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Introduction
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Centre d’expertise hydrigue du Québec, CEHOQ

* An agency of the Quebec ministry of the Environment
«Some duties :

* Provide expertise in hydrology and hydraulics

e Ensure land management of the public water

» Enforce the Dam Safety Act

* Provide support to municipalities in defining
flood-risk areas and effective control of floods

e Operate hydrometric stations

» Operate public dams
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Dam management at CEHQ

36 publicly-owned dams
which needs operational

Dams used for multiple
management objectives:

* Flood control;

o \Water supply;

e Tourist and recreational activities:;
» Hydroelectricity;

e Environmental protection;
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Multiple objectives and stakeholders
Example of stakeholders
e Hydro producers :
» optimal regulation to meet power
needs
o L akeside residents :
 high and stable level for
recreational activities
e minimal level for water supply
» Riverside residents :
 reduction of flood impacts and of
outflow variations
* minimal streamflow for water suppl
» Kayakers :
« targeted streamflows at given dates [ o A% W P

_ Bd’f}age e '
Portage-des-Roches:
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Introduction

Opposite objectives and decision criteria

o Impact ofi dam operations are linked with :
e guantitative criteria for some objectives
e more qualitative criteria for the others
o In critical situations :
» decisions cannot be made only using
guantitative decision criteria
o decisions must include discussions with
stakeholders
e Basis for fruitful discussion :
» a scientifically sounded information
e a good frame-work to communicate |t




Slide 8

t3 (and a negotiation where the government is the ultimate decision maker)
turrio2, 10/4/2004
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Aim of this presentation

» To present the role of flow forecasting
WA cemmunicaiien ane 6ECISIGN
making processes

* To use operational examples to
lllustrate the possibilities of flow
forecast scenarios
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Flow forecasting at CEHO
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* Flow forecasting : a recommendation of the 1996
technical and scientific commission on dam
management

o A temporary program set in 1998
» A permanent program set in 2000

e Forecasted flow scenarios : a part of the governmental
project of flood regulation at Kenogami lake
« CEHOQ has participated with Hydro-Québec since 2001
for Kéenogami lake

« CEHQ started is owned program for other reservoirs
since march 2004

Flow forecasting capabilities for Québec’s transboundary watersheds are not included here
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Main flow forecast :
— using the “most probable” weather scenario

Ad hoc forecast scenarios :

— using user-defined weather scenarios

Ensemble forecast scenarios :

— using an empirical distribution function for QPF
short-term scenarios (horizon: 4 days)

corresponding probabilities of the

observation (in mm) are :
For a forecasted

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

precipitation 34% 40% 20% 5% 2%

between 5-15 mm : Based on historical errors

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

Main flow forecast

5 0110 02410 03/10 0440 0510 0610

recast scenarios
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Quebec system for dam management

Séries prévisionnelles (apports)
T T

Courbes enveloppes avec
prohahilités de dépassement de ...

Courbe maximale (n=251)
=== 1/20

1410
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19420

Courbe minimale (n=2561)
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Ensemble inflow forecast scenarios

0
22405 24105 265 28105 30405 0106
Journée civile {jour / mois)

Partner : Hydro-Québec
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Outcome : Decision support

Séries prévisionnelles (apports)

system for dam management

—
o
o
£
=
=
=
b
=

prok

Partner : Hydro-Québec

2805
Journée

Niveaux (m)

Niveaux simulés du lac Kénogami

Courbes enveloppes avec
probabilités de dépassement de ...

