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Mid-Columbia Hydro System

7/ Projects on
Columbia River

2 Federal

= Grand Coulee
= Chief Joseph

 5Mid-C PUD'’s

= Wells — Douglas
PUD

= Rocky Reach
' MCNARY DAI and Rock Island
g&gﬂ%nfwnm JOHN DAY DAM CORPS OF ENGINEERS iy Chelan PUD

OUTPUT 2,160 MW
CORPS OF ENGINEERS ;ﬂfpm‘;‘iﬁﬁ“” CORPS OF ENGINEERS

CORPS OF ENGINEERS fﬂ u Wanapum and
Priest Rapids —
Grant PUD

WELLS DAM « FORFS OF ENGINEERS QUTPUT 6,454 MW
COUTPUT 840 M BUREAL OF RECLAMATION
DOUGLAS PUD

ROCKY REACH DAM —
QUTPUT 1347 MW [ e :
i CHELAN PUD .F\
.ﬂ;ﬁf?- |

CHIEF JOSEPH DAM
OUTPUT 2,065 MW \ 1 GRAND COULEE DAM

- DUTPUT 1,117 MW
- GRANT PLID

'PRIEST RAPIDS DAM /

QUTPUT 956 MW
GRANT PLUD




Mid-Columbia Operations

Mid-C Hourly Coordination
Agreement

* Non-Fed Generation Requests
aggregated and dispatched to
projects by Central

CUTPUT 840 MW BUREAL OF RECLAMATION
DOUGLAS PUD

ROCKY REACH DAM —
QUTPUT 1,387 MW \
RRCHELAN FUD

(i |
ROCK ISLAND DAM
DUTPUT 623 MW
4 CHELAN PUD.

CHIEF JOSEPH DAM
QUTPUT 2,063 MW GRAND COULEE DAM
WELLS DAM « CORFS OF ENGINEERS \ ‘ QUTPUT 6,454 MW

 Formally ended in 2017

L

« Series of bridge agreements
and extensions 2017-2019

e Currently only Chelan PUD
/ 4 g— - and Grant PUD coordinating
st ol S L (4 Dams)

OUTPUT 1,050 MW JOHN DAY DAM

OUTPUT 2,180 MW
CORPS OF ENGINEERS Eﬂfpm‘;‘gﬁ E‘“M CORPS OF ENGINEERS

A 7~®co * Grantand Chelan scheduled
(WPUD to cutover to independent
operations 11/19

PRIEST RAPIDS DAM —

OUTPUT 556 MW

~ GRANT PUD




Grant Independent (Two Dam)
Operation

~15 Participants with slice ownership

Each Participant sending a single generation request
(every 4 seconds)

Multiple downstream flow requirements

= Minimums

= Maximums

= Flow Bands

Changing value proposition for many Participants
= Flexibility

Each Participant is responding to different value
propositions



Grant Independent Operation —
Request/Return

. Participants send a single Grant Request
(not to each Project)

. All Participant Requests are aggregated Iinto
a Total Request

. Total Request Is allocated to the two Projects

. Each Participant is assigned a Total Return



Grant Independent Operation -
Priorities
1. Meet Grant Constraints

2. Meet Participant 4-second Requests

3. Inform Participants of Resource
= Maximums and Minimums
4. Inform Participants of Obligations
= Planned
* Emergent
5. Preserve Participant Resources
= Maintain Flexibility
6. Isolate Participants to the extent possible



Grant Independent Operation —
Operational “Tools”

. Determine the split of Generation between
Projects

. Establishing Limits for Participants
. Instigating Splll

. Cutting Capacities to Participants



Grant RiverWare Models

 Short Term Model: Optimizaton
= 1 Hour timestep
= 3-5 days
= Run 2x per hour

e Real Time Model: RBS — Iterative MRM

= Single 1 Hour timestep
= Run 1x per minute

 Accounting Model: Inline RBS and Accounting
= 1 Hour timestep
= ~ 1 month, last timestep is the previous hour
= Run several times per day
= After the fact accounting



