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Water, in its many forms, is an iconic and essential feature of the City of 
Mt. Shasta. Waterfalls, wetlands, the Sacramento River headwaters and its 
tributaries, and Lake Siskiyou provide recreation opportunities, environmental 
services, and beautiful noise and aesthetics for the enjoyment of residents and 
visitors. The  economic, cultural, and environmental benefits that are sought 
from water resources are different for each resident and visitor but everyone 
understands the value of abundant, high-quality water. The future of the quality 
and quantity of Mt. Shasta’s water is uncertain.

These resources are some of the most abundant but most vulnerable to 
human activity and climate change. City actions in the next 25 years will 
need to address increased water demand, increasingly severe rain events 
and flash flooding, uncertain groundwater supplies, and failing water 
infrastructure. The choices the City makes will not only impact the residents 
and visitors to the region but create positive benefits to downstream users 
like the City of Dunsmuir, City of Redding, and Central Valley Region. 

The City of Mt. Shasta is located at the headwaters of California’s largest 
river system, the Sacramento River. Local water and land use decisions affect 
millions of downstream users and billions of dollars of economic activity. 
Understanding, preserving, and developing these resources will be key to 
adapting to climate change and encouraging future growth Collaboration with 
regional water agencies, down-stream jurisdictions, the United States National 
Forest Service, and Siskiyou County will be essential for accomplishing regional 
water resource goals outside the City’s legal jurisdiction. 

Demand for water in the Mt. Shasta region has increased with the growth of 
the region, demand from commercial entities, and increasing temperatures 
due to climate change. The General Plan plays a crucial role in guiding future 
development and preventing damage to the City’s unique water sources. The 
Water Resource Element (WRE) will touch on numerous topics that influence 
and are influenced by other elements of the General Plan, mainly:

• Land Use

• Circulation

• Public Facilities

• Conservation

• Safety

• Open Space

• Economic Development

• Housing

• Culture and History

What is a water feature?

Water features are a 
range of items that 
include water. Examples 
are rivers, streams, 
waterfalls, lakes, 
wetlands, and springs.



DRAFT

Mt. Shasta General Plan 2045
Water Resource Element

3

Watershed Management

Watersheds are defined as areas of land in which all the streams, rainfall, and groundwater drain to a 
common outlet. For this reason, watersheds are a fundamental concept when considering the management 
of water resources. The word ‘watershed’ is sometimes used interchangeably with terms like drainage basin, 
river basin, or catchment. Watersheds are separated from one another by hills or ridges, called drainage 
divides; these drainage divides in turn define the boundaries of a given watershed.1 

The concept of watershed boundaries can be applied to various scales, with larger watersheds often 
containing many small sub-watersheds. For example, the entire Sacramento River Watershed contains the 
many sub-watersheds and tributaries including Pit, McCloud, and Upper Sacramento Rivers. Each of these 
sub-watersheds contain even smaller watershed areas like Cascade Gulch.

Watershed boundaries are designated by natural divisions of the landscape, not human drawn boundaries. 
Each watershed has characteristics such as geology, climate, vegetation, and land use. These characteristics 
have important implications for the proper management of water resources and wellbeing of communities 
that exist within them.

Hydrology is the scientific discipline concerned with the earth’s water and its movement in relation to 
land.2 When thinking about water resource management, watersheds are the “where” and hydrology is the 
“what” and “how”. It is important to understand the hydrology of our watershed area to effectively manage 
the water resources of the Mt. Shasta Planning Area.

Careful consideration of the watershed is important to the City of Mt Shasta because its characteristics like 
climate, geology, hydrology, vegetation, and land use ultimately affect the City’s water supply. Furthermore, 
these factors interrelate in complex ways and will be impacted by climate change and future growth. The City 
must understand these dynamics if it wishes to manage its local watershed for environmental sustainability, 
economic benefit, and water resilience. 
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The City of Mt Shasta is located at the headwaters of the Upper Sacramento 
River watershed, which is a subwatershed of the larger Sacramento River basin. 
However, for the purposes of this General Plan update, the City is interested 
in the land area up-hill from the City itself. Known as Cascade Gulch, this sub-
watershed of the Upper Sacramento River system is understood to be the 
source of the City’s water supply (Map WRE-1). The Cascade Gulch watershed 
covers roughly 30 square miles (19,200 acres) of the land bordered by the 
Klamath Mountains to the west, Highway 89 to the south, Mount Shasta to the 
East, and Black Butte to the north. The highest point within Cascade Gulch 
Watershed is 13,654 feet above sea level (just short of the Mount Shasta 
summit proper), and its low-point is 3,203 feet, which is the elevation of the 
watershed’s outlet point at Lake Siskiyou. 

The watershed is located within Region 5 of the Forest Service, straddling the 
border of the North Coast Regional Water Quality Control Board, under the 
U.S. Army Corps of Engineers’ San Francisco District, within the northernmost 
subwatershed in the U.S. Geological Survey Region 18. The hydrology of 
Mount Shasta, especially at high elevations, is dominated by groundwater flow. 
The active aquifer system is responsible for transporting significant amounts of 
groundwater from high elevation recharge areas to the springs and wells lower 
on the mountain.3 

The City receives all municipal water from Cold Springs. The City supplements 
this with two wells to meet seasonal peaks in water demand. The City has 
enjoyed high-quality, robust supply of water that more than satisfies residential, 
commercial, industrial, and agricultural needs. But these groundwater supplies 
are not immune to drought conditions, mismanagement, contamination, and 
long-term impacts of climate change. The City has been fortunate in that it has 
not needed to implement the strict water conservation measures that have 
become a way of life for more water-stressed cities.