-—= 1/20
1410
174
142
3/4
a/10
19720

Courbe maximale (n=251)

Courbe minimale (n=251)

Water level scenarios for a
given outflow scenario

26105 28/05 3005 0106
Journée civile (jour / mois)




Centre d'expertise
hydrique

-
Québec

Part 3
Applications



e Development of the flow forecasting
capability

Québec

" e LT
@  Dam with full forecast capability

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

© Flow forecast in development




contro oxpers Application #1 : 2003 winter low
__flows at Kenogami lake

P
Québec

T s .

|\Winter management objectives
Pd e Draining of the lake: increase the

il volume available for the storage of

N the spring runoff

N1 . Allows the best possible

I hydroelectric energy production:

- outflows = 42 m3/s

I Main constraints

=« If inflows are low : keep enough
B water in the lake for water supply
demand:

- lake level > 154.41m

- outflows > critical outflow (to be
determined)

=4



Application #1 : Kenogami lake

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

—— 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

Inflow(m3/s)

13/01 12102
day/month

Analysis of the January 21%, 2003




Contre drexperts Application #1 : 2003 winter low
flows at Kénogami lake

2002 a sept.
—— sept. 2001 3 sept.
—— sept. 2000 a sept.
—— sept. 1999 3 sept.
—— sept. 1998 a sept.
—— sept. 1997 a sept.

—
E
-
©
>
Qo
-
o)
:

150 - : : : ! : : : : —— sept. 1996 & sept.

144 | | | | | | | | i i i
01/09 0110 o111 0112 01/01 01/02 01/03 01/04 01/0% 01/06 01/07 01/08

day/month

Exceptional reduction of

the outflow to 30 m?/s Analysis of the January 21th, 2003
made November 8th, 2002




Application #1 : Kénogami lake

Analysis of the January 21th, 2003

Decision to be argue with stakeholders

| akeside and riverside residents
» Possibility to even more severe reduction of the
outflow (under 30 m3/s) to avoid critical lake level
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t5 Water intake
turrio2, 11/1/2004
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Analysis of the January 21th, 2003
Ensemble forecasted inflows

—~
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201 040 1Mo 1|l A0 003 1os 1els ZA03 0 0104 0e0d4 1804 A0
day/month
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t4 Rise in temperature
turrio2, 11/1/2004



T ebec 22 Application #1 : Kenogami lake

Analysis ofi the January 21th, 2003
Potentiall evelution ofi the water level using inflow: scenaries
if a 30 m=/s outflow is applied for the whole period

Water level (m)

2801 04402 1102 1802 26102 0403 11403 18/03 2603 01104 0a104 15104 22104

day/month
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Application #1 : Kenogami lake

Analysis of the January 21th, 2003
Probability to have a water level under 154,41 m (for a given date)
if a 30 m?/s outflow is applied for the whole period

100 T T T T I I I I I I I I
I e e R GREEEEEEEE LR EPERPEREF S o e o fE i oy R S =
I e e e e e e e —
ol Probability conditional to the inttial ____ ~ i
S state of the watershed
e L e R R R e LR EE R —
%
R e e Rt SRR LR LR RS —
&
T e e e —
1 R R R LR PR EP —
i o m oo oo —
LT et e =

D
2101 2801 04402 11402 1802 2502 04,03 1103 18/03 2503 01104 0504 1504 22104

day/month
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January 21th analysis served to

o define March 18th as the date where the risk of
lacking water Is considerably increasing

o Inform stakeholders that probability to reduce
outflows under 30 m?/s is high (9 chances out of ten)

e make a decision of reducing outflows to 21 m3/s on
march 6th, 2003.

» Avoid major problem for
water supply




Fyarrase o Application #2 : 2003 winter low flows
Sk at St.Francois lake

Winter management objectives

 Draining of the lake: increase the
volume available for the storage of the
spring runoff

 Allows the best possible hydroelectric
energy production:
- “best” discharge ~= 45 m?3/s

Main constraints

» keep enough water in the reservolir for
water supply demand:
- level > 282.00m

 Enough water at mid-April for yellow
walleye spawning
- level > 286.20 m
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Observed lake level; September 1996 to September 2003

Water level (m)

o1/09 01410 01411 01/12 01/01 0 /02  01/03 o1/04  01/05 01/06 0107
day/month

Analysis of the January 27th, 2003



Application #2 : St.Francois lake

Decision to be argue with stakeholders

o Hydroelectric producers : reduction of the outflow
at 15 m?/s (under the “best” outflow 45 ms/s) until
spring freshet except for cold days

o | akeside residents : the proposed reduction Is
enough to fill water supply needs until spring melt
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Analysis ofi the January 27th, 2003

