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-7 Presentation outline
Y004

s / ‘Need of real-time control and
- need of accounting for system
flow dynamics

. ;/ _3’OverV|ew of proposed framework




Need of real-time control and need of
ACGC untlng for system flow dynamics

Medium risk

Dam 1 C”

Low risk
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- storage
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Wj]y does current frameworks
f) néglect system flow dynamics?

)
o )

""s%’z’La'Ck of robustness: Unsteady models typically
1 have convergence and stability problems.

mputatlonal burden: A framework that
) CmelneS simulation and optimization may
,,,,, requwe hundreds or even thousands of

B ’S|mulat|ons for each operational decision.
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)Need of accounting for short- and long-term

drecastmg

007
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/
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discharge

—>

o Floodlng
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) qf)aﬁlarge volume of
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Iong -term objectives
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Pboposed Framework (OSU Rivers)

/'The proposed framework couples a robust
and numerically efficient hydraulic routing
teChnlque (simulation model) with a state-of-
' the-art Optimization technique (Genetic
Alg’orlthm) (W|II add operatlon under

_,\_;),;‘ Oregon State usu
hj:a D T UNIVERSITY



»Proposed Framework (Cont.)

39
W %ﬂ sets of objectives: Short-term and long-

ﬂ rm (This may change depending on the
user)

) {) h 0
i A

| 1Long term: Maximize benefits of irrigation, eco-
| hydrobogy etc.

COij\'S‘tl‘alntS Ecological flows, water rights, etc.
é‘:-—,— t-term: Maximize hydropower production, Avoid

ﬁl’codmg or in the worst case allow controlled flooding
) _) o

Y
3 )

. Minimize Z (W, FV, +w FT7)
{_ Y 0
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s 2  Proposed Framework (Cont.)

r) )

)When capacity of river system Is

exceeded the proposed

framework allows controlled

flpbdmg based on a hierarchy of

>rf'f$k areas (Urban areas have

/
( ), -_) '

‘1\
73 'l



r.-iow chart of Proposed
Framework

Fa |

i
|

'”..:‘,"'Ddé’s system should be
1 operated to fulfill short-term
S Iong -term objectives?

NSGA-II

_JI:O,
) ’Algorlthm with river system
hydraullc routing. Will account for

uncer'talnty

Definition of river network: nodes and river reaches

Computation of River System Performance Graphs

Start of real-time control
framework

-

(HPG’s, VPG’s, LFPG’s, RFPG’s, RPG’s

Acquire mnitial and boundary conditions
(BCs) from real-time measurements (e.g.,
water stages) and forecasting

Determine if system should be operated for
flood forecasting

Operate system to
maximize benefits
!

No_ E:r:one to flooding7=> L &5

Operate system for
flood control
I

¥
‘ Generate initial population (generation = 0) |
le

L
River system hydr:u]ic routing: solve a
system of non-linear equations assembled
based on systems’ HPG’s and VPG’s,
continuity, compatibility conditions and
system BCs.

population =
population + 1
populanon > max-.

population _~"No
™ ,/

Ny
™

;ch

NSGA-IT reproduction / crossover / mutation ‘

generation =
generation +1

//) .
*’generauon > max ™

h o generation , No
\\ /’

L

IYes

Choose the optimal solution |

. n=n+l
~

simulation been >
.~ No
~._completed? -

TYes

End




Co

mponents of the proposed framework:

T
"\ i o aul 5U| _1 ap azui
. , — 4+ U. + gi
5D ot ' ox, 8x "X i0X
,-,’*'; 5U
) O
¥ )’ 6x
’ 1& Saint-Venant equations
9
) @U oU oh oA 0Q
—+U —+g—=0(5,—-S +—=0
at x99I T
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'{___)l;;er system flow routing

Hydraulic Performance Graph (HPG)

po
o

~1
W

Upstream water surface elevation (m)

7.0
; R Maximum elevation of channel banks,
Levee limit or line that separates the L, '::"‘ floodplain levees or ':'131:1' topographic
flooding and non-flooding regions 6.5 - ,
FVL (1 \ 6.5 7.0 7.5 8.0
N 1\ ; lmam ¢ Downstream water surface elevation (m)

Hydraulic Performance Graph (HPG)

- - - . ) l“.
/ Reach 1 - Reach 2 ih‘\ Oregon State nsu
M UNIVERSITY
Urban area

FVr (1)




f

'dmg Performance Graphs (FPGs)

