W

Hourly RiverWare Model Update
Challenges and Opportunities




Overview

TVA and Tennessee
Valley

Optimization at TVA

Hourly Model Changes
 Why?
 What?

How?

« What’s Next?
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Reservoir System Benefits

 Flood Control
« Navigation
 Power

* Recreation

« Water Quality
« Water Supply
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Goal of Optimization

Balance System Benefits

Minimize Total Cost of Generation
* ~10% of TVA's Portfolio
* Low O&M Costs
« Rapid Dispatch
* Flexibility
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TVA Optimization Process

|nputs Ocoee
L Simulation

Initial Conditions

Inflow Forecast \

Constraints/Operating 6-Hour
Policy Optimization/
Simulation

Future Value of Water

Hourly Hydropower Value
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Why Change the Hourly Model?

Some Constraints Not Fully Modeled

. Tmestep | Day FtLoudoun | FtLoudo WattsBar Chickamauga Mickajack Guntersville Wheeler
MWH [Sum | MWH [S1 MWH [Sur MWH [Sum MWH [Sum MWH [Sum] MWH [Sur
 Unit Start/Stops B e s U R
323 2400 |wed || [T 55" man|" off s2f off off s1f
. i 323 24:00 |Wed 55 0 32 o 0 31
° Un|t Rarnp”’]g Total Ved 55 Mal 0 32 0 0 31
FS Tot Wed
Diff Ved
1 MEL Wed
* System Ramping e
I ——————————————— —— " —
3/24 24:00 Thu 1,262|  Mal 1,424 1,330 635 1,583 1,631
. . 3/24 1:00 |Thu 0 0 0 o 0
o P l-Unit U
artla nlt Se 3/24 2:00 |Thu 0 0 0 o 0 0
3/24 300 |Thu 0 0 0 o 0 0
3f24 400 |Thu 0 0 0 o 0 0
° P I 3/245:00 |Thu 0 0 0 o 0 0
u Ses 3f246:00 |Thu 0 0 0 0 0 0
3/24 700 |Thu 51 0 57 o 42 208
. . 3/248:00 |Thu 111 140 93 ] 130 ]
S | O
peCIa eratlons 3/249:00 |Thu 111 140 93 90 129 0
3/24 10:00 |Thu 0 140 93 100 0 0
3/24 11:00 |Thu 0 140 42 o 129 70
° Hyd rother[nal Needs 3/24 12:00 |Thu 111 0 93 100 129 0
3/24 13:00 [Thu 106 140 93 o 129 199
3/24 14:00 |Thu 111 140 92 14 128 ]
° R 3/2415:00 [Thu 111 23 92 90 0 250
ecreatlon 3/24 15:00 |Thu 104 140 92 100 128 0
3/24 17:00 |Thu 0 0 92 o 128 0
3/24 18:00 |Thu 111 140 31 o 0 173
3/24 12:00 [Thu 111 140 92 o 128 0
Atma anean Tl A -~ AN anm e ama
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Why Change the Hourly Model?

Fortran-Based “Clean-Up”

« Smooth Generation/Eliminate
“Holes”

« Meet Unit Ramping

« Meet Minimum Flows/Pulses

“Clean-Up” Could Undo Optimization
« System Ramping

« Special Operations
« Hydrothermal Needs

 Recreation
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Migration to Delft-FEWS

4 E Hourly and & Hour Mode! Initialization Rules

P r O S . E| Set Day 1 outflows for plants with MSL or greatert 17

i 0
. B Set and Compute Requested Discharges (FLH, KYH, BYH) Bz 0
» Centralized Data Warehouse B st ieiwousonns 5oz
E' Auto-Fill Appropriate slots N R R
° FaSter R] Set headwaters across Model Period a 7z 0
E' Set Talwater Elevation LP Parameters a2 1 0
] Excels at Ston ng and % Set Backwater Lambda LP Parameters a1 0
Set Ending Targets A 1 0
M an | p u I a‘“ 1] g T| m e - S e r| eS El Set Minimum Daily Flows at plants with Pulses a1 0
El Hourly Set Upper Bound LP Param, Spil Bypass LP Param, and ... 28 £ 0
El Set Lower Bound LP Parameters a1 0
Ch aI I e n g eS : El Set Power LP Param B 1 0
R| et Pool Elevation LP Param 8 1 0
i itiali i Set Energy-In-Starage LP P oz 0

« Requires Initialization Rules B setErergy nstwoge PP
El Compute Tributary System Storage i z 0
Set Observed Sto o7z 0

