, Skins Lake Spillway
releases, and changes in Skins Lake Spillway
releases over the duration of the Project
operational period are summarized in Table 2.

Recorded mean daily water temperatures in the
Nechako River above the Stuart River
confluence (Figure 2 and Table 3) exceeded
20.0°C (68.0°F) July 15 and 16, July 26 through
July 31 and again from August 2 through
August 4. The respective maximum and
minimum mean daily water temperatures
recorded during the control period were 21.4°C
(67.1°F) on July 30 and 17.3°C (63.2°F) on
August 13. Mean daily water temperatures in
the Nechako River below Cheslatta Falls, near
Fort Fraser and above the Stuart River
confluence, and in the Nautley River near Fort
Fraser are presented in Appendix B.

Skins Lake Spillway releases and their
corresponding flows in the Nechako River
below Cheslatta Falls and at Vanderhoof are
plotted in Figure 3 (source data are provided in
Appendix C). Changes in Skins Lake Spillway
releases during the STMP were made on the
following dates:

10.

11.

12.

July 11 - Increase to 136 m3/s - to
increase flow in Nechako River below
Cheslatta Falls to STMP base flow by
July 20.

July 13 - Increase to 226.5 m3/s - to
increase flow in Nechako River below
Cheslatta Falls to STMP base flow by
July 20.

July 17 - Increase to 453 m3/s - to
increase flow in Nechako River below
Cheslatta Falls in response to warming
trend.

July 19 - Decrease to 14.2 m3/s - to
decrease flow in Nechako River below
Cheslatta Falls in response to cooling
trend.

July 20 - Increase to 453 m3/s - to
increase flow in Nechako River below
Cheslatta Falls in response to warming
trend.

July 23 - Decrease to 283 m3/s - to limit
flow in Nechako River below Cheslatta
Falls to maximum or 283 m3/s.

August 5 - decrease to 14.2 m3/s - to
decrease flow in Nechako River below
Cheslatta Falls in response to cooling
trend.

August 7 - Increase to 453 m3/s - to
increase flow in Nechako River below
Cheslatta Falls in response to warming
trend.

August 10 - Decrease to 14.2 m3/s - to
decrease flow in Nechako River below
Cheslatta Falls in response to cooling
trend.

August 13 - increase to 170 m3/s - to
ensure flow in Nechako River below
Cheslatta Falls is maintained at summer
base flow.

August 18 - decrease to 14.2 m3/s - to
decrease flow in Nechako River below
Cheslatta Falls to fall spawning flow.
August 31 - increase to 32.6 m3/s - to
ensure flow in Nechako River below
Cheslatta Falls is maintained at fall
spawning flow.
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During the control period, measured flows in
the Nechako River below Cheslatta Falls (based
on preliminary WSC data from the WSC data
collection platform at Bert Irvine's Lodge)
ranged between a maximum of 301.6 m’/s
(10,651 cfs) on July 26 and a minimum of 146.7
m’/s (5,181 cfs) on August 20. Flows measured
in the Nechako River at Vanderhoof ranged
between a maximum of 392.7 m®/s (13,868 cfs)
on August 19 and a minimum of 232.6 m’/s
(8,216 cfs) on July 20.

DISCUSSION

The discussion of the 2009 Summer Water
Temperature and Flow Management Project
has been divided into three sections. The first
section reviews the collection and wuse of
recorded field data, including water
temperature, flow, and meteorological data
(recorded and forecast). The second section
discusses the volume of water used during the
2009 Summer Water Temperature and Flow
Management Project. The third section
provides a brief discussion of the application of
the Project release criteria.

Recorded Data

The modelling procedure was initialized using
recorded conditions. The quality of the field
data used in the modelling process directly
affects the accuracy of the computed water
temperatures. Therefore, data must be collected
accurately and consistently to ensure that
random errors are kept to a minimum. Further,
consistency in data collection techniques also
ensures that, if a bias exists in the data, it
remains relatively constant throughout the
project.

In 2009, river discharges in the Nechako River
below Cheslatta Falls and at Vanderhoof as
recorded by the Water Survey of Canada
changed as expected in response to Skins Lake
Spillway releases (Figure 3). The hourly stage
data from the gauging stations located on the
Nechako River below Cheslatta Falls and at the
west end of Cheslatta Lake proved very useful

in verifying the daily predictions of the flow
routing model and to account for changes in
the local inflow to the Cheslatta/Murray Lakes
system.