Glaciers
Glaciers are another major geologic force that has shaped the Cascade Gulch 
watershed. Unlike snowpack, which can persist year-to-year but will not move, 
glaciers are defined as masses of snow, ice, and rock large enough to move 
downhill under their own weight, and will form wherever the rate of snowfall 
exceeds the rate of snowmelt for many years in a row. Glaciers on Mount 
Shasta have modified the landscape over many thousands of years, by eroding 
and breaking solid bedrock into debris known as glacial till. Glaciers move 
debris downhill, where it is deposited in large rocky piles called moraines or 
the debris enters stream systems, further transporting sediment away from its 
origin. There are several named glaciers on Mount Shasta, including California’s 
longest and largest, but no major glaciers are located within the Cascade Gulch 
watershed currently. Even so, past glaciation (including during the last Ice Age) 
has played an important role in carving Cascade Gulch in the recent geologic 
past, and Mount Shasta’s glaciers will continue to be important to monitor as 
they respond to climate change.

8.1 Watershed Hydrology

Whitney Glacier and Mount 
Shasta as seen from Shastina 
(1870) C.E. Watkins. USGS.
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Climate and Precipitation
All freshwater on Earth ultimately comes from precipitation from the 
atmosphere. The same is certainly true of the Cascade Gulch watershed. The 
Mount Shasta region has a Mediterranean Climate characterized by warm, 
dry summers and cool, wet winters. Precipitation in the watershed increases 
with elevation, from around 40 inches per year in the City Limits to over 
70 inches above 7000 ft on Mount Shasta.4 Both rain and snow may fall at 
elevations below 7000 ft, while precipitation is mostly snow above 7000 ft. 
Most precipitation in the watershed falls between October and May, with 
December and January being the wettest months on average.

It is important to note that rainfall and snowpack patterns generally mirror 
each other; a wetter than average year is likely to produce more of both rain 
and snow. Changes in precipitation from year to year can be attributed to 
changes in weather conditions. An example being from 1955 to 1977, there 
was noticeably more snow than rain. It is possible this resulted from cooler 
winter air temperatures that facilitated more precipitation in the form of snow 
as opposed to rain. 

Climate change, if not addressed, will result in an increase in average annual 
precipitation. In the scenario that no local or state action is taken to mitigate 
or reverse greenhouse gas emission levels, Mt. Shasta City is expected to 
see an increase of 0.9 inches in average precipitation from 2020 to 2045 
(Figure WRE-1). Although this is not a significant average increase, the type of 
precipitation will shift from snow toward more rain and will occur in short, 
intense events. These two changes will significantly change the watersheds 
ability to store water and infrastructure’s existing ability to handle heavy rain/
snow events.

Precipitation data is 
gathered by multiple 
weather monitoring 
stations within and 
around the City and are 
managed by:
• United States Forest

Service
• California Department

of Water Resources
• National Weather

Service
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Figure WRE-1: Average Annual Precipitation Projections for the City of Mt. Shasta proper 2020 
through 2045 (elevation ~3,600 feet). Source: CalAdapt, 2019
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Precipitation provides water for wetlands both directly and indirectly.  Water is 
provided directly when precipitation falls on the wetland.  Indirectly, precipitation 
falls outside of its boundaries and is transported into the wetland through 
surface or groundwater flow.  As an example, rain falling on the wetland is a 
direct contribution; snow that fell up-gradient and then subsequently melts and 
recharges groundwater basins that contribute flow to the wetland would be 
seen as indirect inflows.5 

Geology & Soils
Because the Cascade Gulch watershed lies entirely on the southwest flank 
of Mount Shasta, understanding the mountain’s geology is fundamental to 
understanding the watershed’s hydrology and the City’s water supply. Although 
it was long understood that recharge from snowmelt high on the mountain 
traveled through fractured volcanic rocks to feed springs and wells at lower 
elevations, many policy-relevant details remained scientifically unresolved. 
However, significant progress has been made in the City’s understanding of its 
local hydrology since the last General Plan update in 2007. 

Mount Shasta is a 14,180 ft stratovolcano (also called a composite volcano) 
located in Southern Siskiyou County, California.6 Stratovolcanoes are defined 
by steeply sloping sides, a conical shape, and highly explosive eruptions. Mount 
Shasta is composed of at least 4 overlapping cone structures, each built of 
alternating layers of lava and volcanic ash, which developed over a period of 
700,000 years. The mountain has erupted about “once every 600 years during 
the last 4,500 years,” with the last known eruption occurring “about 200 years 
ago, possibly in 1786.” Mount Shasta’s major lava flows consist of pyroxene-
andesite lava flows, block-and-ash flows, and mudflows. 

