ricks and Tools of the Trade

James VanShaar

Riverside Technology, inc.
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A LARGE, COMPLEX MODEL

¢ 37 dams and 14 damage centers

¢ 55 local inflow points
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A LARGE, COMPLEX MODEL

¢ 37 dams and 14 damage centers
¢ 55 local inflow points

é 99 years at 6 hour timestep: ~144k timesteps
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A LARGE, COMPLEX MODEL

¢ 37 dams and 14 damage centers
¢ 55 local inflow points
é 99 years at 6 hour timestep: ~144k timesteps

é 69 historic storms scaled 1.5x, 2.0x and 2.5x
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A LARGE, COMPLEX MODEL

Major Concerns

é Run-time

é Model size

é Accuracy of policy representation

¢ Decision tracking: debugging, calibration, reproduction

é Extensibility to alternatives
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Trick 1: Careful Rule Design

Generic Algorithms

Generic Tributary Algorithms

é Applied to virtually all non-sloped
power reservoirs

* Ruleset Editor - "04-22-03TA Rl]a.rls"

Ruleset Mot Loaded

IELiDﬂL! anIName

| e |

= = = 3 ¢ |8 Tributary_Final OutflomAndQuitTest Faliy brop -
é Foundation of all operation policy | | ¥ & sow
b ¢ GenericTrib_Secondary Paliey Gramp
3 % (B Manstem_QuitTest Faliey Gromp
. . . I b 4 LowerMamstem_FiredRules Pabicy Grovp
‘ u ar a n tl n e d d eVI atl n C O d e b b L[ vote itor -"0:-22:5578_voslsGenercir PreiminarysetDecismnty =lolx|
g Fle Edt Rue PuleSet Not Loaded
[[z Y Nare: [SetDesionTiog
- Body [ FOREACH COBJECT Resewvai N ListSubbasin "Trioutary Reservaiis”} 3 DO B

i FRIicy Group Editor - "04-22-03TA_Oa.tls: Generii';é__ {

File Edt Group

M a.l n S t e m F I X e d R U I e Name: |GenericTrib_PreIimina|y

(sloped-power reservoir) o I

2 ¢ [B ClebreminaryOutllow
# ¢ [B Non$0GMode_Debug
. ] il SetDecisionTrigger
¢ Acceptable discharge vs. | 5 tamramn]
pool elevation operational | |5 7 g
points 1| R Pori

|

Datalbiectlame {Reservor) . "DecisionT igger” [ ]
=IF {NOT InFloochade {Res

dlerance (Feservoir} ) THEM

1.00000000
ENDIF
ELSE
IF { TopOiGatesEnceedancel sEwpected { Resemol , 1
{ lEHticaITDGDutﬂow (Reservoir) J }
IF { Previouss PoolElevation (Reservai 1Y THEN
¢=TopDiGates (Reservair}
200000000
ELSE
250000000
ENDIF
ELSE
IF {TopOiGateslsReachedThisTmestep { Reservaird ) THEN
400000000 |

THEN

Execute Fule Only When:

Y

]

DecisionTrigger sNotGet { TestReservaits (3)
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Trick 1: Careful Rule Design

Generic Algorithms

Results of rule set design

¢ Carefully tested, compact, reused code base
¢ Eliminated re-firing of rules

é Decision variables stored

¢ Limited re-solution of objects

¢ Individual policy relegated to parameters, not logic

SARiverside Technology, inc.



Trick 2: System Segmentation

Space

Model Control Workspacs Policy Accounting Lkilies Help

| @] 2| e | =] @] o2

SystemDummyReachData  SystemDummyReach

HolstorToCherokeeData  KingsportData

S>—0o5 B
FortPatrickHenry

HolstonTocherokss  Kingsport

OroselRsachData
OcoselData Oroes2ELFData

OcoeelReach  Ocoeel  OcoeezspilReach  Qroee?

A > >

TimsFord FaysttevileELF

TimsFordData TimsFordReachData FayettevileELFData

TimsFordReach

FthatMEkHEr\ryELFData

4&lr\:kHenryELF

B>

OcoeeZELF OcoeeZConfluence

Upper Tributary

BooneData

Boone

R

PseudoBoons

PsEudDEDUneData

EllzahathtnnTannns

SouthHolstonReachData

2@

UuthHU|stUnREach

ElizabethtonToBooneData .

