RIVERWARE FLOOD CONTROL
METHODS
ARKANSAS RIVER BASIN

US Army Corps
of Engineers
Tulsa Disinct




TODAY'S DISCUSION

System/Project Features: Arkansas River

Need for period of record (POR) basin
simulation model

Transition to RiverWare, brief history
New flood control methods in RiverWare

Future work



Tulsa District:

50 flood control lakes

12 Section-7 lakes

18 lakes with gated spillways
8 COE Hydropower
3 NonFederal Hydropower il oo
5 Navigatign Locks
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ORIGIN OF INFLOW

Seasonal Rainfall - Spring/Fall

Frontal Systems

Remnants of Tropical Systems

Snow Pack Insignificant

RUNOFF

« Few Hours to Several Days

e Single to Multiple Events
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ARKANSAS RIVER BASIN:
PROJECT FLOOD CONTOL %

Total System Flood Storage Ltilized = 36.59 %
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—FORT GIBSON 35.9% 12 pm

OOLOGAH 24 6% 12 pm —

—HUDSOMN B5.6% 12 pm

COPAM 17.8% 12 pm —
—PEMSACOLA 54.0% 12 pm
HULAH 23.5% 12 pm —

TORCOMTO 26.0% 12 pm — — COUMCIL GROVE -29% 12 pm

FALL RIWER 17.1% 12 pm — — JOHMN REDMOND 12.8% 12 pm

ELK CITY 20.5% 12 pm —
— MARION -5.2% 12 pm

MEYSTONE 304% 12 pm — TTHAW 241% 12 pm




NEED FOR POR SIMULATION &
PLANNING MODEL

o Statistical Analysis
» Alternative operations

» Reallocation of storages
e Recreation Investment
o M&I Dependability

e Hydropower

e Navigation

e Environmental Issues



EXISTING POR SIMULATION
MODEL - SUPER

Southwest Division COE Districts have been using a
system planning model for 30 years - “Super”.
Development/Expert (Ronald L. Hula) SWD Corps,
Retired.

“Super Program” application has been accepted by
SWPA/DOE, State Water Distr’s, navigation, others.

Districts have limited ability to use/revise program.

Retiree is temporarily on contract.



GOAL OF FLOOD CONTROL
OPERATION

Surcharge Operation: Prevent overtopping and loss of control

Drain flood pool quickly as possible without causing downstream
flooding, if possible

Give priority to reservoirs based on their “fullness”

Leave sets of reservoirs controlled by a KEY control point as
balanced as possible

Flooding at control point does occur as a result of:
Surcharge releases
Local runoff added to prior releases
Convergence



TRANSITION FROM SUPER TO
RIVERWARE

e 1999 - Southwest Division lead effort to investigate existing
simulation models.

e 1999 - 2000: Determination that RiverWare has potential to meet
SWD COE needs. Simulation and Rules Training

o Spring 2000: Preliminary RiverWare investigation/evaluation

o 2001 - 2004: Flood control logic transferred from old Super
program to RiverWare by CADWES with new methods

o Currently Using old program with assistance of author

o Developing RiverWare models



SIMULATION WITH RIVERWARE:

e Sub-Basin Configuration: Pre-Defined Rules of
Operation/Simulation

 Reservoir Object: Balance Level Definition

e Control Point Object: Local Flow With Forecast,
Regulation Method, List of Regulating Reservoirs

o Key Control Point Definition
e Stream Routing

o Evacuate Flood Control Storage In A Way To Achieve
System Balance
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RESERVOIR AND STREAM CONTROL POINTS
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I Open Object - Flood Basin | aT ol - 0] x|

File Edit Wiew Slot Account Subbasin

I Open Object - Flood Basin ]