RiverWare In Grant’s Process

e Inflow Forecast
RT Model

 Aggregate Gen
Request Forecast
 RT Output Table
(Project Gen Allocation)

e Current Conditions
e Constraints

e Guidance Constraints
* Flexibility Constraints
* Qutflow Ratio

ST Model

* Participant Gen
Requests (hourly)

Participant Gen
Requests (4 sec)

e Unit Gen
Allocation (4 sec)

L i

Acct Model

e Inflow
: e Outflow
Operatl ons e Generation -
: e Participant Ponds
o Spill
9



Short Term Model Purposes

Calculate Constraints

= Guidance Constraints — ensure formal constraints
can be met in the future

= Flexibility Constraints — maintain full up/down
generating capacity for N hours

Real Time Model Guidance
= Guidance Constraints & Flexibility Constraints
= Preferred Outflow Ratio (first timestep)

Information to Participants
= Maximum generating capability
= Minimum generation requirements

Expected Operations (secondary purpose)
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ST Model

RiverWare 7.5.2 - Grant_ST.mdl
File Control Workspace Policy DMI Accounting Utilities Windows Units Scripts Help
YSEAAARELL.OKIE 8 ® 2 ? 4] Simulation View - & & [} & T [7]

Rocky Reach Data Validation

i Wanapum Data Validation

Wanapum

WAN to PRD

H‘lt Data Validation

Priest Rapids
Vernita Bar

Priest Rapids Data Validation

Expected Flow Guidance Constraints

Data Validation

Chief Joseph Data Validation

Expected Flow Expected Ops

©

Expected Flow Min Gen 24

o

Expected Flow Min Gen 8

Expected Flow Max Gen 24

Expected Flow Max Gen 8

o

=

Low Flow Expected Ops

Low Flow Max Gen 8

=

Low Flow Guidance Constraints

o)
High Flow Expected Ops

High Flow Min Gen 24

©

High Flow Min Gen 8

o)

High Flow Max Gen 24

High Flow Guidance Constraints
W

> =]

Object Viewer 18]res

1510 RYIVErIArE 11



ST Model

¢ RiverWare 7.5.2 - (---* =T - : ML=
(] Script Dashboard: Complete Run Sequence -

File Control Workspace Policy DMI Accounting Utilities Windows = Fle Edit
W EHAAKARBL. O 8 ® 2 ? [F] Simulation < I

Complete Run Sequence

Set Up Flow Scenarios
Set Grant.Run Number's value to -1
Set the contraller to Simulation

Execute run

&

Set to Expected Operations

Y

Set to Low Flow

Y

Rocky Reach Data Validation  pata validation P Execute Low Flow Expected Ops Run

<]

Set Run Number to 1

F@E Set the controller to Simulation
O
Expected Flow Expected Ops Execute run
i i :@: Set the controller to Optimization
Wanapum Data Validation o
= Execute run
Wanapum Expected Flow Min Gen 24
=== Set the controller to Rulebased Simulation
Exoected Flow Min Gen 8 Execute run
pected Flow Min Gen
WAN to PRD = Store Results from Run 1 in Slot Cache
Grant Data Validation [0 O Create Run 1 Snapshot
5 Expected Flow Max Gen 24 Set Run Number to 2
Priest Rapids e
Vernita Bar o) Set the controller to Simulation v
Expected Flow Max Gen 8 Execution
Priest Rapids Data Validation |-.-@. > =l :
Expected Flow Guidance Constrai  Status: Ready Current Action: this script is no... v
< > =

Object Viewer| & 8 |1&rss | 18lon  pqlyerwdall 11



Short Term Guidance Constraints

1. Low Flow Run: Storage Guidance Min
= Meet high priority (formal) constraints

= Trial objectives (no Freeze)
— Minimize Storage at t,
— Minimize Storage at t,...

