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Borg-RiverWare is software that searches for policies
that perform well in multiple objectives.
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Example: Two Conflicting Objectives
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Sara

Sis Parallel Coordinates plot:

Pescado Fishery

T st balancing objectives
S g OD]

Roberto

CLSSLE Lafayette City
Winifred Valley Reach  Sara below Lafayette

Maximize Deliveries

Solution A: high shortages, Maximize Storage to Irrigators
to protect storage worse worse

Solution B: no shortages

Solution C: compromise
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Use Borg-RiverWare in 5
easy steps!
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1. Build a rule-based simulation model

4 ) 4 ) 4 R
Inputs N Outputs
— ivervvare — L
€.8. hg’_ ar Oloflg?” demand, e.g., storage, deliveries
L operating policies y \_ D L )
Pool Elevation Shortage Fraction
m decimal
e A custom table slot 0: Mo Restrictions 2 173.00 0,00
* Referencedinarule 1: Level 1 Restrictions 2 154,00 0.15
* With hand-created values o
2: Level 2 Restrnictions 2 144.00 0.18
3: Dead Pool 2 140.00 1.00
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2. Modify the model to prepare for search:

decisions
4 ) 4 ) 4 )
Inputs ] Outputs
€.g., hydrology, demand, RiverWare e.g., storage, deliveries

9 operating policies y \ ) \ )
Pool Elevation Shortage Fraction | Decision slots define the policy:
m decimal Level 1 at 2160, 0.05 shortage

0: No Restrictions sl 009 | evel 2 at 2145, 0.20 shortage

1: Level 1 Restrnictions 2.154.00 0.15 or

2: Level 2 Restrictions 2,144.00 018 Level 1at2170, 0.10 shortage

3: Dead Pool 2,140.00 1.00 Level2at2160, 0.30 shortage

Pool Elevation and Shortage Fraction values  €tC
gverare @re designated as decision slots




2. Modify the model to prepare for search:

~

objectives
(" ™ - N -
Inputs Ri T, Outputs
g ivervvare [r—
gfé’rgﬁ;oégﬁ}éiggmand’ e.g., storage, deliveries

\_ Y, \- / \_

J

Calculations made within scalar expression slots:

sonse _|Objective ____|Desoription

maximize  Cora Avg Storage Maximize the average storage, in volume
units, across the simulation

sense |Objective ____|Desoription

maximize  |rrigation Volumetric Maximize the proportion of Winifred Valley
Reliability Irrigators’ Diversion Request that was

actually received
RIVErilare



3. Create the search configuration using the
Configuration Editor in RiverWare

¢ | Borg-RiverWare Configuration Editor - two_res_ops_problem_v3_mrm.xm — O >
Configuration Path: C:/GitHub/BorgRWProblems/TwaoResOps/two_res_ops_problem_v3_mrm.xml P >
Select Slot (Single)
RiverWare Maodel & Search Decision Slots  Objectives Constraints Settings
Show Slots on: @ Objects Accounts Supplies
Decision Slots
Mame Type Properties: Cora.Shortage_Table.Pool_Elevation.txt Object Types: 1 (of 8) Objects: 1 (ot 2) < g Slots1(of16) 8=
Roberto Flood Control Level Scalar e Table Column ~ ol SR Al Invert Show Columns: (8 Table
Cora Table Elevations Table Column Obiect Tvpe -
Cora Table Shortage Fractions Table Column Slot Name CoraShortage Table IRt VR Type Object Object Slot Cols
City Preferred Flow Scalar Slot Column Poocl Elevation Confluence_ Storage Reservoir # Cora | M\ Cors Convergence Percentage |
Control If’omt Storage Reservoir 3 Roberto |E A Cora Convergence Value
MName Cora Table Elevations Data Object #\ Cora Elevation Volume Table 2
Borg-to-RiverWare DMI Data Fil Shortage_Table.Pool_Elevation.txt peech E‘ cora Fool Elevation
org-to-RiverWare ata File ra.Shortage_Table.Pool_Elevation. Reservoir |E A Cora Storage
# of Variables 2 % Edit Limits | | Storage Reservoir # Cora Max lterations 1
Stream Gage Ed Cora No. of lterations
Values Lower Limit 2141 Water User # Cora Max Release 2
Values Upper Limit 2172 EA Cora  Discharge
|E A Cora Pool Elevation
Rounding Increment 0.1 #\ Cora Shortage Table 2
@ Fixed First Row Value 2173 [EA Cora Pool Elevation
E # Cora Shortage Fraction
@ Fixed Last Row Value 2140 # Cora Unregulated Spill Table 2
- T = . E‘ Cora Pool Elevation
olumn =nng sscencing E # Cora Unregulated Spill
# of NaNs to Append 0
Show Example Input Values
ol I e I OK Cancel
Save Save & Close Close




4. Perform

m Borg-Ri

Nare - two_res_ops_problem_v3_newobj.xm

Search Execution Search Results Results Plot

Open Configuration ... | Edit Configuration ...