As previously stated, spot and corresponding
data logger water temperatures were collected
in the Nechako River at Fort Fraser and in the
Nechako River above the Stuart River
confluence during each site visit. The logger
water temperatures were comparable to their
associated spot temperatures.

Recorded water temperatures in the Nechako
River above the Stuart River confluence did
exceed 20°C on three occasions as noted above.
The first exceedance (July 15 and 16) occurred
prior to the water temperature control period
(July 20 to August 20). The second and third
exceedance occurred during the water
temperature control period. Even though the
number of days where the water temperature
exceeded 20°C in the 2009 control period (7
days) exceeded the long term average (3 days),
the STMP anticipated the increases in water
temperature. River discharge in the Nechako
River below Cheslatta Falls was increased to
the maximum allowed under the operating
protocol (283 m?3/s) prior to these occurrences
thus limiting both the magnitude and duration
of the exceedances of 20°C.

To further examine this issue, the recorded
water temperatures in the Stuart River just
upstream of the Nechako River confluence
were reviewed. The river is unregulated and
the water temperatures exceeded 20°C for a
greater period (17 days vs. a long term average
of 7 days). Maximum mean daily water
temperatures were also greater (23.2 °C vs. 21.4
°C) on the Stuart River upstream of the
Nechako River confluence. These comparisons
are only made to indicate that the
meteorological conditions, and their effect on
river water temperatures, were much warmer
than normal for a long period in 2009 than in
most summers.
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Table 3

Recorded Mean Daily Water Temperatures in the Nechako River
above the Stuart River Confluence, July 10 to August 20, 2009

Water

Date Temperature

Q)
10-Jul 17.2
11-Jul 18.5
12-Jul 19.2
13-Jul 19.7
14-Jul 19.4
15-Jul 20.1
16-Jul 20.1
17-Jul 19.7
18-Jul 19.3
19-Jul 18.7
20-Jul 18.0
21-Jul 18.3
22-Jul 19.1
23-Jul 19.7
24-Tul 19.7
25-Jul 19.8
26-Jul 204
27-Jul 20.7
28-Jul 20.8
29-Jul 21.1
30-Jul 21.4
31-Jul 21.3

Water
Date Temperature

(°0)
01-Aug 19.3
02-Aug 209
03-Aug 20.6
04-Aug 202
05>-Aug 19.4
06-Aug 18.6
07-Aug 19.1
08-Aug 19.3
09-Aug 19.3
10-Aug 19.0
11-Aug 18.5
12-Aug 17.8
13-Aug 17.3
14-Aug 17.4
15-Aug 17.4
16-Aug 17.4
17-Aug 17.5
18-Aug 17.8
19-Aug 17.9
20-Aug

Page 10



61

aeq
14! 6 14 0¢ Y4 0¢ Sl

(]
—

(0z 3sn3ny 03 (g Anf) poLdd [011U0)

A

v

(0z 3sn3ny 011 A[nf) potrad [euonerdadg

A

6002 “0¢ 3snSny 03 o1 An[
IDUINJUOD) IIATY HENIG ) dA0qE IIATY ONeYIIN Y3 ul samjerddwd ] A[re uedjy paproddy :g amSIry

»
»

0l

- 091

- 0Ll

- 0781

- 06l

- 0°1¢

- 0°CC

(Do) 2amerddwa J,

Page 11



aquaidag

areq
£ 6T 4 61 3! 6 ¥ 0t £T 114 £l 01
THl [ ey
uly

S/ OLT
S/ €87 T |
8/ " _ : i ]

1 OFe o I SRR ) ;
JOOIIIPUE A \ i
asedjey Araids 2T suIS
S/Ul £5F

6007 ‘¢ 1equaydag 03 o1 Anf
Jooyispue A
1€ pue S[[e B11E[S3) MO[3( I2ATY OYE[I3IN] 3] UI SMO[] PUE S95E[aY Aemdg oy sung :¢ 2In31]

001

0s1

o
o
&

o
Wy
[ |

fe ) sopy

00€

05t

0ov

Osv

Page 12



350 T
300 T

250 +

Figure 4: Fows in the Nechako River below Cheslatta Falls Resulting from Skins Lake Spillway Releases, July 10
to August 20, 2009

Minimum Cooling Flow Required by Project Guidelines (170 n¥/s)
(July 20 to August 20, 2009)