2. High Flow Run: Storage Guidance Max
= Similar but Maximize Storage

3. Expected Flow Run
= Meet high priority (formal) constraints
= Apply Storage Guidance Min/Max Constraints

= Evaluate additional Guidance Constraints
— Energy
— Qutflow
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Guidance Constraints Example

Spawning Season — Limited Priest Rapids daytime Outflow

Priest Rapids Outflow

' | : : : | : : : | '
10-17-2017 10-18-2017 10-19-2017
—— Qutflow --- RLF Daylight Max --- RLF Daylight Min ==~ Protection Level Flow

Priest Rapids Pool Elevation
490

e = S e o i Gy P = ———— P—————

: | : : : | : : : | '
10-17-2017 10-18-2017 10-19-2017

—— Pool Elevation =--Max =--=Min --¢- Guidance Max --¢- Guidance Min




Flexibility Constraints

* One metric for flexibility: Number of hours with full
upward and downward capacity

e Corollary:

= Min Storage to generate at max for N hours before
reaching formal min

= Max Storage that allows min generation for N hours
before forcing spill

e Model:

= Calculate Min/Max Storage corresponding to N hours
= Add constraints: Min, < Storage < Max
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Flexibility Constraints Example

Wanapum Flexibility Storage Levels

"‘l-..-""

___,-———\_.__,_,—-—'—

—_—_—-ﬁ"‘-———"_”_ S e L S

—_— —

—_—
= ==
A E— — —'— ---'_'“ T—
—
T e W

___'___...—.,-___—_

——

3-24-2018 00:00

— Storage

—— Max6hr —— Min1 hr

' T T v v T ' v T ' v T
3-24-2018 12:00 3-25-2018 00:00 3-25-2018 12:00 3-26-2018 00:00 3-26-2018 12:00

== = Max for Flex == =MinforFex —— Max1hr — Max2hr —— Max3hr —— Max4hr —— Max 5 hr

— Min 2 hr — Min3hr —— Min4hr Min5hr —— Minb hr

Priest Rapids Flexibility Storage Levels

. T .
3-24-2018 00:00

= Storage

—— Max6hr —— Min1 hr

: | : : ' | ' : : | : ' ' | :
3-24-2018 12:00 3-25-2018 00:00 3-25-2018 12:00 3-26-2018 00:00

3-26-2018 12:00
== = Max for Flex == = MinforFlex —— Max1hr — Max2hr —— Max3hr —— Max4hr —— Max 5 hr

—— Min 2 hr —— Min3hr —— Min4hr Min5hr —— Min6 hr
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Flexibility Constraints
Implementation

 |nitialization Rules: Calculate Storage Min/Max for
N hours

e Optimization:
= Trial objective (no Freeze): Miny, < Storage, < Max,
= Foreacht
— IF trial constraint was satisfied
Apply Miny ;, Maxy , with a Freeze
— ELSE
Omit the constraint

