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Overview

The basics of the Water management functionality in Raven

Syntax essentials

An example tutorial




Routing and Water Management Support
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PREVIOUSLY MISSING: Ability to support: A
1) Fully generalized operation/water allocation rules

2) Optimal satisfaction of management goals

3) Inter-basin constraints (e.g., environmental flow needs) )




Water Management Models

Water management models have to be able to:
o Codify management goals

o Codify priorities when management goals conflict
o Codify operational rules

This has to be VERY general to support the wide range of feasible
operating strategies

Common to handle using linear programming (LP) optimization.

> Not necessarily because we need an “optimal” solution, but because LP is
great for formulating problems expressed as hundreds of competing goals and
constraints




Water Management Optimization in Raven

Solves non-linear optimization problem in each time step
Minimize unmet water demands and goal penalties
Z(Ul(Dl* — dl) + ZCUJPJ — min
* Subjectto
» Satisfaction of routing mass balance
e User-specified constraints

User-specified management goals to handle arbitrarily
complex allocation rules and management decisions
Posed as iterative linear programming problem

Comparable functionality to programs such as RiverWare,
WEAP, MODSIM, or OASIS but

* Free and open-source

* Integrated into a fully functional hydrology model

Licensed irrigation

demands
A I

Satisfy environmental
flow needs at
compliance points

Maximize
Hydropower
earnings $

Target stage for
flood management




Precipitaion
Temperature
Radiation
Wind
Speed/etc.

Iteratively solves
linear programming
problem

~

In each time step,

Raven
Management Goals

Management ]
Raven Runoff Outimization Management Constraints
Hydrological Reservoir Precip./Evap. pScheme Control Variable Definitions

Model

Optimal Demand Delivery Time Series or Annual Patterns

F.{etur.n Flows 2O £ (Forecasts/Rule Curves/Demand)
Diversion flows Water license info

Reservoir Outflows 8 ) @ Lookup Tables

Streamflows
Temperatures
Res. Stages



Recast Mass Balance/Routing problem

In-reach rOUtmg- Runoff  Proscribed inflows

Nzm N Ngm / / _~ Diversions (non-linear)
nt+l _ g7 nt1 T n—j+1 n n n nir!
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i=0 j=1 i=0 X
Reach outflow X Delivered Demand
Time lagged inflow

Instanteous inflow (diffusive wave routing)

In-reservoir/lake routing:

Inflow  Outflow
o 1 /
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1
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Reservoir outflow non-linear




Raven Upgrades

Linear programming matrix is assembled from very general statements:

> Management goals (should ideally be satisfied)
° Prioritization of goals is determined by magnitude of penalty associated with not meeting goal
o All demand time series automatically converted to goals
o All environmental flow minimum regulations automatically converted to goals

> Management constraints (must be satisfied) (not too many)
> Mass balance constraints (must be satisfied)

> Goals/Constraints can be turned on or off using conditionals, representing different
operating regimes

o All reservoir management time series (e.g., :TargetStage) should instead be treated
using management statements

o Allows priorities to be codified as penalties




Installation

Management model requires a bit more work to compile

*Uses the open-source lp_solve library

°In practice (on Windows), just requires lpsolve.dll library file to be in same
directory as Raven.exe

*Requires re-compilation of Ip_solve AND Raven on MacOS/linux

To activate water management use:

: ApplyManagementOptimization

In .rvi file




.rvm (Raven Management File)

Ny —1 _ P e .
¥ Global Constants

:HamedConstant AEREFT_TD_HS 1233.48

:LookbackDuration 7
:Debuglevel 0O

Similar : RedirectToFile conventions
to handle child files.

o Can now have nested :RedirectToFiles, e.g.,
randchildren

“—~-..Number of days stored in history

i0verrideStageDischargeCurve 12 # Managed Eesek
iOverrideStagelDischargeCurve 16 #

iBedirectToFile WaterManagement,/Demands. rvm

Management Constraints and Goals

dt Ak

Management Tabkles/Timeseries

:RedirectToFile WaterHanagementfTime5Eries_GleanrECDnstraints.rvt
:RedirectToFile WaterManagement,/ReservoirTargetStage . rvo
iBedirectToFile WaterManagement/ReservoirMax(.rvt

