
PLANNING BEYOND CALIFORNIA’S 
THREE YEAR DROUGHT   

--- A 2015 HYDROELECTRIC PLANNING 
PERSPECTIVE 

  

Gary Freeman, Principal Hydrologist  

Pacific Gas & Electric Company 
 

April 21, 2015 
83rd Annual Meeting of Western Snow Conference 

Grass Valley, California 

http://pgeweb/�


The PG&E                       
Hydroelectric System 

 67 Powerhouses; 109 Generating 
Units; Total Generation Capacity of 
3,896 MW 

 Approximately 2.3 Million acre-feet 
of Reservoir Capacity 

 98 Reservoirs, 170 Dams 

 173 Miles of Canals; 43 Miles of 
Flumes; 131 Miles of Tunnels; 65 
Miles of Pipe  

 140,000 Acres of Land 

 26 FERC Project Licenses;                
3 Unlicensed  Projects 

 Hydroelectric System Extends 500 
Miles from Mt Shasta to Bakersfield 

 Provides about Five Percent of 
California’s Electric Energy 



Climate Change is Increasing the 
Proportion of Rainfall with a Decline in 

both Snowmelt Runoff and Aquifer Outflow 
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Nature of California’s                           
Four Year Drought 

 4 - consecutive years of severe dryness. 

 A large proportion of the storm events were 
warm semi-tropical events from the Eastern 
Pacific with relative high snowlines. 

 Unprecedented warmer than average 
temperatures. 

 Large P.E.T. with extended summer dryness. 

 Decline in aquifer outflow of Northern 
California’s large volcanic springs has 
continued since 1999. 
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Four-Years of Record Dryness                              
for the Sierra Region   



Northern CA Aquifer Outflow into Hat 
Creek begins a Multi-Decadal Decline 





The Atlantic Multidecadal Oscillation 

Data from NOAA/ESRL/PDSI 



 
Accessing Hydroelectric System       

Impact of Aquifer Outflow Decline 
  
 
 

 For northern CA volcanic aquifer systems that supply 
PG&E’s hydroelectric system, there has been a net 
drain of 4.2-4.4 million AF since 1999. (For 
perspective Lake Shasta has a total storage capacity 
of 4.55 million AF.   

 The net decline will likely require 10 or more ‘very 
wet’ years to again reach full ‘active’ storage  ‘state’ 
as existed prior to 1999. 

 Even with the observed decline, the aquifers provide 
PG&E with a significant dry year buffer from the 
remaining underground aquifer system. (current 
identified usable active capacity is 9-10 million AF). 

 



        Planning  Hydroelectric Operations 
with a Less than Average Snowpack 

 Unusually warm storm systems result in relatively high 
snowline with precipitation mostly in the form of rainfall 
and less overall snowpack than usual. 

 Less snow is predicted with climate change especially for 
northern CA w/ its relatively low elevation, but when 
coinciding with natural dry cycles(as evidenced from 
volcanic aquifer decline), loss of snowpack from warmer 
storms becomes more significant than otherwise. 

 Reservoir water release planning for hydroelectric 
operations is much easier to plan for when the runoff 
forecast is based on a measureable snowpack rather than 
the uncertainty of remaining seasonal precipitation which 
can not be directly measured. 

 Reservoir storage is deliberately held higher than 
historical practice to help assure meeting late summer    
and fall water, power, and other needs. Creates added 
risk for spills 



North Fork Feather River April-July Runoff 



North Fork Feather River Water Year (Oct 1 Dec 1 ) Runoff 



Consequences of Less Snow 
from a Planning Perspective 

 While precipitation for the area has not 
significantly changed, hydroelectric generation has 
declined on the North Fork Feather River. 

 Average Minimum January Temperatures for the 
more recent of the two successive 35-year periods 
have risen approximately 5-60F around Lake 
Almanor and as much as 90F on the East Branch of 
the North Fork Feather River.  

 There has been a large decline in the aquifer 
outflow of springs into Lake Almanor, water year, 
and the April through June snowmelt runoff. 

 The April 1 snowpack  on the Feather River snow 
courses with the exception of Lower Lassen Peak 
(8,250’ elevation) has generally declined in the 
more recent 35-year period. 



Harkness Flat Snow Course #51 on California’s Upper 
North Fork Feather River – Comparison of Nov 1 through March 31 
Precipitation and April 1 SWE – 25-Yr Averages Utilized 



Stouts Meadow Snow Sensor (STM) on northern 
California’s McCloud River    Impact of this Year’s 
Unusually Warm Temperatures on the northern CA Snowpack 





The 2014 Calendar Year in terms of 
minimum Temperature Departure 

was the Warmest on Record 

2014 



Jan-Feb 2015 Maximum Daily Temperature 
Departures from Average was also the 

Warmest on Record (121 Yrs)  

2015 



Average January Maximum Daily Temperatures      
and Precipitation for 2015 (Moving 3-year Ave) 



Managing Mountain Reservoirs   
for a Below Average Snowpack 

 As snowpack fails to build in a normal fashion, there 
is increasing motivation to hold water in storage. 

 Objective pricing function further constrained by 
increasing numerical hardness on holding water in 
mountain reservoir storage. 

 Increased vulnerability for spill from atmospheric 
rivers – probabilistic opportunity cost tradeoffs. 

 Water Management planning moved increasingly 
from energy replacement value towards 
increasingly meeting regulatory, water delivery, and 
other downstream commitment needs. 

 Increased planning belief in high pressure ridging 
and warm storm persistence 
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A Relatively Large Number of Warm Atmospheric 
Rivers during the 2015 Water Year further 

Aggravates Snowpack Development 
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Thursday March 12th - 9:45am 

Thu March 12th - 10am 



2014 Rules from the State’s Division of 
Water Rights that Prevented  Storing of 

Post-1914 Water  

New emergency drought regulations adopted on 
July 2, 2014 gave the State Water Resources 
Control Board's executive director the authority to 
issue immediately enforceable curtailment orders 
against post-1914 water rights holders. 

 Post 1914 water rights holders  can’t hold 
additional water in storage beyond 30-days while 
the order remained in effect. 

 regulations did not allow for curtailment orders to 
be issued against pre-1914 and riparian water 
rights holders.  

 Small diversion pondages utilized for the purpose 
of regulation were exempted from the storage rule 



Conclusions 
 Increased dependence on uncertain remaining 

seasonal runoff for filling makes reservoir planning 
difficult. 

 Increasing potential evapotranspiration during warm 
years – less runoff. 

 The “opportunity cost” dilemma – Value of using 
water now versus later. 

 The uncertainty in attempting to define volcanic 
groundwater stores beyond historical 1930’s low 
point. 

 Future value of cloud seeding in the Sierra with a 
warmer climate.  Fewer weather fronts that meet 
cold storm/snow making seeding criteria. 

 Changing focus from maximizing hydroelectric 
production to  staying in compliance and working 
with others.  
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