 Improved LP Parameter B setbnedsonge

E' Set Observed Power Coefficient - Day 0 i3I 0
. . H H E' Compute Ocoee 3 Spil Bo1 0
Estimation (Approximation P s 7 0
. Bl Dats Checks ¥ R R
Pol ntS) Bl set Ocoee 2HW for VPS model 7oz o0
Bl summer Balancing &FG ¥ 72 0

 Easier to Modify Policy
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Considerations

F1{ Lower and upper bounds
Arguments: OBIECT res, DATETIME t, NUMERIC offset, LIST SetPoints Return Type:
\WITH NUMERIC minG = IF { offset == 0.00000000 *hr™ J THEN 0o -
MaxItem [/ Minimum flow from constraints [res , 0
Reduce Need for User e
SetPoints
Hole Prevention Minimum (res , ]
Inpuﬂ -
ELSE
. Minimum flow from constraints [res ,
« Run Time [ﬁ ]
SetPoints
END IF
N _ i .
) Al I OW fo r U S e r WITH NUMERIC maxQ = IF E{]Dazs;:n DmDi:gDrDDDD “hr )THEN Do
- Minltem Maximum flow from constraints [res ,
Input/Overrides {ﬁs
SetPoints
. . Hole Prevention Maximum [res . ]
* Meet Minimum Flows/Pulses t
Max (minQ ,
Maximum flow from constraints [res,
T t, E
* Meet Daily Volumes (ﬁs }
SetPoints
END IF
= = WITH NUMERIC adjQ = Min [maxQ . JDO
« Special Operations
WITH NUMERIC LowerSetpoint = Round Down To Setpoint [ade . JDO
SetPoints
. " 113 LN 111 [1} WITH NUMERIC UpperSetpoint = Round Up To Setpeint | adjQ , Do
- El te “Holes”/“Peak (e
I m I n a e O eS e a S WITH NUMERIC LowerBound = Max [LowerSemoint . T[:EJDI“E
. . . . WITH NUMERIC UpperBound = IF {mnlwna?cq < |pperSetpaint ) THEN DO
* Minimize Spill
UpperSetpoint
R . END IF
« Meet Unit/System Ramping o
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Model Innovations

Optimization Goal Set (fram model file) m
Policy & Utility Groups | Report Groups |
Mame Priority On  Type -
O t . - t - G I . > [P] Minimum Flow 710 @ Ppalicy Group
p I I I I I Z a I O n O a S . > [P] Daily volume 1113 Policy Group
» E Daily Volume for Canal Projects 14-16 x Policy Group
) B i rr] I > [P] Tims Ford 1717 # Policy Group
aS I CS re al n » E Spedal Operations 18-13  # Policy Group I
+ El Tandem Flants 20-20 @ Palicy Group
I > Top_Botton Oper Zone (Tribs 21-21 Policy Grou
« Added complexity where E] Too SottonOper Zone (o) 221 % poiey Gowp
> |E| Top+Bottom of Operating Zone (Main River) 2222 x Policy Group
n e e d e d » |E| Top+Bottom of Operating Zone {(Cumberland)  23-23 x Policy Group
[+ E Top+Bottom of Operating Zone 24-25 x Policy Group
» E One unit off on 27-27 @ Policy Group
I I » Minimum Power Elevation 28-23 Policy Grou
* Minimum flows BY o X poley Group
> E Modified Load 23-23 9 Policy Group
+ EI SEPA Energy Dedaration 30-30 o  Policy Group
Y M e rg ed Hyd ro R am p 4 EI Minimize Spill & Policy Group
@ Mew ‘No Spill 3 & Goal -
R ate S 4 |E| Ramp rates & Policy Group
l @ Maximum Daily Flow Change 32 W Goal
@ Unit Ramp rates 33 W Goal
) M I n I m IZ e S pl | I @ Minimurmn Plant Hydro on Daily Minimum M % Goal
@ Minimurm Total Hydro on Daily Minimum 33 % Goal
|| [G] Peak Plant Hydro on Peak 38 % Goal
[G] Pesk Total Hydro on Peak 37 % Goal
| @ Increasing/Decreasing project generati... 38 J Goal
@ Hydro Ramp Rate 39 % Goal
| @ Merged Hydro Ramp Rates 40 W Goal
| » E Maximize Avoided Operating Cost 4141 @ Policy Group
» E Boneyard 4242 9 Policy Group | &
||
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Model Innovations

“RunMSL” Function:

« Why force optimization to
find a value if you already
know the answer?

« Sets outflow via an
Initialization rule if to
outflow exceeds turbine
capacity.