At

:BedirectToFile WaterManagement,/ReservoirLookupTables. rvm

£ Management Ops/Logic
tRedirectToFile WatEIHanagementfﬁperatiDnS_Reseerirl.Ivm
iBedirectToFile WaterManagement,/Operations ReservoirZ.rvm

Demand time series and user specified
time series can be read from here rather
than rvt file

:0OverrideStageDischargeCurve
indicates this is a managed reservoir and
outflow will be a function of management




Demands.rvm

# :WaterDemand [SBID] [demand ID] [demand name]
tWaterDemand 240 2401 ChetsSovbeans
tDemandTimeSeries

tAnnualCycle 0.01 ©0.01 0.01 ©.01 ©0.04 ©.1 0.1 0.1 0.1 0.03 0.03 0.01
tEndDemandTimeSeries
:ReturnTimeSeries
tAnnualCycle 0.0 0,0 0.0 0.0 0,012 0.06 0.06 0.05 0,05 0.012 0.012 0.0
tEndReturnTimeSeries
:Penalty 32
iEndWaterDemand

tWaterDemand 240 2401 ChetsSoybeans
tDemandTimeSeries
tAnnualCycle 0.01 ©0.01 0,01 ©.01 C0.04 ©0.1 0.1 0.1 0.1 0.03 0.03 0.01
tEndDemandTimeSeries
:EeturnFraction 0.6
:Penalty 32
:EndWaterDemand

tWaterDemand 232 2329 CanalDiversion
:DemandTimeSeries
tAnnualCycle 10 10 10 10 10 10 10 10 10 10 10 10
tEndDemandTimeSeries
t:ReturnFraction 1.0
:ReturnbDestination 238
:Penalcy S8
:EndWaterDemand

Demands are withdrawn from
downstream end of subbasin

Time series or expressions

Diversions can be handled as
water demands with 100%
return flow to elsewhere in
network

Each demand now requires
unigue demand ID




Management Goals

:ManagementGoal
:OperatingRegime RI1
:Expression !Ql = 18
:Condition 'h2[-1] > 1324.5

:Condition DAY OF YEAR IS BETWEEN 200 263

:EndOperatingRegime
:0OperatingRegime RZ

:Expression Q1 = 23

:Condition !Q2[-1] + 'Q3[-1] < 22
:EndOperatingRegime
:OperatingRegime default

:Expression !Ql = 15
:EndOperatinRegime

:Penalty 34 #determines priority

:EndManagementGoal

The heart of the management
functionality

General expressions tied to
operating regimes triggered by
conditions

> First operating regime whose
conditions are met applies

> Conditions cannot be expressed in
terms of raw state variables
(evaluated prior to solution)

Penalty weights determine
priority of goal relative to other
goals




User-specified Management Goals: Example Syntax

:NamedConstant cMyMultiplier = 1.5
:DefineDecisionVariable vFarmerBobsDelivered = D121 + 'D122 + D134
¥ change in flow rate < 4m3/s/d if in zone R

:ManagementGoal MothLakeFlowRamping zoneh Note no operating regime her.e -
Expression !ql30 < 40 defaults to ‘always on’ operating

:Conditional 'hl30 BETWEEN 1224 1233 regime
:Penalty 20
:EndManagementGoal

¥ target flows to meset powsr goals

Managementzoal MeetSummerPowerTarget
:Expreszion Q120 + Q181 = @tsiElSG_prer_targEt,Gj ¥ 1.2 * cHMyMultiplier * vPowerConvertl3O
:Conditional MONTH BETWEEN & 8

rConditional !Q120 GREATER THAN 200 Expressions support some functions,
:Penalty 12 mathematical operations
:Prioricy 2

:EndManagementGoal




Example: Conditional Irrigation Demand

(In English)
:ManagementConstraint DemandControl
: : : Sets demand to 0.3 m3/s
:OperatingRegime DrySoil k////////
:Expression !D.RobertsFarm = 0.3 #m3/s If soil saturation in field
:Condition @HRU var( SOIL SAT[O] , 253 ) >0.25 253is>25%
:Condition MONTH IS BETWEEN 4 9 Between April and Sept
: EndOperatingRegime
:OperatingRegime WetSoil
:Expression !D.RobertsFarm= 0 #m3/s -« Otherwise set to zero
: EndOperatingRegime
:EndManagementConstraint

