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IntroductionIntroduction
Centre Centre dd’’expertiseexpertise hydriquehydrique dudu QuQuéébec, CEHQbec, CEHQ

•• An agency of the QuAn agency of the Quéébec ministry of the Environment bec ministry of the Environment 
•• Some duties :Some duties :

•• Provide expertise in hydrology and hydraulicsProvide expertise in hydrology and hydraulics
•• Ensure land management of the public water Ensure land management of the public water 
•• Enforce the Enforce the Dam Safety ActDam Safety Act
•• Provide support to municipalities in defining Provide support to municipalities in defining 

floodflood--risk areas and effective control of floods risk areas and effective control of floods 
•• Operate hydrometric stationsOperate hydrometric stations
•• Operate public dams Operate public dams 



IntroductionIntroduction
Dam management at CEHQDam management at CEHQ

36 publicly36 publicly--owned dams owned dams 
which needs operational  which needs operational  

monitoringmonitoring

•• Flood control;Flood control;
•• Water supply; Water supply; 
•• Tourist and recreational activities;Tourist and recreational activities;
•• Hydroelectricity;Hydroelectricity;
•• Environmental protection;Environmental protection;

Dams used for multiple Dams used for multiple 
management objectives:management objectives:

Québec

Montréal



3390 km2

KKéénogami nogami 

IntroductionIntroduction

•• Hydro producersHydro producers : : 
•• optimal regulation to meet power optimal regulation to meet power 
needsneeds

•• Lakeside residentsLakeside residents : : 
•• high and stable level for high and stable level for 
recreational activitiesrecreational activities

•• minimal level for water supplyminimal level for water supply
•• Riverside residentsRiverside residents : : 

•• reduction of flood impacts and of reduction of flood impacts and of 
outflow variations outflow variations 

•• minimal minimal streamflowstreamflow for water supplyfor water supply
•• KayakersKayakers : : 

•• targeted targeted streamflowsstreamflows at given dates at given dates 

Example of stakeholdersExample of stakeholders
Multiple objectives and stakeholdersMultiple objectives and stakeholders

Pibrac-Est

Portage-des-Roches

Pibrac-Ouest



IntroductionIntroduction
Opposite objectives and decision criteria Opposite objectives and decision criteria 

t3

•• Impact of dam operations are linked with :Impact of dam operations are linked with :
•• quantitative criteria for some objectivesquantitative criteria for some objectives
•• more qualitative criteria for the othersmore qualitative criteria for the others

•• In critical situations :In critical situations :
•• decisions cannot be made only using decisions cannot be made only using 

quantitative decision criteria quantitative decision criteria 
•• decisions must include discussions with decisions must include discussions with 

stakeholdersstakeholders
•• Basis for fruitful discussion :Basis for fruitful discussion :

•• a scientifically sounded information a scientifically sounded information 
•• a good framea good frame--work to communicate itwork to communicate it



Slide 8

t3 (and a negotiation where the government is the ultimate decision maker) 
turri02, 10/4/2004



IntroductionIntroduction
Aim of this presentation Aim of this presentation 

•• To present the role of flow forecasting 
within communication and decision 
To present the role of flow forecasting 
within communication and decision 
making processesmaking processes

•• To use operational examples to To use operational examples to 
illustrate the possibilities of flow illustrate the possibilities of flow 
forecast scenarios forecast scenarios 
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Flow forecasting at CEHQFlow forecasting at CEHQ



Flow forecasting at CEHQFlow forecasting at CEHQ

•• Flow forecasting : Flow forecasting : a recommendation of the 1996 a recommendation of the 1996 
technical and scientific commission on dam technical and scientific commission on dam 
managementmanagement
•• A temporary program set in 1998A temporary program set in 1998
•• A permanent program set in 2000A permanent program set in 2000