File Edit Yiew Slot Account  Subbasin

E@=0f - 10 x|

{g (Object Name:IFlnnd Bazin

Slats | Methods Iﬂccnunls |

Selected Method: I Phase Balancing

:ijﬁh Object Name:lFInnd Bazin

Slats | b ethods Iﬁccnunts |

Selected Method; I O perating Level Balancing j

Categorny

-Number of Phages
-Tn|:| of Cangervation Pool

(03| Top of Flood Paal

- badify Inputs to Two-Reseroir Midpoint

-~ Reservoir Set

Orrit Tandern Storage from Upstream Feser...
Reservairs Starting in Fload Pool

COE Kansas City
District Method

Categary
=B Flood Control

----Fn:lrecast Period
----Ealance Perind
----T|:||:| of Conzervation Poaol
----Highest Dperating Lewvel
----anest Operating Lewvel
----Tn:lp of Flood Pool
""Hl:nuted Flow Tolerance
""Del:uug Feleaze Change Tolerance
----Del:nug Computational Tolerance
----Del:uug Floating Roundaff Taolerance
----Del:lug Computational Percent Tolerance
----Incremental Release Tolerance
[+~ Balance Level Detemination
- Pags Behavior
- ey Contral Point Max Releasze
- F.ey Contral Point Space Lze
- [Iperating Level Mapping
- T andem Balancing
- b odify Inputs to Two-Reservair Midpoint
- T andem Storage b anagement
- Pricnity D etermination
- Reservoir Set
- Smoathing Aeleazes
- Last Pazz Timesteps May Increase

Operating Level Balancing

COE SWD
Districts
Method

K.y Contral Point Balance Levels

[Indao and Recompute bMax Releaze

Max Releaze Applies

K.ey Contral Point Balancing Share
Simulation Timestep

Twio-Rezervoir Midpoint

Omit Tandem Storage from Upstream Reser...
Do Mot Route Tandem Storage

End of Priar Timestep, Fixed

Reservoirs Starting in Flood Pool

Conzider Flaod Cantral and Surcharge Only
Current Simulation Timestep Only




I RiverWare 4.5.1 - RWDEMO2005 = |E||i|

Model Control “Workspace FPolicy Accounting DM Utiltiez  Help

& | 8|2 || @ 0| =m0 @ |2| 0|2

Inflow = Upstream routed releases

Total Inflow = Inflow + Deterministic Local + Diversion Return + Canal

Outflow = Surcharge Release + Flood Control Release + Turbine

5 Inflow = Upstream Routed Release
ruingreacn - QULTlOW = Step Response Routing Method

Inflow = Upstream routed releases

. Total Inflow = Inflow + Deterministic Local + Local Peaking

ControlPoint

Total Discharge = Total Inflow + Diversion

Inflow = Outflow
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16 BALANCE LEVELS

1 Zero storage 9. 10% Flood control
2 Bottom conservation - 10 30% Flood control
3 ‘Bottom power pool 11 50% Flood control
4 50% conservation 12 70% Flood control
5 100% conservation 13 90% Flood control
pool 14 100% Flood control

6-8 Typically notused - 15 Top surcharge
16 Top of dam



Il Ruleset Editor - “Arkansas.rls™ — O] =|
e e e Y—ss =]

File Edit Rulesst isw RpiS et Loaded |
I Eriority l O l Mame l Tvpe l
[ 3 |Gl CPSUPER Floodin BW Fofcy EFragp - |
[ 3¢ Set Storage to SUPER Pakcy Eraop
[ 3¢ CP BW Flood Detection Pakicy Eraop
[ x CP STUPER Flood detection Fofrey Froop
[ b 4 Eey CP Balance D ata Fakcy frogp
[ » Post Flood Control Fakcey frogp
53 ' Flood Control Eule Fakce ffrogp
[ 4 Regulation Discharge Rule Frfrey Froop

| o Surcharge Belease Bules s fron

w




Il Ruleset Editor - "Arkansas.rls" =1O0] =]
O PO L e |
File Edit Ruleset View RplSet Loaded |
I Eriority l On l MHame l Type l
[+ x Eey CF Balance Data Fufey frroap ;I
3 b 4 Post Flood Control Fakey Fronp
[ v Flood Control Rule FPalce Froap
= " g ] Regulation Discharge Rule Fofce fronp
- " g Surcharge Release Bules Lol frrogp
19 Wister Surcharge Fofe
197 Eufanla Surcharge Frde
198 Tenkiller Surcharge Fofe
200 Hudson Surcharge Foie
201 w {0 LR T Bl Rule Editor - "Arkansas.rls : Surcharge Release Rules : Ft Gibson Surcharge =10l x|
igg : i;::::—.;lml File Edit Rule RplSet Lnadedl
204 v Marion | Mame: |Ftl3il:usu:un Surcharge
205 & Dologah  ®°* | Ey Gibson.Outflow [| - SURCHARGE_RELEASE_FLAG [
206 Big Hill !
207 Toronto
208 Fall Rive
209 ETk City
210 & Copan & -
211 & Hulah St < _>|_|
212 & Birch 5u  Executs Block Only When:
213 ¢ Skiatook TRUE |
214 F.eyston
215 Kaw Sm
il 216 E1 Dorad Bl _LI_I