ﬂ Model Control Workspace Poliy Accounting Uiities Help

SouthHolstonData I
SystemData  ObservedData

SouthHolston

ElizabethtonELFData WataugaData

 RiverWare 4.2 - Mainstem_diagram2.mdl.gz

A EIRE R R R MEE

=

Ococe3spilReady

—_—

Ocoged

Ocoee3E

SanteetlahData

A

Santestlah

Upper Mainstem

bdg

Hotris
Dougls

NnmsRea(h

2

FrendhéraadToknoxvile SeviervileELF

5 ookl
C\ir/\tar\ELF ( / FrenchBroadLitiePigeonConfluence
5 Har wuew\

C“WQT“ME‘WH‘“ KnoeillCorfience

/mmn,mz

>

HekirtHIELF .
| Kr\nxv\l\eE\LF

e FloudhndTel

W

TelicoCanal

ChilowesELF

/Chibonee

MelkonHil
S Fortloudoun

Telico

P
ARt i ApsltincetELF
o
—

% OcozelReath
/cmcmauga CharkestoneLF

SouthChickamaugaCreekELF

—

\
Me\tor\HiHOakda\eCanHu\er\ce

/ WattsBar

HimasseeOcozeConfiuence

>

SystemDunmyReach
Niksjack

(] —

/5\
Ca\devwnndELF Chewah

Calderwood

ApdlachiafLF H‘Wassee\

-
ApalachiaELFData HolstanToknowvileData

Chickamaugabata . OaksleELFDaka
ApalchicReachbata . KnoxilELFDzta .

ChilhowesELFData Pseud_FLoudAndTellrats

CaderweodE FData . WaryvileELFData .
. CintorElFDdta . SevierleELFData

CherlestonELFData WekorHIELFDat

.chmumuMe\tunmuData
. NieksfarkData

ChatugeData

Santeetlh Turbine
/

—
Fontana ™\,

Fnr\tanaﬁar\teet\{amuvh\r\e

ChenatelF

SystemData

Cheoahantestiahspil 5

Santeatehpl

DouglasData SystemDummyReacData

ChatugeReathDeta . NorrisData

ChenahELFData

FontanaData TelicoData

. Noristesctets .

ChatugeReath Chaluqe
FortloudounData

WattsBarData

CherckeeData
NotilyReartData

FrenchBroadToknoxvileData Observeddata

Nuueweam

Hottely
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Trick 2: System Segmentation

Time

é Initial conditions
é Archival and access to state variables

é Control of sub-periods
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Tool 1: TSTool

Data Management

EE 15700l — o] =]

File Edit Run T= -% ands  Control Commands Wiew Tools Help

clgery Cptions: Cluery Results: Select All
Input Type: [Datevalue ~] [m Haue Source| Data T
Data Type: IStrear‘nﬂDW = Time Series - Graph Yiew - O] x|
Tirne Step:  [Month cfs
24000 .00
Data Type Modifier:  [Total
ZZ000.00
Where: |Station Narme
=2 [+ Z0000.00
Get Time Series List 12000.00
Cormmands (Press "Run Commands” to ruan oo 18000 .00
TS CurreniTs = readRiverware!'ResultsAndsSt 14000 00
TS MNextTS = readRiverWare"Resultsi0ait oo ’
setFromTES(CurrentTS, MNexdTS, 19891 Q501 06,2 1200000
free(MexdTS)
wiriteRiverWare"ResultsAndStatesw0an1 00 or 10000 .00
#Design writeDateValue"ResultsAndStatesii:
free{*’:. S000.00
]
= 000,00
il TS foroutput (1 TS, SELEC
<000 .00
2000.00
ool b 1 | 1 1 1 1 1 | 1 1 1 1
2 [=] 10 11 1z 1 z ] 4 5 =] 7 2 [=]
1973
—CurrentTS - Marris, Dutflow, Morris.. Jutfloe GHOUR (1902-02-25 05 to 2004-10-01 007
Wisible Period {white):

IStatus: Ending time series output at: 2003-06-1 |= | == | = | = | == I =| | z.:..:.mOutI

Summawl Tahle | Help I F'rintl Close | Save As: |._IF'EG Graphic ;l

Zoam hode I}{: 1873-04-28 14, % 3035.29
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Tool 2: Perl Scripting

Control and Data Management

e K owWwill be used to

#t The Folloulnﬁ
# timg series han

EBdateSwaps = ", rlozs iogzae, trlass
", 1953715955, "1959]