Potential evolution of the water level using a “ne snow melt” inflow: scenario

for 4 given outflows applied for the whole period

Water level (m)

Outflow = 50 m?/s
= = = Outflow = 40 m3%/s
Outflow = 30 m?/s
- = = Outflow =20 m3/s

Criti:pal wa:Lter Ie\:{el = 2?2.00 m

. " heeeameh e
1207 ©1/03 ! NEGER

day/month when the criti¢al water level is réach |

31/01 08/02 15/02 23/02 02/03 10/03 1703 25/03 01/04
day/month
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Application #2 : St.Francois lake

Analysis ofi the January 27th, 2003
Potential evolution of the water level using a “ne snow melt” inflow: scenario
for 4 given outflows applied for the whole period

Outflow = 50 m?/s
= = = Outflow = 40 m3%/s
Outflow = 30 m?/s
- = = Outflow =20 m3/s

Water level (m)

Criti:pal wa:Lter Ie\:{el = 2?2.00 m

SV R TV R TTIEY
5% 1 63% i 53

31/01 08/02 15/02 23/02 02/03 10/03
day/month
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January 27th analysis served to

» Assess the probabillity to reach critical lake level
» Choose outflows that reduce this probability
 Manage without violating constraints

Outflow = 50 m3/s

= = OQOutflow = 40 m3/s
Outflow = 30 m3/s

= = Qutflow = 20 m3/s
= Observed outflow

202 L 04103 | |Eev:e| > 282 OO m

24/ 3101 0a/m2 15/02 2302 02103 1003 17103 503 0104 /04 16/04

day/month
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Fall management objectives
 Allows the best possible
hydroelectric energy production
without spilling:
- outflows = 81 m?/s

Main constraints
» Thresholds for flooding
MINOr IMpacts :
- outflows <= 405 m?3/s
- lake level <= 164.16 m
major Impacts :
- outflows <= 480 m?3/s
- lake level <= 164.46 m
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Precipitation of 62 mm between Sept 9 3PM to Sept 10" 6AM
(remains of the hurricane FRANCES)

Context
e Media coverage of the hurricane : lakeside and riverside
residents wish early dam operations based on forecast

o Quantitative precipitation

Quantitative

forecast indicated small B civitston

forecast (mm)

precipitations amounts

e Direct discussions with
meteorologists, outputs from [ . |
USA models and weather | iy Sept o AM by
warnings indicated larger B
amounts . to Sept 10th at
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Decision to be argue with stakeholders

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

o | akeside and riverside residents : timing of the
operations
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Analysis of the September 9th at 16h

2004/09/09 15h30

LA TUQUE.
AVERTISSEMENT DE PLUIE ABONDANTE EN VIGUEUR.
CE SOIR ET CETTE NUIT..PLUIE PARFOIS FORTE.

e Rainfall of 100 mm already T MM VENTS DU NORD O 20 KMIH DEVENANT LEGERS

VERS MINUIT.
TEMPERATURES STABLES PRES DE 11.

m eaS u re d i n -th e Ottawa reg i O n I\_/El\sllall?_l_EEl?l..PLUIE CESSANT LE MATIN. DEGAGEMENT PAR

MAXIMUM 17. INDICE UV DE 3 OU MODERE.

11 1] .
* A new “weather alert” available BTG
AVERTISSEMENT DE PLUIE ABONDANTE EN VIGUEUR.
CE SOIR ET CETTE NUIT..PLUIE PARFOIS FORTE.

at 1 5 h 3 O i n d i Cates 6 O to 7 O %E?ANI\II-{/IIEEE'?ISE\IQ%EN%ERGD?;ST DE 30 KM/H. MINIMUM 8.

