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RTI’s River Forecasting & Operations Team

Water capabilities extend beyond to Integrated Water Resources Management, Water Supply Planning, Nature-Based
Solutions, Hydrologic Risk Assessment, and Hydrometeorology
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River Forecast Systems for Hydropower Operators
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Start small.
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HiHenry

Weiss

Weiss_to_OldCoosa

Coosa_OldCoosa_Cnfl

i OldCoosa_CP
OldCoosa to Cnfl

* Understand the daily scheduling practice, current
tools, and pain points first.

e Simulate a single plant to develop user experience,
incorporate user feedback, and refine the forecast

workflow setup.

* Expand to the full system and operational rulesets
focused on regular everyday operations tested by real
users under real events.
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4 RES Ruleset Editor -

File Edit Set View

"USim Ruleset

= ] X

® &

USim Ruleset

RPL SetMotLoaded | 57

| Path: C:\_Projects'\APCO\Alabama-fews\ConfigiModuleDataSetFiles \RiverWare \R\W _ALF |

Policy & Utility Groups Report Groups

Name Priority  On Type

» El Holt 12 Pdlicy Group
» El Bankhead 34 @ Policy Group
» El Smith 56 ¥  Policy Group
> E Thurlow 711 Policy Group
> E Yates 12-13  #  Policy Group
» El Martin 1415 #  Ppolicy Group
» El Harris 18-17 &  Policy Group
» E Jordan-Bouldin 1821 & Policy Group
> E Mitchell 2223 @  Plicy Group
» El Lay 2425 @ Pdlicy Group
¥ El Logan 8-28 @  Policy Group
> EI Henry 2330 Policy Group
> E Weisg 3133 @ Palicy Group
> @ Utility Group ¢ Utility Group

Show: (] SetDescription (] Selected Description (] SetMotes (] Adv. Properties




Match power representation to operator needs.

Thinking in units of flow

Unit Power Table Method too
complex if operators think of

efficient and maximum
capacity values statically

1 Bam pleRes.Max Fl... —

File Edit Row Column View

-

o
& B

Max Flow Through Turbines

Value:

L

ft

0 0.00
150.00

Reservoir Elevation Turbine Capacity

7,491.00
7,491.00

+

Fd BampleRes.Max Flow... — O X

» ] @]+

Max Flow Through Turbines 1o
Value:

File Edit Row Column  View

Fq ExampleRes.Unit Power Table = O
Elle Edit Row Column View Adjust E |v l
Unit Power Table
© Value:
Unit1  Unit1 Unitl Unit2 Unit2 Unit2 Unit3 Unit3 Unit 3
Head  Flow Power Head  Flow Power Head  Flow Power
ft cfs MW ft cfs MW ft cfs MW
1] 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.00
2 70.00 0.00 0.00  70.00 0.00 0.00  70.00 0.00 0.00
3 70.00 255.00 0.00 70.00 2537.00 0.00  70.00 58.00 0.00
4 70,00 516,00 0,00 70.00 574.00 0,00 70,00 117.00 0.00
5 70,00 773.00 1,00 70,00 361.00 100 F0.00 176,00 0.00
|8 70,00 1,031.00 2,00 70,00 1,149.00 300 70,00 235.00 0.00
7 70,00 1,238.00 4.00 70,00 1,435.00 4.00  70.00 293.00 1.00
|8 70.00 1,546.00 5,00 70.00 1,723.00 6.00  70.00 352.00 1.00
HE 70.00 1,304.00 7.00  70.00 2,010.00 8.00  F0.00 410.00 2.00
Il10 70,00 2,062.00 9,00 70.00 2,298.00 10,00  F0.00 468.00 2.00
11 70,00 239400 12,00 70,00 2,585.00 13.00 70,00 528.00 2.00
[ Show Description
[4 ExampleRes.Unit Info Table = O *
File Edit Row Column View Adjust @. |v
~ Unit Info Table ]|
|
Value: |
Unit Number  Efficiency Owerload Max Capacity  Stacking Order
MONE MW fcfs M jcfs MW MNOME
0 100 0.0044  0.0044 11.00 1.00
1 2.00 0.0044 0.0044 10.00 2.00
2 3.00 0.0044 0.0044 10.00 3.00 |
3 4.00 0.0044 0.0044 11.00 4.00
4 5.00 0.0044 0.0044 9.00 5.00

Reservoir Elevation Turbine Capacity

_ ft

[19 0.00 0.00

p! 275.00 0.00
2 277,00 13,210.00
3 290,07 13,210.00
4 999,00 13,210.00

["): Show Description:

Thinking in units of power

Manually covert power to flow
using tabular data entry to
mirror existing operator
methods and thought
processes



Use RPL to improve simulation model robustness.