A




Example: Water Licenses

Loops through 4 demands

/ in demand group

: LoopThrough DEMAND GROUP OakValleyDemands Creates vector of wildcard values

: LoopVector SAlloc AcFtS 12 22 6 9.3 (annual license quantities, in ac-ft)
:DemandResetDate S51DS I > Jan-1 / ID is automatic wildcard for demand
ManagementCGnatralnt AllocExpiry SI1IDS groups
:Expression !'d. = 0
:Condition !IC. I @convert (SAlloc AcFtS,ACREFT TO M3)
: EndManagementCo atraln
: EndLoopThrough 'd. 123 is the current delivery of demand with index 123

I'C.123is the cumulative delivery to index 123

This command sets water demand delivery to zero if the
license has been used up, which re-boots every January 1
Lt 3 ¥ e, The loop applies this to four different demands




Another Real Example...

tDeclarelecisionVariable IJCEuleCurve

tManagementConstraint IJC1538

¥ Once past peak, and has lowered below 1743.32 ft, that is max until sept 1
:CperatingRegime Summer
:Condition DAY OF YEAR IS BETWEEN 150 244
:Condition !'hl[-1] < 1743.32 * FT TO M
:Expression IJCRuleCurve = 1743.32 * FT TCO M
tEndCperatingRegime
$ Once spring freshet declared, but before summer freshet, use lowering table

:OperatingRegime Spring
:Condition DAY OF YEAR IS BETWEEN 105 244
tExpression IJCRuleCurve = 192%Q0ueensBayLevel - RequiredLowering
tEndCperatingRegime
or rest of year, use RulelS3
:CperatingRegime Winter
:Condition DAY OF YEAR IS5 BETWEEN 244 105
:Expression IJCRuleCurve = @ts (Rulel93gMaxZ,0) # FT TC M
tEndOperatingRegime
rEndManagementConstraint

—

=1

Max

=




Expressions

Expressions are linear expressions. Linear means they must be in the
following form:

A.xl | B.xz | C.x3lll|ZSv0\[
> =
or =, ]

where x; are model state variables, and A..Z are constants with
respect to the state variables. In Raven, the state variables include:

Oxxx Basin/reservoir discharge from basin ID xxx
'Thxxx Reservoir/lake stage in basin xxx
I Txxx Reservoir inflow in basin xxx

I Dyyy Demand delivery for demand yyy




Expressions

Raven supports the following components of expressions:

2.34 (e.g.) Numeric constant
vMyVar User-specified named constants OR workflow variables
CFS TO CMS Some built in named constants for unit conversion

'0123 or !Q0.RexRiver State variables

'Q123[-7] State variables at previous timesteps (e.g., 7 days ago)

@max (a, b) Maximum of two quantities

@min (a, b) Minimum of two quantities

@pow (x, a) Power function — x@

@lookup (table, x) Lookup table with name ‘table’ and input variable x

@ts (timeser, n) Time series with name ‘timeser’ at time index n relative to current time
@SB var (var, SBID) The spatial mean of state variable var (e.g., SNOW) in subbasin SBID

@HRU var (var, ID) The spatial mean of state variable var in HRU with specified ID




Syntax support

Conditionals

o Operating regimes are defined by conditions expressed in terms of flow / stage / soil moisture /
SWE / time of year / explicit dates / arbitrary time series / cumulative delivery / etc.

Working Variables
o User-specified variables updated during simulation but not calculated via optimization

Time series specified as irregular annual patterns
Lookup tables
History Variables

Loops
o For assigning rules to large sets of demand locations, reservoirs, etc., without repetition

Non-linear variables**

Demand Groups This was the hardest part of implementation: correctly
interpreting very very general goal/constraint expressions

|

**In version 4.1 / current Github version




Upgrades

‘ Reservoirs / Diversions
Old

> Rule-based operation

o Explicit: Control structure operation tied to
system state

o Implicit: Constrained rule curves

== B New
. 2.4 ° Goal-based operation

o Can (ef.) optimally satisfy all downstream
water demands subject to flow regulations

o Can have rules tied to rainfall or energy price
forecasts

o Can mix rule curves with explicit control
structure operations

o Can have complex conditional diversion rules

Irrigation/Water demand
Old

> Specified demands, locally adjusted by local
flow minima

o Specified time series of return flows

New
o Responsive constrained demands
o Annual licenses based on cumulative use

> Demand reacts to flow constraints far
downstream

> Irrigation demand responds to (e.g.) soil _
moisture, weather forecasts, storage reservoir —
capacity T