Within the Cascade Gulch watershed, there are several notable geologic 
formations that are present at the ground’s surface, ranging in age from the 
early Quaternary Period (up to 2.6 million years old) to the Holocene (younger 
than 11,000 years old). Minor pyroclastic flows (mixtures of rock fragments, 
gas, and ash) and volcanic rocks such as dacite, basalt, and andesite line the 
northern border of the city’s watershed. It is believed that these volcanic rock 
units contain the majority of the region’s groundwater supply. 

Throughout much of the watershed, especially in the immediate vicinity of the 
City, these volcanic deposits are buried under a large swath of Pleistocene-
Holocene (2.6 million years ago - present) alluvial deposits that stretch from 
Mossbrae Falls in the south to Weed in the north. Alluvial deposits are 
sediments, consisting of unconsolidated and semi-consolidated clay, silt, sand 
and gravel deposits with boulders interspersed. This alluvial material was likely 
eroded from the volcanic rocks of Mount Shasta and transported from the 
surrounding highlands down slope by streams and creeks, as well as from past 
debris flow activity.  Around the City, alluvial deposits are less than 200 feet 
in depth, lying on top of the deeper volcanic rocks. These geologically thin 
deposits are known to carry groundwater in some places as shallow as the 
ground surface level or as deep as a few tens-of-feet.
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When groundwater is found in volcanic rocks, it is stored and transmitted 
through fractures, lava tubes, tree molds, weathering surfaces, and porous 
tuff beds. Volcanic deposits can be altered after deposition, either by faulting 
which increases their permeability and groundwater storage potential, or 
by welding, which has the opposite effect. These features can be very local 
in scale, meaning groundwater storage potential can vary enormously even 
across properties. Volcanic flow deposits of varying compositions, and thus 
groundwater storage potential, blanket the Mt Shasta region, making it difficult 
to track the exact flow of water from high to low elevations. The fractured 
rock system means that Mount Shasta spring water can travel anywhere from 
0 to 25 km before it surfaces. 

The soil diversity of the Cascade Gulch watershed is dominated by volcanic rock 
outcrops from the top of the watershed to Everitt Memorial Drive and turns 
east toward Black Butte. The next three largest soil types are the Washougal 
family, Ponto-Neer complex, and Andic cryorthents. Approximately, 25 unique 
soil types exist at smaller percentages. For each soil type, there are various 
characteristics like corrosivity, sanitary facility feasibility, and hydrologic nature. 
Corrosivity levels and sanitary facility feasibility are two important factors for 
properties with septic systems that may impact the City’s municipal water 
system.

Vegetation, Fuels, and Fire

Ecosystems within the City of Mt. Shasta Planning Area have developed 
through fires, making fire an essential function of the local environment. The fire 
ecology controls the amount of fuel available for ignition by removing, dense, 
flammable material, and opening up the undergrowth for new growth. Newly 
cleared areas combined with fire-adapted plants promotes plant reproduction. 
Many local plants species need fire for flowering and seed germination. 

Vegetation exerts a strong influence on the hydrology of the watershed by 
anchoring soil and influencing watershed chemistry, creating shade which 
helps preserve snowpack into the summer, and consuming moisture through 
evapotranspiration. Current research suggests that very little water from 
snowpack evaporates into the atmosphere directly; most of the water 
that does not infiltrate into the ground is consumed by plants; through 
evapotranspiration. These plant communities have evolved over millennia to 
thrive with periodic forest fires, which in turn influence forest composition 
and soil characteristics. Thus, vegetation and its fire ecology are key factors 
influencing hydrology and groundwater recharge.

The watershed contains a variety of vegetation stages including high mountain 
shrub, Pine and Fir forests, Mixed conifer, and mountain meadows. The 
vegetation types that are influential in the hydrologic system are pioneer 
species. Pioneer species are those species able to colonize newly created, 
nutrient-poor habitats such as disturbed areas following wildfire or volcanic 

Whitebark Pine at Crater Lake 
National Park. NPS.
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activity. Whitebark Pine is an essential pioneer species in the Cascade Gulch 
watershed. The Whitebark Pine species  stabilizes loose soils after disturbance 
and allows other plant species to take root. Hydrologically, this species captures 
snow drifts and slows snowmelt by providing shade. Longer snowpack retention 
on the mountain means groundwater recharge occurs more slowly, which may 
improve streamflow slaters into the summer months.

Climate change has contributed to the decline of the Whitebark Pine due to 
increases in temperature and competition with lower level alpine trees taking 
its place. Other factors contributing to decline include white pine blister rust, 
a fungal pathogen, and mountain pine beetles. The species is in decline and not 
recognized as a Federally protected species under the Endangered Species Act. 

Fire disturbance has changed dramatically due to human activity and climate 
change. This disturbance not only impacts human developments and forest 
health, but also the hydrology of the watershed. The chemistry of burned areas 
has impacts on soil and water quality. During a fire, carbon and nitrogen are 
lost as gas from burned vegetation. The more severe the fire the greater the 
loss of nutrients and vegetation. The burned fuel turns to ash which settles 
or is blown to other areas. The ash decreases soil acidification which in large 
amounts can damage vegetation and raise the pH of surface waters.

The sudden loss of vegetation also changes stream flow patterns. The loss of 
tree and shrub roots leads to increased soil erosion. The erosion alters the 
sediment loads of creeks, streams, and rivers. Changes to the waterways may 
include annual and seasonal water yields, peak-flows and floods, base flows, and 
timing of flows.

