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Hydroelectric Power in California

Hydroslectric powear s a8 major source of
California's eleclricity. In 2017, hydroslectric powar
plants praduced approximalely 43,333 megawatt-
hours (MWWH) of electricity, or 21 parcent of the
total in-state electricity generation, up from 14
parcant in 2014, The amount of ydroslectricity
produced varies sach year, and is largely
dependent on rainfall.

in 2014, the Energy Commission began tracking
conditions affecting generation from hydroslectric
rasources due to the angoing drought which started in 2012, Lower than expacted pracipiiation and
snowpack conditions reduced slectricity generation from hydroelectrie resources. That put pressiwre on
utifites to make shor-derm market purchases, increase generation from existing natural gas-fired
resources, and raly on ranewables and imports to make up for the shortfall. In 2015, genaration from
hydroelectric rasources was at the lowest level since 2001 and declined by 44 parcent compared o
hydroslsctric generation in 2012, Recovery from the drought began in late 2018, as greater than normal
pracipitation brought much neaded ralief to the stale’s water supply systam which was approashing near
racord-low conditions, Further, record precinitation and snowpack conditions in early 2017 restored the
siate fo above normal hydrological condiions with major reservoirs filled to capacity.

Lower than expacted pracipitation late in 2017 and 2018 renewed concerns that drought ke conditions
had returned. To gauge the potential impact of below normal hydrological conditions on hydroelectiic
generation, Energy Commission staff has made use of the following sources of data:
¥ Cuartarty Fusl and Ensrgy Repat (OFER) powar plant generation data which contains date on fusl
consumption and electricly generation from in-stale power plants that are 1 MW,

petwaen February and May, and provides a rolling update of axpacted pracipitation and snowpack
conditions for major walershads;

w

DWR's wader vear index which classifies sach water yesar info ane of five categories inchuding wet,
above normal, below normal, dry, and oritical.

Data from QFER and DAWR is combined to estimate a relationship between historical generation and
hydralogical conditions by watershad using linear regression. Linear regression is a statistical method to
pradict the valus of 3 dependent variable based on values of several independent variables. A variety of
variables were tesled and examined for fit fo historical data based on statistical tests. Some hydroelectric
generation facilifes are not directly located in a walershed bt instead are part of the broader water supply
and management infrastnicture (such as canals and agueducts) and take advantage of thelr relative
position in the system o generate electricity. These faciiiies were not considersd in this analysis. Further,
pumpad hydro storage facilitias are also excluded since thase facilities generale based on electricity prices
ard 30 thelr generation would not necessarily corrslate well with hvdrological conditions.

2018 Preliminary Resuils



While the early part of 2018 was off to a slow start, record precipitation and snowpack levels by March
dramafically changed the oullook with storage in reservoirs ending at slightly above normal by May. Whils

——————— foedrological condiions-improved substantially compared tocondifions sarlier In the year waler yvear 2018
wil stilt have below normal hydrologioal conditions compared o an average water vedr, renewing concems
about expected generation frony hvdrologic resowrces. Mydrological conditions for water vear 2018 will he
significantly below water year 2017 since water year 2017 was & wat year. On a statewids basls, the
expected precipitation for water vear 2018 is 75% of average whils the expected precipitation for water
year 2017 was 170% of average. Recently, the California Independent System Operator (California 1SC),
which manages roughly 80 percent of the stale's sleclric lvad in s balancing area, issued a repont which
notes a decrsase in both capacity and anergy from hydroelectric rasources dus to helow normal

rrrrrr pracipifation-and snowpack. Tha conchsion reached by the California 150's report-is-in line with stafls
assessment of Iydrological data from DWR.