> Irrigation withdrawals applied back to land as
‘precip’ or stored




Output Files

When running in optimization mode, one old and three new output files
may be of interest:

= Demands.csv — reports demand/delivery/return

=" ManagementOptimization.csv — tracks all state variables in system except
demand variables

" GoalSatisfaction.csv — reports to what degree goals are unmet (e.g.,
unmet demand)

= overconstrained_lp_matrix.csv — returns full LP system of equations if no
feasible solutions are found (useful for debugging overconstrained
problem)

" can be suppressed with : SuppressOutput command




1 ## #H HE

1

- 3L+ SL- 5L+ 5L+ 5L+ SL- compan BHS

SL

1 #& 00 ## 100 100

0 ##

0 ## &% 00 100 ## ## 00 2 1 7 #4
0 0 0o 0o o o 0o 0 o0 0

i

: BE B1 Libby\'arl Libbuharlz? 132300ueensBayulevel Requiredlowering [JCBuleCurve SL- 5L+ 5L- 5L+ 5L- 3L+ 5L+ 5L- 5L- 5L+ 5L- 5L- 5L+ 5L+ 5L+ 5L- 5L

Q8 Q10 Q2 16 Q7 I O3 06 Ol ki ke bkl dhs dhE dkl B

13

04 05 o3

oW name
Objective F
BlankGoal

ety T Ty Ty R [ M R SR oY R B R ] i R R B ] e Y R R e R T R = Bl = Bl o) R e T - = g e ]

Qi R e Rt e B i VR [ ] [ = [refca e e o T e R s et e e e o [ R R T

O i R ] g o—m Totoow Mo o T EREZe PR o n|n e

(PR TR TN T [ S | s [ e e T ] ) 3 O] gl 3

=Rt = =1 b el =T ] [ A s T s fra ] [T W el e o

S & W @D == o= i fre i e e = e fralin} i - -+ iyl il s

e R 20 _._D_...l Q_u _5 _55 [TERTy) o = r= ux

L | | | | L | (| | T | [ T O O ({1 | | | Y | | N (| | | | L | Y [ I I I O { (O | O [ 1}

L | | I I | L L | I L e e L |l O T T T T T e LR | I [N | N [ " A
—
1

o g e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Y e o

o g e e e e e e e e e e e e e e e e e e e e e e o e e e e e e e e e e e Y e e

0

oooOo0oOoooOooo0ooooOooo0oooooDooooooDoo oo oOoOo0DDOoOoOoOoOooOo0DOoO0OooDooooT O

]

om0 e e e e e e e e e e e Y e e e Y e e e e e e e e e e o e ) e e e
[ e e o e e e o e Y e o e e e e e e e e e e e e O e e e o e e N e e e e e o | e e e o e} o e e o }
[ e e o e e e o e e e e e e e e e e e e e e e O e e o e e e e e e | e e e o e} o e e o }
[ g e e e e e e e o e e e ) e e e e e e e e e e e | s} e Y e e |
[ g e e e e e e e e Y e e e e e ) e e e e e e | e e e e e e e e e e e e e e e e e e e e e e e | o e e e e} e Y e e |
[ g e e e e e e e e Y e e e e e ) e e e e e e | e e e e e e e e e e e e e e e e e e e e e e e | e e e e} e Y e e |
oooOo0oOoOooOooooooooooo0 oo ooooooooDoo o000 oOo0DDOoOoDOOT o000 o000 o0 o000 oo
ooOoOo0oOoOoOoOooooooooOo0Co0oooooDooooooDoo 000D oOO0DOoOo0OT o000 00 0000000000
o e e e e o e Y e o e e e e e e e e e e e e e o e e o e e e e e e e e e e e o e} o e e o }
o e o e e e o e e o e e o e e e e e e e e e e e O e R e O e e e e o e e e e e e e e o e} e e e o }
o g e e e e e e e e o e e ) e e e e e e e e e e e e e e e |
[ g e e e e e e e e Y o e e e e e e e e e e e | e e e e e e e e e e e e e e e e e e e e e e e | e e e e} e e e }
[ g e e e e e e e e Y e e e e e e ) e e e e e e | e e e e e e e e e e e e e e e e e e e e e e | e e e e} e Y e e }
ooOoOo0oOoOooOooooooooOooo0oooooooooooDoo 000D 0ODO00O0O0o0O0D0O0 o000 0o0oo oo
ooOoOo0oOoOoOoOooooooooOo0o0oooooDooooooDoo 000 T O0D00O0O0o0oD0DD0O0 00000000 oo
o e o N e e o e Y e e e e e e e e e e e e e e O e e e e o O e e e e o e e e e e e e e} o e e o }
o e o N e e o e Y e e e e e e o e e e e e e O e R s o o R e e o e e e e e e e e e e o e} o e e o }
o g e e o e e e e o e e e ) e e e e e e e e e e e e e e s} e Y e e |
cCooooOooOoooDhooooooooooooooooooooOoOTOoOOoO00OoO0Oo000OoO 00O oOoOoODooooDooo
[ g e e e e e e e e Y e e e e e e e e e e e e | e e e e | e e e e e e e e e e e e e e e e e e | e e e e} e Y e e }
oooOo0oOoOooOooooooooOooo0oooooooooooToo000oDO0DOoOO0OOooOoDDO0 o000 0 o000 oo

