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Background
Bass LakeHuntington Lake

Shaver Lake



The Upper San Joaquin River Basin 
(HUC 18040006) 

Drains approximately 1,600 square 
miles of western slopes of Sierra 
Nevada, with primary tributaries 
including the North, Middle, and 
South Fork of the San Joaquin 
River, Big Creek, Stevenson Creek, 
and Willow Creek.

The outflow of the watershed is at 
Millerton Lake, impounded by 
Friant Dam. 

The average annual unimpaired 
flow at Friant for WYs 1922 - 2021 
is 1,743 TAF.
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Water Infrastructure

Florence Lake 
(64.4 TAF)

Millerton

Shaver Lake 
(135.6 TAF)

Mammoth 
Pool Res. 
(119.9 TAF)Bass Lake (PG&E)  

(45.4 TAF)

Lake Edison 
(125 TAF)

Huntington 
Lake (89.2 TAF)

Redinger Res. 
(35 TAF)

Kerckhoff Res. 
(PG&E) (2.4 TAF) 

Soquel Export

PG&E owns and operates two 
hydroelectric projects in the upper 
San Joaquin River Basin: the Crane 
Valley Project and the Kerckhoff 
Project.

Southern California Edison (SCE) 
owns and operates the Big Creek 
Hydroelectric System (BCHS) - an 
integrated network of seven 
individually licensed hydroelectric 
projects in the Upper San Joaquin 
River watershed.

Madera ID exports water from the 
North Fork Willow Creek.
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Source Material

• FERC license/ applications

• Water rights (eWRIMS) and reports of diversion and water use

• Flow gauges and storage records

• PRISM climate data
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FERC: Federal Energy Regulatory Commission



Hydrology
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Flow Measurement
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San Joaquin River below Friant Gauge



Hydrology – Rim Inflow

Upper San Joaquin Model

Millerton 
Reservoir and 

Friant Dam

Kerckhoff Reservoir

Bass Lake

Mammoth 
Pool

Shaver 
Lake

INFLOW

Huntington Lake

Florence Lake

Edison Lake

Redinger 
Lake
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Rim inflows calculated at location of 

water management facilities for 
storage, power generation, and diversion



Hydrology – Rim Inflow (cont.)

• Negative values in unimpaired flows:
• The sum of upstream flows had higher values 

than the calculated unimpaired flow below 
Friant.

• Proposed approach:
• Include a bias correction using drainage area and 

precipitation

• Same approach can be used for other upper watersheds 
such as the Upper American River.

I1

I2

Gauge 1
-Calculate unimpaired flow
-Extend record through regression
I1 = extended unimpaired flow

Gauge 2
-Calculate unimpaired flow
-Extend record through regression
I2 = extended unimpaired flow less I1
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Hydrology – Rim Inflow (cont.)
• Methodology:

Redistributing based on contribution of each of the Rim inflow to the final inflow based on 30-year 
average. 

• Assumption:
Percentage of annual contribution is assumed to be same based on 30-year average (1991-2020). 

• Steps:
o Calculate weighted average precipitation using gridded 30-year normal PRISM data (ppt)

o Calculate percent contribution of each watershed to the unimpaired flow at Millerton:

𝑟𝑖𝑚 𝑖𝑛𝑓𝑙𝑜𝑤 𝑑𝑟𝑎𝑖𝑛𝑎𝑔𝑒 𝑎𝑟𝑒𝑎 ∗ 𝑝𝑝𝑡

𝑆𝑢𝑚 (𝑟𝑖𝑚 𝑖𝑛𝑓𝑙𝑜𝑤 𝑑𝑟𝑎𝑖𝑛𝑎𝑔𝑒 𝑎𝑟𝑒𝑎 ∗ 𝑝𝑝𝑡)

o Calculate flow contribution = 

Percent contribution of each watershed * total unimpaired flow at Millerton Lake

o Scale the annual rim inflow volume by percent contribution of each watershed
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Model Simulation
Bass LakeHuntington Lake