Figure 1 and Table 1 balow show the 2014 projectad generation by walershad along with histerical
average generation and the most recent historical generation data. Projected 2018 hydroslectric

royeneratiorrwill e below norrat compared t average hvdrosleotric generation by miajor watersted;
though several watersheds will be slightly above normal and soms watersheds will be closs to their normal
lavel of generation. In an average vesr, the fop five watersheds account for nearly 70 percent of the total
stalewide hydroelectric generalion. L is clear from Figure 1 that generalion in 2017 was significantly above
normal conditions and that the projecied generation for 2018 will be below buth the 2017 reportad
generation and the average generation for most watersheds.

Tabls 1 ~ May 2018 Version: Watershed —~ Projectad Hydroslactnic Generation in 2018

Table 2 depicts that hydroslectric genaration is also expected to be below normal for major elechric
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Figure 2~ May 2018 Version: Statewide Hydroslactric Generation by Watershed

Figure 2 depicts how hydrelogica! conditions impact tolal statewide hydroslsciric generation relative io
normal year condilfons. In 2011 and 2017, buth years considered a wet year, record pracipitation

from relatively smaller watersheds, In 2015, the fourth vear of a suslained drought, total hydroelectric
generation from all shieen walersheds was only slightly above the scted generalion from the lop two
watersheds for an averags vear, indicating the severlty of the prolonged drought period on hydrostectric
generalion.

Historically, California has seen above-average precipitation totals for one walsr year followad by a below-
average water vear. Those below-average waler vears have vielded near-average amounts of
hydroslestric generation for the next calendar year. Mostdikely, this can be attributed to abova-nurmal
resanvol fevals as a result of the previous year’s abundant precipitation,

Hydro facilities are broken down inle two categories:
2 Faciliies larger than 30 MW of generation capacily are called "large” hydro.

2 Faciliies smaller than 30 MW of generation capacity are considered "small” hydre and qualify as
ranewable undar the Renewables Purffolie Standard.




California has 268 hydro generation plants, which are moatly located in the sastern mountain ranges and
have a fotal nameplate capacity of about 14,000 MW,

The siate alse imports approximately 15 percent of s hydro-generated electriclly from the Pacific

Three typas of conventional hydroslectric facilifies are:

# Dams (pondage) which ralse the water level of a stream or river fo an elevation necessary to create a
sufficient elevation diferance. Dams can be construcied of earth, concrate, steel or a combination of
such materials. Dams may croate secondary benefits such as flood control, recreation opporfunities
and waler slorage;

# Run-of-river, or water diversion which divert water from & nabural channet to & course with a twrbine,
and then usually return the water to the channel downstream of the turbing;

s Pumped storage facility where water i pumped during off-pealk demand periods from a reservoiral a
lower alevation for storage in a resarvolr at a higher elevation. Eleciricity is than genarated during

downhill through the hydrandic turbine(s) connected to generators. During the off-peak pumping cvele,
the pumpsd storage facilily s a consumer of electricily. In fact, the amount of elactricily reguired o
pump the watsr uphill s greatsr than the amount of electricity that is generated when the water is

“released during peak demand perieds Pumped storage Tacilifes T howesver, car e soomontioatand
henaficial to the slactricily systam bacause they consume low-cost off-peak electricity and ganerale
high-valus on-paak slectricity.

Such conventional methods offer the polential for low-cost slectriclty, but thelr outpant is dependent on the
fime of year as well as annual precipitation. By contrast, pumped storage methods are typleally used o
provide powst during peak demand pariods on very short notice and are not solely dependent on nunoff.
Pumpad storage mathods inslude bath typizal on-stream corvantional and modular off-stream
,,,ie(;}:gﬂgjggjgg_,jfhe,;na}gg,,d\iﬁ;:r'r:am‘zw hetwean maduiar pnmp.‘:ﬁ storage MES) and conventional }fmmpnd

storage is that MPS systems are much smaller, use closed waler systems that are artificially created
instead of nalural waterways or walershads, and sites are selacted with pradetermined alevation
differences 5o that modudar pre-enginesrad eguipment can be used, With the exception of evaporative
losses, reservoirs are chargad only once, elither with groundwater or sven municipal wastewater,
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