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BACKGROUND

Use cases

» GTMax:
— Experimental releases (prior to 2017)
— 2016 LTEMP

» GTMaxSL:
— Experimental releases (2019-2022)
— Impact of loss of Glen Canyon
— 24-month studies

* CRiSPPy:
— Post-2026 EIS

— Experimental releases (from 2023)
— 24-month studies
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BACKGROUND
GTMax (2001)

» Versatile (different systems)
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BACKGROUND
GTMaxSL (2018)

= Specialized
= Excel-based

= No database/software
installation

= Requires installation of
Lingo solver

= Solver license: ~$10k
» Many spreadsheets

= Case studies entangled
with software

Argonne National Labaratary is a
U.5. Department of Energy laboratory
managed by UChicago Argenne, LLC.

U.5. DEFPARTMENT

@/ of ENERGY

2 Model Operating Criteria
Adjust Inputs for CY Min Elev Violations?|

Adjust Inputs for low GC Monthly Releases?|

Only Run the Initial FG Iteration

AHP Run?|

HNJA " ixed hourly generation/release
High Flow Experiment
Flat Flow Experiment

Run FGISSARR |Use Fixed FG
Optimization?  [Inputs? Initial lteration
FALSE TRUE Currently Running Lingo Model Path (sequential mode on
Run SLIP In SLIP Run Hydro .
Optimization? |Include FG Gen? Run ID Year Month Trace C\GTMaxSL\WAPA-SLC\Run\Files\GTMaxSL-£
TRUE TRUE 11 2025 a 0 8/1/2025
Month/Year Hydro Trace Operating Criteria
Sep 2025 0 Preferred-2017

NOTE: When running in sequential mode, the spreadsheet containing madel results must be opened before running

Number of Days

Holiday Sun Mon Tue Wed
1 4 4 5 | 4
Ave Run Execution Time (sec) 10
Number of Runs 11 Total Run Time (hrs) 0.18
Runs with "TRUE" 11 Percent complete 100.00
I Critera & Load Are Bundled
Perform Run (set
to FALSE if
ezperiment lasts
Run ID entire month) Date Hydro Price Projection Operating Criteria Loac

1 TRUE 11/1/2024] 0| Most Likely Energy Prices  |Preferred-2017 Old_sHP
2 TRUE 12/1/2024] 0|Most Likely Energy Prices  |Preferred-2017 0ld_sHe
3 TRUE 1/1/2025 0|Most Likely Energy Prices  |Preferred-2017 0ld_sHP
4 TRUE 2/1/2025 0|Most Likely Energy Prices  |Preferred-2017 0ld_SHP
5 TRUE 3/1/2025 0|Most Likely Energy Prices  |Preferred-2017 Old_SHP
[ TRUE 4/1/2025 0|Most Likely Energy Prices _ |Preferred-2017 0Old_SHP
7 TRUE 5/1/2025 0| Most Likely Energy Prices  |Preferred-2017 Old_sHP
8 TRUE 6/1/2025 0|Most Likely Energy Prices  |Preferred-2017 0ld_sHe
9 TRUE 7/1/2025 0|Most Likely Energy Prices  |Preferred-2017 0ld_sHP
10 TRUE 8/1/2025 0|Most Likely Energy Prices  |Preferred-2017 0ld_SHP
11 TRUE 9/1/2025 0|Most Likely Energy Prices  |Preferred-2017 Old_SHP
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BACKGROUND
CRiSPPy (2025)

= Specialized
= Contained in one app

= Case studies separated
from software

= No installation required

= Powerful open-source
solvers: GLOP, SCIP

= Parallelized runs

= Documented
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&) CRisPPy
Case study Help

Current case: C:/CRiSPPy/2025-09-12 Flat bypass, GC optimized, other plants fixed from ref case

Case Info Data Import Run Case System & Operations Plants Special events Data visualizer/modifier Results
Number of cores Solver ‘:GLGF' v:

Allruns  Openlistof runs  Preprocess Run all Build HFE profiles
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CRiSPPy: An advanced hydropower scheduling tool
for the Colorado River Storage Project

Energy Systems and Infrastructure Assessment
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CRISPPY
Colorado River Storage Project Python Model
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CRISPPY

File structure

ThisPC > Local Disk(C) > CRiSPPy

Tl Sort ~ O View -

- Application

One app —»

CRiSPPy.exe

< File folder

studies

2025-09-12 Flat Supply driven Supply driven Supply driven 2025-08-29 2024
S

bypass, all plants alternative - alternative - alternative - MB Rev(Case
optimized, other optimized split75 splite5 splith5 With Exp
plants fixed fro...
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CRISPPY