\WITH DATETIME lastT = Round Date Up ( t, hours * 1,00000000 "hour™ ) DO
# Average MSL = MSL in LP Param table * average ppcf
WITH MUMERIC AvgMSL = OptMSL = SlotAvg { res . "Power Flant Cap Fraction”™ , lastT , hours } DO
IF (_hours == 24.00000000 ) THEM
# Use the daily volume calculated by the & Hour model
WITH NUMERIC outflow = SlotvalueFromDataCbiect { res , "Volume™ , lastT ) DO
hours
# True if outflow = average MSL * capacity factor (e.g. 0.95)
# Calculate spill without capacdity factor and require it to be non-negative
{ outflow > AvgMSL * capacityratio , Max { outflow - AvgMSL , 0,00000000 "cfs™ ) }
EMD WITH
ELSE
1F ( hours == £.00000000 } THEM
WITH NUMERIC outfiow = SlotvalueFromDataObiect { res , "Flowsheet Outflow_shr” , lastT ) DO
# True if outflow > average MSL * capacity factor {e.g. 0.95)
# Calculate spill without capacity factor and require it to be non-negative
{ outflow > AvgMSL * capadityratio , Max ( outflow - AwgMSL , 0,00000000 "cfs” ) }
EMD WITH
ELSE
IF (hours == 100000000 } THEM
WITH LIST DailyMSL = RunMSL { res , t, 24.00000000 , capadityratio , OptMSL } DO
TF (res IN { AlReservoirs TVA { ) UNION Reservoirs_Brookfield_all { ) ) ) THEN
# For TVA or Brookfield Reservoirs (Except O2H and RMPS)
WITH LIST HourdMSL = RunMSL {res , £, 6.00000000 , capacityratio , OptMSL }DO
# Run M5L if reguired for both Daily and &-Hour,
# Return 6Hour average spill for hourly spill.
i (DailyMsL <0 ) AND HoursMsL €0 » , HoursMsL €1
EMD WITH
ELSE
# Cumberland
# Run M5L if reguired for both Daily.
# Return Daily averaage spill for haurly spill,
§DailymsL {0, DailyMsL <17 ¢
END IF
EMND WITH
ELSE
STOP_RUM "Global function RunMSL expects the hours argument to be 1, &, or 24, and instead w
EMD IF
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New Opt/RBS vs Final Preschedule

T |3 SoHolste| Watauga Wibur Boone FtPatH Cherokee Douglas |SoHolston  Watauga l Rilbur
MWH [S1) MWH [Su MWH [ MWH[ MWH [ MWH [Sun MWH [S0
8/15 24:00 |Mon MalM MaM| MNaM| NaM MalM MaM MaM
B/16 24:00 [Tue | 450 272 o =243 231 1,192| 1,471
8/17 24:00 |Wed 440 212 44 371 221 1,165 1,414
8/17 1:00  |Wed 0 0 ] ] 0 ] 1]
8/17 2:00 |Wed 0 0 0 0 13 0 0
817 3:00 |Wed 0 0 0 0 0 0 19
Bf17 4:00 |Wed 0 0 0 0 0 0 0
8/17 5:00 |Wed 0 0 0 0 12 19 0
8/17 6:00 |Wed 20 0 0 0 0 0 0
Bf17 7:00  |Wed 0 0 0 0 0 0 19
8/17 8:00 |Wed 0 0 0 0 12 0 0
8/17 9:00 |Wed 0 0 ] ] 0 ] 1]
8/17 10:00 |Wed 0 0 0 0 0 0 0
8/17 11:00 |Wed 0 0 ] ] 13 73 72
8/17 12:00 |Wed 42 0 0 0 13 74 107
8/17 13:00 |Wed 42 30 5 47 13 110 142
8/17 14:00 |Wed 42 30 5] 52 13 111 142
8/17 15:00 |Wed 42 30 5] 52 26 111 142
8/17 16:00 |Wed 42 30 B 52 26 135 142
817 17:00 |Wed 42 62 8 al 26 136 167
8/17 18:00 |Wed 42 30 2] 23 s 136 141
8/17 19:00 |Wed 42 0 0 23 14 75 107
8/17 20:00 |Wed 42 0 0 23 14 4 7l
8/17 21:00 |Wed 42 0 0 23 0 33 71
8/17 22:00 |Wed 0 0 ] 23 0 37 7l
8/17 23:00 |Wed 0 0 0 0 13 37 0
8/17 24:00 |Wed 0 0 0 0 0 0 0
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Next Steps

Refine the model

« Special Operations
 AGC Plant Scheduling

Scheduling in the model
Unit-level Scheduling

« Day-by-day vs timestep-by-timestep
10-day run?

« Days 1-3 at unit/plant level?
« Days 4-10 at the system level?
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Summary

So... Why Change the Hourly Model?
 Original Solution Required Much User Clean-Up

« Normal Operation Constraints Were Only Partially
Implemented in the Original Optimization Solution
* RiverWare and Computers have evolved greatly
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Questions?
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