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WRIMS is a general purpose water resources
management tool for modeling surface water
and/or groundwater allocations

ater esources ntegrated odeling ystem

Developed and maintained by the California
Department of Water Resources

CVP/SWP Planning Modeling
Klamath Project Planning Modeling

RECLAMATION



* Physical river system A
represented as a network of
nodes (reservoirs, diversion
points) and arcs (river 9
channels, canals)

 Describe what the problem is,
not how to solve it
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 Water Resources Engineering Simulation
Language Code

— Define variables, Write goals/constraints
— “English-like” syntax
e Input
— Time series inputs — HEC-DSS (monthly, daily)
— Parameter/Function inputs — ascii tables
e Qutput
— HEC-DSS
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WRIMS Components and Structure

WRESL code

- WRESL
Definitions, Parser-

goals, and Interpreter

weights

LP Problem
User Formulation

Interface/

Controller
Programming
Solver
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e Definitions

— State Variables — Input data (time series or
lookup) or values calculated from input data

— Decislon Variables — Storage, Flows, Diversions,
or other values calculated at run time

 Goals / Constraints — describe physical and
Institutional limits on operations;
hard or soft, constant or conditional

 Weights — prioritize flows, deliveries, storage

RECLAMATION



T4 = C4_MIF + C4_EXC

Connectivity

H+31-11=51_1+51_2+51 _3+E1+0C1

C1+12=D02+C2
C2=D03+C3
Ci+R4=0C4

Storage Zones
=51 1+51 2+51 3
=1 1 =150

=1 _2 =300

=1 3=150

Operation Constraints
C1 = releaze capacity

02 = constant demand
F3 = factor * D2

D3 =time zeries demand
C4_MIF = minimum flowe

Obhjective Function:

ol taf Flood Space

300 taf Conservation Pool

150 taf Minimum Storage

Weights
=11
=1_2
=13

D2

D3

C4_MIF

Sorted Weights
2000 =11 2000
1000 iZ4_MIF 1200
-10000 D2 1100
1100 D3 1050
1050 =12 1000
1200 513 10000}

Ml £ = 20005511 + 1000*%51 _2 10000451 _3 + 110002 + 105003 + 1200%C4_MIF




Define Inputs

File Edit 5earch View Tools Macros Configure Window Help

=AW=

define Il {time=erie=
define I2 {tim !
define demand:?
define demand3i
define C4_min
define factor

: kind 'inflow' units

rles ]-:i_nnj n:ln—-m—und

kind 'inflow' units

1001

month=month?}
~2 month=month}

define capacity I"ﬂluH 1UUU
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« Define Decision Variables

taf '}

units=s
unit=
units

define !

def ine

def ine 2 bd kind

def ine 3 bd lind

IE|'|:|.E|,]_ totS : E;-‘-l_l + 5 Ty

define | d kind 'channe

define | d kind 'channe

d kind 'channel
‘'channel ' units I
{=td kind 'flow-—m1i am' units
=td kind 'flowv-e= ==' units
icd MIF + C4 EXEC]

— ==

MO Lo |'[| a

define D1 {=td kind 'diversion' units
define D? {=td kind 'diver=ion' uni
define R4 {=td kind 'return' units




Write Constraints and Goals
Weight Decision Variables

goal continuityl {I1 — C1 — E1 = Sl*taf _cf=s — Sl1(-1i=taf_cf=

goal continuity? {C1 + I2 — D2 — C2 = 0.}

IE|'|:|.E|_]_ -: = o S pac 1 1‘ w '
goal mest 102 ¢ demand: _.
goal m 103 ¢ demand3}
goal = FHfulh {R4 = D3 * factor}
goal HlnFl. w KC4_HIF ¢ C4 min?

|:| ]:|:| et 1 e |_|]:|'i = {
=51_1. 2000%taf _cf=].
4 MIEF, 12007,

2 11007,

' 10507,

L. 1000%taf_cf=].
Cc4_EXC, -100],

13

—-1000*taf_cf=]

|
D2,
D3,

[
[
[
[
[
[
)




o Soft Constraints — slack and surplus penalties

BT’ TextPad - [CAMP2012\BPA
Edit

Example wres!