Performances

» 24-mth study
~20 seconds solving time

= Post-2026 EIS alternative
~500,000 runs
~90 minutes solving time

» GTMaxSL solving/processing
time estimate:
1,000-10,000 hours
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@ Run Progress = O oo
Core1l [l 8.0% - 1299/16320
Core2 | 7.4% - 1202/16320
Core3 | 6.6% - 1076/16320
Cored |} 6.2% - 1017/16320
Core5 |} 5.7% - 932/16320
Core6 [} 5.4% - 884/16320
Core7 |} 4.6% - 750/16320
Cored | 4.1% - 676/16320
Cored |} 3.8% - 625/16320
Core10 || 3.0% - 486/16320

Time spent: 00:02:00. Estimated time left: 00:34:28
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CRISPPY

Creating a case study

Q‘.’:} Create a case study = O X

Name of the case study Post26EIS - CCSl

Folder location C:\CRiSPPy

From |January v| 2027 To |December v | 2060

Traces 1200 Prices 1 Loads 1

Number of months: 408 Number of runs: 489,600
Plantstomodel @ GC (JBM [MP [JcYy [JFG [JFN
Time representation @ 168 hours per month () All hours in a month

Create
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CRISPPY

Streamlined data import process

' &) Crisppy — O x
Casestudy Help
Current case: C:/CRiSPPy/2025-09-12 Flat bypass, GC optimized, other plants fixed from ref case  Saved Save
Case Info Datalmport Run Case System & Operations Plants Special events Data visualizer/modifier Results
Import folder CACRISPPy Bulk Import
Import period From -July v| i"2024 v| To I:'\lmrember kJ-| ;-_2024 v|
Traces |All v | Prices |All v | Loads (Al v|
Import option Specific file/folder/RuniD Bulk import
Monthly hydrology |From Hydrologic database (observed) 8 Bulk Import
Load profile | Default load file v 8 Bulk Import
Project Use Load  C:/CRiSPPy/Supporting tools/Project Usexlsx @ Bulk Import
Other generation  |From Small Hydro V1 v @ Bulk Import
Price profile  |From Daily Deals Reports v 8 Bulk Import
Plant availability |From CRSP and LAP Unit Availability v @ Bulk Import
Monthly release unit @1 ) TAF
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CRISPPY

Reservoir operating rules

&) CRisPpPy
Case study Help
Current case: C:/CRISPPy/2025-09-12 Flat bypass, GC optimized, other plants fixed from ref case  Saved

Case Info Datalmport Run Case System & Operations Plants Special events Data visualizer/modifier Results

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Monthly multiplier (cfs/24hr/TAF) 9.0 9.0 9.0 8.0 9.0 100 100 100 9.0 _ 8.0 9.0 9.0
Max flow change (cfs/24hr) 8000.0

Minimum flow rate (cfs) 5000.0 anytime, and 8000.0 between hours 7 to 18

Maximum flow rate (cfs) 25000.0
Maximum ramp up (cfs/hr)  4000.0 Maximum ramp down (cfs/hr) 2500.0
Saturday fraction 0.85 Sunday fraction 0.85 @ Saturday > Sunday release volume

B Same 24-hr flow pattern on weekdays [ Same 24-hr flow pattern on Saturdays (@ Same 24-hr flow pattern on Sundays

Save
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&) C - Updating PCF fitting

From 2015 8_ To 2025 S_ Import USBR data

Machine learning tools o par i crfacs
Average error: 0.004, Max error: 0.020

[ Current CPWL fitting
Historical data (out of range)

= Relation between storage
volume and elevation o

0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06

= Relation between elevation,

release, and water-to-power
conversion factor s
6674;55.0

£6747.5

PCF (MWh/AF)

5
<6750.0
% 6752.5 5000800010000
755.0
B 575 T ejease ()
pally
Date range: 2015-08 to 2025-08
PCF range: 0.060 to 0.209 MWh/AF
# of + planes 1 + #of - planes 3 5
Number of cores|20  ~ |Time limit (s) 60  Compute CPWL

Update coefficients
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%, Figure 2 — O b4

B GC Non power release (cfs) Average
| EmE GC Power release (cfs) Average
C RI S P PY 12000 —— Energy price ($/MWh) Average_ "
Reporting tool
= Datatype selection
= Plant selection ' o
= Time resolution B

&) Crisppy

= Statistical value Casestudy el
Current case: C:/CRi #% i" “* ‘*’ Q E |

Case Info Data Import Run Case System & Operations Plants Special events Data visualizer/modifier Results
Hourly results Report writer

Time resolution |Day v From 2024 /7 /1 To 2024 /11 /30
Traces |All v | Prices [All v | Loads | v
Plant Datatype Statistic Plot Axis Color
IGC ~ i |Non power release (cfs) v| |Averuge V| (O Line ) Bar @ Area [ 2nd -
IGC  v| iPower release (cfs) v| |Average V| (O Line O) Bar @ Area [ ] 2nd -
A ] | <] [sum v] OtineOBarOaea D2nd [
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