The cascading effects of the changes impact recreation opportunities along the 
waterways, wildlife populations, aquatic species, and the watershed’s ability to 
absorb and lessen rain and snow events.

Water quality after a significant wildfire is the highest concern for the City of Mt. 
Shasta. Damage to surface and aquatic vegetation decreases the environment’s 
ability to handle flood conditions and process nutrients like phosphorus and 
nitrogen. Phosphorus and nitrogen when in balance are essential nutrients for 
plants and aquatic species. When these two nutrients are concentrated there 
can be increases in harmful algae and poisons fish and aquatic plants species. 
The loss of vegetation that naturally purifies the water coupled with an increase 
in nutrients means the water derived for drinking water may need additional 
treatment to ensure that it meets state drinking water standards. 

Additional discussion 
on wildfires and related 
goals can be found in 
the Safety Element 7.X.
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MAP WRE-2 Geologic Diversity of 
Mount Shasta

This map produced by Shasta-Trinity National Forest highlights 
the geologic diversity of Mount Shasta. Volcanic flow deposits 
of varying compositions, and groundwater storage potential, 
blanket the region, making aquifer delineation a challenge. The 
blue line denotes the Mt. Shasta Watershed.
SOURCE: Mt. Shasta Watershed Analysis. NFS. 2012.
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Groundwater quality may not be as impacted by wildfire, but the decline in 
vegetation, erosion of soil on the mountain, and soil chemistry may impact the 
quality over time. Wildfire with typically move uphill as long as there is fuel 
available and conditions are right. This would endanger the pioneer species and 
reduce snowpack (if present). The removal of these two factors could result in 
changes to the groundwater supplies.

City Authority
The City of Mt Shasta is the first municipality on the Sacramento River System, 
and with it comes great responsibility. Water from the river sustains ecologic 
and economic activity for the City and downstream users. As a result, all 
elements in the watershed are intertwined. In light of stewardship, the city 
will consider supporting other non-water initiatives for the betterment of the 
entire system.  Thus, the city subdivides management strategies on watershed 
and city limit scales.

Regional Watershed
The city lies within the Cascade Gulch Watershed, which is part of the larger 
Upper Sacramento River Watershed (Upper Sac). The Upper Sac watershed 
encompasses approximately 600 square miles from Mount Shasta in the north 
to Shasta Lake in the south. The west is bounded by the Eddy and Trinity 
Mountains, while the McCloud River Watershed borders it to the east. The 
primary jurisdictions which share this watershed are Shasta County, Siskiyou 
County, City of Dunsmuir, City of Mt. Shasta, and various other smaller 
communities.

The State developed the idea of Integrated Regional Water Management 
(IRWM) in 2002. The Department of Water Resources identified the 
need for stakeholder groups to collaborate, and “identify and implement 
water management solutions on a regional scale that increase regional self-
reliance, reduce conflict, and manage water to concurrently achieve social, 
environmental, and economic objectives.” 

 As a result, the Regional Water Management Planning Act (SB 1672) was written 
and passed by the state legislature. This approach emphasizes the importance 
that all water projects provide multiple benefits, consider all interests, and 
work across jurisdictional boundaries. Various stakeholder groups have come 
together over the years to form 49 regional water management groups that 
span 87 percent of the State’s area, thereby encompassing 99 percent of its 
population.7 

Understanding the importance of water resources, the City is a participant 
of one of these groups, the Upper Sacramento River Regional Water Action 
Group (RWAG).  As a member of the IRWM process, the City is especially 
interested in improving its wastewater treatment plant, implementing a sewage 
master plan, and complying with new wastewater discharge requirements.  
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More importantly, the City is a member of the group with the aim of promoting 
support, collaboration, and cooperation between the numerous other agencies 
involved in IRWM.  The overarching goal being the continued stewardship of 
the Upper Sacramento River Watershed. 

Local Watershed
The U.S. Forest Service identified the mountain in its entirety to be a single, 
large watershed which Cascade Gulch Watershed is a part of.  Within this 
larger watershed, the Forest Service’s 2012 Watershed Analysis identified 
several key issues in their watershed analysis of the mountain.  Highly active 
natural disturbance regimes pose significant risk to human life and infrastructure.  
Past vegetation management have changed forest structure and composition.  
Historic fire suppression practices have severely impacted ecosystem health 
and lead to uncharacteristic fire behavior.  The federally designated Northern 
Spotted Owl is present in the watershed and increasingly needs high-quality 
habitat.  Recreational use on the mountain currently exceeds developed 
capacity, prompting the need for further planning and management.  Climate 
change is of great concern to the city and efforts in addressing this issue will 
combine both mitigation and adaptation measures. 

Based off federal and local input, the City developed management practices to 
address these issues equitably. Management strategies encourage collaboration 
between various stakeholder groups. These interactions would allow a chance 
for groups to vocalize their goals and develop comprehensive solutions to 
complex situations that occur within city limits.  The situations addressed 
would be in reference to the local watershed, though it is important to note 
the connections between local and regional watersheds. 

Goal WRE-1 Approach water resource planning and projects on a 
regional scale.

Policy WRE-1.1 City planning and programs shall be integrated with other 
watershed planning efforts, including best management practices, guidelines 
and policies of the Upper Sacramento River Regional Water Action Group and 
National Forest Service.