..'rj g
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Left Flooding Volume (m”)

1063 m’s "

—_—
N
T

935ms A

807 m’/s

680 m /s /
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Downstream Water Surface Elevation (m)

volume (FV1)

Levee limits of lines that separale the Left Flooding Performance Graph

flooding and non-floading regions
Oregon State usu
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F )i,‘,ng Performance Graphs (RPGs)
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—> Adifferent RPG for each vertical
position of gates.
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R{i,\yj;ér system routing

Schematic of a simple network

|3} Gate node (may have both spillway and gates) system ;
| () b Inline structure node (no gates) F 3 i
| @  Junction node A - |
4 . L\‘T)_. " dSt.igt:: .
[ RR=8 -> 24 unknowns D —= g OB
3 | I|lr-\.llI |||r\|
A B —_— C - U UL
? {4 . l 7 ‘“
' 1 1 2 ""'h-..‘
\ 6
lzt}w hydrograph G" ’
u“ﬂ' 8 @—= Rating
H curve i
-, 0

¥ f)
)C@P}S’ewatlon of mass -> 8 equations

) )Contlnmty equations -> 5 equations
Extérnal boundary conditions -> 3 equations
’Compatlblllty conditions -> 6 equations

,,.J..hRPG S -> 2 eguations
e
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- 0(Q5)
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| Q. 3)

Y

i

.:-""'-f-f
—®*=~HPC for O,

|yér system hydraulic routing (Cont.)

e’r network consisting of N reaches

’l 3N unknowns (Qu, Qd, yd of each reach)
® yu is known, estimated using HPG, yd and spatlalll/
”averaged discharge

yn = HPGlyY, = Z "+ Z O™)]

111}(: for Q>/Q2
\ 0
S 0 Schematic of

. // %@..y) Interpolation
y”(QI"}.:;’H)

Ya
S A oregnsate |1



gptlmlzatlon component: Genetic

000 o s

=Ly

f
As is able to find the optimum set of

fg Sdlutlons for multi-objective optimization
f:)f ) ‘
0 Handle constraints without the use of

RO

penalty functions S—, T

J

IIIIIIIIII



) primization component: Genetic
" Algorithms (Cont.)

““-l’.---‘ -
X A i
9 ) MOSCEM-UA AMALGAM
!. N a) 0.50 - d) g), -
\ % g

| Ly 045 i s - By g.'
ﬂifr. T 040 : 3 %,
' NS@A-Il is ong of the Ost
* s 0ol .
1 efficient Gen e\gc Algorithi s
“ 015 ;
f"ﬁ;)"f'! 010 ~ron a0 + .': ! L‘L @ °
:_’ F,(u), RMSE; [m] Fo(u), RMSE; [m] Fy(u), RMSE; [m]
) . ﬁ; After Wohling et al. (2007)

,))Camblned with Newton based methods,
N$GA Il may be even much better

).),




.)) "K/ ~ Flow hydrograph
gm’parlson of hydraulic
c,o%ponent of proposed ii”:i J— ﬁ.
)fralfnework with the
Junsteady HEC-RAS model

- "i'li’oaped river system adapted
from an example in the

o Appllcatlons Guide of the HEC-

RAS fnodel (Hydrologic

En g lﬁeerlng Center, 2010).

Middle
spruce

V.

Plan view of looped river
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Slow f

lood wave

20 -
—— HEC-RAS
—_ === UUNHVPG
w5 15f T
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Fast flood wave
2
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m‘é 15+ |
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) _
- CGPU Times

- Description UNHVPG Time (s) HEC-RAS Time (5)
r
,- )}'7 Case 1 (slow flood-wave) 2188 (At=9.775) 752.7 (At =105)

W Case 2 (fast flood-wave) 73 (AT=10275%) 52.6 (At=105)

B Ty M
) i

The results obtained with OSU Rivers
(hydrodynamlc portion are about 300% and 700%
fast,e)r than those of the HEC-RAS model for the

Y r')
Roﬁustness Proposed framework is highly robust

),,)beoause Instability issues are addressed during

‘l

)preafcomputatlon of hydraulics

%%)0 oregnsite [} S|



Elevation (meters)
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126 125 (Little Dry Creek diversion structure (RM 46.19)

o T ~ == Junction BC
e b ;
T ! : e .
7 l%g 31} 2 \ Controlled m-line structure BC
I H . | &
= B! g ¢ 22 = = — Uncontrolled in-ling structure BC
3 N S m I Weigth factor
R23 f! ) I s p 0 »
; ‘ E i 2y Lucky Pesk reservoir
- Tw L 119 M Boise river main channe]
: K - S s ‘e
re - ns Levee limils
f‘. -