Il Ruleset Editor - "Arkansas.rls™ - 10O x|
e e e
File Edit Buleset Yiew RplSet Lu:uau:le::ll
I Frionity I On l M arne l Type I
[ b 4 CP SUFEER Flood m BW Foley Krogp ;I
[> b4 Set Storage to SUPER Palcy Erogp
> b4 CP RW Flood Detection Palcy Erogp
> »® CP SUPER Flood detection Falrcy &rogp
[+ x Fey CP Balance Data Fofece froan
> b4 Post Flood Control Falicy rogp
> o Flood Control Rule Falicy Eragp
bl o Regulation Discharge Eule Fafcy &zrogp
195 il Reguolabion Discharge Xuie
B " Surcharge Release Bules Fofes Lrogn

Il Rule Editor - "Arkansas.rls : Regulation Discharge Rule : Regulation Discharge™ = |I:I|5|

Filz  Edit Bule RplSet Lu:-adeu:ll

M ame: I Regulation Discharge

Bodt | FOREACH (OBJECT ControlPt IN ListSubbasin ("CP")) DO =
ControlPt . "Reg Discharge Calculation" [] = REGULATION DISCHARGE FLAG
ENDFOREACH

4 of

E=ecute Block Only ‘hen:
TRUE =

21




I Ruleset Editor - "Arkansas.tls" - 0| x|
File Edit Buleset ‘iew Rpl5et Lnadedl

I Priority I On I M ame I Type I

b 4 CP SUPER Floodm RW Fabey Erogp ﬂ

b %® Set Storage to SUPER Falicy Groap

b % CP RW Flood Detection Falcy Groap

b 4 CP STPER Flood detection Falcy Grogp

I x Eey CP Balance Data Folcy frrogp

b b4 Post Flood Control Folcy Grogp

- v Flood Control Rule Falicy Erogp

194 il Flood Control Foke
f Requlation Discharge Bule Folcy &roop
[} M Rule Editor - "Arkansas.rls : Flood Control Rule : Flood Control® 1Ol x|

File Edit Rule RplSet Lu:uau:leu:ll

M ame: |Fll:n:u:| Control

Bod | FOREACH (LIST pair IN FloodControl (*Flood Basin®)) DO =
(GET SLOT @INDEX 0 FROM pair ) [] = GET NUMERIC @INDEX 1 FROM pair
ENDFOREACH

4 of

Erecute Block Only When:
TRUE

1 o] o

||




M Edit John Redmond::Rating Curves

Fil=

i “alue: I

L Y e ) B A o Y % B

Edit

i

Storage

acre-ft

3330.00
5050700
14501 6.00
209127.00
303252.00
443351.00
574912.00
E10762.00
B46E17.00
ES2467.00
F1837.00
FIE242.00
F48937.00
Fa05aE1.00

a = O - O] x|
Induced Surcharge Curve Free-Flow R ating Curve
cfz cfz

0.00 0.00 =]
0.o0 130.00
0.00 258000.00
0.00 104000.00
0.o0 152500.00
0.ao 225000.00
0.00 327500.00
12000.00 428000.00
20000.00 450000.00
S0000.00 472000.00
S5000.00 435000.00
1280000.00 518000.00
2E0000.00 530000.00
220000.00 537000.00
S40000.00 540000.00




