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OVERVIEW

River Forecast Center

Six-Hour Model Value

- Hourly Sub-Timestep
Embedded within 6-Hour
Timestep Model

Hydro Value Analysis

- Evaluate Special
Operations

L essons Learned

IMPROVING HYDRO STAKEHOLDER VALUE | 2 m



RIVER FORECAST CENTER

 Meet System Benefits
- Flood Control
- Navigation
-  Power
- Recreation
- Water Quality
- Water Supply

e Create Value for TVA and
Stakeholders

» Displace More Expensive
Power




SIX-HOUR MODEL

e Purpose:

- Meet Policy/River System
Benefits

- Allocate Excess Water
Based on Economics

 Model:
- Daily Discharge Forecast
- 15 Days
- 6-Hour Timestep
- Coarser Timestep = Faster

IMPROVING HYDRO STAKEHOLDER VALUE | 4 m



BLOCK COSTS
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AGGREGATION OF BLOCK COSTS

B:rkl h 2:42 h 2:43 h E-l;:ﬂq h E-l;:ﬂs h Ell;‘ﬂs h Ty a a
$/MW W W W W W D M d t
12-11-2017 Mon 24:00 Nal O NaN O NaN O NaN O Nah O Nah O ¢ eCISIO nS e

12-12-2017 Tue 01:00 [0 (302210 268010 266810 260410 256610
12-12-2017 Tue 02:00 a 30,23 1 0 268010 286710 26.01 10 2563 10 Hou rly Level
12-12-2017 Tue 03:00 a 30,40 T 0 2B.71 10 2645 10 259510 2530 10
12-12-2017 Tue 04:00 30,19 1T 0 2B.71 10 2B.41 10 259510 2524 10
12-12-2017 Tue 05:00 Io 259510 254110 2443 1 0 242210
12-12-2017 Tue 06:00 256.45 2595 1 0 2568110 2528 10 2518 1 0
12-12-2017 Tue 07:00 33.86 4 1 0 33 54 1 0 3364 1 0 3364 1 0
12:12:2017 Tue 08:00 Blk 1 Blk 2 Blk 3 Blk 4 Blk 5 Bk &
L217 201 7 Tue 09:00 $/MWh §/Mwh £/MWh §/MWh £/MWh §/Mwh
12-12-2017 Tue 10:00
NaN O NaN O NaN O NaN O NaN O

12-12-2017 Tue 11:00
12-12-2017 Tue 12:00
12-12-2017 Tue 13:00
12-12-2017 Tue 14:00
12-12-2017 Tue 15:00
12-12-2017 Tue 16:00
12-12-2017 Tue 17:00

289910 24 10 26,20 10 2562 I 0 2520 I O
12-12-2017 Tue 12:00 3o I 0 14 I 0 3130 I 0 B ID0 3059 I 0
dded it 33.99 1 0 30,3510 30,08 IO 298210 297010 2938 10
3340 I 0 3316 I 0 3312 10 33.06 T O 3306 T O 3304 I 0

17

o o o O oo o o o Qo O o o)lo
B
o
[}

12-12-2017 Tue 18:00 1 10 10 339410
12-12-2017 Tue 15:00 10 10 10 339410
12-12-2017 Tue 20:00 10 10 10 339410
12-12-2017 Tue 21:00 M09 0 10 3399 10 339410 339410 339410
12-12-2017 Tue 22:00 .01 10 3359410 339410 339410 339410
12-12-2017 Tue 23:00 33.68 10 3298 10 3298 10 3298 10 328 10
12-12-2017 Tue 24:00 30.61 10 239110 2963 10 2963 10 2963 10
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What's the Problem?