200 +
£
g
= L
150 +
100 +
17 July 2 27 bate 6 1August 16
3 Recorded Cooling Water Volume Above the SLS Spring Base Release Volume
B Skins Lake Spillway Spring Base Release Volume (including spring spill) 52.5 52.5
d (264,689 cfs-d), and is based on an assumed
Volume of Water Used

The recorded flows in the Nechako River below
Cheslatta Falls for the 2009 Summer Water
Temperature and Flow Management Project are
shown in Figure 4. Also indicated is the
minimum cooling flow of 170 m3/s (6,000 cfs)
in the Nechako River below Cheslatta Falls,
and the Skins Lake Spillway spring base release
of 49.0 m3/s (1,730 cfs) as determined by the
NFCP Technical Committee as part of the
“Annual Water Allocation” defined in the 1987
Settlement Agreement (Anon. 1987).

The total volume of water released during the
2009 Summer Water Temperature and Flow
Management Project operational period was
9,434.4 m3/s-d, (333,176 cfs-d). The volume
released for cooling purposes was 7,495.1 m?¥/s-

Skins Lake Spillway release of 49.0 m®/s
(1,730 cfs) for the period July 10 to August 16,
inclusive, with a reduction to 14.2 m?/s (500 cfs)
until August 20. The average release during the
operational period was 179.3 m3/s (6,330.9 cfs).
Volume calculations are presented in
Appendix E.

Application of the Summer Water
Temperature and Flow Management
Project Release Criteria

The Summer Water Temperature and Flow
Management Project is very sensitive to the
accuracy of meteorological forecasting.
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If an increase or decrease in temperature occurs
over a prolonged period of time (three or four
days), inaccurate meteorological forecasts may
predict the reversal of the temperature change
prematurely

In these instances, it may be required to
exercise judgment when applying the Summer
Water Temperature and Flow Management
Project release criteria used with the three
water temperature trends. This judgment is
based on experience gained in the operation of
the Summer Water Temperature and Flow
Management Project since 1984 and may result
in exceptions to the decision based on strict
adherence to the release criteria. No exceptions
were made to the application of the release
criteria during the entire 2009 operation period.
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Appendix A

Numerical Example of Water Temperature Trend Calculation

From data for July 16 date of operation (Table A1).

1. Observed Trend
The observed trend is down by 0.1°C from 17.7°C (J14) to 17.6°C (J15). Take the previous day's
recorded temperature 17.6°C (J15) and extrapolate the trend for five days at -0.1°C. The
observed trend shows that the water temperature could potentially reach 17.7°C + 5(-0.1°C)
=17.2°C.

2. Predicted Trend
The predicted trend is the difference between the previous day's calculated water temperature
(J15) and the fifth day predicted water temperature (J20). The predicted trend is up from 17.6°C
to 19.1°C with the potential to reach 19.1°C.

3. Forecast Trend

The forecast trend for the current day of July 16 is based on the first, second and third day

forecasts.

July 16 178t0183 = up 0.5°C
July 17 18.0t018.8 = up 0.8°C
July 18 184t0189 = up 0.5°C
Mean of 3 differences = up 0.6°C

This mean of 0.6°C is added to the fifth day predicted water temperature to give 19.1°C +
(0.6°C) =19.7°C.




Table A1l

Predicted and Recorded Mean Daily Water Temperatures in the Nechako River above the Stuart River Confluence, 2008

| JULY |

Date 10 11 12 13 14 15 16 17 18 19 20
5th Day's Predicted
Water Temperature 17.8 17.5 17.4 20.0 17.8 17.8 18.2
at Date + 4 Days
4th Day's Predicted
Water Temperature 17.7 174 17 .4 18.9 17.7 17.8 179
at Date + 3 Days
3rd Day's Predicted
Water Temperature 178 170 178 16.9 17.5 18.0 18.1
at Date + 2 Days
2nd Day's Predicted
Water Temperature 183 165 181 167 17.3 18.2 18.8
at Date + 1 Day
Current Day's Predicted
Water Temperature 17.9 162 183 17.0 177 18.5 19.3
at Date
Previous Day's Calculated
Water Temperature 170 170 169 171 179 18.6
at Date - 1 Day
Previous Day's Recorded
Water Temperature 16.4 167 175 178 181 186
at Date -1 Day
Current Day's
Skins Lake Spillway Release 49.0 490 136.0 136.0 136.0 2230 2230 283.0 283.0 283.0 170.0
at Date to to to to
(m3/s) 136.0 223.0 283.0 170.0
@ @ @ @
1100.0 800.0 1600.0 10.0
hrs hrs hrs hrs
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Mean Daily Water Temperatures in the Nechako and Nautley Rivers, 2009
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APPENDIX C