Shaver Lake



Purpose

Why was the Upper San Joaquin Model developed?
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Model Activation

The upper San Joaquin River module consists of a single cycle named UPPERSANJOAQUIN, which is 
activated by setting the state variable simulateupperSanJoaquin to a value of 1 in the 
mainUpperSanJoaquin.wresl file:
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System WRESL Files
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Minimum Flow Requirements 

• Minimum instream flows
• Regulatory requirements, from FERC license
• Set on river arcs
• For power generation but also protecting aquatic ecosystem

Example:
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Weight Table
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S_BASSL_1

S_BASSL_4
S_BASSL_3
S_BASSL_2

S_BASSL_5

Reservoir dead storage 
and/or FERC-mandated 
minimum pool levels

Reservoir flood control space 
to be kept evacuated

Nr Bass Lake

Nr Huntington Lake

Nr Redinger Res.

Nr Kerckhoff Res.



Operational WRESL Files

MammothPoolOperatingAgreement.wresl includes the Mammoth Pool Operating Agreement (MPOA).

5 MPOA reservoirs include: 
➢ Mammoth Pool

➢ Lake Thomas A. Edison

➢ Florence Lake

➢ Huntington Lake

➢ Shaver Lake

➢MPOA storage is the sum of the storage for the 5 MPOA reservoirs.M
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Reservoir Operations

Level 4 is based on the average monthly 
historical storage data for 5 water year 
types in the last 30 year (1992-2021).

Estimated based on historical drawdown minimum

Gross storage in TAF from 
FERC License Application 1354
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Example:



Model Refinements on Rule Curves
• Problem: 

• Releases rely on historical data.

• Approach:
• Implement generalized rule curves for level 4 so 

instead of using historical data, it uses current 
storage and runoff forecast.
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Steps:
o Calculate End of Jun Storage + Sum of Inflows (Jun-Sep) 

for 5MPOA reservoirs
o Calculate End of Sep Storage for 5MPOA Reservoirs 

Based on the Historical Pattern
o Redistribute Storage for each of the 5 MPOA Reservoirs 

in the months of Jul, Aug, Sep



Model Results
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Millerton Lake Inflow



Total Reservoir Storage
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Diversion – Ward Tunnel
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Documentation
Bass LakeHuntington Lake

Shaver Lake



Organization of Upper San Joaquin River 
Documentation 
Chapter 1 Introduction provides an overview of  the upper San Joaquin River model.

Chapter 2 Upper San Joaquin River Basin describes the geography of  the upper San Joaquin River watershed, 

the major water agencies located within the watershed, and operations of  control facilities.

Chapter 3 Water Management summarizes water rights and water right decisions associated with stream 

diversions within the upper San Joaquin River watershed. 

Chapter 4 Model Schematic presents the arc-node network for the upper San Joaquin River model.

Chapter 5 Rim Inflows summarizes development of  unimpaired surface water inflows to the stream network. 

Chapter 6 Reservoir Evaporation summarizes development of  reservoir evaporation rates.

Chapter 7 Model Simulation describes model input files.

Chapter 8 Model Results and Validation compares simulated reservoir storage, streamflows, and stream 

diversions to recent historical gauge data. 

Chapter 9 References presents sources cited in this report.
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Next Steps and 
Questions

Bass LakeHuntington Lake

Shaver Lake



Next Steps

➢ In rescaling the rim inflows, we assumed percentage of annual contribution is constant based on 30-year 
average.
➢Allow percent contribution to vary from year to year but for the 30-year period, the average annual 

inflow is equal to the calculated using area*precipitation contribution method.

➢Compare simulated and historical streamflow at gauged locations

➢Compare simulated and historical flow in diversions if available 

➢ Implement spill forecast for refill period
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Questions?

Thank you for your attention! ☺
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