P4 RPL Viewer - USim Ruleset — O pod
File Edit Rule Statement View @_ |v
Set ExampleRes Turbine Release 9 ¥

Use RiverWare RPL to validate

B] i1 SetExampleRes Turbine Release RPL Setloaded | | 47 . .
and adjust user inputs

I.=.' Set the turbine release
WITH { OBJECT res = ExampleRes ) DO

WITH | NUMERIC turbRel = LimitFlowToTurbine Capacity_USim | res, ]]DD/ |

res . "User Input Turbine Release FEWS' []
@1

res . ‘Turbine Release’ [] = turbRel

# Assume there is no spill over the Obermeyer

res . "Regulated Spill” [ ] = 0.00 “cfs’

IF ( ( res . “User Input Turbine Release FEWS" [ ] )} 1= turbRel ) THEN < ( Use RiverWare WARNINGS to

WARMING lI:ETF'.INGIF'I" res }CDNC&T' WARNIMG: User input turbine release was constrained by the model.” t tra nslate issues 1(0) Operato rs
END IF

|
EMD WITH !
I
I

" |[END WITH

Show: u Execution Constraint |:I Description |:I Motes B Comments
Execute Rule Only When

# |f the reservoir is being simulated

MOT IsMaM {:ExampIeRes User Input Turbine Release FEWS' [] :} (— ( Use execution ConStl‘aintS tO
t increase model flexibility




Use RPL to improve simulation model robustness.

. [ RPL Viewe:

File Edit Rule Statement View

| ExampleRes Energy E3

O X

G~ . . .
v Functions to constrain user INputs

E 79 ExampleRes Energy

RPL Set Loaded

7 | depend on reservoir characteristics

WITH { OBJECT res = GetObject [ "ExampleRes" ) ) DO
WITH { LIST turbRelPowerlist = GetTurbineReleaseAndPower { res, res . "Schedule_Energy" [] , @t ) } Do

# If reservoir is provided an energy schedule, set the Turbine Release to satisfy the energy
# request, subject to physical constraints
res . “Turbine Release” [] = LimitQutflowToAvailableStorage ( res , turbRelPowerlList {G}" @'t )
res. "Power" [] = turbReIPcwerList{‘l}
# Use of regular Energy slot causes object to be overdetermined. Created a simulated energy slot
# to hold output energy.
res . "Simulated_Energy” [] = (turbRelPowerList ‘{ 1 } ) *1.00 "hour"
# MOTE: Unit flow and power may not perfectly reflect total outputs if the plant is limited by
# available storage (i.e., very close to full or very close to empty)
WITH ( LIST unitMumTurbRelPowerlist = GetUnitTurbRelAndPowerList [: res , turbRelPowerList ‘( 1 } @t
# Qutput turbine release and power by unit :
FOR ( LIST unit IN unitNumTurbRelPowerList ) DO
res . "Flow By Unit' [ @"t", (unit {0} ) -1.00] = (unit (1))
res. "Power By Unit" [ @', (_unit {0}"} - 1.00] = (_unit {2})
EMD FOR
EMD WITH
EMD WITH
EMD WITH

Show: ﬂ Execution Constraint [:I Description [:] Motes u Comments
Execute Rule Only When

# Force rule to fire once to mitigate iteration errors and check that a schedule is provided
MOT HasRuIeFiredSuccessfuIl;.—'{ "Current Rule" ]
AND WITH OBJECT res = GetObject ( "ExampleRes" ) DO
MNOT IsMaM res . "Schedule_Energy” []
EMD WITH

! Arguments: OBJECT res, NUMERIC outflow, DATETIME ts

4 RPL Viewer - Example Rules = a X
Fle Edit Function View B~

LimitOutAowToAvailableStorage E3 b
E] LimitoutfowTAvailableStorage RPL SetLoaded| | 57

E4

Return Type: MNUMERIC

e

ke Limit outflow based on storage availability
WITH MUMERIC prevStorage = res . "Storage” [ts - GetTimestep ( ts }] Do
WITH NUMERIC maxStorage = Maxltem [ GetTableColumnvals [ res | "Elevation Volume Table",
1.00,
0.00,
MNumRows ( res . "Elevation Volume Table" } -1.00
WITH NUMERIC requiredOut = VolumeToFlow [ maxStorage - prevStorage + FIo-.\;To'-.-"qume(Totallnflow( res, J ] DO
s

*088 DO

ts
ts
# Ensure we do not release a negative value
Max |# Release the minimum between:
# - Desired outflow
# - Outflow to hit max storage
# - Outflow to perfectly empty the reservoir

Minlterm | outflow ,
requiredOut ,
VolumeToFlow | prevStorage + FlowToVolume Totallnflow(resJJ, LT 098
)
ts
ts
0.00 "cfs"
EMD WITH
END WITH
| [END WITH

Show: [ Post-Exec. Checks (] Descripton [ Notes [ Comments [ Diagnostic Settings




Leverage RiverWare’s different run capabilities.