e 6-Hour Block Costs......
- All-or-Nothing Approach

- Example

. Blk 1 Blk 2 Bl 3 Bk 4 Blk 5 Blk &
> 1-unit plant $/MWh  $MWh $MWh $MWh $MWh $MWh
12-11-2017 Mon 24:00 NaN O NaN O NaN O NaN O NaN O NaN O
> 12 hours Of generatlon 12-12-2017 Tue 01:00 T0 302210 | 258010 2668 10 260410 2566 10
12-12-2017 Tue 02:00 I0 302310 | 268010 266710 260110 256310
12-12-2017 Tue 03:00 I0 304010 | 267010 264510 258510 253010
> AVg 6'hr Value = $3195/MW 12-12-2017 Tue04:00 00|10 303310 | 267110 264110 259510 252410
12-12-2017 Tue05:00 Polbd1 0 | 2645 10 259510 254110 244810 242210
> AVg 1—hr Value = $3279/MW 12-12-2017 Tue 06:00 JEMEAT 0 | 26.45 10 2595 10 2581 10 10
12-12-2017 Tue 07:00 3400 I0 338610 337410 336410 BT 0 10
12-12-2017 Tue 08:00 390510 339110 337210 336410 336410 64 10
°® Take away _ 12-12-2017 Tue 0%:00 86110 320610 320600 320010 f308210 W98 10
12-12-2017 Tue 10:00 BELT0 310470 | 269810 299810 /2968 10 N26.6310
. 12-12-2017 Tue 11:00 377210 [ 26310 206310 206310 § 2563 2047 1 0
Data Smoothlng Can Lead 12-12-2017 Tue 12:00 377210 296310 296310 2889 10 2767 1 0 27,16 T 0
12-12-2017 Tue 13:00 3758 10 | 2854 10 2796 10 275610 273210 270210
12-12-2017 Tue 14:00 3758 10 | 285510 279810 275 10 27,3410 270210
to LeSS-th an- I deal Answer 12-12-2017 Tue 15:00 303110 | 279110 275410 272110 270210 270210
12-12-2017 Tue 16:00 30.85 I0 | 29.63 10  29.53 10  23.13 1 0 23 10
Blk 1 Blk 2 Blk 3 Blk 4 Blk 5 f| 12-12-2017 Tue 17:00 33.64 10 335310 335310 3353 10 10
$/MWh &/Mth §/Mwh $Mwh $Mwh 1| 12-12-2017 Tue 18:00 340110 339410 338410 339410 10
12-12-2017 Tue 19:00 340110 339410 339410 339410 339410 10
12-11-2017 Man 2%.00 MaN O MaM O MaMN O MaN O MaM O 12-12-2017 Tue 20:00 340110 339410 339410 339410 339410 10
12-12-2017 Tue 06:00 IU """ {2899 10 95,49 1 0 26,20 1 0 2562 1 0 12-12-2017 Tue 21:00 340910 340310 339910 339410 §339410 Io
"""""" 12-12-2017 Tue 22:00 340110 339410 339410 339410 [§33.9410 10
12-12-2017 Tue 12:00 57.67 HRUEN S1.65 NRUEN 3196 BN 31.30 Qg ' 12-12-2017 Tue 23:00 33.68 10 331210 329810 328810 323810 10
12-12-2017 Tue 18:00 3399 10 30,3510 30,08 I 0 298210 9.0 10 12-12-2017 Tue 24:00 306100 f 299810 299110 296310 W23.8310 I0
12-12-2017 Tue 24:00 334010 331610 331210 3306100 3308 1 330410
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The Solution?

Use (Pseudo)Hourly
Timestep in the 6-Hour
Model

User-Defined
Optimization Variables

- “Turbine Release” for
Ramping Restrictions

- “Energy” for Maximizing
Value

,
oo S L el
— y__—N

Elle Edit View Slot Account Group

FtLoudoun &3 Aveided Cost £3 | Chickamauga E3 E]
ﬂ Object: Chickamauga
Slots | Methods | Accounts I Accounting Methods | Attributes I Description |
| 2400 December 11, 2017 [<J[)[@]
Slot Name . Value  Units -
4 |G| Turbine Release Hourly Slots
; r - ]
| Turbine Release Hourly Mal H Chickamauga.Turbine = M= ! j
Turbine Release Hourly 1 _—
Turbine Relpase Hourly 2 MNaM dit View TimeStep /0 Adjust
Turbine Relpase Hourly 3 Mah _
Turbine Relpase Hourly 4 Mal Turbine Release Hourly
Turbine Relpase Hourly 5 Mal Value: 1000 cfs
Turbine Relpase Hourly & Mal I
- || . o
[d Chickamauga.Jurbine R... L':' th ‘ 24:00 Dec 11, 2017 E]E]EH [;]
. ||
File  Edit 'l.ﬂemv TimeStep I/0  Adjust] 1000 cfs .
Turbine Release Hourly 1 | || 12-13-2017 Wed 01:00 9.43 R 107
12-13-2017 Wed 02; 0.00 R 107
Value: 10
0.00 R 107
| 24:00 Dec 11, 2017 BRE 9.55 R 107

2017 Wed 05:00 22,45 R 107
12-13-2017 Wed 06:00 35.34 R 107
12-13-2017 W - 458.24 R 107
12-13-2017 Wed 03:00 45.24 R 107
12-13-2017 Wed 09:00 48.24 R 107
12-13-2017 Wed 10:00 36,51 R 107

IMPROVING HYDRO STAKEHOLDER VALUE | 8 m

12-13-2017 Wed 06:00
12-13-2017 Wed 12:00
12-13-2017 Wed 18:00
12-13-2017 Wed 24:00

0.00 R 107
12,90 R 107




The Solution?

