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ABSTRACT

The 1990 Nechako River Summer Water Temperature and Flow Management Project
was undertaken to attempt to prevent mean daily water temperatures in the Nechako River
above Stuart River (at Finmoore) from exceeding 20.0°C (68.0°F), and to control flows in the
Nechako River below Cheslatta Falls and at Vanderhoof during the water temperature con-
trol period (July 20 to August 20). In 1990, mean daily water temperatures in the Nechako
River above Stuart River exceeded the temperature criterion on thirteen days (July 22-26,
July 29-31, August 11-14, and August 20) during the water control period (July 20 to August
20), with a maximum mean daily temperature of 21.0°C (69.8°F), recorded on August 12.

The first exceedance of the temperature criterion occurred from July 22 to July 26,
inclusive. On July 20, in response to a predicted warming trend the Skins Lake Spillway
release was increased from 170 m3/s (6,000 cfs) to 453 m3/s (16,000 cfs). The spillway re-
lease was maintained at 453 m3/s (16,000 cfs) until July 22 when a predicted cooling trend
prompted the spillway release to be decreased to 14.2 m3/s (500 cfs). However, a warming
trend was predicted the following day, July 23 and the spillway release was increased to
453 m3/s (16,000 cfs). On July 24 the spillway release was reduced to 283 m3/s (10,000 cfs)
to avoid exceeding the maximum allowable flow in the Nechako River below Cheslatta Falls.

The second exceedance of the temperature criterion occurred from July 29 to July 31,
inclusive. During this period, flow in the Nechako River below Cheslatta Falls was at the
maximum allowable level of 283 m3/s (10,000 cfs), and thus no further action could be taken.

The third exceedance of temperature criterion occurred from August 11 to August

14, inclusive. On August 9, the Skins Lake Spillway release was increased from 170 m3/s
(6,000 cfs) to 453 m3/s (16,000 cfs) in response to a predicted warming trend. On August 10
the spillway release was reduced to 283 m3/s (10,000 cfs) to avoid exceeding the maximum
allowable flow in the Nechako River below Cheslatta Falls. The spillway release was main-
tained at 283 m3/s (10,000 cfs) until August 12 when a predicted cooling trend prompted the
spillway release to be decreased to 14.2 m3/s (500 cfs) where it was maintained through to
August 15.

The fourth exceedance of the temperature criterion occurred on August 20. A strong
upward observed trend was predicted on August 19. However, no downstream benefit would
be realized on August 20, and the spillway release was maintained at 14.2 m3/s (500 cfs).

Over the duration of the 1990 Summer Water Temperature and Flow Management
Project, the total volume of water released was 8,219.2 m3/s-d (290,261 cfs-d). The volume
released for cooling purposes was 6,161.2 m3/s-d (217,583 cfs-d). The average flow over the
operational period (July 10 to August 20) was 195.7 m3/s (6,911 cfs).

INTRODUCTION water temperature monitoring and control project was
Control of the Nechako River water temperature for:_miler;e.rslted as lAIcan T;g‘;amsd alocc())rg)zta?t Skins
protection of fish resources is a concern of both gov- axe opifiway release o m#/s (10, cfs) pro-

ernment agencies and Alcan Smelters and Chemicafg_dmg the maximum allowable flow in the Nechako

Ltd. Each summer between 1981 and 1984, AIcanB'Ver below Cheslatta Falls for the entire period of

Triton Environmental Consultants Ltd. (formerly concern. In 1986 and 1987, Triton Environmental

Envirocon Pacific Ltd.), and the Department of I:iSh_ConsuItants Ltd. (Triton), on behalf of Alcan, carried

eries and Oceans (DFO) undertook a joint water temc-’Ut an mdepgndem V\_/ater temperature and floyv man-
gement project similar to the one used during the

perature monitoring and control project. In 1985, no®
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summer of 1984 (Envirocon 1985). Since 1988, Tritornway releases required to meet project objectives. The
has carried out analogous water temperature and floBummer Water Temperature and Flow Management
management projects (Triton 1995a, 1995b) under thBroject is a computer based project utilizing an un-
auspices of the Nechako Fisheries Conservation Prasteady-state flow routing model and an unsteady-state
gram (NFCP). water temperature prediction model designed to com-

pute the conditions in the Nechako River defined by

The Nechako River Summer Water Temperature anéhe nature of the meteorological conditions. Math-
Flow Management Project currently being used wagmatical modelling of flows and water temperatures
designed and developed by Triton in 1982 and ha#) the Nechako River was performed daily during the
been successfully implemented by Triton since 1983period July 10 to August 20, inclusive.

The project is comprised of an operational period (July

10 to August 20), a water temperature control periO(Pa”y operations followed the protocol defined in the
(July 20 to August 20), and a flow control period (JulySettIement Agreement (Anon. 1987), and involved col-

10 to September 6). The objectives of the Summelrecuon of water temperature and river stage data from

Water Temperature and Flow Management Project argeveral locations in the study area, and development
to attempt to prevent water temperatures in theOf five-day meteorological forecasts. Water tempera-

Nechako River above the Stuart River confluence.tures were obtained daily from recorders maintained

from exceeding 20.0°C (68.0°F) during the water tem." the Nechako River below Cheslatta Falls (at Bert

perature control period, and to control flows ir]Irvmes Lodge), in the Nechako River at Fort Fraser

the Nechako River below Cheslatta Falls and a{upstream of Nautley River), in the Nechako River

Vanderhoof during the flow control period. The lat- above Stuart R|v_er and n the Nautley Rlver._ Rlyer
ter objective includes reducing the flow in the Stages were obtained daily from recorders maintained

Nechako River below Cheslatta Falls to the chinooK" the Nechako River below Cheslatta Falls, in the
salmon spawning flow by September 6. Nechako River aF Vande.rhoof and from a sFaff gauge

in the Nautley River. Five-day meteorological fore-
The study area included in the Summer Water Temcasts were obtained from World Weatherwatch (for-

perature and Flow Management Project is shown ifnerly Meteorological and Environmental Planning
Figure 1. Unless otherwise stated, the location of thg¢td. (MEP)), a subconsultant to Triton.

Nechako River above Stuart River refers to the
Nechako River at Finmoore. River stage and minimum and maximum water tem-

perature data were obtained daily by Triton (staff

This report reviews the 1990 Summer Water Tempera'€mber resident in Vanderhoof) for each location
ture and Flow Management Project and includes aldentified except the Nechako River below Cheslatta
outline of Triton’s method of determining Skins Lake Falls. Each morning, hourly water temperature and

Spillway releases, a summary of Triton's 1990 skindiver stage data recorded by the data collection plat-
Lake Spillway release recommendations for the peform located at Nechako River below Cheslatta Falls
riod July 10 to September 6 inclusive, and a summary/€'® obtained via computer link to Water Survey of
of observed flows (July 10 to September 6) and watef-@nada (WSC), Vancouver. In addition, spot and cor-

temperatures (July 10 to August 20) at various local€sponding recorded water temperatures were col-

tions along the Nechako River. Also discussed is thdected at each location during these daily site visits
volume of cooling water used in the 1990 Summe@nd used to adjust the recorded water temperatures.

Water Temperature and Flow Management Project. Adjustment was included to provide an ongoing check
of each thermograph, and was performed in the fol-

lowing manner. If the spot temperature was higher

METHODS than the thermograph record, the thermograph record
was adjusted to agree with the observed spot tempera-
Management of the Nechako River flows and wateture for that day. If the thermograph record was

temperatures was accomplished using water temper&igher than the spot temperature, the thermograph
ture predictions based on five-day meteorologicakecord was not adjusted. This procedure was imple-
forecasts to determine scheduling of Skins Lake Spillmented as a conservative measure.
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Skins Lake Spillway releases documented in this rethe current day’s five-day meteorological forecast and
port are the releases requested by Triton. All Nechakan assumed current day’s flow regime. The entry rc
River and Nautley River flow data documented in thisrepresents the current day Skins Lake Spillway release
report are preliminary data. The values presented amequired to meet project objectives.

part of the database utilized in the daily operation of i )

the Summer Water Temperature and Flow ManageThe following thr_ee trends in water tempe_rature

ment Project. These data have not been updated aScRanges were reviewed on a day-by-day basis:

is the preliminary data that was used in real-time

modelling of the Nechako River system. Therefore, 1 ODbserved trend; developed from observed

values presented in this report may differ slightly from mean daily water temperatures measured in
those reported by WSC. the Nechako River above Stuart River each

day (bo and co in Table 1). The difference in
The first 10 days of the operational period, July 10 to observed water temperatures for the previous
July 19, are utilized for system start up, for initializa- two days is extrapolated over the next 5 days
tion of the data base required to schedule Skins Lake to determine the observed water temperature
Spillway releases necessary to meet project water tem- trend.

perature objectives during the control period com-
mencing July 20, and for increase of the flows in the
Nechako River from spring flows to the minimum
cooling flow of 170 m3/s (6,000 cfs) required below
Cheslatta Falls. The 1990 Skins Lake Spillway spring
base release as determined by NFCP was 49.0 m3/s
(1,730 cfs). On July 10, the operational period com- 3. Forecast trend; developed from the difference

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.

menced with an observed flow of 56.1 m3/s (1,981 cfs) between the current five-day and previous
in the Nechako River below Cheslatta Falls. On July five-day predictions for the same calendar
11, 1990, the Skins Lake Spillway release was increased days (c3 and b4, c2 and b3, c1 and b2 in Table
from the spring base release to 227 m3/s (8,000 cfs) to 1). Differences between forecasted data on
ensure flows in the Nechako River below Cheslatta coincident dates for the next 3 days only are
Falls reached the minimum cooling flow of 170 m3/s averaged and added to the 5th day predicted
(6,000 cfs) by July 20 (the beginning of the water tem- temperature to determine the trend in fore-
perature control period). casted temperatures.