7
_‘_;Ilﬁ (Settler's trrigation district (RM 32.12)

o

Plan View of
Boise River System, Idaho

R4 =13
U 2
x,.]l {Lucky Peak dam)
Inflorw
s hydrograph
o




Infljow hydrographs

aE 'gmal iInflow hydrograph - 50 years (from 01/01/2010 to

% _"/19/2059) SWAT (Courtesy Prof. Sridhar, BSU)

l Slmulatlon period of nine months (11/30/2041 to
8/30/2042) 274 days - maximum volume of inflow.

., ,,__,Oplglnal Inflow hydrograph represents natural flows at the
¢ location of Lucky Peak reservoir

S" 1000
(b
30 ’.:5) 2 800f A 1
7y S 600 e
I)nif -. _,w hydrograph (SWAT) %ﬂ | \ |
)(11/30/2041 to 8/30/2042) T l o h
() ? )’ ) = 200 h”’l‘llu |I J'| Hl II u "I ||
Pl e
2 2 5 . .
5 O 70 140 210 280
h*ﬁ)g Time (days)



|\/|Od|13led inflow hydrograph

q :ﬁerson Ranch reservoir (509.6 MCM) - 9

s’ 03/07/2042 to 05/11/2042 to fill the
\) :res,érvow

’ Am*ow Rock reservoir (335.8 MCM) - 84
m3/s

9)3/25/2042 to 05/10/2042 to fill the reservoir.
o Lake Lowell (196.6 MCM) - 51.5 m3/s
,‘:)®3/18/2042 to 04/30/2042 to fill the lake.
o Hubbard Dam (4.9MCM) - 10 m3/s

05/0_5/,2@42 to 05/09/2042 to fill the reservoir.
LT

1000
Z R0O0 h 1
'ﬁg ‘IL llul"h
% 600f VT
g 1 ‘ |I
5 400f \ U I
z ‘ | \ mN’I
= 200 ' J l'u
l “ fly \ M\
'u \ b J\ S
0 1
O 70- 140 210 280
Time (days)

Inflow hydrograph subtracting
active storage capacity of
Anderson Ranch, Arrow Rock,
Hubbard reservoirs and Lake
Lowell.

“'J.
C.--r--- i Lucky Peak
f _);. }"",_'_'/1'3 Qom; River reservoir
; ) N ,_ ) 2 Diversion Dlam ' Arrow Rock
g | | Teservoir,

i ) Plan view of major

+—_ Boise River

Hubbard
)", Storage reservoirs in C_‘L\_:_.E Dam\\p ' 7 . And:,ﬂr;:;i?nuh
the Boise river basin. N \ ‘
Lake New York P o
Canal e

hﬁ){) Lowell



e
_Stage-storage relationship of Lucky
~-Peak reservoir

) O

()27 927.27 m

5w Dam top elevation

'}": i N )

D, 921.78 m >190.1MCM

{Spillway crest elevation| |

iy

i 92026 m | »52.6 MCM
4  tNormal operating elevation/ . |
y 2

»326.1 MCM

> 35.5 MCM

/ °regenéiat,e[]8u

~ %f%r1 Bottom elevation
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)’Dptlmlzatlon objective (short-
>term)

'-’-';:73 RR

s
1=1




Oy.,t;_l,’et structure of Lucky Peak
f,"-,.h"__) )
’-6.71,m diameter steel-lined pressure tunnel (upstream end)
;?; sluice gates (downstream end)

Gatées conveyance (hydraulic capacity) was smaller than that
)Qf t’unnel

(-

Y ”".), I T I

e e Lucky Peak reservoir

i),f’ o

f}“ ’:

2 b

N

48 .f% e o Location of six
f) g e, W) s Sluice gates

,,_3 ,,7 7 Y L
f) Viéw of Lucky ' 4
q‘) péak reservoir

by and associated
Oy structures.
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% ;Imu lated scenarios

) 1) Without gate operation (i.e. the
gates are closed)

) ) h o

.".)'

Pl 2) Assumlng that Lucky Peak reservoir
| dogzsn t exist

Y :f'i
w proposed framework.