[ e B e e B e e o e e e e e e e e e e ] o e e e ] o e e e e e e e e e e e o o ) o e e e [ T T T

o g e o N e e o e Y e o e e o e e e e e e e e e e e O e e e o O e e N e e e e e e e e e e R e} o e e o }

[ g e e e e e e e e Y e e e e e e e e e e e | e e e e e e e e e e e e e e e e e e e e e e e e | e e e} e Y e e e }

ooOoOo0oOoOooOooooooooOooo0oooooooooooDoo 000D o0 DOoOoDOoOooOoDOoOoOoOoT o000 0 oo

o g e e e e e e e e Y e e e e e e ) e e e e e e | e e e e e e e e e e e e e e e e e e e e e e e e e e e e} e Y e e }

o g e e e e e e e e Y e e e e e ) e e e e e e | e ) | e e e e o e e o e e e e e e e e e | e e Y e e Y e e e |
[ g e e e e e e e e Y e e e e e ) e e | e e e e e e e e o e e e e e e s e e e e Y e e g | e e e Y e e Y Y e |
[ g e e e e e e e e ) o ) S L e s e e e | e e e e e e e s e o e o Y e e e e e e e Y e e g | e e e Y e e Y o Y g |
cCoooQoOoOoOoOoOoODoooooooOooOooDOoO0y T OO0 OOOOOoOOoOOO0OoOO0OoOO0OoOoOO0oOoO0ooOoOoODoo0oooooo

I*
*

0
0
0
0
0
0
0
0
0

ocooooooooocoo

0
0

ol

o
[ g e e e e e e e e Y e e e e e e e e e e e e | e N e e | e e e e e e e e e e e e e e e e e e e e | e e e ) e L e
[ g e e e e e e e e Y e e e e e ) e e e e e | e e e e e e e e e e e e e e e e e e e e e e Y e e Y e e e |
o g e e e e e e e e e e e e ) e e e e e e | e e e e | e e e e e e e e e g e e e e Y R | e e e Y e Y e e e |
=
o
=
(=)
oo ooooT Ooooooooooo oo OO0 oOoOoDoOoOoooT T oo oo OO ooooooo
o
T
[ g e e e e e e s Y e e e e e e e e e e e e | e e e e | e e e e e e e e e e e e e e e e e e e | o e e e e} e Y e e }
(=)
T
[ g e e e e N e e e Y e e e e e e ) e e e e e e | e e e e | e e e e e e e e e e e e e e e e e e e | e e e e} e Y e e e |
(=)
T
[ e e e e e e e e} e e e e e e e e e e e e | e e e e e e e e e e e e e e e e e e e e e e e e | e e e e} e e e e |

[ e e e e e e e Y e e e e e ) e e e e e e | e e e e | e e e e e e e e e e e e e e e e e e e e | e e e e} e Y e e }

ToOoooOoooooooooooooooo oo oo ooo oo oo o oo

0
0
0
0
0
0
0
0
0

ocooooooooooooo

T = = —
oo =5 _ _ & T
.2 ELiid = I
=2 1a Cmoa 2 = Am c @@ = F w oS E
= me i uE = = 2 E i 5]
SE0 0 ZEEZDE § QL =go= as |F AR
o L T3 0T 0 2 ol i - 02009 e WO W WD o 2823 mm@ﬁ&.luloﬂwCa.mW.PDoULo o S2ER
e o B Y S e R P T R e e e A N N TR I = R R | . R == P =]
Bty ndddddEaddddalg nddddd= sz 4 55 85 Lt AT RAn T 5002
R R R R R R L Rt Lt VNS v s R
[ R R Tl TR T T ] T [TRTR TR T T eeeeennnnnnwwnnbbbbbbnbbbbbbs_u.1|mmmm
. B B B ] P A B e B e A IR = I B I A = o= == = o= - o= o = o ] (=R = =1
LS L U L O U O L T U T L U L ) T O GO O O O VA O O ) e o o e e R o e i i ' | i i - w ] [ v