Throughout the operational period of the project,A numerical example of how the trends are calculated
water temperatures in the Nechako River were calcuis presented in Appendix A.

lated daily for the previous day, the current day and

each of the next 4 days. These calculations were bas&hch day predicted water temperatures for the five-
on observed and five-day forecast meteorologicatlay forecast period were checked and the three trends
data, observed water temperature and computed flowere calculated. If two of the three trends indicated
data. Forecast water temperature predictions werghat the water temperature in the Nechako River
tabulated and reviewed daily to identify trends inabove Stuart River could potentially exceed 19.4°C
water temperature changes. These trends are the sa(@d.0°F) then an increase in the Skins Lake Spillway
as those used in the water temperature and flow manelease was required. When this occurred the current
agement projects since 1984 (Envirocon Ltd. 1985), anday’s release was revised and the flow and tempera-
are best explained through reference to Table 1. Asure models were rerun using the modified flow re-
suming the current day is July 16, entries correspondgime. Results of each day’s final computer run were
ing to the current day’s operation are represented byubsequently used to initialize water temperatures for
the letter c. Entries co and cs represent the observete following day’s computations. Entries in Table 1
and calculated water temperatures, respectively, forepresent each day’s final cooling water release and
the previous day (July 15). Entries cl1 through c5 represultant predicted water temperatures.

resent predicted water temperatures computed using
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Table 1
Daily Operations to Manage Water Temperatures in the Nechako River above Stuart River

Date 11-Jul 12-Jul 13-Jul 14-Jul

15-ul

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

@ Date

Previous Day's Observed ao
Water Temperature
@ Date - 1 Day

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 al
Water Temperature @ Date

Previous Day's Calculated as bs
Water Temperature
@ Date - 1 Day

Current Day's Release ra

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

bo —P» co

a5 b5 c5

a4 b4 c4

a3

—» observed trend

— - % predicted trend

- - - 9 forecast trend

rc

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 Stuart River, and these trends show that
potentially the water temperature could ex-

ceed 19.4°C (67.0°F), increase the Skins Lake
Spillway release according to criteria 2 and 3

below.

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 Stuart River 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 July 20, and is to be reduced to
approximately 31.2 m3/s (1,100 cfs) by Sep-
tember 6.

At any time of release, increase Skins Lake
Spillway from the current level to 453 m3/s
(16,000 cfs) directly to achieve the flow
changes in the Nechako River as fast as pos-
sible.

Poge 10



4. During cooling periods when two of three Vanderhoof are plotted in Figure 3. Daily Skins Lake
trends in forecasted water temperatures ar&pillway releases, Nautley River flows and flows in
decreasing and these trends indicate that pothe Nechako River below Cheslatta Falls and at
tentially the water temperature could dropVanderhoof are tabulated in Appendix C. A day-by-
below 19.4°C (67.0°F) within the forecast pe-day record of Triton’s Skins Lake Spillway release
riod (5 days), reduce the Skins Lake Spillwayrecommendations and the reasoning behind them is
release from the current level to 14.2 m3/spresented in Table 4.

(500 cfs). . )
During the water temperature control period, meas-

ured flows in the Nechako River below Cheslatta Falls
RESULTS (based on preliminary WSC data from the WSC data
collection platform at Bert Irvine’s Lodge) ranged
Predicted and observed mean daily water tempergetween a maximum of 289 m3/s (10,206 cfs) on
tures for the Nechako River above Stuart River, Sking\ugust 1 and a minimum of 114 m3/s (4,026 cfs) on
Lake Spillway releases and changes in Skins Lak@ugust 20. Flows measured in the Nechako River at
Spillway releases over the duration of the projectvanderhoof ranged between a maximum of 314 m3/s
operational period (July 10 to August 20) are summa¢11,089 cfs) on August 2 and a minimum of 163 m3/s
rized in Table 2. (5,756 cfs) on August 20. Following the water tem-
perature control period, the mean daily flow in the
Observed mean daily water temperatures in th@echako River below Cheslatta Falls was reduced to
Nechako River above Stuart River are tabulated i 4 ms/s (1,215 cfs) by September 6. The recorded
Table 3 and plotted in Figure 2. The maximumMmaximum mean daily flow in the Nechako River

observed mean daily water temperature recordegg|ow Cheslatta Falls exceeded the previously stated
during the water temperature control period (July 2Qimit for flood control by 2.1%.

to August 20) was recorded as 21.0°C (69.8°F) on
Augus 12. The maximum observed mean daily wate
temperature recorded during the operational perio ISCUSSION

(July 10 to August 20) was recorded as 21.7°C (71.1 FE)ecision criteria used to determine Skins Lake Spill-

\c/)vr;t\]eurly tlelman:r;tzljre-rh?er:énrlgludm g?jsr?rzvedt?eeacvgfgyvay releases during the 1990 Summer Water Tempera-

P . 9 ture and Flow Management Project were identical to
temperature control period (July 20 to August 20) v.vaﬁhose used during summer water temperature and
recorded as 18.4°C (65.1 F). on August 3. The M ow management projects since 1984. Discussion of
mum observed mean daily water temperatur

She 1990 Summer Water Temperature and Flow Man-

recorded during the operational period (July 10 toagement Project has been divided into four sections.

August 20) was recorded as 17.9°C (64.2°F) on ‘]u')i'he first section reviews the collection and use of

18. A summary of mean daily water temperatures . .
observed field data. Types of data include water tem-
recorded in the Nechako River below Cheslatta Falls yp

) ) erature, flow, and meteorological data (observed and
near Fort Fraser and above Stuart River, and in th N (

. orecast). The second section discusses occurrences
Nautley River near Fort Fraser (July 10 to August 20) ) . . o
. : . of mean daily water temperatures in excess of 20.0°C
is presented in Appendix B.

(68.0°F) in the Nechako River above Stuart River. The
As outlined inMethods during the water temperature third section discusses the volume of water used
control period Skins Lake Spillway releases requirediuring the 1990 Summer Water Temperature and Flow
for water temperature control were to be such thaManagement Project. The fourth section discusses
flows in the Nechako River below Cheslatta Falls wergnstances when judgment was exercised (based on
to range between 170 m3/s (6,000 cfs) and 283 ms/gxperience gained in previous years’' operation of the
(10,000 cfs) and flows at Vanderhoof were not toSummer Water Temperature and Flow Management
exceed 340 m3/s (12,000 cfs). Project) during the application of the release criteria.

Skins Lake Spillway releases and corresponding flows
in the Nechako River below Cheslatta Falls and at

Page 11
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Table 2

Predicted and Observed Mean Daily Water Temperatures in the Nechako River above Stuart River, July 10 to August 20, 1990

JULY
Date 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
5th Day's Predicted
Water Temperature 221 216 227 207 190 188 183 187 192 193 191 19.1 188 192 189 192 20.3 20.4
at Date + 4 Days
4th Day's Predicted
Water Temperature 223 220 233 212 193 191 180 181 187 192 197 198 19.0 194 192 191 201 20.3 20.1
at Date + 3 Days
3rd Day's Predicted
Water Temperature 223 223 236 214 196 194 181 178 179 188 198 206 1938 19.9 197 197 200 200 20.1 205
at Date + 2 Days
2nd Day's Predicted
Water Temperature 226 223 234 216 196 197 185 178 175 184 193 206 208 206 20.2 206 204 199 201 20.6 20.6
at Date + 1 Day
Current Day's Predicted
Water Temperature 217 220 227 218 200 201 192 180 181 183 189 200 211 210 207 20.8 209 203 201 204 209 20.3
at Date
Previous Day's Calculated
Water Temperature 216 221 222 209 203 199 188 183 184 186 191 201 211 210 207 20.9 208 203 202 206 20.8 20.1
at Date - 1 Day
Previous Day's Observed
Water Temperature 205 217 217 206 19.7 193 184 18.0 179 18.2 186 196 20.1 20.7 20.6 20.3 20.6 19.9 19.8 20.2 20.2 20.2
at Date - 1 Day
Current Day's
Skins Lake Spillway Release  49.0 49.0 227 227 227 221 221 221 221 170 170 453 453 142 453 283 283 283 283 283 283 283
at Date to to to to to to
(m2/s) 227 170 453 142 453 283
@ @ @ @ @ @
1600 1600 1600 1600 1600 1600
hrs hrs hrs hrs hrs hrs
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Table 2 (Continued)