= RepeatforN+1

« Post-opt Rules: Report highest level satisfied

16



RT Model Purpose

Guidance to EMS — how to
allocate generation in real time

RT Output Table
Populated with Iterative MRM

 EMS interpolates using real-
time (4 sec) generation
request

= RT Output Table

" Value: 0 MW

= |l

Request Wanapum Gen Priest Rapids Gen *

MW MW MW

1 0.00I O 0.00I O 00010
2 .01 i 0 0.00i O 90.01 i O
3 9384 i 0 0.00i O 9384 i O
4 18535 i 0 9151 i O 93.84 i O
5 27587 i 0 182.03 i O 93.84 i O
6 36497 i 0 27114 i 0 93.84 i O
7 445.09 i 0 27144 i 0 17365 i 0
8 532.11 i O 358.46 i 0 17365 i 0
9 61764 i O 35891 i 0 258.74 i 0O
10 701.76 i O 443.03 i 0 258.74 i O
11 78453 i 0 44344 i 0 341.09 i O
12 866.30 i 0 525.21 i 0 341.09 i 0
13 945.17 i 0 525.51 i O 419.65 i O
14 1,021.24 i 0 601.59 i O 419.65 i O
15 1,09746 i 0 601.92 i 0 495,53 i O
16 1,16341 i 0 667.88 i 0 49553 i O
17 117632 i 0 680.79 i O 49553 i O
18 1,18740 i 0 655.90 i 0 53150 i O
19 1,189.14 i 0 693.60 i 0 49553 i O
20 1,201.86 i O 706.32 i 0 49553 i O
21 1,27410 i 0 706.67 i 0 56743 i 0
22 1,28741 i 0 706.74 i 0 580.67 i O
23 1,30051 i O 706.81 i O 593.70 i O
24 131348 i 0 706.88 i O 606.60 i O
25 1326351 0 706.95 i 0 61940 i O
26 1,339.13 i 0 707.02 i 0 632.11 i 0
27 1,351.81 i O 707.09 i 0 644.73 i 0
28 1,36440 i 0 707.15 1 0 657.25 1 0
29 1,390.87 i 0 71572 1 0 675.15 1 0
30 1,435.08 i 0 725.05 i 0 710,03 i O

31 1,74240 i 0 893.25 i 0 849.15 i 107 «
>




= RT Output Table
" Value: 0 MW

RT Iterative MRM
Request Wanapum Gen Priest Rapids Gen *
MW MW MW
 For each run: N Y R
2 90.01 i O 0.00i O 90.01 ifo
. 3 93.84 i 0 0.00i O 93.84 ijo0
= Operate to target Turbine Rel. s | mssio  esiio s3.04 10
) ) .. 5 NaN O 0 NaN O 0 NaN O 0
= Rules check higher priorities 6  NaNOO  NaNOO NaN O 0
7 NaN O 0 NaN O 0 NaN O 0
u 1 8 NaN O 0 NaN O 0 NaN O 0
Calculate resulting Power 5 ManO0  mROd -
10 NaN O 0 NaN O 0 NaN O 0
11 NaN O 0 NaN O 0 NaN O 0
- RunS 1'3 12 NaN O 0 NaN O 0 NaN O 0
13 NaN O 0 NaN O 0 NaN O 0
n Tall 14 NaN O 0 NaN O 0 NaN O 0
Formal minimums 4 NNOO  NNOO ol T
. . . 16 NaN O 0 NaN O 0 NaN O 0
= ST Guidance Constraint Mins o vl renER NNl
) .. 18 NaN O 0 NaN O 0 NaN O 0
= Flexibility Minimums 19 NaNOO  NaNOO NaN O 0
20 NaN O 0 NaN O 0 NaN O 0
21 NaN O 0 NaN O 0 NaN O 0
22 NaN O 0 NaN O 0 NaN O 0
23 NaN O 0 NaN O 0 NaN O 0
24 NaN O 0 NaN O 0 NaN O 0
25 NaN O 0 NaN O 0 NaN O 0
26 NaN O 0 NaN O 0 NaN O 0
27 NaN O 0 NaN O 0 NaN O 0
28 NaN O 0 NaN O 0 NaN O 0
29 NaN O 0 NaN O 0 NaN O 0
30 NaN O 0 NaN O 0 NaN O 0
31 NaN O 0 NaN O 0 NaN A& .
€ >