VENDREDI..PLUIE PASSAGERE CESSANT EN APRES-MIDI.
NUAGEUX PAR LA

mm for the Comlng hours On SUITE. QUANTITE PREVUE DE 5 MM. VENTS DU NORD DE

MAXIMUM 12. INDICE UV DE 3 OU MODERE.

the Kenogami lake watershed

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.
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FRANCES on Kénogami lake
Analysis of the September 9th at 16h

150 m3/s at 18 h (Sept 9th)
300 m3/s at 9h (Sept 10t)

Inflow_—— .~ ] . I 165,50
(200 mm)\A i 16540
1200000 || { { | 185,30

16520
1100.00 { 165.10
165.00
1000000 | ! { ! 164.90
164,30

200,00 -+ i i i “nflow— i T T 164 70

(75 mm) 5 164 60
I I i I 184 .50

300,00 -

200,00 - Threshold for major impact

164.40

00,00 - ! L I 1 }‘ \"-. =i I | I 16430 5
Threshold for minor |mpact {Edo0 2

| IENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEsEEEEEEEEEENENEEEpE
L 16410 2

| | _ _ 164.00
Inflow | ; . Level 163,90

I i 18380
400.00 Upper limit in regular operations (50 mm ™

R EEAE R AEESAANEENAEASEEEEEEEEEEEEEEEEE i . sansspnnnnnnnnnnnnnnnnnnnnn 5370

50000 -+

30000 | ; ! 2 =~ 163.60

, . ! 163.50

w00 | | ! ! 163.40

e i - 163.30

100,00 ; i : : . 16320

: e o zre == Pt - e

0.00 Past | Future 163.00
45975 Oh 47304 Db 4115 Oh 4195 Ok 41917 Oh 40305 Oh 47209 0h 4AM00n 48A10k  4BA20n 4AMAZ0h  4BH40R 409050k

Annéemolziowr Heure

= Epports obssrvés == Simuiation @ Dermigre observalion i Apports prévus - Simutstion auxikaire 1 m— iyl ORSEIVES
— Niveaus prévus - DEbits observés —— DEhits preévus — App. PRECIF_DOUBLE — App. PRECIP_MWULLE — App. PRECIP_GLAD
— App. PRECE_TRIPLE — Niv. PRECIP_DOLIBLE — Niv. PRECIP_MULLE — Miv. PRECE_QUAD — Miv, PRECP_TRIPLE
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FRANCES on Kénogami lake
Analysis of the September 9th at 16h

hydrique

150 m3/s at 18h (Sept 9th)
300 m3/s at 24h (Sept 10t)
405 m3/s at 9h (Sept 10™) (outflow threshold for minor impacts)

130000 Inflow Level (100 mm)

(100 mm) 165.00
1200.00 164 80

110000 Threshold for major impact 16480

164.40

Threshold for minor |mpact 164 20

gDDDD IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII -nm
Inflow

800.00 (75 mm)

1000.00

164.00

163.50
7F00.00

163 60
600,00 16340 3

00,00 163.20

400.00 163.00

162.80
300.00
162.60

162.40

162.20

0.00 Past | Future NN 182.00
419/30h  48M0h  H9IS0R H9IE0R 497 0h  4MBO0h 4SEO0F 49AM00h  48A10h  48A20n  4BA30h 49M40h  H9MSOh

Annéetdoisilour Heure
= Apports ohserves =l Simulstion -#= Cernigre obzervation e Apports prévus =i Simulgtion auxilizire 1 — ffieauy observes

— MiEau prévus Déhits observés Déhits prévus — &pp. PRECIF _DOUBLE — App. PRECIP_MNULLE — &pp. PRECIP_aUaD
— App. PRECIP_TRIPLE = Niv. PRECIP_DOUBLE = Niv. PRECIP_MULLE = Miv. PRECIP_GUAD = Niv. PRECIP_TRIPLE
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Analysis of the September 9th at 16h
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150 m3/s at 18h (Sept 9th)
405 m3/s at 9h (Sept 10™) (outflow threshold for minor impacts)
480 m3/s at 18h (Sept 10t) (outflow threshold for major impacts)