Il Open Object - Ft Gibson & = 8 - |EI|E|
File Edit Yiew Slob Account

- \ Object Name:IFt Gibzon

Slats | M ethods Iﬂccnunts |

Selected Method: IDperating Level B alancing j
Categaory i ethod _ﬂ
T TR TP g T
- Regulation Categaony Mone
- hpdrologicl nflowCalculationCategon Forecast Hydrologic [nflow
[+ Generate Forecast Hydrology Geometic A ecession
- Evaporation and Precipitation MoE vaporation
[+-Surcharge Releaze Calculation Flat Top Surcharge
. Operating Level Balancing
----Fclrec:ast Period
----?ala M Edit Slot: Ft Gibson.Operating Level Table o | _|EI|£|
= File Row Column  Yiew
""Tem
"_.TZE Operating Level Table
----FI::n:|
----Tem Operating Level Units: HOWE
- | S
-0l To 100 (200 (300 (400 (500 |ROD |700 800 (900 (1000 [11.00 (1200 {1300 |14.00 1500 | 1600
p
""TC'F' (.00 January 1| 508.000 B51.000 553.50 553,75 554.00) 554.000 554.00 554.000 558.33 555.54! 57153 E?E.Eﬂi 580.05) be2.00] Be2500 53300
""|:||:|E
----Tem
""Tem
----Tem
~[eTem £ Interpolate & Lockup
----,-.\||.;.-, Ainnual Period, [regular Interval
)

----MaHimum Releaze Vanation j




I Edit Slot: Kaw.Operating Level Table [a=0l -0

File Row Column Yiew

Operating Level Table
1H

Operating Level Units: NOME

100 (200 (300 (400 (500 |&OO (700 f&00 (%00 (1000 (100 (1200 (1300 (1400 (71500 1600
0:00 January 2 936.30) 376.00) 7600 33853 1010.00 100000 1010.00 1017.05 1020.27) 102325 1030.55 103648 104202 104450 104750 105800
0:00 January 11 936,30 97200 578,00 99853 107000 107000 101000 1017.05 1020.27) 102325 103055 103648 104202 104450 104750 105800
0:00 January 21 936.30 97800 57800 33655 100750 100750 1007.50 1015.29 101872 102210 102386/ 1036.03 1041.31) 104450 1047.50 105800
0:00 March 2 93630 978.00 37800 336.55 1007.50 100750 100750 1015.29 101872 102210/ 102996 1|]3Ei.IIIEIi 1041.91) 104450 104750/ 1058.00
000 &pril 21 336,30 37800 EI?E.IZIIZI! 33853 1010.00) 1070.001 1010.00 1017.05 102027 102325 103055 10196.48 104207 1044 50) 1047 50 105600
0:00 July 26 93630 97800 EI?E.IIIIIII 938 53| 100,00 1010.00) 101000 1017.05] 1020.27) 102325 103055 1036.48) 104202 1044.50) 1047 50) 1054.00
0:00 August b 336,30 37800 EI?E.IZIIZI! 337.32) 100850 1008500 100350 1015.35) 101336 102255 103015 1036.24) 104133 1044.50 104750 105400
(:00 September 16 | 936.30) 978.00) EI?E.IIIIIII 937.32) 1008.50 100850 100850 101538 1019.36) 102255 103015 1056.24) 104193 104450/ 104750/ 1058.00
0:00 Mowernber 16 | 33630 372.00 EI?E.IZIIZI! 33853 1010.00) 1010.001 1010.00 1017.05 102027 102325 103055 103648 104202 104450 1047.50 105800

(% Interpolate. £ Lookup
Annual Period, Imeqular Interval
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File Edit Graph Data window

@ —I— bEs g d® e |Deu:ember31,1939ii.$

755.00000 |

7a0.00000 —f | KeyStO n e
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745.00000 —
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= 4

¥35.00000 —
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¥30.00000 — |
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I [ I I [
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- Keystone.Fool Elevation

%, = (10-31-1992 15:36:51, 744.816)




CONTROL POINT OBJECT

e Uncontrolled local flow
 Routed upstream releases
 Regulation method (Key Control Point)

o Space hydrograph for releases



CONTROL POINT
REGULATION METHODS

1. Channel regulation

2. Current level regulation

3. Future level regulation

4, System percent full regulation

Misc applications: Stage control
Sag operation
Flood exception
Regulation recession