;

B4 Goal Editor - "Optimization Goal Set (from model file) 1 : Hourly TS Definitions : Flow D... [E=REER=C-
= R ———— i L —e———— r————

File Edit Goal View

e Define Hourly Variables [[(ga o

WITH { STRING slot = "Turbine Release™ ) DO -

° R e I ate Var | ab I e S to FOR { OBJECT res IN Reservoirs_HourlyOpt_in_&HROpt { ) DO

WITH { NUMERIC QMax = OptMsL { res ) JDO
FOR ( DATETIME t IN @"Start Timestep” TO @'Finish Timestep”™ } DO

Model Timestep e o 10w

# Define the "Hourly” slot as the Average of "Hourly 'N'™ slots, whereN =1, 2,... &

ADD CONSTRAINT FOR { STRING subslot IN Hourly Subslats ( slot ) J AVE == res . slot [t ]

« Add Sub-Timestep T~ e

# Set upper limit of hourly generation to the turbine capacity {without it will exceed)

Restrictions —_COR (STRING sbsot N boury Sibsots (sot))00 B

4 EI Objective Function Varying Run Times \...-*"' F"E:Ii-:y Group
|E| Hourly Energy Definition 100 o Goal
EI For Solution Analysis Only!!1111 101 & Goal
@ Block Objective 102 @ Goal
EI Hourly Value Definition 103 @ Goal
|E| Hourly Block Objective 104 @ Goal
EI Load Leveling 105 &  Goal
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Results

e Realistic Gener
at 1-Unit Plants

e More Accurate

ation

Marginal Costs
 Energy Shifted to

More Valuable Days

15-Day Run
Value (9) 11,463,000
6-Hour Block Generation (MWH) 517,900
Cost Average Value ($/MWH) 22.13
Value () 10,978,000
Hourly Block Generation (MWH) 500,300
Cost Average Value ($/MWH) 21.94

Hourly Hydro Value ($/MW)

1217 12/8 1219 12110 12111
Slotibabel Thu Fri Sat Sun Mon
> CHATUGE
>  Adjustment 0.00 0.00 0.00 0.00 0.00
> Total local 0.15 0.15 0.15 0.14 0.14
> Total inflow 0.15 0.15 0.15 0.14 0.14
> Storage 80.23 88.64 28.31 88.40 87.80
> Elevation 191783 191762] 1901750 1.91753] 191731
>  Hydro capacity 13.23 13.23 13.23 13.23 13.21
¥  Energy 126 140 g9 11 139
6:00 14 14 14 0 0
12:00 42 56 69 6 69
18:00 14 14 0 0 42
24-00 56 56 6 6 28
$24.00 -
§23.00 -
£22.00
521.00
$20.00 - !
12/3/17 0:00 12/8/17 0:00 12/9/17 0:00 12/10/17 0:00

=—i— 6 Hour Block Costs with 6-hour Turbine Release

—8—Hourly Block Cost with Hourly Turbine Release

12/11/17 0:00
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Results

e Buy-In Important

- Reran Opt Model with
Approx. Total Energy

Total Value S 8,833,117
Total Energy 395183 MWH
Simulation Average Value || $ 22.35 |$/MWH
Total Value S 8,950,107
Total Energy 394340 MWH
6 Hour Opt; Match MWH Average Value [ $ 22.70 |S/MWH

- Compared to Sim Model
- No Rain in Forecast
- Total Cost = $140,000

 For good measure

- Compared Estimated Hourly
Energy in 6-Hour Model to
Final Preschedule

- Cost > $150,000 for 6 Days

25000

20000

6 Hour Sim Model vs 6 Hour Opt with Hourly Block Costs

Total M&Ho ) 240164
s = " $5,863,162.42 $ 5,885,902.81

6 Day Vafue/MWH 1%, $  T2/1s S 24.51
il (L =1 T]

Delta Lambda : P—f L A—Ahi_f Sl ]—f 0.64

Final Preschedule Energy ;'-T'r_rr-i . \_._J'-L-_.-L—'MOIM

Difference e - % 153,705.48

13/29/2017 12112007 12/32017 1452017 12/7/2017 12/5/2m7 12132007 12132017 1215207

s == Hour Ot Encrgics - Daity Avg
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Hydro Value Analysis (Post Operation)

Select a reservoir:

« Valuation of “Special “vevoems
Operations”

Hour| Price ActuaiOptimaﬂlampiPulsﬁecreatioﬁhutagJ?special OpdlHydroThermalUnforced Spill