Inflow ~ Level (1
1300 .00 - X . eve ( OO mm)
(100 mm) S/ | e 18500
4200.00 - | ! - — ! L _-154.90
164 20
110000 164 70

16460
Level threshold for major impact | 164 50
164.40
16430
164.20
18410 5
164 00 5

—

16390 2

163180
16370
16360

{ L 163.50

[ - e S 163.40

200,00 T = - g L
10000 Wm‘_‘#%ﬂ ":-". i 4 - PO o : 16320
. ! «— W r- B3

o.oo P&SJ'E FUHH 16300
4853 Oh 41914 Oh 455 Oh A6 Oh 487 Oh 41908 Oh 0 0 Oh 4811 Oh 4/54 2 Oh 45243 Oh dEM A O 48A5 On
Annéedioisllour Heure

400000

Déhitim3iz)

= Apports ohserves i Simulation & Dernitre obseryvation e Appors prévus & Simuiation aucillaie 1 — il L ORSEMYES
— hliyeaus prévus s Diébil s Observis Débits prévus — App. PRECIP_DOUBLE — App. PRECP_NULLE — App. PRECIP_GQUAD
— App. PRECIP_TRIPLE = Niv, PRECIP_DOUBLE = Niv. FRECIP _NULLE = M. PRECIP_ZAD = Ni. PRECIF _TRIFLE
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Québec mam FRANCES on Kénogami lake
Analysis of the September 10th at 8h

Centre d’expertise

62 mm of rainfall

—-30.00

(wucgeydogid

2000

10.00

>
£
-
§

R e = I -
0.00
4555 O A5 Dh 487 Oh 488 Dh 4573 Ok i 4801 Oh 45501 2 Oh 4843 Oh &80 4 Dh AFHS Ok ARAE Oh
Anndaiossiiur Heurs
e Tinmrpeirabume: préouss(C) — Phae{imen}
Meige prévueiBg. en smumm)

— Temprature(C)
Heige(Eq. en s mm)

Fhuie prénous(mm)
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FRANCES on Kénogami lake
Analysis of the September 10th at 8h

. The state variables of the model were updated to
150 m3/s at 18h (Sept 9t") -done correct differences between recent observed flows

300 m3/s at 24h (Sept 9) -done and simulated ones
360 m3/s at 9h (Sept 10t) -> reduction of 90% of the flood volume

Upper limit in regular operations
440000 EEEEEEEEEEEEEEEEEE EEEsEEEEEEEEEREEE masEEssEEEEEE EEEEEEEEEEEEEEEEEEEEEEEEEERE sssmsEsmEEE

420,00 - ;""

400.00
3E0.00
360,00

340.00
320,00
300,00

26000
260,00
i 24000
E 22000
-'g 20000
18000
160,00
140,00
120,00
100,00
8000
60,00
40,00
t Future

0.00 162.00
4794 Oh 4705 Ok 47305 Oh AT Oh 47258 Ok 45398 Ok 472100k 452011 Ok 472012 Ok 473013 0Ok 45314 Ok 48015 Oh 472016 Ok

Arnéetdoisflour Heurs

16220
16210

= Lpparts obgervés =l SimLilation == Derniére obearvation e Appors prévus B Simulation suxiiaire 1
— e observes — Miveaux prévus === Di@bits ohzerves Débits prévus
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Québec eae FRANCES on Kénogami lake

September 9™ 16h analysis served to :

o link three precipitation scenarios to corresponding
outflow scenarios and there impacts
e demonstrate the need for early increase of outflows

September 10" 8h analysis served to :

e demonstrate that there is no reason remaining for
an outflow equal to the threshold for minor impact
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Conclusion and future challenges
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Flow forecasting : a powerful tool in the decision
making and communication processes

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

e They also help to explain our decisions to senior managers

» Acceptablility of operations that have some negative
Impacts are increased by demonstrating they help to avoid
even more negative impacts

» Future works:
 Amelioration of the way information IS communicated
(synthesis of complex data into key statements)
e Evaluation of the probability of occurrence associated
with short-term precipitation scenarios conditionally to
the current weather conditions
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