Flood Control Evacuation Plan
for Downstream Control Point

Perfect
Knowledge

Channel Capacit

Current +1
Day




Il Open Dbject - Inla ]

File

Edit Wiew Slot Account

=10l x|

o,

oy

e (Ibject Name:llnla

Slats | Methods I.-’-'-.c:u:u:uunts |

Selected Methad: I Geametic Recession j
Cateqary | tethod
-+ Flond Contral Operating Level Balancing

File “iew

Il Iola.Period of Perfect Kn

-Local [nflow Calculation

;----Lu:uc:al [ il
é----Deterministic Local Inflow
E----F‘erind of Perfect knowledge

E----Fheu:nassiu:un Factor

Forecaszt Local Inflows

Mot Inziuded in Outfow
2 x :
‘—lgl—l =l R egulation

Control Fiwed Over Farecast

firg Level Balancing

Walue: |2.00

MOME

Hl Edit Iola:Determinisktic Local . i
File Edit “iew TimeStep /0

-

Walue: I

dzer Units: cfs

Clear Output I

Jan 01 1340 24:00

14 20

Ok

| Apply | Cancel |

=10 x|
File  Wiew
@ IFlec:essin:nn Factar
o [T -
Ok | Apply Cancel

Fil=  Edit

-

Wiews  TimeStep |40

Walue: I o

Jan 02 1340 24:00 | ao0  —
Jan 03 1340 24:00 10.50
Jan 04 1340 24:00 | 9.40
Jan 051340 24:00 | 560
Jan 06 1340 24:00 | 4.70
Jan 0F 1340 24:00 | 2.20
Jan 02 1340 24:00 | 3.90
Iz N9 1940 24-00 1 = | ;I
Bl Edit Iola:Additional Peaking Flo =13 =]

Uszer Lnitz: cfs

Clear Output I

Dec 31 1333 24:00
Jan 01 1340 24:00
Jan 02 1340 24:00
Jan 02 1340 24:00
Jan 04 1340 24:00
Jan 05 1340 24:00
Jan 06 1340 24:00
Jan 07 1340 24:00
Jan 02 1340 24:00
Jan 03 1340 24:00

L A A An A0

0.0a
0.00
0.00
5.30
0.00
0.0a
0.0a
0.00
0.00
0.00

(sl nlnl

=




=101 x|

File Edit Miew Slob  Account

I Edit Tola::Routing Coefficients N 1O x|

P File Edit “iew
i Object Name:llnla
ﬁ Y alle: I
Slats | M ethodz I Lccounts |
Selected kethod: I Operating Level B alancing j Bl ARG Hae A8 e
Category | Methad NONE NONE NONE
- Flood Control Operating Level B alancing
- Local |nflow Calculation Forecast Local Inflows 0 0.0144 0.3158 ﬂ
[#- Generate Forecast nflows Geometric Receszion 1 0.0740 04322
- Include Localz in Outflaw Locals Mot Included i Outflow 2 01654 01932
[+~ Requlation Discharge Channel Regulation 3 0.2168 0.0557
- Stage Control Qwer Forecast Stage Control Fixed Over Forecast 4 0.1361 0.0218
- S ag Operation MNone 5 0.1402 0.0080
- Regulation Recession Maone B 0.0876 0.0023
Cantral Paint Balancing Dperating Level B alancing 7 0.0503 0.0011
""EKE}' Control Point Reservoirs 8 0.0273 0.0004
----Balance Periad 9 0042 0.00m
~[02|B alance Tolerance 1 0.0072 0.0000 |
g 11 0.0035 0.0000
Balance [terations
- |44[ Temp Balance Level 12 gl 00000
T " - 13 0.0007 0.0000
TE'“F' = A% —_r 14 0.0003 0.0000
NN [ = PN 18 rem b -
I Edit Iola:Upstream Reseryoirs 15 0.0001 0.0000
S 16 0.0001 0.0000
= = _ 17 00000 00000 o
ﬁ lola::Upstream Reservoirs
Council Grove
Marion
John Redmond
] Apply Rezet Cancel
A
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Il Open Object - Commerce