01 [3277 292 fs037 o7 Js037 poo 4200 42.00 [42.00

® Currently Fortran Exe 02 3378 4226 f80.37 [B0.37 Js0.37 000 J42.00 42.00 42.00
03 [3171 k238 037 Bo37 Js037 poo  J42.00 42.00 [42.00

. i i 04 [31.20 237 Iao_:ﬁ \50_37 I\sos? oo 4200 42.00 [42.00
05 [3404 226 Ws037 o037 8037 poo 4200 42 00 42 00

L4 M |grat|ng to Rlve rware 06 [4255 224 12547 2547 12547 oo 200 42 00 142 00
07 [45.00 231 12547 2547 12547 fp.oo 4200 42 00 42.00

. 08 [43.19 4261 W12547 2547 12547 oo 12547 125.47 12547

_ Base MOdeI IS Hourl 09 2728 177 Ns037 [B0.37 | |EREH D00 12547 12547 12547
y 10 [3255 fg2.89 Ws037 o037 Ja037 poo 8037 30.37 30.37

11 [32.73 |g3.02 fs037 037 Js037 D00 8037 3037 30.37

(PI’eSChEdU|e) MOdeI 12 |29.41 §B2.64 Ws0.37 K037 Jl80.37 oo §80.37 80.37 80.37

13 [26.10 |g287 fooo oo 0.00 poo 8037 80.37 80.37

14 2501 |g281 fooo oo 0.00 000 5969 69 69 69,69
C I P 1 15 [2499 §g302 fooo  Poo 0.00 D00 fJooo 0.00 0.00

- Ul’rent y I’OtOtyplng 16 [26.09 8297 fooo oo 0.00 p.00 8037 30.37 30.37
173066 |83.07 8037 [B0.37 Jl80.37 oo §80.37 80.37 80.37

18 [3457 |g3.08 Js037 037 Js037 poo 8037 30.37 30.37

19 [3251 Jg2.92 Ws037 037 J3037 P00 8037 8037 3037

20 [32.16 |83.14 Js037 [R037 Ja037 poo 8037 30.37 30.37

21 [31.57 |p2.58 fa0.37  o.37 Jls0.37 poo 8037 80.37 80.37

22 2860 B254 5565 [565 5565 oo §80.37 80.37 80.37

23 2510 [p424 fooo  Poo 0.00 poo 8037 80.37 80.37
24 2495 1325 fooo B oo 000 poo Jo.00 0.00 0.00

Total [768 611606 101557 2411557 24 1557 24 [0.00 _[157907  |1579.07 157907
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Hydro Value Analysis Implementation

Select a reservoir:

* |terative process “vevoems
- Likely to Use MRM Runs

R R Hour| Price | Actual |OptimalRamp/Pulse Recreation|Outage|Special Ops|HydroThermal|Unforced Spill
- Alte rn atlve O ptl O n S 01 [32.77 [42.92 [80.37 [80.37 80.37 0.00  [42.00 42.00 [42.00
02 [33.78 |42.26 [80.37 [80.37 80.37 0.00  [42.00 42.00 42.00
L . . 03 [31.71 |42.38 [80.37 [80.37 80.37 0.00 [42.00 [42.00 42.00
04 [31.29 |42.37 [80.37 [80.37 80.37 0.00 [42.00 42.00 42.00
> Scnptlng and LIStS (LOOpl ng) 05 [3404 4226 [8037 [80.37 80.37 000 [42.00 42 00 42,00
. 06 [42.55 |42.24 [125.47 [125.47 12547  [0.00  [42.00 42.00 [42.00
> BatCh SCFI pt 07 [45.00 [42.31 [12547 [12547 12547 [0.00 |42.00 42.00 42.00
08 [43.19 [42.61 [125.47 [125.47 12547  |0.00  [12547 125.47 12547
. 09 [37.28 [81.77 [80.37 [80.37 80.37 0.00 [12547 125.47 125.47
— 10 [3255 [82.89 [80.37 [80.37 80.37 000 [80.37 80.37 80.37
® O U tp Ut - E n e rg I eS 11 [32.73 [83.02 [80.37 [80.37 80.37 0.00  [80.37 80.37 80.37
12 [29.41 [82.64 [80.37 [80.37 80.37 0.00  [80.37 80.37 80.37
. 13 [26.10 [82.87 [0.00  [0.00 0.00 0.00 [80.37 80.37 80.37
14 [25.01 [82.81 [0.00 [0.00 0.00 0.00 [69.69 69.69 69.69
® P OSt' O pt P rO C e SS I n g 15 [2499 [8302 [000 |0.00 0.00 000 [000 0.00 0.00
16 [26.09 [82.97 [0.00 [0.00 0.00 0.00  [80.37 80.37 80.37
. 17 [30.66 [83.07 [80.37 [80.37 80.37 0.00  [80.37 80.37 80.37
- C 0 m p u tat| O n Of 18 [3457 [83.08 [80.37 [80.37 80.37 000 [80.37 80.37 30.37
19 [3251 [82.92 [80.37 [80.37 80.37 0.00 [80.37 80.37 80.37
20 [32.16 [83.14 [80.37 [80.37 80.37 000 [80.37 80.37 80.37
C Q) Stlval ue 21 [3157 8258 [80.37 [80.37 80.37 _ [0.00 8037 80.37 80.37
22 [28.60 [82.54 [55.65 |55.65 55.65 0.00  [80.37 80.37 80.37
23 [25.10 [6424 [o.00  Jo.00 0.00 0.00 [80.37 80.37 80.37
24 [24.95 [4325 [0.00 [0.00 0.00 0.00 [0.00 0.00 0.00
[Total [768.61/1606.16[1557 24]1557 24 155724 000 [1579.07  [1579.07 1579.07