Predicted and Observed Mean Daily Water Temperatures in the Nechako River above Stuart River, July 10 to August 20, 1990

AUGUST
Date 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
5th Day's Predicted
Water Temperature 19.9 19.2 18.9 19.3 19.3 19.2 194 18.7 19.2 19.3 19.9 19.3 20.0 19.3 194 19.1 18.7 18.7 18.4 18.7
at Date + 4 Days
4th Day's Predicted
Water Temperature 19.8 19.2 19.3 19.0 19.0 19.6 18.8 19.2 19.2 19.6 194 20.4 20.1 20.1 19.3 19.4 18.7 18.3 18.6 18.9
at Date + 3 Days
3rd Day's Predicted
Water Temperature 19.9 19.6 18.8 18.6 19.2 19.3 19.6 194 19.1 19.1 20.4 20.5 20.9 20.1 20.1 18.9 18.7 18.6 19.0 18.9
at Date + 2 Days
2nd Day's Predicted
Water Temperature 19.7 19.1 18.4 18.3 19.2 20.4 19.9 18.8 18.7 20.0 20.5 21.2 20.8 20.4 194 19.2 18.8 19.1 19.1 20.1
at Date + 1 Day
Current Day's Predicted
Water Temperature 195 195 18.2 18.7 20.2 20.5 19.2 18.7 195 20.2 20.9 21.3 20.7 20.4 19.9 19.2 19.3 194 20.0 20.7
at Date
Previous Day's Calculated
Water Temperature 19.7 194 18.4 18.9 20.2 20.3 18.7 18.9 19.7 20.3 20.9 21.3 20.8 20.6 19.9 19.4 19.3 19.7 20.2
at Date - 1 Day
Previous Day's Observed
Water Temperature 19.9 18.6 18.4 18.7 19.7 19.8 19.1 18.8 19.2 19.9 20.8 21.0 20.8 20.5 19.9 19.5 194 19.9 19.7 20.1
at Date - 1 Day
Current Day's
Skins Lake Spillway Release 283 14.2 14.2 14.2 14.2 453 453 283 14.2 453 283 283 18.4 13.7 13.7 170 14.2 14.2 14.2 14.2
at Date to to to to to to to to to to
(m3/s) 14.2 170 @ 0800 hrs 283 142 453 283 18.4 13.7 170 142
@ 170 @ @ @ @ @ @ @ @
1600 to 2000 1400 1600 1600 1400 0900 1600 1300
hrs 453 @ 1600 hrs hrs hrs hrs hrs hrs hrs hrs hrs



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

Water
Date Temperature

(°C)
10-Jul 20.5
11-Jul 21.7
12-Jul 21.7
13-Jul 20.6
14-Jul 19.7
15-Jul 19.3
16-Jul 18.4
17-Jul 18.0
18-Jul 17.9
19-Jul 18.2
20-Jul 18.6
21-Jul 19.6
22-Jul 20.1
23-Jul 20.7
24-Jul 20.6
25-Jul 20.3
26-Jul 20.6
27-ul 19.9
28-Jul 19.8
29-Jul 20.2
30-Jul 20.2
31-Jul 20.2

Table 3

Water
Date Temperature

Q)
1-Aug 19.9
2-Aug 18.6
3-Aug 18.4
4-Aug 18.7
5-Aug 19.7
6-Aug 19.8
7-Aug 19.1
8-Aug 18.8
9-Aug 19.2
10-Aug 19.9
11-Aug 20.8
12-Aug 21.0
13-Aug 20.8
14-Aug 20.5
15-Aug 19.9
16-Aug 19.5
17-Aug 19.4
18-Aug 19.9
19-Aug 19.7
20-Aug 20.1

1990

22.0

21.0

20.0 A

19.0

18.0

Temperature (°C)

17.0 1

Figure 2

Observed Mean Daily Temperatures in the Nechako River
above Stuart River, July 10 to August 20, 1990
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Figure 3
Skins Lake Spillway Releases and Flows in the Nechako River below Cheslatta Falls and at Vanderhoof,
July 10 to September 6, 1990

500 +
450 Skins Lake Spillway Release 453 m3/s
400 +
350 + 340 m3/s
@ 300 + jenenTT T . 283 md/s
E 0l } \ﬁ . || \«// . Vanderhoof
g o VA
L .. _Cheslatta Falls 170 m3/s
150 +)..... .o’ T
100 +
50 =
0111111111111-11111111111111111-1111111111111111111111111}111
10 15 20 25 30 4 9 14 19 24 29 3
July August September
Date
Note: Vanderhoof flow data from July 10 to July 31 are published WSC values as gauged flows were unavailable ddring
this time
Table 4
Rationale for Skins Lake Spillway Release Changes, July 10 to September 6, 1990
Old New Time of
Date Setting Setting Change Reason for Changing
1990 (m?3/s) (m3/s) (hrs) SLS Release Setting
11-Jul 49.0 227 1600 To ensure base flow of 170 m3/s below Cheslatta Falls by July 2Q
18-Jul 227 170 1600 To maintain base flows of 170 m3/s
20-Jul 170 453 1600 In response to a predicted warming trend
22-Jul 453 14.2 1600 In response to a predicted cooling trend
23-Jul 14.2 453 1600 In response to a predicted warming trend
24-Jul 453 283 1600 To avoid exceedence of 283 m3/s below Cheslatta Falls
1-Aug 283 14.2 1600 In response to a predicted cooling trend
5-Aug 14.2 170 0800 To maintain base flows of 170 m3/s
5-Aug 170 453 1600 In response to a predicted warming trend
7-Aug 453 283 2000 To avoid exceedence of 283 m3/s below Cheslatta Falls
8-Aug 283 14.2 1400 In response to a predicted cooling trend
9-Aug 14.2 453 1600 In response to a predicted warming trend
10-Aug 453 283 1600 To avoid exceedence of 283 m3/s below Cheslatta Falls
12-Aug 283 18.4 1400 In response to a predicted cooling trend Note: A setting of 14.2 m®/
was requested, however the gate was inadvertently set to 18.4 m3/s
13-Aug 18.4 13.7 0900 To correct for incorrect gate setting of August 12
15-Aug 13.7 170 1600 To maintain base flows of 170 m3/s
16-Aug 170 14.2 1300 In response to a predicted cooling trend
31-Aug 14.2 30.8 2000 To achieve spawning flow in the Nechako River below

Cheslatta Falls by Sept. 6
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Observed Data Weatherwatch was used to estimate water tempera-
tures in the Nechako River below Cheslatta Falls and

Triton’s modelling procedure is based on the premisd’ the Nautley River for the previous day, current day,
that the best way to forecast water temperatures is tond following four days. A listing of the observed

initialize computations with observed conditions. FordNd forecast meteorological data is provided in
this reason, the quality of the field data used in thé‘PPendix D. The accuracy of the forecast meteoro-
modelling process directly affects the accuracy of thdodical data has a direct effect on the accuracy of the
computed water temperatures. Therefore, data mudprecast river water temperatures.

be collected accurately and consistently to ensure thg@yccurrences of Water Temperatures
random errors are kept to a minimum. Consistencyn the Nechako River above Stuart River

|n.data coIIectlgn tgchnlques will gnsure any SyStemEXCGEding Water Temperature Criterion
atic errors maintain a constant bias throughout the

project. Mean daily water temperatures in the Nechako River

. . . . above Stuart River exceeded 20.0°C (68.0°F) on
In 1990, flow data obtained from gauging stations in_ . .
thirteen days during the water temperature control

the Nechgko River below Ches.latta Falls, in .thelperiod of July 20 to August 20. Prior to the water
Nechako River at Vanderhoof and in the Nautley Rive . .
emperature control period, mean daily water
near Fort Fraser appeared to be of a reasonable : . .
. . ; ) émperatures in the Nechako River above Stuart River
guality. Changes in flows in the Nechako River be'exceeded 20.0°C (68.0°F) from July 10 to July 13
low Cheslatta Falls and in the Nechako River at . ' ' y y 22
. inclusive.
Vanderhoof responded as expected in response to
changes in Skins Lake Spillway releases. The Nautlefpuring the water temperature control period, the first
River flow regime was typical for the time of year. exceedance of the temperature criterion occurred from
The ability to obtain hourly stage data from the gaug-July 22 to July 26, inclusive. Mean daily temperatures
ing station located in the Nechako River belowreached 20.7°C (69.3°F) on July 23. This warming trend
Cheslatta Falls proved very useful in verifying thewas predicted on July 20, and the Skins Lake Spill-
daily predictions of the flow model and accountingway release was increased from 170 m3/s (6,000 cfs)
for changes in the local inflow to the Cheslatta/to 453 m3/s (16,000 cfs). The spillway release was
Murray Lakes system. maintained at 453 m3/s (16,000 cfs) until July 22 when

a predicted cooling trend prompted the spillway

As stated previously, spot and corresponding recorddelease to be decreased to 14.2 m¥s (500 cfs). How-
(thermograph) water temperatures were collected i§Ver. & warming trend was predicted the following

the Nechako River at Fort Fraser (upstream of th&lay, July 23 and the spillway release was increased to
Nautley River), in the Nechako River above Stuart493 m*s (16,000 cfs). Note that the cooling trend pre-
River and in the Nautley River during each site visit.dicted on July 22 did occur and the mean daily water
The thermograph water temperatures were not corfémperature in the Nechako River above Stuart River
sistently higher or lower than their associated spofiropped to 19.9°C (67.8°F) on July 27, five days hence.
temperatures. These data were used in adjustment & July 24 the spillway release was reduced to

water temperatures and the method applied is thaA83 m®/s (10,000 cfs) to avoid exceeding the maximum
outlined previously. allowable flow in the Nechako River below Cheslatta