File Edit Wiew Slot Sccount

(=1

6 Cbject Name:icummerce

Slats | Methods I.-'l‘-.n:n:n:nuntﬁ

=

Selected Method: I Channel Regulation

Categary b ethiod

= Flood Contral

- Local Inflowe Caleulation

- Generate Forecast [nflows

- Include Locals in Outflow

2@ =gulation Dizcharge
----Discharge Table
----Stage Cantral Intersals
----Fieg Dizcharge Calculation

O perating Lewvel Balancing
Forecast Local Inflows
Geometric Beceszzion

Locals Mot Included in Outflow
Channel Regulation

ITl..J1

i_l'u

Fil= RPow Caolumn  Yiew

El Edit Slot: Commerce.Discl

Channel Regulation
Method

a1 T | [ o]

----Flegulatinn Dizcharge
~[A4]Empty Space
~[Asa] &dditional Peaking Flow

----Temp Regulation Parameter
-+ Stage Control Ower Forecast

é 1 cf=

Stage Control Fised C

Diizcharge T able

-+ 5ag Operation MNone Dizcharge
- Regulation Recession Mone
- K.en Contral Paint B alancing Mone 0:00 .J anuary 1 I_ 2200000
- Flooding Exception Mone
£ |nterpolate € Lookup

Annal Perod, Irregular [ntereal




M Open Object - Hulah Outflow I 1a=0l - 0| x|

File Edit ‘iew St #ccount

Current Level Regulation
6 DhiectName:IHuIah Outtlo MethOd

Slats | Methods Iﬂccnunts |

Selected Method: I Reservar Cument Level Regulation j
Categary M ethiod
Flood Caontral (Operating Level Balancing
Local [nflow Calculation Mo Local Inflow

Reseroir Current Level Regulation

l— iequlation Discharge
LE!VE!| Regulation T able

- [=]|Requlation Reser . ,
E ; I Edit Slot: Hulah Outflow.Level Regulation Table @l -0l x|

B|Stage Contral Inte

File Row Column  Miew

b/ ariable Requlatic

g""‘;anaglle Tgu'alt:": é Level Regulation T able

£ LIECharge e .

; Urits: NONE

;----Hegulatinn Dizche £

~ P]Empty Space Discharge 1 cfs
~[Pe]ddtional Peakin 100000 (100000 (100001 (199999 |2000.00 |3999.99 |4000.00 |6499.99 |E500.00 |E500.00

:----Temp Regulation 000 January 1 | R.00 8.00 8.99 9.00 993 1000 1III.EIEI§ 11.00 14.00 16.00
- Stage Cantral Over Forec. - ' § T —
- Sag Operation
- Requlation Recession
i K.ey Control Point Balancit
- Flaoding Exception & |nterpolate € Lookup
dnnwal Period, lregular Interal




Open Object - John Redmond Outflow )

= Edit Wiew Slot Account

i Object Name:IJDhn Redrmond O utflaw

otz | b ethods I.-'-‘-.c:::nunts |

glected kethod: I Rezervaoir Future Level Regulation

#

Categony

ki ethod

-~ Flood Cantral

evel Regulation T able
"--ElFlegulatinn Reservoirs

= [Future Level Taolerance
Future Level lterations

tage Control Intervals

anable Regulation Intervals
"/ ariable Requlation Talerance
Req Dizcharge Calculation
Regulation Dizcharge

Empty Space

Additional Peaking Flow
Temp Regulation Parameter
"--.Temp Rivers'are Level Compare
-~ Stage Control Over Forecast

- 5ag Operation

- Regulation Recession

- F.ey Contral Point B alancing

- Flonding Exception

Operating Level B alancing
Mo Local Inflow
Fezersoir Future Level Regulation

Hl Edit Slot: John Redmond Outflow. Lewel Regulation Table

Filz2 Row Column Wiew

Future Level Regulation
‘Method

é Linitz: HOME

Lewel Regulation T able

Dizcharge 1 ci=

1333.99

2000.00

433333 | 5000.00 | 11933.93 I 1200000

0:00 January 1 I

= |nterpolate & Lookup
Annual Period, Irregular Interwal

8.00

12000.00 |

8.20| 8.50| | 14.00

Stage Contral Fised Ower Forecast
Mone
Mone
Mone
Mone




I Edit Slot: ¥an Buren.Percent Full Regulation Table ]