Program WRE-1.1.1 Maintain Water Resource Element in conjunction 
with county, regional, watershed, and federal watershed management plans.

Goal WRE-2  Promote hydrologically and ecologically healthy 
forests in the watershed in a scientifically sound manner.

Policy WRE-2.1 Support hydrology research efforts on Mount Shasta and in 
Cascade Gulch. 
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Program WRE-2.1.1 Create a Memorandum of Understanding 
(MOU) with Shasta Trinity National Forest that codifies groundwater 
recharge as a management goal on Federally controlled lands in 
Cascade Gulch.

Program WRE-2.1.2  Cultivate relationships between the City of 
Mt Shasta and nearby educational and research institutions, including: 
University of California, Davis; Cal State University Chico; College 
of the Siskiyous; Southern Oregon University; Sacramento State 
University, etc.

Policy WRE-2.2 The City will use up to date on scientific research 
regarding High Cascade hydrology, especially studies that consider the 
impacts of Climate Change on recharge.
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8.2 Groundwater
The City of Mt. Shasta enjoys abundant, high quality groundwater supplies for 
municipal water service, residential use, and commercial extraction. The future 
of groundwater supplies are uncertain due to lack of groundwater modeling 
data and inconsistently applied regulations. The 2018 Upper Sacramento 
Integrated Regional Water Management Plan (IRWM) lists groundwater and 
spring production as the largest concern in the region.8 The concern stems 
from the changes in snowpack, glaciers, and increase demand from residential 
and commercial consumers. 

As climate changes, wetter winters are expected in the Pacific Northwest 
accompanied by changes in snowlines.9 Although wetter winters may indicate 
a positive change to the system, the type of precipitation that will occur poses 
issues with current infrastructure and the environment’s ability to handle 
more frequent and severe rain events. The impact to groundwater recharge is 
uncertain until further investigation is completed.

The City’s groundwater supply is essential for City growth and sustainability 
because 100% of the City municipal water is derived from groundwater. There 
are no alternative sources of water identified in the City’s Water Master Plan 
nor is there a pressing need to develop new supplies in the next 25 years. 
Alternative sources of water supply would be need if the City anticipates 
dramatic changes in groundwater supply or quality.

The region’s groundwater supply may partially buffer some of the impacts of 
climate change. Most of the water obtained for human consumption is derived 
from tapping into natural springs. The Cities of Mt. Shasta and Dunsmuir are 
two jurisdictions with ample access to springs for City water service. Other 
areas utilize private wells to obtain drinking water. The easy accessibility of 
groundwater supplies has created the perception among some community 
members that a large volume of potable groundwater is available for additional 
development, but in truth, the extent of groundwater supplies remains 
unquantified. While United States Geological Survey (USGS) have prepared 
studies on groundwater availability in similar regions and watershed, there is 
limited local data to predict the full impacts of drought years, City usage, and 
outside stressors (climate change, commercial pumping, etc.) on the City of Mt. 
Shasta groundwater resources.

There remains scientific uncertainty regarding key characteristics of local 
groundwater resources, like the specific recharge locations, internal structure of 
volcanic rock fractures, total storage capacity, and the age of water emerging at 
the City springs and local wells. The horizontal boundaries of the groundwater 
aquifer are not well mapped, but certainly extend well beyond City Limits and 
will be impacted by activities where the City does not have primary jurisdiction. 
A primary goal of the Water Resource Element is to improve data benchmarks 
and research related to the volcanic rock aquifer. There is no research available 
to accurately predict the impact of a multi-year drought, increased residential 
and commercial consumption, and climate change.

The Sustainable 
Groundwater 
Management Act of 2015 
(SGMA) is state legislation 
designed to protect 
sensitive groundwater 
basins.
However, fractured 
volcanic rock aquifers 
are not recognized 
by the state as being 
“basins.” Therefore, the 
groundwater underlying 
the City of Mt. Shasta 
is not regulated by 
California’s most 
important piece of 
groundwater.
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Hydrologic Modeling
Hydrologic modeling of Mount Shasta’s groundwater would give the City a 
scientifically robust tool to use to determine when groundwater supplies are 
at a level to begin drought policies in the City. The model could also be used 
to set extraction levels for commercial pumping permits and determine overall 
impact of developments on water supply.

Researchers at the University of California Davis has prepared a groundwater 
model for the Shasta Valley Groundwater basin which is a protected and 
specially regulated groundwater basin under Bulletin 118. The groundwater 
model is not an exact match to the City of Mt. Shasta but could contribute 
to the base model. Without an efficient, accurate model it will be difficult for 
the City to determine exact groundwater levels and consumption parameters.

Groundwater Recharge
Mount Shasta’s volcanic aquifer is recharged primarily by deep infiltration of 
precipitation on the upper slopes of the mountain. Nearly all precipitation falls 
between October and May, and may fall as rain or snow below 7,000 feet. 
Above 7,000 feet, precipitation is mainly snow. Snowpack accumulates each 
winter, then melts and infiltrates into permeable soils instead of flowing as 
streams down the mountain. Evidence suggests that most of the snowmelt does 
not evaporate directly into the atmosphere, but instead  recharges the aquifer 
or is absorbed and transpired by alpine vegetation. Elevations above 6,500 feet 
contribute disproportionately more to groundwater recharge because of their 
sparser vegetation than lower, more vegetated areas. Groundwater sampled 
at the springs and wells of lower elevation suggest that water does not travel 
above ground long distances before entering the groundwater system.