Hydropower Regulated

Outages

Schedule Spill Ops

Operator Inputs

\ 4

Obs and Modeled Inputs

RiverWare Simulation

RiverWare Process

\ 4
A

[Individual Plants, Upstream to Downstream]

Goal: Finalize Day-Ahead Schedule

Initial Y
Conditions | | Day-Ahead
& Schedule
Hydrology 1

RiverWare RBS
[Full System Representation]
Model Modes: With or Without Day-Ahead Schedule

Goals:
* Forecast Pools and Operations Over 1-2 Weeks
* Formulate Initial Day-Ahead Schedules for Tomorrow




Allow operators control over outputs.

4 )
e |E| ExampleRes o
Eq Object Viewer _ 0 % IE Set Scheduled Outflows - ExampleRes 29 v H |gh est
il | - 3'D . .
File Edit WView Slot Account Group  Object Tabs o @ @. |v IE set Spilway Flow - ExampleRes f pr| () r|ty ru I_e
5 EI Spillway Flow - ExampleRes Step 3 31 4 t it
ExampleRes +|| Y . O overwrite
EI Spillway Flow - ExampleRes Step 2 32 "4
4\ Obrect: ExampleRes B spillway Flow - ExampleRes Step 1 33 RBS
Slots Methods Accounts Accounting Methods Attributes Description IE Mormal Power - ExampleRes 34 , (o) pe rat|o ns
14:00 June 1, 2076 ae o nitial Flow - ExampleR.es
| o [ 10E Initial Flow - ExampleR 35 L )
Read in scheduled operations as time series slots
v |§| nEs '-H RPL Viewer - RBS Ruleset” a - — O X
- | Flle Edit Rule Statement View | E_ |v
M| GuideCurve_Bottom MaM  ft
= prme @ | Bet Scheduled Quifiows - ExampleRes B v
| Scheduled Turbine Release FEWS MaM cfs |;l
Unit Cap FEWS MaM cfs %ﬁ @ [B 29 setscheduled Outflows - ExampleRes RPL Set NotLoaded 47
Unit Priority FEWS NaM NONE €] WITH ( OBJECT res = ExampleRes ) DO
# If operator-input schedule is available, the overwrite RES operations
Offset Na ft . ] IF ( NOT IsNal res . “Scheduled Turbine Release” [ ] } THEN
Scheduled Seepage MaM cfs @ WITH { NUMERIC turbRel = LimitFlowToTurbineCapacity { res, res . “Scheduled Turbine Release” [ ], @t ) ) DO
-"'fl, Scheduled Spill FEWS MaM cfs 5 res . “Turbine Release’ [] = turbRel
| A res . "Regulated Spill® [] = Max { res . “Scheduled Turbine Release’ [] + res . “Scheduled Spill” [] -turbRel, 0.00 "cfs” }
Scheduled Turbine Release MaM cfs @ END WITH
GuideCurve MaM ft %ﬁ @ res . “Seepage’ [] = res , “Scheduled Seepage’ []
| Scheduled Seepage FEWS MaM cfs |;l EN;'E&:
scheduled Spil NaN ofs T[] '
UnitCap MaM cfs @ | Show: (@ Execution Constraint (| Description [ | Notes [ Comments
w Ohserved Execute Rule Only When I
-— — NOT HasRuIEFirEdSuccessfull;—'{'Current Rule’ :}

Order: | Default “ | \} [ Filter Slats




Discharge [cfs]

Level [ft]

Allow operators control over outputs.