#EdateSwaps =

$DeslgnRu H LA L L LA LLL {K

SHLtMHu Ba

ERunHumber =

Slnitialize = "k:-PROJECTSWHOS0 TUn\PHﬂS Z0OMI~TSTool _TribsALLInitializa

fHewInitialize = Joinl” ,fInitialize, =", $ALtHum, 5F0esianRunl;

# The fol oulna no eded_for Tributarcies
#i0ual = 'k ~F DJECTS\nsas TUA~PHASE_Z~0MI~TSTool_MainstemTE_OUal";
#EMHewhuwal = join(™ , f0ual, =", SALEHum, "_" . 0= ianFunl;

FknownInf lows= "Lz ~PROJECTS -HESe TLESFHAS SOMI~TSTool EngwnInf lows fock
FHewknown Inf lows = doinl ™, fKnownInf lows, " EALEHum, T, F0esignRun, T

RCL = "k:~PROJECTS-AS536_TWA~PHASE _S~0OMI~BATCH-~Tribs=ALL.
RCL = 'k ~PROJECTS~AEIE TUAPHAS 3\DHI\BHTCH\TrLb5Hll rclﬁDST'-
HewRCL = ﬁDLn( . $RCL, 75, LtHum, ", fDesignRunl:

& Hote the bacﬁslashes are’ reguired to produce two backslashes in
aseﬂodel = FE:~~~~PROJECTS-~~~A&36_TUA~~~~Phase_3=-~~~Mode s~~~ ~Tr ibutar
les = "kK:wwWPROJECTS: S HESE TR -““Phase_3S~SwMode le~~ > E04—22—HA3TH B
aseSaueModel = "Lz wPROJECTSS~~~ASSE_TUR=S-~FHASE_S~~-~MODELS~~~~Trib

-\PRDJECTS\HSBG TUH\PHHSEEfEDEI\TSTDDl TribsAl lUpdateF

dateResults =
pdateResults =]

~PROJECTS~AESE_TUA-PHA MI~TSTaol TribsAlllpdate

AT A Ardirdir o Ardp AT Ardrdto drd AT

E
Ru
E
g
NqupdateResults = Joln["",$Update esullts, ZHLtHum, _T,.%0=e=ignRBunl;
TSTool = "W:~FPROGEA” 1-RTI-RIVERT” 1-BIM-TSTOOL.EBAT" &
Riverlare = "C:~FROGRA™1~CADSWESRIUERW T, Z~RIUERW" 1, EXE" ; .
RlverNareDutput = join("™" . "Trcib=ALL~-"", SﬂltHum. "_",SDESLgnRun, F_uTribs
ftpComm = "k:“-PROJECTS-ASZE TLIH™ PHHSE“S\DNI\BHTCH\FtDcomm
Ne FTF = doin(™", "fiplConm=" $ALtHum, ™ ", %0esianRun, TrLEsﬂll"].
stillG0 = :
ifi 1 1 L
foreach $year [EdateSwapsl L
ifFl E=stillE0) 4
grlnt Euearsn®y
Fld = =pliti "_", Swear 1;
SRunMumber++;
# S=t up_the dates
ExuTimelA] = "EF IA[A]-18-81 6&";
FuHTimePrenn = "190l-1=2-51 247y
Forl =1 = 1 5i <= 17p §i++ 1 & .
print ExnTimefs1] = SubtractHoursFromDatel ExuT im
+ print Tentg
ifi BFLAL1] <« 2@81 1 L i
prgn% "\SﬁHTlmeEndﬂnalystswlndou = EFLJL1]1- 8938
prin n'™:
Drin% "\$ﬁHTLmeEndHDdelRunPerLDd = AddHoursTolate
prin n'"s
print £uiTimeEndMode LELF= = AddHours=ToDatel &$nx
P print "nttg
else L
DPln% "\EHHTlmeEndHodelRunPerlod = "EFLAL1]1~A3-22 15";
T in n
g Mote the next line ?etg jrog=2="Ta|l] For 5 SubtractHoursFrombate
Drln% "\$HHTLmeEndﬂna wsishlindow = AddHoursToDatel
prin
Drin% "\EHHTlmeEndﬂodelELFs = AddHowrsTobatel 00T imeEndMode LRunPer iod
prin
i

# Update TETool Initialization command file

$HHTLmeEndHDdelRunP
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Tool 3: Directory Structure

Data Management

' =10l x|
J Filz View  Favorites  Tools  Help ﬁ
J = Back ~ = - | 24 Search ||:|:’_-|Fnlders S History | B O < w | Ed-
| address I_[:l C:\1-Tvadirs\Phase_3\dmi\ResultsAndstatesiaal250136 x| @ee