= RT Output Table
" Value: 0 MW

RT lterative MRM
Request Wanapum Gen Priest Rapids Gen *
MW MW MW
[ FOr eaCh run: 1 0.00 1 0 0.00 1 0 0.00 1 0
2 90.01 i 0 0.00 i 0 90.01 i 0
- 3 93.84 i 0 0.00 i 0 93.84 i 0
= Operate to target Turbine Rel. 4 1853500 SLS1i 0 0384 1 0
) .. 5 NaN O 0 NaN O 0 NaN O 0
= Rules check higher priorities 6  NaNOO  NaNOO NaN O 0
7 NaN O 0 NaN O 0 NaN O 0
- - 8 NaN O 0 NaN O 0 NaN O 0
Calculate resulting Power 5 pMOD feNOO eN 00
10 NaN O 0 NaN O 0 NaN O 0
11 NaN O 0 NaN O 0 NaN O 0
e Runs 1-3 12 NaN O 0 NaN O 0 NaN O 0
13 NaN O 0 NaN O 0 NaN O 0
n Tall 14 NaN O 0 NaN O 0 NaN O 0
Formal minimums s o o B
. . . 16 NaN O 0 NaN O 0 NaN O 0
= ST Guidance Constraint Mins 7 NaNOO  NaN OO NaN O 0
. o 18 NaN O 0 NaN O 0 NaN 0 0
= Flexibility Minimums 19 NaNOO  NaNOO NaN O 0
20 NaN O 0 NaN O 0 NaN O 0
21 NaN O 0 NaN O 0 NaN 0 0
22 NaN O 0 NaN O 0 NaN O 0
R Runs 4'6 23 NaN O 0 NaN O 0 NaN O 0
B 24 NaN O 0 NaN O 0 NaN 0 0
u S|m||a|‘ for Max 25 NaN O 0 NaN O 0 NaN O 0
26 NaN O 0 NaN O 0 NaN O 0
27 NaN O 0 NaN O 0 NaN 0 0
28 NaN O 0
29 (139087 i 0 715720 0 675.15 i) 0
30 (1435081 0 72505 i 0 710.03 if0
31 [1,74240 i 0 893.25 i 0 849.15 .
£ >




= RT Output Table
" Value: 0 MW

RT lterative MRM
Request Wanapum Gen Priest Rapids Gen *
f . MW MW MW
D|Scret|0nary Range 1 0.00 I 0 0.00 I 0 0.00 I 0
2 90.01 i O 0.00i O 90.01 i O
= . . ags - 3 93.84 i 0 0.00i O 93.84 i 0
(within flexibility constraints) s msio smsio  seic
5 NaN O 0 NaN O 0 NaN O 0
(11 . 77 6 NaN O 0 NaN O 0 NaN O 0
 Execute 2 “trial” runs S ok
. 8 NaN O 0 NaN O 0 NaN O 0
1. Increase Wanapum Turbine 9  NaNOO  NaNOO NaN © 0
. 10 NaN O 0 NaN O 0 NaN O 0
Release by 1 unit 11 NaN O 0 NaN 0 0 NaN 0 0
12 NaN O 0 NaN O 0 NaN O 0
13 NaN O 0 NaN O 0 NaN O 0
14 NaN O 0 NaN O 0 NaN O 0
15 NaN O 0 NaN O 0 NaN O 0
16 NaN O 0 NaN O 0 NaN O 0
17 NaN O 0 NaN O 0 NaN O 0
18 NaN O 0 NaN O 0 NaN O 0
19 NaN O 0 NaN O 0 NaN O 0
20 NaN O 0 NaN O 0 NaN O 0
21 NaN O 0 NaN O 0 NaN O 0
22 NaN O 0 NaN O 0 NaN O 0
23 NaN O 0 NaN O 0 NaN O 0
24 NaN O 0 NaN O 0 NaN O 0
25 NaN O 0 NaN O 0 NaN O 0
26 NaN O 0 NaN O 0 NaN O 0
27 NaN O 0 NaN O 0 NaN O 0
28 NaN O 0 NaN O 0 NaN O 0
29 1,390.87 i 0O 715.72 i 0 675.15 i 0
30 1,435.08 i 0 72505 i 0 71003 i O
31 1,74240 i 0 893.25 i 0 849.15 19D .
€ >