•• Forecasted flow scenarios : Forecasted flow scenarios : a part of the governmental a part of the governmental 
project of flood regulation at Kproject of flood regulation at Kéénogami lakenogami lake
•• CEHQ has participated with HydroCEHQ has participated with Hydro--QuQuéébec since 2001 bec since 2001 

for Kfor Kéénogami lakenogami lake
•• CEHQ started is owned program for other reservoirs CEHQ started is owned program for other reservoirs 

since march 2004since march 2004

Flow forecasting capabilities for Québec’s transboundary watersheds are not included here



Flow forecastingFlow forecasting

Meteorological Meteorological 
networknetwork

Weather Weather 
forecastforecast

Recent pastRecent past FutureFuture

Hydrometric Hydrometric 
networknetwork

Snow surveysSnow surveys

Flow forecast scenariosFlow forecast scenarios

and/orand/orCequeauCequeau HydrotelHydrotel
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prpréécipitationscipitations

Simulated and forecasted inflowsSimulated and forecasted inflows

Meteorological forcingMeteorological forcing

Main flow forecastMain flow forecast

No new precipitation No new precipitation 
flow forecast  flow forecast  
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Simulated inflowsSimulated inflows
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Main flow forecastMain flow forecast

•• Main flow forecast : Main flow forecast : 
–– using the using the ““most probablemost probable”” weather scenarioweather scenario

•• Ad hocAd hoc forecast scenarios : forecast scenarios : 
–– using userusing user--defined weather scenariosdefined weather scenarios

•• Ensemble forecast scenarios :Ensemble forecast scenarios :
–– using an empirical distribution function for QPF using an empirical distribution function for QPF 

shortshort--term scenarios (horizon: 4 days)term scenarios (horizon: 4 days)
No new precipitation

OutputsOutputs

flow forecast scenarios 

For a forecasted 
amount of 

precipitation 
between 5-15 mm :           

corresponding probabilities of the 
observation (in mm) are : 

0-5 5-15 15-25 25-50 50 et +

34%    40%     20%    5%    2%
Based on historical errors

–– using climatology for QPF midusing climatology for QPF mid--term scenarios term scenarios 
(horizon : 6 months)(horizon : 6 months)



Outcome : Decision support Outcome : Decision support 
system for dam managementsystem for dam management

Ensemble inflow forecast scenarios

PartnerPartner : Hydro: Hydro--QuQuéébecbec



Outcome : Decision support Outcome : Decision support 
system for dam managementsystem for dam management

Partner : HydroPartner : Hydro--QuQuéébecbec

Water level scenarios for a 
given outflow scenario
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Development of the flow forecasting Development of the flow forecasting 
capability capability 

Dam with full forecast capability 

Flow forecast in development

Dam with main flow forecast and user-
defined scenarios only.  Ensemble 
forecast scenarios in development

Québec

Montréal



Application #1 : 2003 Application #1 : 2003 winterwinter lowlow
flowsflows atat KKéénogami nogami lakelake

Winter management objectivesWinter management objectives
•• Draining of the lakeDraining of the lake: increase the : increase the 

volume available for the storage of volume available for the storage of 
the spring runoffthe spring runoff

•• Allows the best possible Allows the best possible 
hydroelectric energy production:        hydroelectric energy production:        
-- outflows = 42 moutflows = 42 m33/s/s

Main constraintsMain constraints
•• If inflows are low : keep enough If inflows are low : keep enough 

water in the lake for water supply water in the lake for water supply 
demand:demand:
-- lake level > 154.41m lake level > 154.41m 
-- outflows > critical outflow (to be outflows > critical outflow (to be 
determined)  determined)  

3390 km2



Application Application #1#1 : K: Kéénogami lakenogami lake

Historical inflows, October to May (1913Historical inflows, October to May (1913--2003), 2003), 
calculated using observed levels and outflowscalculated using observed levels and outflows

In
flo

w
(m

3 /s
)

day/month

95% of historical inflows are lower than the curve

50% of historical inflows are lower than the curve

5% of historical inflows are lower than the curve

Inflows between October 2002 and May 2003

Analysis of the January 21Analysis of the January 21thth, 2003, 2003



Application #1 : 2003 Application #1 : 2003 winterwinter lowlow
flowsflows atat KKéénogami nogami lakelake