Falls. The release of 283 m3/s (10,000 cfs) was main-
Observed and forecast meteorological data werg¢ained through to August 1.

obtained daily from World Weatherwatch, a sub- o
: . The second exceedance of temperature criterion
consultant to Triton. Forecast weather data obtained

from World Weatherwatch was developed usingoccurred from July 29 to July 31, inclusive. The re-

observed weather data from the Atmospheric Envi-;grgoeg rgza;;lally ;err:jpetrac';ure ton taII threet days was
ronmental Service (AES) station at Prince George ' (68.4°F). redicted water temperatures were

Airport and from the meteorological monitoring within range of observed values. During this period

station installed by Triton at Fort Fraser. The observegjIOW in the Nechako River below Cheslatta Falls
as at the maximum allowable level of 283 m3/s

and forecast weather data received from WorIdW )
(10,000 cfs), and thus no further action could be taken.
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The third exceedance of temperature criterionVolume of Water Used
occurred from August 11 to August 14, inclusive.

A maz<imum mean daily temperature of 21.0°Cgigyre 4 illustrates the observed flows in the Nechako
(69.8°F) was recorded on August 12. This warmingzijyer pelow Cheslatta Falls for the 1990 Summer

trend was predicted on August 9, and the Skins Lakgyater Temperature and Flow Management Project.
Spillway release was increased from 170 m3/Sy|5q jndicated is the minimum cooling flow of

(6,000 cfs) to 453 m¥/s (16,000 cfs). On August 10 the 79 m3/s (6,000 cfs) in the Nechako River below
spillway release was reduced to 283 m¥/s (10,000 Cfsppeg)atia Falls, and the Skins Lake Spillway release
to avoid exceeding the maximum allowable flow in ¢ 49 0 m3/s (1,730 cfs) required as part of the
the Nechako River below Cheslatta Falls. The spill«annual Water Allocation” defined in the Settlement

way release was maintained at 283 m?/s (10,000 cfSyyreement. Skins Lake Spillway releases in excess of

until August 12 when a predicted cooling trendg o ms/s (1,730 cfs) are considered releases used for
prompted the spillway release to be decreased teooling purposes.

14.2 m3/s (500 cfs) where it was maintained through
to August 15. The total volume of water released during the 1990

Summer Water Temperature and Flow Management

The fourth exceedance of the temperature criterioff F0J€Ct was 8,219.2 m3/s-d (290,261 cfs-d). The
occurred on August 20 with a recorded mean dajly’0lume released for cooling purposes was
temperature of 20.1°C (68.2°F). Cooling trends werd»161.2 m¥s-d (217,583 cfs-d). The average flow over
predicted consistently through the latter few days ofN® operational period (July 10 to August 20) was
the water temperature control period. A strong UIO_195.7 m_3/s (6,911_cfs). Volume calculations are pre-
ward observed trend was predicted on August 195€ntéd in Appendix E.

However, no downstream benefit would be realized

on August 20, and the spillway release was main-

tained at 14.2 m3/s (500 cfs).

Figure 4
Flows in the Nechako River below Cheslatta Falls Resulting from Skins Lake Spillway Releases,
July 10 to August 20, 1990

300 T Minimum Cooling Flow Required by Project Guidelines (170 m3/s)

(July 20 to August 20, 1990) Skins Lake Spillway Spring Base Release (49.0 m3/s)

250
200

150

Flow (m3/s

100

50

10 15

20 25 30 4 9
Date

14 19

July August

E Recorded Water Volume Above the Minimum Volume Required to Control the Nechako River Tempeérature

B Minimum Water Volume Required to Control the Nechako River Temperature
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Application of the Summer Water The second and third instances when exceptions to
Temperature and Flow Management Project the release criteria were made occurred on July 30 and
Release Criteria 31. On July 30 one of three water temperature trends
indicated that the water temperature could exceed
The Summer Water Temperature and Flow Managei19.4°C (67.0°F) in the Nechako River above Stuart
ment Project is very sensitive to the accuracy of meterjver within the forecast period (5 days). The other
orological forecasting. If a change in temperature ditwo trends showed no potential to exceed 19.4°C
rection occurs over a prolonged period of time (3 or 467.0°F). Following the release criteria under these
days), inaccurate meteorological forecasts mayonditions, the release from Skins Lake Spillway
predict the reversal of the temperature directionshould have been decreased from the current release
prematurely. In these instances, it may be requiredf 283 m3/s (10,000 cfs) to 14.2 m3/s (500 cfs). How-
to exercise judgment when applying the Summekver, the observed trend and the forecast trend were
Water Temperature and Flow Management Projecyp and there was no indication of a distinct cooling
release criteria used with the three water temperaturgend in the forecast. Therefore, as a conservative
trends. Experience gained in the operation of theneasure, it was decided to maintain the Skins Lake
Summer Water Temperature and Flow Managemengpillway release at 283 m3/s (10,000 cfs) until a cool-
Project since 1984 has assisted in developing the judgng trend was clearly established. The following day,
ment required to make exceptions to the releasguyly 31, had one trend exceeding 19.4°C (67.0°F) and
criteria during such events, which has proven to bghe other two trends very close to 19.4°C (67.0°F).
beneficial in terms of managing downstream watelBased on these considerations and the fact that the
temperatures. there was still no indication of a clearly established
. . . . fcooling trend it was decided to maintain the Skins
On four occasions during the operational period o .
Lake Spillway release at 283 m3/s (10,000 cfs). The
the 1990 Summer Water Temperature and Flow Man- . . - .
. . : cooling event did materialize on August 1 with the
agement Project, judgment was applied and excep: . . :
. oo . mperatures in the Nechako River above Stuart River
tions to the release criteria were made. This occurre(? . .
. cooling slightly.
when meteorological forecasts and/or the three

water temperature trends did not clearly |nd|cateThe fourth exception to the release criteria was made

Whlc? (?kms Lake Spillway release should be |mple—0n August 10, when one of three water temperature
mented.

trends indicated that the water temperature could
The first exception was made on July 24, when one o¢xceed 19.4°C (67.0°F) in the Nechako River above
three water temperature trends indicated that th&tuart River within the forecast period (5 days). The
water temperature could exceed 19.4°C (67.0°F) in thether two trends showed no potential to exceed 19.4°C
Nechako River above Stuart River within the forecas{67.0°F). Following the release criteria under these
period (5 days). The other two trends showed ne®onditions, the Skins Lake Spillway release should
potential to exceed 19.4°C (67.0°F). Following thehave been decreased from 453 m3/s (16,000 cfs) to
release criteria under these conditions, the releas®.2 m3/s (500 cfs). However, the observed trend’s
from Skins Lake Spillway should have been decreasetifth day temperature was 21.2°C (70.1°F) and the fore-
from the current release of 283 m3/s (10,000 cfs) t¢ast trend was up and had a fifth day predicted
14.2 m3/s (500 cfs). However, the observed trend watemperature of 19.4°C (66.9°F). Based on these
up and the meteorological forecast on July 22 predicteonsiderations and to allow for a clear temperature
ing cooling rather than warming had resulted in therend to materialize, it was decided to decrease the
Skins Lake Spillway being reduced to 14.2 m3/sSkins Lake Spillway release from 453 m3/s (16,000 cfs)
(500 cfs). Therefore, as a conservative measure, it wde 283 m3/s (10,000 cfs) in order to prevent exceeding
decided to maintain the Skins Lake Spillway releas€83 m3/s (10,000 cfs) in the Nechako River below
at 283 m3/s (10,000 cfs) until a cooling trend wasCheslatta Falls. The following day’s observed trend
clearly established. The following day’s observedand forecast trend clearly indicated a continued warm
trend and forecast trend clearly indicated a contintrend, and the Skins Lake Spillway release was main-
ued warm trend, thus the Skins Lake Spillway releastained at 283 m3/s (10,000 cfs).

was maintained at 283 ms3/s (10,000 cfs).
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Appendix A
Numerical Example of Water Temperature Trend Calculation

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

1.