3,250 ; ; = Usim Outflow [1]
= I g —==RB5 Outflow [1]
3,000 1 ill ;: g | —usim inflow [1]
2,750 ::, i E!- =~ RBS Inflow [1] Before first 4am
” f 1} | — Usim Regulated Spill [1]
2,500 1 ” I I:'.' ==RES Regulated 3pill [1]
] r I 1) Usirn Turbine Release [1] .
2,250 N i1
:I : : :I : 'I BS Turkine Release [1] Allgnment Of
J 1 1 [ . o o
=6 ' i ' operations during first
1,750 E E :I i i d f ti
B B : r a Lo i | I} ! ay or operations
, D ; I B »
1,250 ¢ =" il i o |- Lo
' I i B P ;o After first 4am
1,000 i e 1 \ i P 11 R . .
I L | ¥ P (i P Operations in RBS
T Lo (Lo model vary from the
w| Schedyled || T ——ii IR LS . y
1 ! 1 1 1 1 1 I 1 I
=1 Qutflows| |41 P P P
o x . i 1 I ! 1 ! ! 1
783.00 — Usim Poal [1]
784,95 1 —--RBS Pool [1]
784.90 1
784.85 1
784.80 1
784.75 1
784.70 1 . . . .
ron.651 Solid Line = Simulation Model

TEae0 08-22.2026 08-22-2025 08-23-2026 Dashed Line = RBS Model

03:00 15:00 03:00



Create a flexible framework for scenario planning.

File Tools Dashboards Options Help

@0 RsFEBEWa Qe

B G A Four scenario planning workspaces: Options A-D

@ Import Outages and Capacities from HOMS

TEMP: Import HOMS Unit Priority Data
TEMP: Import HOMS Unit Qutage Data
TEMP: Import HOMS Effective Capacity Data

4 : Plot Overview

TEMP: Import HOMS Maximum Capacity Data
Preprocess Observed
Import Guide Curves
Master Workflow Hourly
Exports

Ability to simulate different precipitation forecasts

5 : Forecasts

Economics
MNavigation
Option A

Option & Inflows

Ed Observed MaP
Forecast MAP
Inflow Forecast

6 : Data Viewer

Ability to revise outage conditions and unit capacities

Update States
Option A: RiverWare
Edit Schedule

Copy Schedule Bto A

Copy Schedule Cto A

Copy Schedule D to A

Copy Schedule RBS A to USim A
Set Unit Capacities

Ability to revise targeted guide curve elevations

Set Unit Capacities Coosa
Set Unit Capacities Tallapoosa
Set Unit Capacities Black Warrior

RiverWare USim
Run River\WWare
Run RW by Basin
RiverWare RES
. Set Offsets and Season Indicator

Ability to copy schedules across options

. Run RW Rules-Based Model (Scheduled Outflows
¥ Run RW Rules-Based Madel (Mo Schedule)

USim vs RBS Comparison
Option A HEC-RAS
Option B
Option B: HEC-RAS
Option C

Ability to compare alternative scenarios directly

Option C: HEC-RAS



Create a flexible framework for scenario planning.

* Provide a broader range of plausible
outcomes and help quantify forecast
uncertainty.

* Different precipitation models perform
better for different storm types,
locations, and forecast horizons.

| i  Redundancy improves operational
. LL__‘ resilience when a forecast source

becomes unavailable.

I . Example Products

HRRR (High-Resolution Rapid | - " (European Centre for

Precip [in]

A

Refresh) Medium-Range Weather
Selected Rainfall Forecasts): IFS and AIFS

A: No Rain (not shown) GFS (Global Forecast System) Custom vendor forecasts (e.g.,
B: HRRR/GFS Merge Upstream Tech)

C: GFS NBM (National Blend of NAM (North American Mesoscale
D: NBM Models) Model)




Inflow [cfs]

Create a flexible framework for scenario planning.

(

= Option & Adjusted [
= Option B: Adjusted [0
= Option O Adjusted [
= Option D: Adjusted [

Different precipitation
forcings yield different
inflows.

Selected Rainfall
A: No Rain

B: HRRR/GFS Merge
C: GFS

D: NBM




Same operations,
different inflows

B: HRRR/GFS Merge

Selected Rainfall
C: GFS

A: No Rain
D: NBM

[3] (Pnos) s1ana7 Jloni1asay

] [} [*3] el (=) [} i L) (=] [} i ) [ [}
W T o =t =1 - - L Moo i v

Create a flexible framework for scenario planning.

[s}0] (paysep) moyjuj 1Ion18SDY



Flow [cfs]

Create a flexible framework for scenario planning.

Matching Inflows for Options C & D

Operational Change:
C: 1 hrturbine pulses
D: 6 hr turbine pulses

Resulting Final Pool:
C:785.1ft
D: 784.7 ft

Same inflows, different
operations.

Selected Rainfall
A—NoRain
B-HRRR/GFSMerge
C: GFS

D: GFS




Summary.

. Start small and build incrementally.

Match the model’s power representation to how operators actually think.
. Build models to be robust.

Provide operator control over modeled results.

. Create scenario planning workspaces.

Abby Watson | RTl International
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