Augmented by Existing Raven Functionality

BMI (Basic Model Interface) —
o Raven can be run as dynamic linked library (DLL) and tied to other models (e.g., crop
growth or groundwater)
External scripting —
o Raven can call external scripts each time step (e.g., proprietary management goals in
an open-source model)
Synthetic Tracers

> Water can be ‘tagged’ to track (e.g.) the water released from a specific reservoir at a
given time as it passes through the system

> Very useful for analysis of choices

Stream Temperature
° Management rules may be linked to simulated stream temperatures




Conclusions

The Raven hydrologic modelling
framework has been upgraded to a fully
functional water resources management
optimization tool

> Published as Raven v4.0 in January

> Used in several applications in Alberta, BC,
and Ontario

New GenAl Mascot “Muninn”




Questions?

raven.uwaterloo.ca

WATERLOO







Extra Slides




Initialization — pre RVM read Initialization — post RVM read

Catalogue Enabled Basins Initialize History Arrays

Create Slack Variables

Populate Decision Variable array

Gather Demand Data AddReservoirConstraints()

|dentifyUpstreamDemands() Create Slack Vars for User Goals

Initialize Time Series

Print Summary to Screen




SolveDemandProblem

Read Input Files

Update Control Variables

Initialize

HRU Mass Balance
Estimate Runoff

SolveDemandProblem

Instantiate LP Solver

Set DV Bounds

EvaluateTerm()

EvaluateConditionExp()
AddConstraintToLP()

Generate Objective Function

Add Mass Balance Constraints
Route Water

Simulate Transport

it=t+At
Write Solution

Add User-specified Constraints

Update Stage/Flows
k=k+1

e

Report Delivery, Reservoir
Outflow, Return flow




Recent Advances: BMI (new as of July!)

Raven can now be compiled as .dll library ¥include "I

#include

USeS BI\/II: BaSiC MOdeI InterfaCe —?l:ijv:i:jenﬁhlz : public bmixx::Bmi
> Protocol shared by many existing earth systems models vtStruct  Ootioms;
(USGS, NASA, NWS...)

CRavenBMI();

Wraps Raven functionality such that it can be ~CRovenBHL();
// Model control functions.

directly called by other applications woid Tntialire(ots i corfi 119
void UpdateUn;:il(double time);

Plans to integrate with U.S. NextGen Framework void Finalize();

// Model information functions.

with support from University of Manitoba std: :string GetComponentane();

int GetInputItemCount();

int GetOutputItemCount();
CO I | e a g u e S std::vector<std:: _~=.t'i-‘g;GetInputVar‘Mames() H

std::vector<std: :string> GetOutputVarNames();

// Variable information functions
int GetVar'Gr“ld(std string name);

std::string Ge‘tVarType(std :string name }
ctdA- +rinag GatVarllnitcl ctd- +rino namal-
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the Raven Ecosystem
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= TR e AANALAATANAAANAAAAAN! HydroHub
. g | i - = model download &
Delft FEWS. - : F intercompgrison
flood and early warning system online output visualization
Raven
QRaven

QGIS plugin

Raven Thermal Model
stream/lake temperature simulation

>

Magpie
Google colab workflow

BasinMaker
lake-river discretization toolkit

A a3l P Corsparissn ; 63

[

Ll

Robin Vegetation Growth Library
wildfire/forestry disturbance impacts




Control Structures

Raven supports:

o User-supplied stage-discharge curves
o Basic weirs

° Pumps

o QOrifices

Each of these control structures can turn on and off or have its
properties change via the use of multiple operating regimes

Operating regimes define when and under what hydrological
conditions different structure setups are operated
> Also can be used to define constraints on flow or flow ramping

Used for EXPLICIT simulation of actual reservoir operations
o Testing long term operational strategies
o Forecasting short term operational choices
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