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Central Valley Project (CVP) & Hydropower

* CVP is a federally operated power and
water management project in California
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Water Resource Models & Temporal Resolution
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Water Resource Models & Temporal Resolution
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Water Resource Models & Temporal Resolution

* Implications for power generation -
Reservoir releases are of consequence only if
they pass through the penstock.

* No flow through penstock = No power
generation

Release

*  Why would operators release water if they
cannot send it through the turbine ?
* Flood Operations & Safety
* Environmental Pulse Flows

Release

Day of the Month
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Shasta

Shasta Releases in 2017 (Wet Water Year)
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Shasta

Shasta Releases in 2017 (Wet Water Year)
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Shasta

Shasta Releases in 2017 (Wet Water Year)
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Shasta

Shasta Releases in 2017 (Wet Water Year)
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Shasta

Shasta Releases in 2017 (Wet Water Year)
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Overestimation of Penstock Flow
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Why do we need a daily timestep model ?
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CALFEWS

* The California Food-Energy-Water System
(CALFEWS) is a rules based open-source

N
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Source: Gupta, Rohini S., Scott Steinschneider, and Patrick M. Reed. "Exploring water
system vulnerabilities in California's Central Valley under the late Renaissance
megadrought and climate change.” Earth's Future 13.4 (2025): €2024EF005465.

Overall, CALFEWS is powerful integrated systems tool to model and forecast
hydropower generation in a complex system such as the Central Valley Project

INSTITUTE FOR RISK MANAGEMENT Zeff, Harrison B., et al. "California's food-energy-water system: An open source simulation model of adaptive surface
and groundwater management in the Central Valley." Environmental Modelling & Software 141 (2021): 105052.
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Research Question: Can we utilize CALFEWS to make
hydropower forecasts over a |-5-year time horizon !
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|-yr Forecast Methodology

Simulations = Annual simulations with storage updated only once.

Simulations begin on Oct It and end Sept 30%, corresponding to a water year, at which
point storage is updated based on historic values.

Simulation data = Historic full natural flow & snowpack observation values.

CALFEWVS uses the input simulation data one day at a time.
* It only sees the information what operators would see to make decisions.

Use Oct |5t Storage CDEC ( Run CALFEWVS to simulate
value as starting point for »  operations until Sept 30t
each reservoir J t (One Water Year)
Start CALFEWVS Simulation ( Compute simulation skill
for next water year using CDEC data

(Releases & Storage levels)




Storage Results

Shasta Storage Levels

1996 2000 2004 2008 2012 2016 2020 2024
Date

Let us analyze CALFEWS simulations through storage level modelling at Shasta.
This is done across all reservoirs
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Storage Results

Shasta Storage Levels
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Storage Results

Shasta Storage Levels

1500 Using the starting storage levels, let CALFEWS simulations operations
1000 until Sep 30" 1996 (End of Water Year)
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Storage Results

Shasta Storage Levels

15001 | Compare the simulation skill against CDEC storage values (Ground Truth)
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Storage Results
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Shasta Storage Levels

Use CDEC observation on Oct I, 1996, as new starting
point for next years simulation
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Storage Results

Shasta Storage Levels
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Storage Results

Shasta Storage Levels

4500 1

4000 1

3500

1996 2000 2004 2008 2012 2016 2020 2024
Date

— CDEC Storage —— CALFEWS Storage

ﬁUNC INSTITUTE FOR RISK MANAGEMENT
= AND INSURANCE INNOVATION



Storage Results

Shasta Storage Levels
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Storage Results

Shasta Storage Levels
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CALFEWS models all the major CVP reservoirs including Trinity, New Melones and
San Luis along with the SWP reservoirs including Oroville
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Let’s investigate performance in WY 2017
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Let’s investigate performance in WY 2017
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CVP Hydropower Generation Forecasting

* Total CVP Hydropower Generation is computed using forecasted storage and
release values.

Total CVP Daily Hydropower Generation
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CVP Hydropower Generation Forecasting

* Total CVP Hydropower Generation is computed using forecasted storage and
release values.

* Total CVP Generation includes Shasta, Keswick, Trinity, | F Carr, Spring Creek,
Folsom, Nimbus & New Melones powerplants

Total CVP Daily Hydropower Generation
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CVP Hydropower Generation Forecasting

* Total CVP Hydropower Generation is computed using forecasted storage and
release values.

* Total CVP Generation includes Shasta, Keswick, Trinity, | F Carr, Spring Creek,
Folsom, Nimbus & New Melones powerplants

Total CVP Monthly Hydropower Generation
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Forecasted monthly CVP Gen for WY 1996 —WY2023
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CVP Hydropower Generation Forecasting

All powerplants in the USA are required to provide monthly generation values to the
Energy Information Administration (EIA), which provides the data to the public

Total CVP Monthly Hydropower Generation
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The Powerplants considered in the CVP Hydropower Generation are: Shasta, Trinity, |
F Carr, Spring Creek, Keswick, Folsom, Nimbus, New Melones
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CVP Hydropower Generation Forecasting

Hydropower Generation (GWh)
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CVP Hydropower Generation Forecasting

Total CVP Monthly Hydropower Generation
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Overall CALFEWS shows considerable skill in modelling total CVP
hydropower generation over a year
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5-yr Ensemble Forecasting

CVP Total Hydropower Generation (GWh)
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Let’s start simulations with initial conditions (storage levels) as
on Oct-152018
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5-yr Ensemble Forecasting

CVP Total Hydropower Generation (GWh)
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Simulated hydropower from WY?2019-2023 using input
hydrology from WY 1996-2000
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5-yr Ensemble Forecasting

CVP Total Hydropower Generation (GWh)
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5-yr Ensemble Forecasting

CVP Total Hydropower Generation (GWh)
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Simulated hydropower from WY2019-WY2023 using input
hydrology from all 5-yr combinations
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5-yr Ensemble Forecasting

CVP Total Hydropower Generation (GWh)
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5-yr Ensemble Forecasting

CVP Total Hydropower Generation (GWh)
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5-yr Ensemble Forecasting

CVP Total Hydropower Generation (GWh)
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Consecutive dry water years in California
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5-yr Ensemble Forecasting

CVP Total Hydropower Generation (GWh)
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Overall CALFEWS shows considerable skill in long-term ensemble forecasting
of total CVP hydropower
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Initial Storage Levels & CVP hydropower

CVP Total Hydropower Generation (GWh)
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CALFEWVS allows for the analysis of the climatology (all 5-yr inflow sequences)
at any beginning storage level




Initial Storage Levels & CVP hydropower

CVP Total Hydropower Generation (GWh)
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Initial Storage Levels & CVP hydropower

CVP Total Hydropower Generation (GWh)
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Initial Storage Levels & CVP hydropower

CVP Total Hydropower Generation (GWh)
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Conclusions
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Thank you!

Support provided by:

ol

Pacific Northwest
NATIONAL LABORATORY

Office of ENERGY EFFICIENCY
& RENEWABLE ENERGY

WATER POWER TECHNOLOGIES OFFICE

HUNC

INSTITUTE FOR
RISK MANAGEMENT
AND INSURANCE
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UNC Institute for Risk Management

and Insurance Innovation (IRMlIl)

https://irmii.unc.edu/

Contact me!

Email = amonkar@unc.edu
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