Folders % || Wame ¢ | mModified | size |~

E|{:| Phase_3
=-_7 dmi

=] Batch
{:I LowerMs
7 MonPower
120 Tribsall
7 Uppertas
=+ InitislConditions
7-_7 0a

I':'I{:l ResultsAndstates
B oa

[ Processing

@ Boone, Sukflow, 36

@ ElueRidge. Outflow, 36

@ ElusRidge.Poal_Elewation. 36
@ ElueRidgeData, OutflowToReachS0G, 36
@ ElueRidgeData.RemainingBlendsteps. 36

@ Boone, Pool_Elewation. 36
@ BooneData, COutflowToReachS0G, 36
@ EBooneData.RemainingBlendsSteps. 36

42712003 ... 34KE
4262003 .., Z5EKE
42602003 .., Z6KE
4/26/2003 ... Z6KE
4/26/2003 .., Z5KE
4/26/2003 .., Z5KE
4262003 .., Z5EKE
42602003 .., Z6KE
4/26/2003 ... Z5KE

| File

Edit  “iew Favorites Tools  Help

J = Back ~ = - | 24 Search ||:|:’_-|Folders CHHistory ||:|3 02 = w | B

97 objeckis) (Disk free space; 7,69 GB)

J address I_[:I Ci1-Tvadirs\Phase_3\ModelsiMainsternMaodelsigal 200 j ﬁGD
Folders x| | Mame £ | modified Size |

E1-] Phase_3 =] B3 Mainstem_03-12-03%_8a_200_01.mdl.gz 4/27)2003 ... 853 KE

{:l dmi @ Mainskem_03-12-03x_8a_200_02,mdl.gz 42712003 .., 205 KB

=1 Models @ Mainstem_03-12-03%_8a_200_03.mdl.gz 42712003 ... 832KB

{_ 1 LowerMainstem @ Mainstem_03-12-03%_8a_200_04.mdl.gz 4)27/2003 ... TFTEEKE

| |ED mainstem_n3-12-03%_8a_z00_05.mdl.gz 41272005 ... 538 KB

@ Mainskem_03-12-03%_Sa_200_06,mdl.gz 42712003 .., 249 KB

@ Mainstem_03-12-03%_8a_200_07.mdl.gz 4272003 ... 532 KB

£ mainsterm_03-12-03%_8a_200_08.mdl.gz 4j27/2003 ... S3ISKE

B Mainstem_03-12-03%_ga_200_09.mdl.gz 41272005 ... &30 KB

B3 Mainstem_03-12-03%_8a_200_10.mdl.gz 4§27/2003 ... 7FSKB

@ Mainskem_03-12-03x_Sa_200_11.mdl.gz % 42712003 .., FI7 KB

@ Mainstem_03-12-03%_8a_z200_12.mdl.gz Type: WinZip File 534 KB

@ Mainstem_03-12-03%_8a_z200_13.mdl.gz Size: 774 KB .. B45EKB

B Mainstem_n3-12-03%_ga_200_14.mdl.gz FEIEO0S ... B57 KB

-2 NanPower |;| Edl Mainstem_03-12-03%_8a_200_15.mdl.gz 4j27/2003 ... 720KB

;I | ¥ [Mainstem_03-1 0_16.mdl.gz 42712003 .., 720 KB
[Type: winZip File Size: 719 KB [F1a ke [\ My Computer W
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Trick 3: Integration of Tools

Control and Data Management

Control Algorithm: For each successive run period--
¢ Modify TSTool and RiverWare batch control files

é Run TSTool initialization commands

— Access archived data
— Locate RiverWare input in expected directory

¢ Run RiverWare using its control file

— Import data
— Simulation
— EXxport data
— Save model with new name

é Run TSTool archival commands

— Store results in archive time series files
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Results of Approach

¢ Flexibility
— Debugging
— Event isolation
¢ Run-time
¢ Consistency throughout alternatives
é Built-in archival of runs / models / decisions

é Elimination of model size concerns
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Looking to the Future

¢ More large models
é Water Accounting

é Optimization

¢ Real-time operation

¢ Probabilistic forecasting

é Post-processing Product Generation
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Conclusion

[l
Thank you for your time
and attention.

IDIQ Contractor for A&E Services (2003)

NOAA Partner for Advanced Hydrologic
Prediction Services (AHPS 2003)

GSA Schedule (2004)
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