The time that groundwater spends in the aquifer before being discharged is  a 
topic of ongoing scientific investigation. By studying the age of groundwater, 
scientists and planners can better anticipate how aquifers respond to drought. 
Older groundwater is generally thought to be less vulnerable to drought than 
younger water, although groundwater age alone is not the sole predictor of 
drought resilience. A 2017 study by Lawrence Livermore Labs suggests most 
springs and wells near the City of Mt. Shasta discharge water that is between 
10 and 50 years old. There is evidence that water of younger and older ages is 
mixing, which makes narrowing the exact age range difficult. Higher elevation 
springs on Mount Shasta, such as Panther Meadows, discharge water that is 
younger (0-5 years) and spring from shallow, short groundwater paths. Lower 
elevation springs such as Big Springs in City Park discharge older water (10- 50 
years). All water sampled in the study recharged at elevations higher than the 
City of Mt. Shasta (6,500 to 9,500 feet) but the absence of samples outside 
this range could indicate that the City’s municipal springs and wells produce 
water with a mixture of recharge elevations. Table WRE-1 highlights the age 
of springs and wells in the City Planning Area that highlights the approximate 
age of water throughout the system.
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Source Name Use Estimated Age Additional Comments

Cold Springs

Main supply of City's 
municipal water system 
during normal 
operations

Approximately 5 
years or greater. At 
least 75% of the 
water is greater than 
1 year old

Age estimates are 
somewhat 
contradictory; 
additional study of 
spring is highly 
recommended

Well 01 and High 
School Well

Auxiliary supply wells for 
City's municipal water 
system

15 to 20 years

There is a greater 
certainty to the age of 
this well due to higher 
quality data.

Big Springs 
Complex in City 
Park

Does not provide 
municipal water for the 
City, but is used 
informally as a drinking 
water source and is an 
important cultural 
attraction.

Estimate range form 
greater than 5 years 
to approximately 25 
years; this may be a 
mixing of old and 
young water. A small 
percentage of water 
may be due to 
recent precipitation 
or younger than 18 
months

The Big Springs 
complex produces 
water at multiple 
outlets, each with 
distinct chemistry, 
suggesting that each 
outlet may be fed by 
specific paths with 
different residence 
times. One minor outlet 
produces entirely 
premodern 
groundwater.

Domestic Wells in 
and around City 
of Mt. Shasta

Private domestic use Greater than 30 years

One domestic well 
along Old Stage Road 
produced premodern 
groundwater.

WRE Table 1 - Area Springs and Well of Importance

SOURCE: Lawrence Livermore Labs

The City of Mt. Shasta began participating in the California State Groundwater 
Elevation Monitoring (CASGEM) program in 2016. The report established a 
baseline of groundwater elevations throughout the Mount Shasta region. The 
study monitored 21 wells between July 2016 through April of 2017; of which 
were in the City of Mt. Shasta Planning Area. The data was used to create 
a groundwater contours which shows groundwater depth and hypothesized 
flow direction.

The results indicated that City groundwater flows from south or southwest 
through the City, following the same general slope as the ground surface. 
The depth of the groundwater varied greatly from less than 1 foot under the 
surface to 120 feet. Most wells adjacent to the City were at depths of 30 to 
70 feet below the surface.10 
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The total water storage potential of the Mount Shasta aquifer is unknown 
but of interest to the City. The higher the storage potential of the aquifer 
the more water that can be stored underground for future use. Total storage 
potential is partially a function of groundwater depth. The “bottom” of the 
aquifer can either be formed by a sudden change with depth to a significantly 
lower permeability if rock types change or gradually as pressure increases with 
increasing depth, effectively closing fractures and decreasing permeability until 
no water flow is expected.11

The horizontal boundaries of the groundwater aquifer underlying the City 
of Mt. Shasta Planning Area are not well-defined, but are thought to extend 
regionally throughout the mountain and surrounding volcanic rocks. There are 
ongoing efforts by researchers at the University of California Davis to map 
the extent of Mount Shasta’s groundwater system. Their research suggests 
that the groundwater aquifer extends past the Cascade Gulch watershed 
divide into the neighboring Shasta River watershed north of Black Butte. 
Groundwater samples from springs and wells on both sides of this drainage 
divide were nearly identical in oxygen levels and other chemical indicators, 
which suggests the samples come from similar water sources. The prevalence 
of faults and fractures in the volcanic rock also supports the likelihood that 
water is interconnected through the mountain. If Mount Shasta’s groundwater 
aquifer is indeed regional in extent and hydrologically connected to the Shasta 
Valley groundwater basin to the north, it may qualify the City of Mt Shasta 
for additional protections, obligations and resources through California’s 
DWR. Such a regional system would also highlight the need for increased 
coordination and cooperation across jurisdictional lines to successfully and 
sustainably manage Mount Shasta’s groundwater. 