Mean Daily Skins Lake Spillway Releases and Flows
in the Nechako and Nautley Rivers, 2009



Appendix C

Mean Daily Skins Lake Spillway Releases and Flows in the Nechako and Nautley Rivers, 2009

Skins Lake Nechako River Nautley River
Spillway Cheslatta At Fort
Release Falls Vanderhoof Fraser
Date (m?/s) (m?/s) (m?/s) (m?/s)
10-Jul 49.0 52.5 134.9 55.1
11-Jul 49.0 to 136.0 52.5 134.9 4.5
@ 0500 hrs
12-Jul 136.0 533.7 134.9 5
13-Jul 136 to 226.5 59.2 134.9 33.
@ 0500 hrs
14-Jul 226.5 67.7 134.9 33.2
15-Jan 226.5 54.9 159.0 526
16-Jan 226.5 102.6 1414 521
17-Jan 226.5 to 453.0 115.1 160.3 50.9
@ 1600 hrs
18-Jan 453.0 135.9 171.3 51.0
19-Jul 453.0 to 14.2 194.2 193.0 516
@ 1600 hrs
20-Jul 14.2 to 433.0 2254 232.6 20.4
@ 2000 hrs
21-Jul 453 204.4 278.1 49.6
22-Jul 453.0 241.3 282.3 47.8
23-Jul 453.0 to 283 282.7 288.0 45.8
@ 0800 hrs
24-Jul 283 299.5 326.6 478
25-Jul 283 299.8 365.4 478
26-Jul 283 301.6 377.1 46.0
27-Jul 283 297.4 382.9 448
28-Jul 283 298.6 383.3 4.0
29-Jul 283 299.5 392.7 43.2
30-Jul 283 295.6 387.9 42.0
31-Jul 283 297.7 390.5 40.9
1-Aug 283 292.6 392.0 40.2
2-Aug 283 295.3 384.4 40.2
3-Aug 283 2947 380.0 38.1
4—A1_J.g 283 2544 387.5 36.4
5—A1_J.g 283 to 14.2 2544 3581.9 35.7
@ 1600 hrs
6—A1_J.g 14.2 283.6 380.0 33.3
7—A1_J.g 14.2 to 433.0 237.1 379.0 34.0
@ 1600 hrs
8-Aug 453 222.6 361.3 32.9
9-Aug 453 255.4 314.5 3.9




Appendix C (continued)

Mean Daily Skins Lake Spillway Releases and Flows in the Nechako and Nautley Rivers, 2009