Observed lake level; September 1996 to September 2003Observed lake level; September 1996 to September 2003

Critical water level= 154.41

W
at

er
le

ve
l(

m
)

day/month

Analysis of the January 21th, 2003Analysis of the January 21th, 2003
Exceptional reduction of Exceptional reduction of 

the outflow to 30 mthe outflow to 30 m33/s/s
made November 8th, 2002made November 8th, 2002



t5

Application #1 : KApplication #1 : Kéénogami nogami lakelake

Analysis of the January 21th, 2003Analysis of the January 21th, 2003

Decision to be argue with stakeholdersDecision to be argue with stakeholders

•• Lakeside and riverside residentsLakeside and riverside residents
•• Possibility to even more severe reduction of the Possibility to even more severe reduction of the 
outflow (under 30 moutflow (under 30 m33/s) to avoid critical lake level/s) to avoid critical lake level
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t5 Water intake
turri02, 11/1/2004



Analysis of the January 21th, 2003Analysis of the January 21th, 2003
Ensemble forecasted inflows Ensemble forecasted inflows 

In
flo

w
(m

3 /s
)

day/month

Application #1 : KApplication #1 : Kéénogami nogami lakelake
t4
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t4 Rise in temperature
turri02, 11/1/2004



Application #1 : KApplication #1 : Kéénogami nogami lakelake

Analysis of the January 21th, 2003Analysis of the January 21th, 2003
Potential evolution of the watePotential evolution of the wate

if a 30 mif a 30 m33/s outflow is applied/s outflow is applied

Critical water level = 154.41 m

r level using inflow scenarios r level using inflow scenarios 
 for the whole period for the whole period

day/month

W
at

er
le

ve
l(

m
)



Application #1 : KApplication #1 : Kéénogami nogami lakelake
Analysis of the January 21th, 2003Analysis of the January 21th, 2003

Probability to have a water level under 154,41 m (for a given dProbability to have a water level under 154,41 m (for a given date) ate) 
if a 30 mif a 30 m33/s outflow is applied for the whole period/s outflow is applied for the whole period

day/month

Pr
ob

ab
ili

ty
 (%

) 

Probability conditional to the initial 
state of the watershed  



Critical water level = 
154.41 m

Application #1 : KApplication #1 : Kéénogami nogami lakelake

January 21th analysis served to  : January 21th analysis served to  : 

•• define March 18th as the date where the risk of define March 18th as the date where the risk of 
lacking water is considerably increasing lacking water is considerably increasing 

•• inform stakeholders that probability to reduce inform stakeholders that probability to reduce 
outflows under 30 moutflows under 30 m33/s is high (9 chances out of ten) /s is high (9 chances out of ten) 

•• make a decision of reducing outflows to 21 mmake a decision of reducing outflows to 21 m33/s on  /s on  
march 6th, 2003.march 6th, 2003.

•• Avoid major problem for Avoid major problem for 
water supplywater supply

day/month

W
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le

ve
l(

m
)



Application #2 : 2003 Application #2 : 2003 winterwinter lowlow flowsflows
atat St.FranSt.Franççois ois lakelake

1200 km2

Lac 
Saint-

François

spring runoffspring runoff
•• Allows the best possible hydroelectric Allows the best possible hydroelectric 

energy production:energy production:
-- ““bestbest”” discharge ~= 45 mdischarge ~= 45 m33/s /s 

Main constraintsMain constraints
•• keep enough water in the reservoir for keep enough water in the reservoir for 

water supply demand:water supply demand:
-- level > 282.00m level > 282.00m 

•• Enough water at midEnough water at mid--April for April for yellow yellow 
walleye spawningwalleye spawning

Winter management objectivesWinter management objectives
•• Draining of the lake: Draining of the lake: increase the increase the 

volume available for the storage of the volume available for the storage of the Barrage 
Jules-Allard