Information gathered also suggests that the groundwater area extends past the 
Cascade Gulch watershed into the neighboring Shasta River watershed north 
of the City’s watershed. This watershed includes Sphere of Influence areas 
from City Park to Black Butte. The groundwater tested in the area is nearly 
identical in oxygen levels and other indicators as the Cascade Gulch waster 
shed; which suggest they come from similar water sources.12 The prevalence of 
faults and fractures int eh volcanic rock also supports the likelihood that water 
is interconnected through the mountain.13 The importance of this information 
is that if the groundwater area of the City of Mt. Shasta is in fact connected 
to the Shasta Valley groundwater basin to the north there may be additional 
protections and resources available to the City.

Legal Authority
The authority to manage groundwater in and around the City of Mt Shasta 
is divided between several agencies. These overlapping jurisdictions limit the 
City’s authority over groundwater; therefore coordination, collaboration and/
or compliance with other agencies is essential.
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Federal
Where Federal policy exists, it will typically supersede that of State and Local 
agencies. Much of Mt Shasta’s aquifer underlies Shasta-Trinity National Forest 
(STNF), administered by the US Forest Service (USFS), which has a Federally 
reserved water right that is superior to all water rights.

Land-use and forest management decisions made by STNF also have the 
potential to directly affect the quality and quantity of the City’s groundwater 
resources, even if those decisions are not about groundwater per se. Discussions 
with Forest Service personnel indicate that STNF is not “actively managing 
groundwater directly in the Mount Shasta City vicinity but [is] managing the 
watersheds around Mount Shasta City to ensure that [STNF] projects are not 
interfering with hydrologic processes that affect groundwater recharge.” 

State of California 
California plays an active role in groundwater management in many parts of the 
State. California's lead agency for regulating groundwater is the Department 
of Water Resources (DWR). For most of California's history, the use of 
groundwater has been governed separately from the use of surface water, and 
was treated as a property right. Within a basin, “all landowners are essentially 
water rights holders to the water underlying their property, without limits 
beyond that of ‘reasonable and beneficial use’ as defined in the California 
Water Code and State constitution. If a groundwater user pumps beyond the 
capacity of the basin, this user can affect the ability of other groundwater users 
to make use of the resource. Such a condition is referred to as groundwater 
overdraft when “the amount of water withdrawn by pumping exceeds the 
amount of water that recharges the basin over a period of years, during which 
the water supply conditions approximate average conditions.”14

Groundwater can occur in diverse geological settings, but in California the 
vast majority of groundwater occurs in alluvium, which “consists of coarse 
deposits, such as sand and gravel, and finer-grained deposits such as clay and 
silt.” Alluvial basins typically have “well defined boundaries in a lateral [side-
to-side] direction and a definable bottom.” The Shasta Valley, stretching from 
Weed to Yreka and Montague, is a local example of an alluvial basin, and 
most groundwater regulations in California are written with alluvial aquifers 
as their primary focus. By contrast, non-alluvial geologic formations, such as 
the fractured volcanic rocks of Mt Shasta, often do not have well defined 
boundaries or well-studied internal structure. As a result of this geologic 
complexity, groundwater found in volcanic rocks is usually not considered by 
DWR to lie within a “groundwater basin”. Instead, significant quantities of 
groundwater found in volcanic rocks, such as the aquifer underlying the City, 
are referred to by DWR as “groundwater source areas.” This distinction is 
legally binding and defined by DWR Bulletin 118, last updated in 2016. The 
next full update of Bulletin 118 is expected to be published in 2020.15 
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As a consequence of this legal designation, the groundwater underlying the 
City is not subject to the regulatory or mandatory monitoring requirements 
imposed on most of California’s alluvial basins by DWR. Most importantly, the 
aquifer is not regulated by the Sustainable Groundwater Management Act of 
2015 (SGMA), which is dramatically changing how groundwater is managed 
elsewhere in California, including the Shasta Valley just north of Black Butte. 
SGMA mandates the formation of Groundwater Sustainability Agencies (SGAs) 
to implement Groundwater Sustainability Plans (GSPs). In Siskiyou County, the 
GSA is the Siskiyou County Flood Control and Water Conservation District 
(SCFCWCD), but the State only requires SCFCWCD to monitor Bulletin 118 
designated basins. Therefore SCFCWCD is not required to (and so far has not) 
assisted in the monitoring of groundwater in the immediate vicinity of the City 
of Mt Shasta. However, it is very likely that the City’s groundwater is at least 
somewhat hydrologically connected to the SGMA-regulated Shasta Valley, a 
few miles to the north.

In effect, neither the old system of court adjudication or the new framework 
of SGMA addresses the management of groundwater underlying the City of Mt 
Shasta, because Mt Shasta’s volcanic aquifer is unadjudicated and lies outside 
any basin regulated under SGMA. Thus, the City finds itself an unusual situation: 
the City overlies economically and environmentally significant groundwater 
resources, and is dependent on this groundwater for 100% of its municipal 
supply, but is excluded from the obligations or protections involved in a court-
order adjudication or regulation under SGMA. 

One implication of this legal framework is that relative to most other parts of 
California, the Mt Shasta region has more abundant high quality groundwater 
and laxer regulation of its extraction. This may make the region even more 
attractive to water-intensive industries seeking to extract groundwater, 
especially as other SGMA-regulated groundwater basins begin to implement 
pumping restrictions. In the absence of more hands-on regulation, extraction of 
groundwater in Mt Shasta is limited at a state level only by California’s doctrines 
of overlying rights and reasonable use. Currently, any property owner can 
legally extract as much groundwater from below their property as they can 
reasonably and beneficially use. 