Observed Trend

The observed trend is down by 0.4°C from 19.7°C (J14) to 19.3°C (J15). Take the previous
day’s observed temperature 19.3°C (J15) and extrapolate the trend for 5 days at -0.4°C. Th
observed trend shows that the water temperature could potentially reach
19.3°C + 5(-0.4°C) = 17.3°C.

Predicted Trend

The predicted trend is the difference between the previous day’s computed water temperatur
(J15) and the fifth day predicted water temperature (J20). The predicted trend is down from
19.9°C to 18.3°C with the potential to reach 18.3°C.

Forecast Trend

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

July 16 19.2-19.7 = down 0.5°C

July 17 18.5-19.4 = down 0.9°C

July 18 18.1-19.1 = down 1.0°C
Mean of 3 differences = down 0.8°C

This mean of -0.8°C is added to the fifth day predicted water temperature to give
18.3°C + (-0.8°C) = 17.5°C.

The forecast trend is down 0.8°C with the potential to reach 17.5°C.




Table Al
Predicted and Observed Mean Daily Water Temperatures in the Nechako River above Stuart River, 199

JULY
Date 10 11 12 13 14 15 16 17 18 19 20 21 22

5th Day's Predicted
Water Temperature 221 216 227 207 190 188 183
at Date + 4 Days

4th Day's Predicted
Water Temperature 223 220 233 212 193 191 180
at Date + 3 Days

3rd Day's Predicted
Water Temperature 223 223 236 214 196 194 181
at Date + 2 Days

2nd Day's Predicted
Water Temperature 226 223 234 216 196 197 185
at Date + 1 Day

Current Day's Predicted
Water Temperature 217 220 227 218 200 201 19.2
at Date

Previous Day's Calculated
Water Temperature 216 221 222 209 203 199
at Date - 1 Day

Previous Day's Observed
Water Temperature 205 217 217 206 197 193
at Date - 1 Day

Current Day's

Skins Lake Spillway Release 49.0 490 227 227 227 227 227
at Date to
(m3/s) 227
@
1600

hrs
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Appendix B

Mean Daily Water Temperatures in the Nechako and Nautley Rivers, 1990

Nechako River Nautley Nechako River Nautley
Cheslatta Fort above Fort Cheslatta Fort above Fort
Falls Fraser Stuart River Fraser Falls Fraser Stuart River Fraser

Date (°C) (°C) (°C) (°C) Date (°C) (°C) (°C) (°C)
10-Jul 17.6 19.7 20.5 19.6 1-Aug 18.0 19.0 19.9 19.0
11-Jul 18.2 20.5 21.7 20.7 2-Aug 17.7 17.6 18.6 18.3
12-Jul 17.1 19.7 21.7 19.8 3-Aug 17.3 18.0 18.4 18.6
13-Jul 17.6 18.2 20.6 195 4-Aug 17.4 18.7 18.7 19.0
14-Jul 17.4 18.3 19.7 19.4 5-Aug 17.8 194 19.7 19.0
15-Jul 17.1 18.2 19.3 19.4 6-Aug 17.8 18.9 19.8 195
16-Jul 16.7 17.9 18.4 18.2 7-Aug 17.2 18.0 19.1 18.7
17-Jul 16.5 17.3 18.0 18.4 8-Aug 17.3 18.6 18.8 19.2
18-Jul 16.6 17.0 17.9 17.5 9-Aug 175 18.9 19.2 19.0
19-Jul 16.5 175 18.2 175 10-Aug 17.7 19.0 19.9 20.2
20-Jul 16.8 18.7 18.6 17.8 11-Aug 18.0 19.3 20.8 20.3
21-Jul 17.1 19.1 19.6 19.3 12-Aug 18.1 194 21.0 20.2
22-Jul 17.0 19.2 20.1 19.4 13-Aug 18.1 19.3 20.8 19.8
23-Jul 16.9 18.2 20.7 20.1 14-Aug 18.3 194 20.5 195
24-Jul 17.3 19.4 20.6 20.3 15-Aug 17.9 19.2 19.9 19.6
25-Jul 17.6 19.3 20.3 19.7 16-Aug 17.8 18.7 195 194
26-Jul 17.8 19.2 20.6 19.8 17-Aug 17.8 18.8 19.4 19.3
27-Jul 17.7 19.0 19.9 19.3 18-Aug 18.0 19.0 19.9 195
28-Jul 17.9 18.9 19.8 19.7 19-Aug 18.4 20.0 19.7 19.4
29-Jul 18.1 19.2 20.2 19.9 20-Aug 18.8 N/A 20.1 N/A
30-Jul 18.3 19.1 20.2 20.1
31-Jul 18.3 19.2 20.2 20.1

N/A - Temperatures not available
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Appendix C

Mean Daily Skins Lake Spillway Release and Flows in the Nechako and Nautley River, 1990

Skins Lake Nechako River Nautley
Spillway Cheslatta At Fort
Release Falls Vanderhoof Fraser
Date (m3/s) (m3/s) (m3/s) (m3/5s)
10-Jul 49.0 56.1 141 52.9
11-Jul 49.0 to 227 56.1 141 52.3
@1600 hrs
12-Jul 227 56.1 141 52.3
13-Jul 227 70.4 141 51.2
14-Jul 227 90.0 143 49.5
15-Jul 227 108 152 48.4
16-Jul 227 124 168 47.9
17-Jul 227 139 188 47.4
18-Jul 227 t0 170 154 203 47.4
@1600 hrs
19-Jul 170 169 218 46.8
20-Jul 170 to 453 172 226 N/A
@1600 hrs
21-Jul 453 179 236 453
22-Jul 45310 14.2 227 256 43.6
@1600 hrs
23-Jul 14.2 to 453 253 276 42.3
@1600 hrs
24-Jul 453 to 283 235 282 41.8
@1600 hrs
25-Jul 283 264 277 41.3
26-Jul 283 272 292 40.3
27-Jul 283 275 302 35.1
28-Jul 283 278 304 39.3
29-Jul 283 281 307 36.4
30-Jul 283 287 309 36.0
31-Jul 283 287 311 35.1
1-Aug 28310 14.2 289 312 35.1
@1600 hrs
2-Aug 14.2 281 314 32.9
3-Aug 14.2 250 312 321
4-Aug 14.2 214 281 31.7
5-Aug 14.2to 170 184 244 30.6
@800 hrs
170 to 453
@1600 hrs
6-Aug 453 172 214 30.6
7-Aug 453 to 283 214 198 29.1
@2000 hrs
8-Aug 28310 14.2 255 210 28.1
@1400 hrs
9-Aug 14.2 to 453 255 244 28.1
@1600 hrs
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Note:

Appendix C (Continued)

Mean Daily Skins Lake Spillway Release and Flows in the Nechako and Nautley River, 1990

Skins Lake Nechako River Nautley
Spillway Cheslatta At Fort
Release Falls Vanderhoof Fraser
Date (m3/5s) (m3/s) (m3/5s) (m3/s)

10-Aug 453 to 283 235 266 27.3
@1600 hrs

11-Aug 283 261 249 26.7

12-Aug 283t018.4 269 256 26.0
@1400 hrs

13-Aug 18.4to 13.7 264 273 25.1
@900 hrs

14-Aug 13.7 232 276 25.4

15-Aug 13.7t0 170 203 253 25.1
@1600 hrs

16-Aug 170to 14.2 174 227 24.8
@1300 hrs

17-Aug 14.2 164 204 25.1

18-Aug 14.2 147 190 24.5

19-Aug 14.2 127 177 23.8

20-Aug 14.2 114 163 23.5

21-Aug 14.2 100 156 23.3

22-Aug 14.2 90.2 146 23.2

23-Aug 14.2 81.2 137 22.1

24-Aug 14.2 73.2 124 21.6

25-Aug 14.2 66.9 114 20.6

26-Aug 14.2 61.5 105 19.7

27-Aug 14.2 56.2 97.8 20.1

28-Aug 14.2 51.9 91.5 194

29-Aug 14.2 48.2 85.2 18.5

30-Aug 14.2 44.8 80.1 18.3

31-Aug 14.2 t0 30.8 419 76.5 18.4
@ 2000 hrs

1-Sep 30.8 39.8 72.6 18.3

2-Sep 30.8 38.0 69.1 17.8

3-Sep 30.8 36.6 66.1 175

4-Sep 30.8 35.5 63.2 17.3

5-Sep 30.8 35.2 61.1 16.6

6-Sep 30.8 34.4 59.6 16.5

Vanderhoof flow data from July 10 to July 31 are published
WSC values as guaged flows were unavailable during this time
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Appendix D
Observed and Forecast Meteorological Data