= RT Output Table

- ~ Value: 0 MW
RT lterative MRM
Request Wanapum Gen Priest Rapids Gen *
f . MW MW MW
D|Scret|onary Range 1 0.00 I 0 0.00 I 0 0.00 I 0
2 90.01 i O 0.00i O 90.01 i O
= = = g = 3 93.84 i 0 0.00i O 93.84 i 0
(Wlthln ﬂeXIblllty COnStralntS) 4 185351 0 9151 0 93.84 i 0
5 NaN O 0 NaN O 0 NaN O 0
(11 . 77 6 NaN O 0 NaN O 0 NaN O 0
 Execute 2 “trial” runs T e
. 8 NaN O 0 NaN O 0 NaN O 0
1. Increase Wanapum Turbine 9  NaNOO  NaNOO NaN © 0
. 10 NaN O 0 NaN O 0 NaN O 0
Release by 1 unit 11 NaN O 0 NaN 0 0 NaN 0 0
12 NaN O 0 NaN O 0 NaN O 0
1 1 1 13 NaN O 0 NaN O 0 NaN O 0
2. Increase Priest Rapids Turbine 2 =22 Fro? hel.0 2
1 15 NaN O 0 NaN O 0 NaN O 0
Release by 1 unlt 16 NaN O 0 NaN O 0 NaN O 0
17 NaN O 0 NaN O 0 NaN O 0
18 NaN O 0 NaN O 0 NaN O 0
19 NaN O 0 NaN O 0 NaN O 0
20 NaN O 0 NaN O 0 NaN O 0
21 NaN O 0 NaN O 0 NaN O 0
22 NaN O 0 NaN O 0 NaN O 0
23 NaN O 0 NaN O 0 NaN O 0
24 NaN O 0 NaN O 0 NaN O 0
25 NaN O 0 NaN O 0 NaN O 0
26 NaN O 0 NaN O 0 NaN O 0
27 NaN O 0 NaN O 0 NaN O 0
28 NaN O 0 NaN O 0 NaN O 0
29 1,390.87 i 0O 715.72 i 0 675.15 i 0
30 1,435.08 i 0 72505 i 0 710,03 i O
31 1,74240 i 0 893.25i 0 849.15 ilD .
€ >




==z RT Output Table
" Value: 0 MW

RT lterative MRM
Request Wanapum Gen Priest Rapids Gen *
g . MW MW MW
Discretionary Range 1 I 2Y K
2 90.01 i 0 000i O 90.01 i O
. . . apgs o 3 93.84 i 0 000i O 93.84 i 0
(within flexibility constraints) s SSi0 esio waio
5 275.87 i 0 182.03 i 0 93.84 ijo
(14 - b} ] 6 NaN O 0 NaN O 0 NaN O 0
» Execute 2 “trial” runs 7 wnBo| ewoal  wenDs
. 8 NaN O 0 NaN O 0 NaN O 0
1. Increase Wanapum Turbine 9 NaNOO  NaNOO NaN © 0
. 10 NaN O 0 NaN O 0 NaN O 0
Release by 1 unit 11 NaN 0 0 NaN O 0 NaN 0 0
12 NaN O 0 NaN O 0 NaN O 0
1 1 1 13 NaN O 0 NaN O 0 NaN O 0
2. Increase Priest Rapids Turbine 2 =20 =20 hen.0 D
1 15 NaN O 0 NaN O 0 NaN O 0
Release by 1 unlt 16 NaN O 0 NaN O 0 NaN O 0
17 NaN O 0 NaN O 0 NaN O 0
. 18 NaN O 0 NaN O 0 NaN O 0
e |terative MRM rules select 19 NNOO  NaNOO Nal O 0
20 NaN O 0 NaN O 0 NaN O 0
21 NaN O 0 NaN O 0 NaN O 0
result closest to ST Outflow 21 | wnERY  wnER T
. 23 NaN O 0 NaN O 0 NaN O 0
Ratlo 24 NaN O 0 NaN O 0 NaN O 0
25 NaN O 0 NaN O 0 NaN O 0
26 NaN O 0 NaN O 0 NaN O 0
27 NaN O 0 NaN O 0 NaN O 0
28 NaN O 0 NaN O 0 NaN O 0
29 1,390.87 i 0 715.72 i 0 675.15 i 0
30 1,435.08 i 0 72505 i 0 71003 i 0
31 1,74240 i 0 89325 i 0 849.15 1D .