-- level > level > 286.20 m286.20 m



Application #2 : St.FranApplication #2 : St.Franççois ois lakelake

Observed lake level; September 1996 to September 2003Observed lake level; September 1996 to September 2003

W
at
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le
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l(

m
)

day/month

Critical water level = 282.00 m

Analysis of the January 27th, 2003Analysis of the January 27th, 2003



Application #2 : St.FranApplication #2 : St.Franççois ois lakelake

Decision to be argue with stakeholdersDecision to be argue with stakeholders

•• Hydroelectric producers : reduction of the outflow Hydroelectric producers : reduction of the outflow 
at 15 mat 15 m33/s (under the /s (under the ““bestbest”” outflowoutflow 45 m45 m33/s) until /s) until 
spring freshet except for cold daysspring freshet except for cold days

•• Lakeside residents :  the proposed reduction is Lakeside residents :  the proposed reduction is 
enough to fill water supply needs until spring meltenough to fill water supply needs until spring melt



Application #2 : St.FranApplication #2 : St.Franççois ois lakelake

day/month

W
at

er
le

ve
l(

m
)

Critical water level = 282.00 m

day/month when the critical water level is reach

Outflow = 50 m3/s
Outflow = 40 m3/s
Outflow = 30 m3/s
Outflow = 20 m3/s

Analysis of the January 27th, 2003Analysis of the January 27th, 2003
Potential evolution of the water level using a Potential evolution of the water level using a ““no snow meltno snow melt”” inflow scenario inflow scenario 

for 4 given outflows applied for the whole periodfor 4 given outflows applied for the whole period



Application #2 : St.FranApplication #2 : St.Franççois ois lakelake

Analysis of the January 27th, 2003Analysis of the January 27th, 2003
Potential evolution of the water level using a Potential evolution of the water level using a ““no snow meltno snow melt”” inflow scenario inflow scenario 

for 4 given outflows applied for the whole periodfor 4 given outflows applied for the whole period

Outflow = 50 m3/s
Outflow = 40 m3/s
Outflow = 30 m3/s
Outflow = 20 m3/s

W
at

er
le

ve
l(

m
)

Critical water level = 282.00 m

75 %     0 % 53 %63 %

day/month



Application #2 : St.FranApplication #2 : St.Franççois ois lakelake

January 27th analysis served to  : January 27th analysis served to  : 

•• Assess the probability to reach critical lake level  Assess the probability to reach critical lake level  
•• Choose outflows that reduce this probabilityChoose outflows that reduce this probability
•• Manage without violating constraintsManage without violating constraints

Level > 282.00 m

Level > 286.20 m

Outflow = 50 m3/s
Outflow = 40 m3/s
Outflow = 30 m3/s
Outflow = 20 m3/s
Observed outflow

day/month

W
at

er
le

ve
l(

m
)

Critical water level = 282.00 m



Application #3 : Application #3 : 
FRANCES on KFRANCES on Kéénogami nogami lakelake

Fall management objectivesFall management objectives
•• Allows the best possible Allows the best possible 

hydroelectric energy production hydroelectric energy production 
without spilling:                           without spilling:                           
-- outflows = 81 moutflows = 81 m33/s/s

Main constraintsMain constraints
•• Thresholds for flooding  Thresholds for flooding  

minorminor impacts : impacts : 
-- outflows <= 405 moutflows <= 405 m33/s/s
-- lake level <= 164.16 mlake level <= 164.16 m

majormajor impacts : impacts : 
-- outflows <= 480 moutflows <= 480 m33/s/s
-- lake level <= 164.46 mlake level <= 164.46 m3390 km2



Application #3 : Application #3 : 
FRANCES on KFRANCES on Kéénogami nogami lakelake

Precipitation of 62 mm between Sept 9Precipitation of 62 mm between Sept 9thth 3PM3PM to Sept 10to Sept 10thth 6AM 6AM 
(remains of the hurricane FRANCES)(remains of the hurricane FRANCES)