Skins Lake Nechako River Nautley River
Spillway Cheslatta At Fort
Release Falls Vanderhoof Fraser
Date (m?/s) (m?/s) (m?/s) (m?/s)
10-Aug 453010 142 296.5 3232 30.6
@ 1600 hrs
11-Aug 142 301.6 3619 30.7
12-Aug 142 262.0 386.2 300
13-Aug 14210 170 2254 368.7 287
@ 2000 hrs
14-Aug 170 191.6 336.7 282
15-Aug 170 178.4 2872 278
16-Aug 170 172.9 2639 26.9
17-Aug 170 172.6 25235 259
18-Aug 170 to 14.2 169.5 2406 255
@ 1600 hrs
19-Aug 142 164.7 2473 248
20-Aug 142 146.7 246 240
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Recorded and Forecast Meteorological Data 2009
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19.1 466.65 0.51 9 9.1 933 527 08 09 09
17.4 475 0.5 7.2 8.8 93.3 52 09 09 09
13.7 410 0.65 9 88 929 75
12.1 430 0.6 5 75 93.1 63
12.5 430 0.6 4 54 933 57
10.5 400 0.7 6.3 45 92 8 76
ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH) SPR(KPA) RH(%) DDMMYY
WORLD WEATHERWATCH FORECAST ISSUED AUG 09/09
174 366.6 0.62 6.9 95 93 4 519 09 09 09
14.2 320 0.8 10.5 9.3 92.9 81.7 10 09 09
118 340 0.7 51 85 93.1 2
12.8 340 0.7 42 58 933 59
12.5 320 0.8 5 53 93.1 63
153 520 0.4 46 6.6 932 51
ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH) SPR(KPA) RH(%) DDMMYY
WORLD WEATHERWATCH FORECAST ISSUED AUG 10/09
13.8 390 0.77 10.8 95 929 834 10 09 09
11.9 530 0.4 5.4 11.6 93.4 65 11 09 09
12.8 570 0.36 33 7.3 93 4 525
13.6 450 0.2 33 3.1 935 498
143 605 0.2 3.1 44 936 46.9
16.1 600 0.15 45 5 937 46.1
ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH) SPR(KPA) RH(%) DDMMYY
WORLD WEATHERWATCH FORECAST ISSUED AUG 11/09
12.8 460 0.6 6.8 8.1 99 71 11 09 09
12.8 520 0.5 4 58 937 55 12 09 09
13.5 520 0.4 5 5.1 938 56
14.4 600 0.2 41 43 93 8 50
15.5 620 0.1 4 52 93.8 46
17.7 600 0.3 5 132 942 43
ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH) SPR(KPA) RH(%) DDMMYY
WORLD WEATHERWATCH FORECAST ISSUED AUG 12/09
12.5 460 0.4 53 96 936 65 12 09 09
13.1 600 0.35 8.1 51 938 72 13 09 09
14.3 600 0.2 3.3 5.7 93.8 51
148 580 0.36 48 6 938 51
18.1 500 0.55 51 85 94.1 43
175 400 0.7 7 11.1 939 50
ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH) SPR(KPA) RH(%) DDMMYY

WORLD WEATHERWATCH FORECAST ISSUED AUG 13/09
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20.1 525 0.49 93
18.1 550 0.2 8

20.1 500 0.5 9.3

16.5 440 0.65 11.1

15 480 0.6 4

13 470 0.6 4
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APPENDIX E

Summer Water Temperature and Flow Management Project Reservoir Release
Volume Calculations for July 10 to August 20, 2009



Appendix E

Summer Water Temperature and Flow Management Project Reservoir Release Volume Calculations
for July 10 to August 20, 2009

Skins Lake Spillway base release for the period July 10 (191) to August 20 (232) =49.0 m*/s
Summer Water Temperature and Flow Management Project Base Release Volume = (JD 230 - JD 191) * 49.0 + (JD 232 - ID 230) * 14.16 = 1,939.3 m*/s*days

Time period (Julian Day) Time Flow Rate Volume
(hrs) (m®/s) (m>/s*hrs)
July 10 (191) @ 2400 hrs to July 11 (192) @ 0800 hrs 32.0 49.0 1,568
Tuly 11 (192) @ 0800 hrs to JTuly 13 (194) @ 0800 hrs 48.0 136.0 6,528
July 13 (194) @ 0800 hrs to July 17 (198) @ 1600 hrs 104.0 2265 23,556
Tuly 17 (198) @ 1600 hrs to July 19 (200) @ 1600 hrs 48.0 453.0 21,744
Tuly 19 (200) @ 1600 hrs to July 20 (201) (@ 2000 hrs 280 142 398
July 20(201) @ 2000 hrs to July 23 (204) @ 0800 hrs 60.0 453.0 27,180
Tuly 23 (204) (@ 0800 hrs to August 5 (217) @ 1600 hrs 320.0 283.0 90,560
August 5 (217) @ 1600 hrs to August 7 (219) @ 1600 hrs 48.0 142 682
August 7 (219) @ 1600 hrs to August 10 (222) @ 1600 hrs 72.0 453.0 32616
August 10 (222) @ 1600 hrs to August 13 (225) @ 2000 hrs 76.0 142 1,079
August 13 (225) @ 2000 hrs to August 18 (230) @ 2000 hrs 116.0 170.0 19,720
August 18 (230) @ 2000 hrs to August 20 (232) @ 2400 hrs 56.0 142 795
Total 1,008 226,426
(42.0 days)
Total Release Volume = 226,426 m*/s*hrs

9.434 4 m¥/s*davs
= 333,176 cfs*days

Volume Released for Cooling Purposes = Total Volume - Base Volume
=9.4344-19393
= 7.495.1 m*/s*days
= 264,689 cfs*davs

Average Release over Summer Management Period = 94344 m*/s*days / 42 days
(July 10 to August 20) = 224.6m's
7.932.8 cfs