= RT Output Table
" Value: 0 MW

RT lterative MRM
:?‘;uest \:$1apum Gen I;r:;st Rapids Gen -
I I 1 000 I O 000 I O 0.00I O
DlscretIOnary Range 2 90.01 i O 000 i O 90.01 i 0
- . - I 5 3 9384 i 0 000 i O 93.84 i 0
(within flexibility constraints) ¢ B0 wsiio s
5 275.87 i 0 182.03 i 0 93.84 i 0
(14 - b} 6 36497 i 0 271,14 i 0 9384 i 0
» Execute 2 “trial” runs T BT
. 8 NaN O 0 NaN O 0 NaN O 0
1. Increase Wanapum Turbine 9  NaNOO  NaNOO NaN 0 0
R I b 1 nlt 10 NaN O 0 NaN O 0 NaN O 0
11 NaN O 0 NaN O 0 NaN O 0
e ease y u 12 NaN O 0 NaN O 0 NaN O 0
1 1 1 13 NaN O 0 NaN O 0 NaN O 0
2. Increase Priest Rapids Turbine 2 o  nes o
= 15 NaN O 0 NaN O 0 NaN O 0
Release by 1 unlt 16 NaN O 0 NaN O 0 NaN O 0
17 NaN O 0 NaN O 0 NaN O 0
- 18 NaN O 0 NaN O 0 NaN O 0
e |terative MRM rules select 9 NNOO  NaNOO NaN O 0
20 NaN O 0 NaN O 0 NaN O 0
21 NaN O 0 NaN O 0 NaN O 0
result closest to ST Outflow 2t | nenf vl
- 23 NaN O 0 NaN O 0 NaN O 0
RaUO 24 NaN O 0 NaN O 0 NaN O 0
25 NaN O 0 NaN O 0 NaN O 0
26 NaN O 0 NaN O 0 NaN O 0
) 27 NaN O 0 NaN O 0 NaN O 0
Repeat 28 NaN O 0 NaN O 0 NaN O 0
29 1,390.87 i 0 71572 i 0 675.15 i 0
30 1,435.08 i 0 725.05 i 0 710,03 i 0
31 1,74240 i 0 893.25i 0 849.15 i 10 .