IMPROVING HYDRO STAKEHOLDER VALUE | 13 m




Future Uses of Hydro Value Analysis

Select a reservoir:

* Pre-Operation Analyses |y
- Evaluate Alternative Start

Hour| Price | Actudl [Optimal|R§mp/Pulse|Recreation OutagJ?special OpdlHydroThermalUnforced Spill

TImeS for SpeCIaI 01 (3277 4292Q |80.37 |8@37 80.37 0.00 p42.00 42.00 42.00

02 3378 [a2.26] [g037 Jsda7 8037|000 4200 42.00 42.00
Operat| ons 03 3171 [a238] [B037 |eda7 8037 000 4200 42.00 42.00
04 3129 [4237] [e037 |sda7 8037 000 f#2.00 42.00 42.00
05 3404 [4226] [8037 |sd37 8037 000 4200 4200 4200
06 4255 [42.04] [12547 [146.47 12547 000 200 42.00 42.00
> Adds Stakeholder value 07 [45.00 [42.31] [125.47 [1 %647 12547 |o0o 4200 42.00 42.00
08 [43.19 [4261] [125.47 13647 12547 |p00 [i2547 12547 12547
_ WEI h COSt Of LOSt 09 3728 [8177] [e037 [eda7 8037 000 12547 12547 12547
g 10 [3255 |p269] [8037 |sdl37 8037 000 [B037 8037 8037
. 1 3273 [p3.02 8037 |sdl37 8037 000 [s037 8027 80,37
Generatlon 122941 |s264] [s037 |sda7 8037|000 [s037 B0.37 30.37
12 26.10 p2&7] [o.00 |00 0.00 000 fe0.a7 B0.37 30,37
14 2501 21 [0.00 |00 0.00 000 J6o.69 69,60 69.60
. 15 2499 8302 000 |0 fo 0.00 000 fooo 0.00 000
P P _O t 16 [26.00 [p297] [0.00 |00 0.00 000 fe0a7 8037 30,37
re pera Ions 173066 [s3.07] [s037 |sdla7 8037|000 [8037 B0.37 30.37
. 18 [3457 [p3.08] [80.37 |sdl37 8037 000 [B037 B0.37 30,37
Evaluatlon Of Cost for 19 [3251 8202 8037 |adl37 8037 0.00 [80.37 80.37 8037
20 [32.16 |p3.14] [8037 |sdl37 8037 000 [B037 8037 8037
21 3157 p258) [s037 |sd37 8037 000 [s037 8027 80,37
. 22 2860 s254] [5565 |5465 5565|000 [8037 B0.37 30.37
M a| nte n an Ce O u tag eS 23 2510 [p424] 000 ofo 0.00 000 fe0.a7 B0.37 30,37
24 2495 43250 10.00 1080 0.00 000 Jo.00 0.00 0.00
Total [768 611606 161557 24]1557 24 155724 [000 157907 [1579.07 1579.07
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| essons Learned in This Process

e Aggregating data can result in a bad solution if the
effect spans the time frame of interest

e Sub-timestep computation can greatly improve the
solution while adding little computation time
 Review RPL Analysis data

- Computed operating head multiple times for each timestep
> Now computed once and passed to other functions
> (saved ~10 seconds on RBS)
* Predefined functions are often more efficient

- Switching to the internal “GetSelectedUserMethod” shaved
20+ seconds off RBS
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