15.90 701.00 0.46 9.20 5.60 93.80 68.80 9790
18.00 730.00 0.10 8.00 4.00 94.20 52.00 10790
21.50 695.00 0.30 9.00 7.00 94.00 45.00
19.50 630.00 0.40 10.00 10.00 93.80 54.00
16.50 700.00 0.20 8.00 10.00 94.00 57.00
17.00 700.00 0.20 7.00 7.00 94.40 52.00

ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH) SPR(KPA) RH(%) DD MM YY
WORLD WEATHERWATCH FORECAST ISSUED JUL 10790

19.70 724.00 0.18 9.40 6.20 94.00 55.80 10790
21.00 700.00 0.10 11.50 7.00 94.00 55.00 11790
20.00 670.00 0.35 12.00 10.00 93.60 60.00
16.00 570.00 0.45 9.50 13.00 94.00 65.00
16.00 705.00 0.20 7.00 6.00 94.10 55.00
17.50 590.00 0.40 9.00 9.00 93.80 57.00

ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH) SPR(KPA) RH(%) DD MM YY
WORLD WEATHERWATCH FORECAST ISSUED JUL 11790

21.70 721.00 0.18 11.30 7.70 93.80 55.50 11790
21.50 660.00 0.37 12.00 9.00 93.50 58.00 12790
18.00 680.00 0.35 9.50 11.00 93.80 58.00
17.00 720.00 0.20 8.50 8.00 94.20 57.00
18.00 675.00 0.30 9.00 7.00 93.80 56.00
19.00 482.00 0.55 11.00 9.00 93.40 60.00

ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH) SPR(KPA) RH(%) DD MM YY
WORLD WEATHERWATCH FORECAST ISSUED JUL 12790

18.70 676.00 0.34 10.90 9.30 93.60 62.10 12790
16.50 700.00 0.20 5.50 12.00 94.40 48.00 13790
16.00 724.00 0.15 6.50 9.00 94.30 53.00
16.50 675.00 0.35 8.00 7.00 93.70 57.00
17.50 489.00 0.60 10.00 9.00 93.10 61.00
16.50 458.00 0.65 11.00 10.00 93.20 69.00

ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH) SPR(KPA) RH(%) DD MM YY
WORLD WEATHERWATCH FORECAST ISSUED JUL 13790

15.50 528.00 0.17 4.00 14.00 94.30 50.90 13790
14.50 608.00 0.24 4.50 5.00 94.30 51.00 14790
16.50 570.00 0.45 7.50 7.00 93.60 55.00
16.00 450.00 0.60 9.00 9.00 93.10 63.00
15.50 420.00 0.70 9.50 10.00 93.20 67.00
15.00 420.00 0.70 9.00 9.00 93.50 67.00

ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH) SPR(KPA) RH(%) DD MM YY
WORLD WEATHERWATCH FORECAST ISSUED JUL 14790




14.80
16.50
16.00
15.50
15.50
15.50
ATEMP(C)

15.50
15.00
15.00
15.00
15.50
16.00
ATEMP(C)

13.80
12.50
14.00
14.00
15.00
16.50
ATEMP(C)

12.50
13.50
15.00
15.00
15.00
17.00
ATEMP(C)

13.50
15.00
15.00
15.50
17.00
17.50
ATEMP(C)

598.60
363.00
500.00
420.00
420.00
362.00

Appendix D (Continued)

Observed and Forecast Meteorological Data

0.38
0.85
0.70
0.75
0.80
0.80

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 15/90

397.00
433.00
424.00
360.00
336.00
550.00

0.79
0.70
0.75
0.85
0.80
0.55

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 16/90

382.00
555.00
545.00
542.00
580.00
690.00

0.70
0.40
0.40
0.40
0.30
0.25

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 17/90

541.30
220.00
580.00
630.00
690.00
590.00

0.45
0.78
0.35
0.20
0.15
0.25

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 18/90

410.90
630.00
660.00
700.00
590.00
510.00

0.74
0.15
0.10
0.10
0.25
0.55

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 19790

3.50 4.10 94.20
8.00 6.50 93.50
9.00 9.00 93.30
9.50 10.00 93.40
9.50 9.00 93.50
10.00 9.00 93.50

DPT(C) SPD(KH) SPR(KPA)

8.60 6.30 93.40
6.30 13.00 93.40
8.00 11.00 93.80
9.50 10.00 93.60
9.00 7.00 93.50
8.00 5.00 93.40

DPT(C) SPD(KH) SPR(KPA)

4.20 12.00 93.40
5.00 9.00 93.90
6.50 11.00 93.80
6.50 10.00 94.10
7.00 8.00 93.80
7.00 4.00 94.10

DPT(C) SPD(KH) SPR(KPA)

4.80 6.80 93.90
7.50 6.00 94.20
6.00 5.00 94.40
6.00 4.00 94.40
6.00 5.00 94.00
8.00 8.00 93.80

DPT(C) SPD(KH) SPR(KPA)

8.20 6.80 94.20
5.00 10.00 94.40
5.00 7.00 94.50
6.00 4.00 94.20
8.00 7.00 94.00
9.00 10.00 93.50

DPT(C) SPD(KH) SPR(KPA)

50.60 14790
57.00 15790
63.00
67.00
67.00
70.00

RH(%) DD MM YY

64.30 15790
56.00 16790
63.00
70.00
65.00
59.00

RH(%) DD MM YY

52.90 16790
60.00 17790
61.00
61.00
59.00
53.00

RH(%) DD MM YY

62.00 17790
67.00 18790
55.00
55.00
55.00
55.00

RH(%) DD MM YY

71.20 18790
51.00 19790
51.00
53.00
55.00
57.00

RH(%) DD MM YY




15.50
17.00
18.00
18.50
18.50
18.00
ATEMP(C)

17.50
17.50
19.50
19.50
18.00
17.50
ATEMP(C)

17.50
18.50
19.50
17.00
17.00
16.50
ATEMP(C)

18.80
21.00
20.50
19.50
17.50
17.00
ATEMP(C)

20.10
19.50
19.50
18.50
16.00
16.50
ATEMP(C)

699.00
713.00
710.00
600.00
510.00
472.00

0.17
0.05
0.05
0.25
0.45
0.55

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 20/90

712.40
710.00
670.00
510.00
445.00
510.00

0.05
0.05
0.20
0.50
0.60
0.40

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 21/90

699.40
661.00
510.00
376.00
440.00
485.00

0.06
0.10
0.50
0.75
0.65
0.50

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 22/90

685.40
540.00
485.00
410.00
502.00
670.00

0.09
0.45
0.50
0.60
0.50
0.30

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 23/90

599.20
580.00
490.00
460.00
530.00
610.00

0.41
0.33
0.50
0.50
0.40
0.30

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 24/90
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5.10
6.50
7.00
8.00
9.00
9.50
DPT(C)

5.30
7.00
10.50
11.00
10.50
9.50
DPT(C)

6.40
8.00
10.50
11.00
10.50
9.00
DPT(C)

7.00
10.00
11.00
11.00
10.00

7.50

DPT(C)

9.80
11.50
11.00
11.00

8.00

7.00

DPT(C)

12.60
11.00
5.00
7.00
9.00
12.00

SPD(KH)

10.80
4.00
6.00
9.00

12.00

10.00

SPD(KH)

2.50
4.00
8.00
11.00
10.00
11.00

SPD(KH)

3.20
5.00
5.00
8.00
11.00
10.00

SPD(KH)

4.50
7.00
7.00
11.00
10.00
9.00

SPD(KH)

94.40
94.40
94.30
93.80
93.30
93.50
SPR(KPA)

94.30
94.10
93.40
93.20
93.30
93.50
SPR(KPA)

94.00
93.50
93.20
93.20
93.40
93.60
SPR(KPA)

93.40
93.00
93.00
93.30
93.40
93.60
SPR(KPA)

92.90
93.00
93.00
93.20
93.50
93.60
SPR(KPA)

52.80 19790
50.00 20790
49.00
50.00
54.00
58.00

RH(%) DD MM YY

48.60 20790
50.00 21790
56.00
58.00
62.00
59.00

RH(%) DD MM YY

53.30 21790
50.00 22790
58.00
68.00
66.00
61.00

RH(%) DD MM YY

50.30 22790
50.00 23790
54.00
58.00
61.00
54.00

RH(%) DD MM YY

53.80 23790
60.00 24790
58.00
62.00
58.00
53.00

RH(%) DD MM YY




19.20
20.00
18.00
16.50
17.00
17.00
ATEMP(C)

20.90
21.50
18.00
18.00
18.50
19.50
ATEMP(C)

20.40
17.50
17.50
18.50
19.50
19.50
ATEMP(C)

17.40
17.00
18.00
19.00
18.50
17.00
ATEMP(C)

17.90
19.00
20.00
18.00
16.00
15.00
ATEMP(C)

621.30
540.00
543.00
442.00
590.00
665.00
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0.28
0.35
0.40
0.64
0.40
0.15