Configuration Summary

Search Directory C./GitHub/BorgRWProblems/TwoResOps

Non-dominated Solutions 0

@ save RiverWare Models

Population Size 12

Log

Objective 6: Objectives.Flood_Damage.txt
Value: 3193.71

Objective 7: Objectives.Fraction_of_Days_Above_1000_cms_at_City.tet
Value: 0.34

Objective 8: Objectives.Fraction_of_Days_Above_5000_cms_at_City.bet
Value: 0

Constraint 1: Objectives.Eco_Volumetric_Reliability.tet = 0.999 (scale factor: 1)
‘Value 1, satisfaction 0 (satisfied)

Constraint 2: Objectives.Irrigation_Volumetric_Reliability.txt = 0.75 (scale factor: 1)
alue .38, satisfaction -0.37 (viclated)

Metric 1: Objectives.Cora_Minimum_Level.txt
Value: 21426

***+ Borg function evaluation 2
Criginal Variable Values:

1: 0.709518 Roberto.Flood_Control_Level.txt
2:0.929741 Cora.5hortage_Table.Pool_Elevation.bxt

Configuration  C/GitHub/BorgRWProblems/TwoResOps/two_res_ops_problem_v3_newaobj.xml

Maodel saratoga_vZ4.2.mdl
Maxirnum Evaluations 300 Initial Population 12 Window Size 48
Decision Variables 6 Metrics 1
Objectives 8 Constraints 2
Execution
Search Type Standard ~
Stop I 3%  Stater Executing
Start Man Aug 17 2026 14:40:37 Finish Maon Aug 17 2026 14:58:47 (Estimated)
Elapsed 0:00:40 Evaluations 11 of 300

Dashboard shows results'
of solution evaluation and
estimated completion
time

the search in the Borg-RiverWare program

erWare - two._res_ops_problem_v3_newobjaxm -

Search Execution Search Results Results Plot

I Ii wenre e N Selected: 5/5 ( 100%)
are!
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ofd oo (02 \oO'
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8980
0362
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8940 03661
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(S 0368
| 2840
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Show Search:

[ Refresh Every 1 Minutes = Number of Evaluations at Last Refresh: 80 Refresh Now

[ Include Decision Variables Axes Orientation: More Optimal Values At Top ™
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An Interactive parallel
coordinate plotis also visible
during the search




5. Analyze results: tradeoffs
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Dark blue colored solutions reveal
relationship between protecting
reservoir storage and preventing
downstream flooding




5. Analyze results: brushing
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Drag the mouse on the ‘Cora Avg Storage’ objective to isolate solutions with > 9500 MCM
average storage
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5. Analyze results: view individual solution

(=]
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Show
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Solution Roberto Flood
ID Control Level

|
Showing 1 to 1 of 1 entries
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Cora Table
Elevations Var 1

Borg-RiverWare supports saving solution model files so you

Cora Table
Elevations Var 2

Cora Table Shortage
Fractions Var 1

rel

A
o0
A0
ROO°

Search:

Cora Table Shortage
Fractions Var 2

Previous Next

City Preferred Cora Avg
Flow Storage

Roberto

Damage

o0

2,050 -

Flood Rel

Irrigation
Vol Rel

can load the model into RiverWare for further analysis!

Flood
Damage

City High Flow
Fraction

0.34

0.32

0.28

0.26

0.24

0.22

0.20

0.18+

0.16

0.144

Cora Minimum
Level



You can easily change the problem formulation
and optimize again to explore more.

RiverWare Model & Search Decision Slots ~ Objectives ~ Metrics  Constraints  Settings
Properties: Roberto.Flood_Control_Level.txt

Constraints
Type Scalar w . . . . o
Name Comparison  Threshold Properties: Objectives.Irmigation_Velumetric_Reliability.txt
Slot Mame Raberto.Flood Control Level
Eco Vol Rel z 0.099 Scalar Slot ives.Irrigation Volumetric Reliability
Mame Roberto Flood Control Level Irrigation Constraint > 0.5 . .
MNarne Irrigation Constraint
Borg-to-RiverWare DMI Data File N/A (Named Automatically) RiverWare-to-Borg DMI Data File N/A (Named Automatically)
# of Variables 1= EiIE AT Comparison Operator Greater Than or Equal To (>=) -~
Values Lower Limit 1870 Threshold _
Values Upper Limit 1898 Scale Factor 1
Rounding Increment 0.5 Aggregation Method Minimum of Satisfaction Values
Show Example Input Values MaM Satisfaction Value 1
| | — | W
Change upper and Raise or lower the
lower bounds of threshold used in the
decision variables constraint
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. unded In part by the Bureau of Reclamation Upper and nggﬁJColoréﬁb B
Regions and the U.S. Army Corps of Engineers Southweste . §Im§‘%i?: =

* Sincere thanks to the CADSWES team and Prof. Pat "‘ o =3
continued support on the Borg-RiverWare project ﬂnfg;i?s
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