= RT Output Table
" Value: 0 MW

RT Iterative MRM
Request Wanapum Gen Priest Rapids Gen *
d ] MW MW MW
D R 1 0.00 I 0 0.00 I 0 0.00 I 0
ISCFGtIOnary ange 2 90.01 i O 0.00 i 0 90.01 i 0
. £ 4. . 3 93.84 i 0 0.00 i 0 93.84 i 0
(within flexibility constraints) 4 153510 SU51i0 938410
5 27587 i 0  182.03 i 0 93.84 i 0
TR I T 6 36497 i 0 27114 i 0 93.84 i 0
f ExeCUte 2 trlal runs 7 44509 | 0 27144 i 0 173.65 i 0
] 8 NaN O 0 NaN O 0 NaN O 0
1. Increase Wanapum Turbine 9  NaNOO  NaNOO NaN 0 0
R | b 1 t 10 NaN O 0 NaN O 0 NaN O 0
11 NaN O 0 NaN O 0 NaN O 0
clease y uni 12 NaN O 0 NaN O 0 NaN O 0
. . . 13 NaN O 0 NaN O 0 NaN O 0
2. Increase Priest Rapids Turbine & oo  wnoo s
- 15 NaN O 0 NaN O 0 NaN O 0
Release by 1 unit 16 NaN O 0 NaN O 0 NaN O 0
17 NaN O 0 NaN O 0 NaN O 0
; 18 NaN O 0 NaN O 0 NaN O 0
e [terative MRM rules select 15 NNOO  NeNOO NaN 0 0
20 NaN O 0 NaN O 0 NaN O 0
I I ST O ﬂ 21 NaN O 0 NaN O 0 NaN O 0
result closest to utriow ” e = =
. 23 NaN O 0 NaN O 0 NaN O 0
RatIO 24 NaN O 0 NaN O 0 NaN O 0
25 NaN O 0 NaN O 0 NaN O 0
26 NaN O 0 NaN O 0 NaN O 0
° R p 27 NaN O 0 NaN O 0 NaN O 0
e eat 28 NaN O 0 NaN O 0 NaN O 0
29 1,39087 i 0 71572 i 0 675.15 i 0
30 143508 i 0  725.05 i 0 710.03 i 0
31 1,74240 i 0  893.25 i 0 849.15 i 10 .
£ >




= RT Output Table
" Value: 0 MW

RT lterative MRM
Request Wanapum Gen Priest Rapids Gen *
d ] MW MW MW
Discretionary Range 1| oo io] Iem 10
2 90.01 i 0 0.00 i 0 90.01 i 0
L T - 3 93.84 i 0 0.00 i 0 93.84 i 0
(within flexibility constraints) ¢ wmmio ssio  meio
5 275870 0 18203 i 0 93.84 i 0
gt A |7 6 36497 i 0 27114 i 0 93.84 i 0
* EXxecute 2 trlal runs 7 445000 0 27144 i 0 173.65 i 0
_ 8§ 532110 0 35846 i 0 173.65 i 0
1. Increase Wanapum Turbine 9 6176410 35891 0 258.74 i 0
_ 10 70176 i 0  443.03 i 0 258.74 i 0
Release by 1 unit 11 784531 0 44344 i 0 341.09 i 0
12 86630 i 0 52521 i 0 341.09 i 0
: ' : 13 94517 i 0 52551 i 0 419.65 i 0
2. Increase Priest Rapids Turbine 3 227 0 oeis  aee i
' 15 1,00746 i 0  601.92 i 0 495.53 i 0
Release by 1 unit 16 1,16341 i 0  667.88 i 0 495.53 i 0
17 117632 i 0  680.79 i 0 495.53 i 0
. 18 1,18740 i 0  655.90 i 0 531.50 i 0
e |terative MRM rUIeS SeleCt 19 1,189.14 i 0  693.60 i 0 495.53 i 0
20 1,201.86 i 0 70632 i 0 495.53 i 0
| | ST O ﬂ 21 1,27410 i 0 706,67 i 0 567.43 i 0
result closest to utflow 22 1287410 0 70674 i 0 580.67 i 0
. 23 1,300.51 i 0 70681 i 0 593.70 i 0
Ratio 24 1,31348 i 0  706.88 i 0 606.60 i 0
25 1326350 0  706.95 i 0 619.40 i 0
26 1,339.43 0 0 70702 i 0 632.11 i 0
e R p 27 1,351.81 0 0 707.09 i 0 644.73 i 0
epeat 28 1,36440 i 0 70715 i 0 657.25 i 0
29 1,390.87 i 0 71572 i 0 675.15 i 0
30 143508 i 0 72505 i 0 710.03 i 0
31 1,74240 i 0 89325 i 0 849.15 1D .
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Current Work

e ST Model:

Special logic to prepare for a capacity imbalance —
maintain a percentage of full capacity

e RT Model:

Cases to use criteria other than ST Outflow Ratio
Possibly convert to 5 Minute timestep

* Cutover to Independent Operations:
November 2019
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