•• Quantitative precipitation Quantitative precipitation 
forecast indicated small forecast indicated small 
precipitations amounts precipitations amounts 

ContextContext
•• Media coverage of the hurricane :  Media coverage of the hurricane :  lakeside and riversidelakeside and riverside

residents wish early dam operations based on forecast residents wish early dam operations based on forecast 

•• Direct discussions with Direct discussions with 
meteorologists, outputs from meteorologists, outputs from 
USA models and weather USA models and weather 
warnings indicated larger warnings indicated larger 
amountsamounts

Kénogami lake
watershed 30 mm



Decision to be argue with stakeholdersDecision to be argue with stakeholders

•• Hydroelectric producers : need for spilling before Hydroelectric producers : need for spilling before 
large inflows were observed large inflows were observed 

•• Lakeside and riverside residents : timing of the Lakeside and riverside residents : timing of the 
operations operations 

Application #3 : Application #3 : 
FRANCES on KFRANCES on Kéénogami nogami lakelake



Analysis of the September 9th at Analysis of the September 9th at 16h16h

Application #3 : Application #3 : 
FRANCES on KFRANCES on Kéénogami nogami lakelake

•• Rainfall of 100 mm already Rainfall of 100 mm already 
measured in the Ottawa region measured in the Ottawa region 

•• A new A new ““weather alertweather alert”” available available 
at 15h30 indicates 60 to 70 at 15h30 indicates 60 to 70 
mm for the coming hours on mm for the coming hours on 
the the KenogamiKenogami lake watershedlake watershed

2004/09/09 15h30
• LA TUQUE.
• AVERTISSEMENT DE PLUIE ABONDANTE EN VIGUEUR.
• CE SOIR ET CETTE NUIT..PLUIE PARFOIS FORTE. 

QUANTITE PREVUE DE 45 A
• 55 MM. VENTS DU NORD DE 20 KM/H DEVENANT LEGERS 

VERS MINUIT.
• TEMPERATURES STABLES PRES DE 11.
• VENDREDI..PLUIE CESSANT LE MATIN. DEGAGEMENT PAR 

LA SUITE.
• MAXIMUM 17. INDICE UV DE 3 OU MODERE.

• RESERVE FAUNIQUE DES LAURENTIDES.
• AVERTISSEMENT DE PLUIE ABONDANTE EN VIGUEUR.
• CE SOIR ET CETTE NUIT..PLUIE PARFOIS FORTE. 

QUANTITE PREVUE DE 60 A
• 70 MM. VENTS DU NORD-EST DE 30 KM/H. MINIMUM 8.
• VENDREDI..PLUIE PASSAGERE CESSANT EN APRES-MIDI. 

NUAGEUX PAR LA
• SUITE. QUANTITE PREVUE DE 5 MM. VENTS DU NORD DE 

20 KM/H.
• MAXIMUM 12. INDICE UV DE 3 OU MODERE.

• LAC-SAINT-JEAN.
• AVERTISSEMENT DE PLUIE ABONDANTE EN VIGUEUR.
• CE SOIR ET CETTE NUIT..PLUIE PARFOIS FORTE. 

QUANTITE PREVUE DE 45 MM.
• VENTS DU NORD-EST DE 20 KM/H DEVENANT LEGERS 

VERS MINUIT.
• MINIMUM 10.
• VENDREDI..PLUIE CESSANT LE MATIN. DEGAGEMENT PAR 

LA SUITE. QUANTITE
• PREVUE DE 5 MM. VENTS DU NORD DE 20 KM/H. 

MAXIMUM 16. INDICE UV DE 3
• OU MODERE.