File Row Column  Yiew

@=0g - (0] x|

e Units; HOME

Perzent Full Regulation Table

Dizcharge 1 cfs

20000.00 | 40000.00 | 75000.00 | 75000.01 | 12500000 | 12500001 | 150000.00 | 15000000
(:00 January 2 0.00 0.07 0.09 015 013 0.40 (.40 1.00
(:00 February 16 0.00 0.07 0.09 018 013 (.40 (.40 1.00
(:00 March 2 0.00 0.03 0.05 010 011 (.40 (.40 1.00
(:00 May 16 0.00 (.03 0.05 010 011 (.40 (.40 1.00
(:00 June 16 0.00 0.11 013 018 013 0.40 0.40 1.00
(:00 September 16 0.00 011 013 015 013 (.40 .40 1.00
(:00 October 2 0.00 0.07 0.09 015 013 0,50 (.50 1.00
(:00 Movember 2 0.00 0.07 0.09 018 013 (.50 050 1.00
(:00 December 2 0.00 (.07 0.09 015 013 .50 (.50 1.00
(:00 December 16 0.00 0.07 0.03 0.15] 013 0.40 0.40 1.00

% |nterpolate € Lookup

Annual Penod, lmegular Interval




I Open Object - Sallisaw

File Edit View Slot Account

. Object Hame:ISalllsaw

Slats | t ethods If-'u:n::u:uunts |

Selected Method: I Sag Uperation

Categomny

Flood Control

Lozal [nflaw Calculation

f+J LGenerate Forecast Inflows
~hzlude Locals in Outflow

~ Regulation Dizcharge

i Stage Control Over Forecast
. vag Operation
é----Sag Period
E----Sag O peration
E----5ag| Tolerance
Reqgulation Recession

K.y Cantral Point Balancing
- Flooding E wception

[+

[+

Il Edit sallisaw::Saqg Period
Fil=  Edit “iew

_(Of x|
_ (O] x|

ﬁ Value: [ENER

Timesteps
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RECENT EFFORTS BY CADSWES

Completion of flood control logic & methods
Scope DMI & RW integration into HEC-CWMS
Assessment of COE hydropower approach

Critical dependable pool and stream yield analysis
using RW Batch Mode with RCL

Multi-cycle periodic slot

Flood control user guide



FLOOD CONTROL TESTING BY CADSWES

RiverWare test results are very close to Super

» RiverWare generally releases more than Super

o Super storage slightly greater than RiverWare, total system
difference very small

o Differences in flood control releases on one reservoir are made up
for in another reservoir, total balance level very close

» Balance achieved by RiverWare is neither better nor worse on
average than Super

» 61-year daily POR flood control run takes 2.6 hrs on Pentium 4
(4.3GHz with 1G RAM): 21 Reservoirs, 50 CP’s



16 BALANCE LEVELS

1 Zero storage 9. 10% Flood control
2 Bottom conservation - 10 30% Flood control
3 ‘Bottom power pool 11 50% Flood control
4 50% conservation 12 70% Flood control
5 100% conservation 13 90% Flood control
pool 14 100% Flood control

| 6-8 Typically not usedl 15 Top surcharge
"""""""" ' 16 Top of dam



CORPS USE WITH RIVERWARE

Super to RW by Tulsa, Ft Worth, & Little Rock
COE Distr’s

HEC-CWMS

Real time evacuation of flood storage - TAPER
program used in Tulsa

Water supply accounting

Other COE Districts?



CORPS RIVERWARE BASINS

Arkansas River
Red River
White River
Brazos River
Trinity River

Others: Kansas River, Upper Rio Grande



FUTURE WORK WITH CADSWES

« Balance Depletion Method of conservation pools
o DSS, Database, and DMI functionality
 RiverWare interaction with HEC-CWMS

« Performance issues

o Corps Hydropower and QFISH methods

o Statistical post processing analysis on Slots

e Input comparison tool



SUPER

R.I.P




RIVERWARE FLOOD CONTROL
METHODS

Questions? Discussion?
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