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 25/90

618.00
615.00
600.00
670.00
667.00
600.00

0.21
0.25
0.35
0.05
0.10
0.20

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 26/90

681.40
682.00
675.00
665.00
655.00
620.00

0.23
0.10
0.10
0.15
0.15
0.20

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 27/90

650.00
650.00
660.00
630.00
590.00
590.00

0.15
0.10
0.10
0.25
0.30
0.35

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 28/90

661.40
660.00
650.00
490.00
453.00
530.00

0.12
0.10
0.15
0.45
0.60
0.55

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 29/90

11.10 8.80 92.90
12.50 8.50 93.00
11.00 10.00 93.30
9.50 12.00 93.70
8.00 10.00 93.80
7.50 7.00 94.10

DPT(C) SPD(KH) SPR(KPA)

12.20 6.10 93.00
8.00 12.00 93.40
8.00 11.00 93.70
8.00 7.00 94.10
8.00 6.00 93.90
9.50 10.00 93.80

DPT(C) SPD(KH) SPR(KPA)

6.60 14.30 93.30
6.00 12.00 94.10
7.00 9.00 94.30
8.00 6.00 94.30
9.00 9.00 93.90
9.00 10.00 93.70

DPT(C) SPD(KH) SPR(KPA)

6.30 7.90 94.00
7.50 4.00 94.30
8.00 6.00 94.30
8.50 8.00 93.80
9.00 10.00 93.50
9.00 10.00 93.50

DPT(C) SPD(KH) SPR(KPA)

7.90 4.10 94.30
9.00 6.00 94.10
10.50 7.00 93.70
10.00 12.00 93.30
9.00 11.00 93.20
7.50 12.00 93.30

DPT(C) SPD(KH) SPR(KPA)

62.30 24790
62.00 25790
60.00
63.00
55.00
54.00

RH(%) DD MM YY

61.70 25790
42.00 26790
52.00
52.00
50.00
52.00

RH(%) DD MM YY

42.30 26790
47.00 27790
50.00
50.00
51.00
51.00

RH(%) DD MM YY

49.30 27790
54.00 28790
52.00
51.00
54.00
59.00

RH(%) DD MM YY

56.20 28790
52.00 29790
54.00
60.00
63.00
61.00

RH(%) DD MM YY




20.00
21.00
19.00
16.50
15.50
15.50
ATEMP(C)

20.10
21.50
17.50
16.50
15.50
16.50
ATEMP(C)

20.50
17.50
16.00
15.50
16.50
18.00
ATEMP(C)

16.90
13.50
15.00
17.00
18.00
17.00
ATEMP(C)

13.80
16.00
18.50
20.00
17.50
15.50
ATEMP(C)

661.00
580.00
500.00
500.00
500.00
495.00
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0.08
0.22
0.45
0.45
0.45
0.45

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 30/90

534.40
500.00
470.00
450.00
550.00
470.00

0.40
0.55
0.60
0.65
0.45
0.60

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED JUL 31/90

386.40
530.00
417.00
414.00
535.00
459.00

0.47
0.36
0.70
0.65
0.45
0.55

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 01/90

507.90
480.00
421.00
550.00
442.00
547.00

0.48
0.70
0.65
0.45
0.55
0.40

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 02/90

464.00
421.00
550.00
601.00
456.00
610.00

0.53
0.55
0.30
0.25
0.55
0.20

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 03/90

9.50 4.30 94.00
10.50 4.00 93.70
10.00 11.00 93.40

9.00 13.00 93.50

8.00 10.00 93.60

8.00 7.00 93.70

DPT(C) SPD(KH) SPR(KPA)

9.50 5.40 93.60
10.00 14.00 93.40
10.00 13.00 93.40
10.00 10.00 93.60

8.50 8.00 93.70

8.00 8.00 94.00

DPT(C) SPD(KH) SPR(KPA)

8.00 15.50 93.30
5.00 12.00 93.30
8.00 10.00 93.70
10.00 8.00 93.90
8.00 5.00 93.60
9.00 8.00 93.40

DPT(C) SPD(KH) SPR(KPA)

4.20 9.40 93.30
5.00 8.00 93.70
8.00 7.00 94.10
9.00 6.00 94.00
8.00 9.00 93.50
8.00 8.00 93.70

DPT(C) SPD(KH) SPR(KPA)

6.20 7.70 93.70
9.00 8.00 94.10
9.00 6.00 94.20
9.00 9.00 93.70
9.00 11.00 93.40
7.00 7.00 93.60

DPT(C) SPD(KH) SPR(KPA)

55.60 29790
51.00 30790
56.00
61.00
61.00
61.00

RH(%) DD MM YY

54.80 30790
48.00 31790
61.00
65.00
63.00
57.00

RH(%) DD MM YY

46.80 31790
44.00 1890
59.00
70.00
57.00
56.00

RH(%) DD MM YY

44.00 1890
56.00 2890
63.00
59.00
52.00
55.00

RH(%) DD MM YY

62.10 2890
63.00 3890
54.00
49.00
57.00
57.00

RH(%) DD MM YY




15.90
17.00
19.00
16.50
15.00
14.50
ATEMP(C)

18.60
20.50
17.00
14.00
14.00
16.00
ATEMP(C)

23.00
20.00
16.00
16.50
16.50
18.00
ATEMP(C)

18.90
14.50
17.50
17.50
18.50
20.00
ATEMP(C)

14.30
15.00
17.00
17.50
19.50
18.00
ATEMP(C)

432.30
550.00
570.00
350.00
550.00
625.00

0.71
0.28
0.30
0.65
0.20
0.15

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 04/90

610.70
615.00
450.00
590.00
630.00
620.00

0.25
0.30
0.45
0.25
0.15
0.15

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 05/90

622.80
430.00
520.00
465.00
590.00
570.00

0.31
0.65
0.45
0.55
0.25
0.25

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 06/90

446.00
420.00
550.00
600.00
605.00
600.00

0.74
0.70
0.40
0.25
0.20
0.20

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 07/90

352.00
530.00
600.00
605.00
480.00
430.00

0.60
0.40
0.25
0.20
0.45
0.60

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 08/90
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10.00
10.00
10.50
10.00
7.00
6.00
DPT(C)

10.70
10.50
9.00
7.00
5.00
6.00
DPT(C)

9.00
7.50
7.00
8.00
7.00
8.00
DPT(C)

5.30
6.00
7.00
6.00
7.00
8.00
DPT(C)

5.60
7.50
8.00
8.00
10.50
9.00
DPT(C)

6.80
3.00
7.00
12.00
10.00
6.00

SPD(KH)

3.70
5.00
12.00
7.00
4.00
4.00

SPD(KH)

6.90
10.00
7.00
6.00
6.00
7.00

SPD(KH)

10.30
6.00
5.00
7.00
5.00
4.00

SPD(KH)

4.00
2.00
5.00
6.00
10.00
13.00

SPD(KH)

94.10
94.20
93.50
93.30
93.80
94.30
SPR(KPA)

94.10
93.60
93.90
94.10
94.20
94.20
SPR(KPA)

93.40
93.50
94.00
94.10
94.10
94.00
SPR(KPA)

93.50
94.00
94.10
94.10
94.10
93.80
SPR(KPA)

94.10
94.10
94.00
93.90
93.40
93.40
SPR(KPA)

70.20 3890
63.00 4890
58.00
65.00
59.00
55.00

RH(%) DD MM YY

64.00 4890
53.00 5890
59.00
63.00
55.00
51.00

RH(%) DD MM YY

46.90 5890
44.00 6890
55.00
57.00
53.00
52.00

RH(%) DD MM YY

43.30 6890
57.00 7890
50.00
47.00
47.00
43.00

RH(%) DD MM YY

57.60 7890
61.00 8890
55.00
54.00
56.00
56.00

RH(%) DD MM YY
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15.80 527.00 0.40 7.70 0.30
20.50 550.00 0.30 10.50 2.00
21.00 599.00 0.20 10.50 4.00
20.50 599.00 0.10 10.00 6.00
20.50 550.00 0.25 10.00 10.00
19.00 499.00 0.35 9.00 11.00

ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH)
WORLD WEATHERWATCH FORECAST ISSUED AUG 09790

20.00 597.00 0.32 10.40 1.50
19.50 599.00 0.05 10.50 3.00
20.00 595.00 0.05 10.50 5.00
20.00 590.00 0.25 10.00 7.00
19.00 423.00 0.45 10.50 10.00
18.50 395.00 0.65 10.00 13.00

ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH)
WORLD WEATHERWATCH FORECAST ISSUED AUG 10790

20.40 610.00 0.10 10.40 2.40
23.50 602.00 0.10 11.00 7.00
23.00 598.00 0.25 11.00 7.00
20.50 423.00 0.55 11.50 9.00
18.50 395.00 0.65 10.00 10.00
18.00 520.00 0.40 9.00 13.00

ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH)
WORLD WEATHERWATCH FORECAST ISSUED AUG 11790