Search  View Tools

Macros  Configure

1:||—'11—|l1'" 12
1:||—-11-|l1'1_"’ 0

£ L? & Qv |

A
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1o

Lake Euauna Gain ™

A Canal

114 Klamath Zxraitr Drain

Iran G ake
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XA LP/MILP Solver — Sunset Software
— $1250

— Hardware license

Maximize objective function value while
meeting user specified constraints

Integer variables allow dynamic switches
Solution vs. optimization
Debugging is an acquired skill

RECLAMATION



Conditional or multiple solutions within each
time step allow for layering of constraints

Can incorporate external functions or dll’s

Position analysis capabilities enable use of
ensemble input data sets

Flow routing using arc “storage”

Mixed timestep simulations — look-ahead
forecasting and routing applications
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Problems are hard; models should help
WRIMS development done in text files

— custom, readable, searchable, “story-line”, text highlights

GUI facilitates running the model

GUI enables basic results processing —
variable lists, time series, plots, tables
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File— Ecit— Node: e Jools— Help
[Stidy | Quput 9
WRIMS. ' BN /CALSIM/S_SHSTA/STORAG..
Fle Edt MNode A Tools Help Data

Study | Output ocal
(C:\MP2012\CalSmIII\CS3_BO_version3SB\cony PSS Ver. ..
: y Pand _BO_:
Author: K White and N Parker EEELE J/CALSIM/S_SHSTA/STORAGE/D1JAN1920/1MON/CALSL. ..
Project Name: 3 umber of data points: 984

Date: Thu Feb 09 09:51:21 MST 2012 Base Fies C:\MP2012|CalSimIT\CS3_BO_version358\cany\DS5, [B10CT 1921 2400 - 305EP2003 2400

Comp Fies 1 |:| Time Value
Eroposed Action for onsultation - 310CT1921 2400 2601384
Tiacars o Camt 30NOV 1521 2400 [2530.533
WRESL Fie: C:\amath \FY 12\PAStudies\DTS 10blyun\main. wres! Comp Fles3 [] E] 31DEC1921 2400 [2734.757

— Mode: (@) Base () Co.. () D#f  Views [J]Plat  [7]Table [7]Mon... TW: [OCT1921 - SEPIOO3 i 311AN1922 2400 2864.714
SVFle: c:\damath\FY 121PA\Studies \DTS 10b\dss \DadyPA_sv.dss X 25FEB1522 2400 5152.114
\ General | D Tree 31MAR 1522 2400 3534.381
<o N 30APR1522 2400 095,501
alSim fleFPart:  KBPM b X
gy SVHerPart Gl 31MAY1922 2400 [4542.595
TYPE

DV Fie: C:\amath \FY 12\PAIS tudies\DTS 10b\dss\DAILYPA_DV,DSS - 7 30JUN1822 2400 [4320.538
— : DVAR 310UL1922 2400 3896.337
31AUG1522 2400 3577.065

[_Fiter ][ Retrieve 30SEP1922 2400 3400

510CT 1322 2400 3250
InitFie FPart: 4 z No. CPART D PART EPART
i s : e 30NOV1922 2400 3153.066

1 STORAGE 310CT1921 2400 - 305... IMON I 31DEC 1922 2400 3267.572

31JAN1923 2400 3471.248
B Graph [sla] = ‘I|ﬁ

General [System | Lookup | Options | Sensitvity | Run/Ressit
Study Name: PA013

Desaipton:

SV File APart:

IntFe: ciiamath\FY 121PA\Studies DTS 10b\dss\DaiyPA_init.css

Time Step: 1DAY Number of Time Steps: 11322

FEB 1523 2400 5611139
Start Date:

1560 v Year [OCT v Month m— SIMARISZ3 2900 ERPERvE]

0APR1523 2400 ALes

StopDate: (201 v|Year (S22 ] Month v ; Zoom oot P Eaung S1MAY 1923 2900 [#007.558
\ 30JUN1923 2400 3728.477
Graph (CALSIM] 300L1525 2200 5256553
31AUG 1923 2400 |2973.046
S0SEP 1523 2900 255,561
310CT 1923 2400 |2907.859

Sim Option: SIP » #Sequences 1w

31MAR 1924 2400 |2957.727
30APR1924 2400 2892.61
31MAY 1924 2400 |2585.057
30JUN1924 2400 2225.085
oto row:

File Edit Node Arc Tools Help
v

Message Panel

Project Name:

Base Fies £\ MP2012\ CalSimIIT|C53_BO_versian3SBl\cany\DSS, | 2| MONTHLY REPORT
e File

Comp iz [7]
Erpe=s [ : CALSIM30 06  FILE: C:\MP2012\CalSinITI\CS3_BQ_version93B\conv\DSS\Version9B_88yr 011312 WRIMSVZ)

) Co... () D  View: [#]Plot [ Table [7]Mon... TW: OCTI921- SEP2003 Thu Feb 09 10:32:42 M5

/CALSIM/S_SESTA/STORAGE/01JAN1920/1MDN/CALSIM30_06/

30NOV 1923 2400 2817.712
31DEC1923 2400 2812.39
31JAN1924 2400 2835.568

. Dts Directory erived Time Series: | STORAGE.MTS DEC MR JUL
s torage. (TS 2735 3534 3896

19 3268 3723 3257
[pvar 1921926819319 2812 2958 1648
[Dvar X 1443 3329 3477
VAR 5

DA

3011 4073 3189
3337 4132 3845

: 3053 3965 3531

MATION

Derived Time Series DvarSvar 0

Status: Done.
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