Application #3 : Application #3 : 
FRANCES on KFRANCES on Kéénogami nogami lakelake

Analysis of the September 9th at Analysis of the September 9th at 16h16h

Inflow
(75 mm)

Inflow
(100 mm)

Level (50 mm)

Level (75 mm)

Level (100 mm)

Threshold for minor impact

Threshold for major impact

Upper limit in regular operations

Inflow
(50 mm)

Past Future

Outflow scenario: 
150 m3/s at 18 h (Sept 9th) 
300 m3/s at 9h (Sept 10th)



Application #3 : Application #3 : 
FRANCES on KFRANCES on Kéénogami nogami lakelake

Analysis of the September 9th at Analysis of the September 9th at 16h16h
Outflow scenario: 
150 m3/s at 18h (Sept 9th) 
300 m3/s at 24h (Sept 10th) 
405 m3/s at 9h (Sept 10th) (outflow threshold for minor impacts)

Inflow
(75 mm)

Inflow
(100 mm)

Level (50 mm)

Level (75 mm)

Level (100 mm)

Threshold for minor impact

Threshold for major impact

Upper limit in regular operations

Inflow
(50 mm)

Past Future



Inflow
(75 mm)

Inflow
(100 mm)

Level (100 mm)

Level (50 mm)

Level (75 mm)
Level threshold for minor impact

Level threshold for major impact

Upper limit in regular operations Inflow
(50 mm)

Past Future

Outflow scenario: 
150 m3/s at 18h (Sept 9th) 
405 m3/s at 9h (Sept 10th) (outflow threshold for minor impacts)
480 m3/s at 18h (Sept 10th) (outflow threshold for major impacts)

Analysis of the September 9th at Analysis of the September 9th at 16h16h

Application #3 : Application #3 : 
FRANCES on KFRANCES on Kéénogami nogami lakelake



Application #3 : Application #3 : 
FRANCES on KFRANCES on Kéénogami nogami lakelake

Analysis of the September 10th at Analysis of the September 10th at 8h8h

Past Future

62 mm of rainfall



Upper limit in regular operations

Inflow
(62 mm)

Level
(62 mm)

Past Future

Application #3 : Application #3 : 
FRANCES on KFRANCES on Kéénogami nogami lakelake

Outflow : 
150 m3/s at 18h (Sept 9th) -done
300 m3/s at 24h (Sept 9th) -done
360 m3/s at 9h (Sept 10th)

The state variables of the model were updated to 
correct differences between recent observed flows 

and simulated ones 

-> reduction of 90% of the flood volume

Analysis of the September 10th at Analysis of the September 10th at 8h8h



•• link three precipitation scenarios to corresponding link three precipitation scenarios to corresponding 
outflow scenarios and there impactsoutflow scenarios and there impacts

•• demonstrate the need for early increase of outflows demonstrate the need for early increase of outflows 

September 9September 9thth 16h analysis served to  : 16h analysis served to  : 

Application #3 : Application #3 : 
FRANCES on KFRANCES on Kéénogami nogami lakelake

September 10September 10thth 8h analysis served to  : 8h analysis served to  : 
•• demonstrate that there is no reason remaining for demonstrate that there is no reason remaining for 
an outflow equal to the threshold for minor impactan outflow equal to the threshold for minor impact



Part 4Part 4
Conclusion and future challengesConclusion and future challenges



ConclusionConclusion

•• Forecasted inflow scenarios are useful for the P. Forecasted inflow scenarios are useful for the P. 
Engineering team that manage damsEngineering team that manage dams

•• They also help to explain our decisions to senior managers They also help to explain our decisions to senior managers 
•• Acceptability of operations that have some negative Acceptability of operations that have some negative 

impacts are increased by demonstrating they help to avoid impacts are increased by demonstrating they help to avoid 
even more negative impactseven more negative impacts

•• Future works: Future works: 
•• Amelioration of the way information is communicated Amelioration of the way information is communicated 

(synthesis of complex data into key statements)(synthesis of complex data into key statements)
•• Evaluation of the probability of occurrence associated Evaluation of the probability of occurrence associated 

with shortwith short--term precipitation scenarios conditionally to term precipitation scenarios conditionally to 
the current weather conditionsthe current weather conditions

Flow forecasting : a powerful tool in the decision Flow forecasting : a powerful tool in the decision 
making and communication processesmaking and communication processes
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