23.00 599.00 0.14 10.60 5.30
23.00 520.00 0.25 11.00 5.00
20.50 460.00 0.55 11.50 8.00
18.00 330.00 0.70 11.00 6.00
17.50 385.00 0.70 10.00 7.00
16.50 470.00 0.55 8.50 6.00

ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH)
WORLD WEATHERWATCH FORECAST ISSUED AUG 12/90

22.60 548.90 0.27 11.00 3.40
23.00 510.00 0.35 10.50 7.00
21.00 510.00 0.35 10.00 7.00
17.00 395.00 0.65 9.50 6.00
17.00 327.00 0.70 10.00 9.00
16.00 400.00 0.65 8.00 11.00

ATEMP(C) RAD(LY) CC(TTHS) DPT(C) SPD(KH)
WORLD WEATHERWATCH FORECAST ISSUED AUG 13790

94.00
94.10
94.20
93.90
93.60
93.40
SPR(KPA)

94.10
94.30
94.30
93.80
93.40
93.30
SPR(KPA)

94.10
94.10
93.70
93.00
93.00
93.20
SPR(KPA)

93.90
93.50
93.00
93.00
93.00
92.90
SPR(KPA)

93.50
93.20
92.90
93.00
93.00
93.40
SPR(KPA)

63.50 8890
53.00 9890
51.00
51.00
51.00
52.00

RH(%) DD MM YY

56.90 9890
56.00 10890
54.00
53.00
58.00
58.00

RH(%) DD MM YY

57.40 10890
47.00 11890
47.00
56.00
58.00
56.00

RH(%) DD MM YY

50.00 11890
50.00 12890
56.00
64.00
61.00
59.00

RH(%) DD MM YY

52.40 12890
45.00 13890
49.00
61.00
63.00
59.00

RH(%) DD MM YY




22.80
18.50
17.50
16.00
16.00
16.50
ATEMP(C)

18.30
17.00
16.00
14.50
15.50
16.00
ATEMP(C)

16.70
17.00
16.00
15.50
16.00
16.00
ATEMP(C)

16.30
16.50
17.00
16.50
16.50
16.50
ATEMP(C)

16.60
15.00
17.00
17.00
16.50
15.00
ATEMP(C)

528.20
319.00
370.00
328.00
480.00
430.00
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0.25
0.60
0.60
0.70
0.55
0.40

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 14/90

389.80
400.00
380.00
280.00
470.00
500.00

0.54
0.60
0.70
0.80
0.50
0.35

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 15/90

340.50
346.00
290.00
335.00
440.00
470.00

0.59
0.85
0.90
0.85
0.50
0.35

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 16/90

378.00
347.00
385.00
470.00
420.00
420.00

0.83
0.85
0.70
0.45
0.50
0.50

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 17/90

339.10
370.00
460.00
400.00
410.00
350.00

0.62
0.55
0.45
0.50
0.50
0.70

RAD(LY) CC(TTHS)
WORLD WEATHERWATCH FORECAST ISSUED AUG 18/90
17 08 90 RAD VALUE THAT OF F.FRASER (339.10) AS P.GEORGE N/A

11.00 5.50
11.50 5.00
11.00 6.00
9.50 6.00
7.50 8.00
8.00 10.00

DPT(C) SPD(KH)

11.90 3.80
10.50 10.00
9.50 7.00
9.00 7.00
7.00 10.00
7.00 11.00

DPT(C) SPD(KH)

10.90 6.90
11.50 5.00
11.50 7.00
11.50 8.00
9.00 10.00
7.50 8.00

DPT(C) SPD(KH)

11.50 2.80
11.50 5.00
11.00 7.00
9.00 10.00
8.00 10.00
8.00 10.00

DPT(C) SPD(KH)

11.10 4.50
10.00 5.00
10.00 6.00
10.00 8.00
10.00 10.00
9.50 15.00

DPT(C) SPD(KH)

93.10
93.00
93.00
93.30
93.40
93.50
SPR(KPA)

93.00
92.80
93.00
93.40
93.50
93.80
SPR(KPA)

92.80
93.00
93.20
93.40
93.70
93.80
SPR(KPA)

93.10
93.30
93.30
93.40
93.50
93.30
SPR(KPA)

93.20
93.30
93.40
93.40
93.10
93.10
SPR(KPA)

49.40 13890
65.00 14890
66.00
65.00
57.00
57.00

RH(%) DD MM YY

67.80 14890
66.00 15890
65.00
70.00
57.00
55.00

RH(%) DD MM YY

69.80 15890
70.00 168 90
75.00
77.00
63.00
57.00

RH(%) DD MM YY

74.80 168 90
72.00 17890
68.00
61.00
57.00
57.00

RH(%) DD MM YY

72.10 17890
65.00 18890
60.00
60.00
63.00
70.00

RH(%) DD MM YY
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16.30 476.60 0.44 10.10 3.80
17.00 540.00 0.10 9.50 3.50
17.50 480.00 0.30 10.00 6.00
15.50 370.00 0.65 10.00 10.00
13.50 280.00 0.70 9.00 15.00
11.50 420.00 0.45 6.00 15.00

93.40
93.80
93.40
92.90
93.00
93.60

ATEMP(C) RAD(LY) CC(TTHS) DPT(C)  SPD(KH) SPR(KPA)

WORLD WEATHERWATCH FORECAST ISSUED AUG 19/90

17.40 569.20 0.08 8.80 3.00
19.20 560.00 0.12 8.50 4.00
18.50 460.00 0.50 9.50 10.00
14.50 320.00 0.75 9.50 15.00
13.50 280.00 0.75 8.00 14.00
12.00 280.00 0.75 7.00 12.00

93.70
93.50
92.80
92.70
93.00
93.00

ATEMP(C) RAD(LY) CC(TTHS) DPT(C)  SPD(KH) SPR(KPA)

WORLD WEATHERWATCH FORECAST ISSUED AUG 20/90

68.80 18890
63.00 198 90
61.00
70.00
74.00
69.00

RH(%) DD MM YY

61.90 198 90
51.00 20890
56.00
72.00
72.00
72.00

RH(%) DD MM YY




APPENDIX E

Summer Water Temperafure and Flow Management Project Reservoir
Release Volume Calculations for July 10 fo August 20, 1990

Page 38



Appendix E
Summer Water Temperature and Flow Management Project Reservoir Release Volume Calculations
for July 10 to August 20, 1990

Skins Lake Spillway base release for the period July 10 (191) to August 20 (232) = 49.0 m3/s (1,730 cfs)
Therefore, Summer Water Temperature and Flow Management Project Base Volume = (232 - 190) * 49.0
= 2,058.0 m3/s-days

Time period (Julian Day) Time Flow Rate Volume
(hrs) (m3/s) (m3/s-hrs)
July 10(192) @ 0000 hrs to July 11(192) @ 1600hrs 40 49.0 1,960
July 11(192) @ 1600 hrs to July 18 (199) @ 1600 hrs 168 227 38,136
Jul 18 (199) @ 1600 hrs to July 20 (201) @ 1600 hrs 48 170 8,160
Jul 20 (201) @ 1600 hrs to July 22(203) @ 1600 hrs 48 453 21,744
July 22 (203) @ 1600 hrs to July 23(204) @ 1600 hrs 24 14.2 341
July 23(204) @ 1600 hrs to July 24(205) @1600 hrs 24 453 10,872
July 24 (205 ) @ 1600 hrs to August 1 (213) @ 1600 hrs 192 283 54,336
August 1 (213) @ 1600 hrs to August 5 (217) @ 0800 hrs 88 14.2 1,250
August 5 (217) @ 0800 hrs to August 5 (217) @ 1600 hrs 8 170 1,360
August 5 (217) @ 1600 hrs to August 7 (219) @ 2000 hrs 52 453 23,556
August 7 (219) @ 2000 hrs to August 8 (220) @ 1400 hrs 18 283 5,094
August 8 (220) @ 1400 hrs to August 9 (221) @ 1600 hrs 26 14.2 369
August 9 (221) @ 1600 hrs to August 10 (222) @ 1600 hrs 24 453 10,872
August 10 (222) @ 1600 hrs to August 12 (224) @ 1400 hrs 46 283 13,018
August 12 (224) @ 1400 hrs to August 13(225) @ 0900 hrs 19 18.4 350
August 13 (225) @ 0900 hrs to August 15 (227) @ 1600 hrs 55 13.7 753
August 15 (227) @ 1600 hrs to August 16 (228) @ 1300 hrs 21 170 3,570
August 16 (228) @ 1300 hrs to August 20 (232) @ 2400 hrs 107 14.2 1,519
Total 1008 197,260
(42 days)
Total Release Volume = 197,260 m3/s-hrs

= 8,219.2 m3/s-days

Therefore, Volume Released for Cooling Purpos = Total Volume - Base Volume
= 8,219.2 - 2,058.0
= 6,161.2 m3/s-days

Average Flow over Summer Management Perio = 8,219.2 m3/s-days / 42 days
(July 10 to August 20, 1990) = 195.7 m3/s
= 6,911 cfs