-)) ?) h l

8t
i :
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)) VVHen flooding
it : - svarts to occur?

Scenarlo 1->day 16
’Scenarlo 2 ->day 2

e

q..a_]Scenarlo 3 ->day 165

Scenario 1
e Scenario 2 l
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L -
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Objective function: Flooding
volume for simulated scenarios



940

g 5
Water stage (m)
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---). ) hydr,ographs at Lucky Peak reservoir
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Results of objective functions for
scenario 3 (proposed framework)
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Optlmlzatlon -simulation of
‘reservoir operation for
hydropower
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'))‘ )0 I\/IaX|m|ze Hydropower benefit by producing
1o+ sufficient power to satisfy demand

", ,";é,) ‘e Flood Protection
' e Ensure Adequate water levels in reservoir (for
' other objectives such as irrigation)
22 . . . . . .
A »Multi-objective optimization
- »Deterministic / Stochastic
() ),;3 i
‘;)l'f?) 4D
mjh oregnsite [} S|
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3

)A hypothetical example
ot
’? ’ o Single Reservoir with simple approach for
f_uu?;z-, - reservolir routing

’;o Objective set as: Minimize (HP deficit)
i Minimize (HP produced — HP demand)

)

N >)’ ) Flood control & Water supply demand
r :), , represented as constraints of max./min.
»water levels

I 5 o . NSGA-II optimization algorithm



F%esults 3-days ahead optimal
erations

; 3 / ,
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\Mork under progress or Near-

f_)fu>ture work
;)““ | |

' e Physical modeling

~ elncorporation of uncertainty
“~--‘ombining Genetic Algorithms

W|th Newton based methods for
faster convergence
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Work under progress or near-
ture work (Cont.)

()\4 [) o)
gA ﬁﬁysu:al laboratory model will be built in the OSU
Wave lab to validate the OSU,RI ork

Proposed
Framework

Lab View control Oregon State ﬂsu




Wpfk in progress

=&+ Gate node (may have both spillway and gates)
| O | Inline structure node (no gates)

B  Junction node

D
3 *

C -

I & L 1 7 !
2 T
6

e

[_ExtremeWarninglevel ________________________[/.. PDF Ch an g e aS a
function of time
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350

300 |- High Warning Level

b e e e I pdf;
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Work In progress (Cont.)

nf;grporatlng Uncertainty into reservoir operation

s’sen)bllng HPGS, RPGs, VPGs, FPGs,
thtlnwty and compatlblllty conditions

ate node (may have both spillway and gates)

| Inline structure node (no gates)

——————————————————————— @  Junction node
v 1 1 — C ;"
_______________________ S -
*********************** - Vi : ?
0 S\
- |l=-|v| PDFchangeas a i
| ] (:J’ m; ] . I I ! I I
function of time _
B -
““““ S ij ]
i e e | 5/ —
Fig. 7. Summary of equations for the simple network Prabability distribution
system in Flgure 6 (After Leon et al. 2011) function for parameter 9
N)c;’n Iln!ear system of equations that Reduction of yJ I
%descrlbe the regulated river system operation of




o h
i, Oregon State USU
UNIVERSITY



	Slide Number 1
	Acknowledgements:��Financial support: �National Science Foundation (NSF)�NSF-EPSCoR Idaho�Oregon State University (OSU)��Collaborators:�Faculty: Nathan Gibson (Math), David Hill (CCE)�Graduate students (CCE): Rachelle Valverde, Christopher Gifford, Julia Rask, Luis Gomez, Tseganeh Gichamo, Akemi Kanashiro (Ex-BSU)
	Presentation outline
	Need of real-time control and need of accounting for system flow dynamics
	Slide Number 5
	Need of accounting for short- and long-term forecasting
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	River system hydraulic routing (Cont.)
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Optimization objective (short-term)
	Outlet structure of Lucky Peak� �- 6.71 m diameter steel-lined pressure tunnel (upstream end)� - Six sluice gates (downstream end)�Gates conveyance (hydraulic capacity) was smaller than that of tunnel 
	Simulated scenarios
	Results
	Results (cont.)
	Optimization-simulation of reservoir operation for hydropower
	Objectives:
	A hypothetical example
	Results: 3-days ahead optimal operations
	Work under progress or Near-future work
	Work under progress or near-future work (Cont.)
	Work under progress or near-future work (Cont.)
	Work in progress
	Work in progress (Cont.)
	Many thanks for your attention!