Siskiyou County 
Siskiyou County (hereafter, “the County”) has jurisdiction on non-federal lands 
outside Mt Shasta City Limits. The County has the authority to regulate land 
use, including the extraction of groundwater, and has developed ordinances 
to protect its quality and control its extraction, but the County requires a 
review and permitting process only for the extraction of groundwater for use 
outside the basin it was extracted from. Furthermore, County Ordinances 
specifically exempt commercial bottling operations from the permit process. 
The County does not have any ordinances that limit groundwater extraction if 
it is extracted outside a Bulletin 118 designated basin, for domestic use, or for 
the commercial bottling of water. 
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Most residential development outside City Limits but within the City’s SOI 
is served by private wells and septic systems, which Siskiyou County Health, 
Building, and Planning Departments have the authority to regulate. The 
County has allowed extensive low density development in the City’s SOI in 
recent decades, and these private domestic water and sewer systems have 
the potential to affect groundwater quality and quantity. The County requires 
property owners to obtain a permit for the installation of new water wells, 
to use a licensed well driller during installation, and to have their water quality 
tested periodically. The relevant State laws regarding overlying rights and 
reasonable use still apply.
 
For the installation of septic systems, the County has a more involved regulatory 
framework codified in Title 5, Chapter 2 of the Siskiyou County Code of 
Ordinances. The County requires every “premises where an individual(s) 
permanently or temporarily resides: to be equipped with santiary facilities or 
connect to services16 A property owner must connect to a public sewer if 
it is available; if one is not, the County allows for the installation of private 
sewer systems subject to requirements for the location, design, construction 
materials, size, maintenance schedule, health inspections, minimum lot size, 
and soil characteristics. The County has not identified any soil conditions that 
impose limitations on septic installation in the City of Mt Shasta’s SOI. 

On all policy matters involving unincorporated land in the City’s SOI, the 
County has primary jurisdiction but the City of Mt Shasta still has some 
influence. The County’s General Plan states that “Policy conflict with a city or 
special district General Plan - in areas within a city’s or special district’s sphere 
of influence, the adopted General Plan of the applicable city or special district 
shall be considered in relation to the County’s General Plan Policies, except 
in cases where the applicable city’s General Plan clearly does away with the 
intent of any applicable resource map.” Therefore, even while the City lacks 
primary regulatory authority on County controlled land, it is still in the interest 
of the City of Mt Shasta to codify policy for areas outside City Limits in its 
General Plan. Two policy areas where consideration of the City’s General Plan 
by the County may be important is septic tank installation and commercial 
bottling of water.

Upper Sacramento River Regional Water Action Group 
(USR RWAG) 
One of the City’s closest partners on matters of local water governance is the 
Upper Sacramento River Regional Water Action Group (USR RWAG). The 
City of Mt Shasta is a signatory to the Integrated Regional Water Management 
(IRWM) Plan which coordinates, through voluntary participation of local 
governments and nonprofit organizations, the collaborative governance of 
water resources in the USR watershed. The RWAG does not have regulatory 
regulatory or taxing authority, but it can be used as an apparatus for pursuing 
grant funding for research and infrastructure projects. Between 2011 and 2019, 
the USR RWAG has successfully attracted over $8 million to the region for 
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grey and green infrastructural improvements, including water meter installation 
and groundwater monitoring in the City of Mt Shasta.”17 One of the primary 
objectives for the USR IRWM going forward is to improve monitoring of local 
groundwater conditions, specifically “(1) Mapping all groundwater basins by 
2018, and (2) Understanding the dynamics of groundwater in the Medicine 
Lake Highlands as well as on, and around, Mount Shasta by 2025.” Given the 
incompleteness necessary data on many policy-relevant matters regarding the 
City’s groundwater, the USR RWAG is an important mechanism to acquire 
new research and project funding. 

Shasta Valley Resource Conservation District
The Shasta Valley Resource Conservation District (SVRCD) is another local 
agency with jurisdiction over the City’s groundwater resources. The SVRCD is 
a special district serving central Siskiyou County, with a mission to “work with 
interested landowners on a voluntary basis to enhance the management and 
sustainable use of natural resources in order to ensure the long term economic 
viability of the community.” SVRCD’s jurisdiction is not limited just to the Shasta 
Valley watershed; it covers most of Central Siskiyou County and includes the 
portions of the County in the Upper Sacramento River Watershed. The RCD’s 
main groundwater-related role is to serve as a liaison between local landowners, 
SCFCWCD, and DWR to facilitate systematic groundwater monitoring and 
data collection. Its philosophy of “stewardship through collaboration” make it 
an important stakeholder in issues that transcend jurisdictional lines. 

City Authority 
The City of Mt Shasta has jurisdiction over groundwater management only 
on the 4 sq miles inside City Limits. While this severely limits the City’s ability 
to regulate the aquifer as a whole it does give the City authority to control 
land use and development within City Limits. The City’s current regulatory 
framework is summarized in Chapter 13.95 of the City’s municipal code, 
entitled “Extraction and Exportation of Groundwater from the City of Mt. 
Shasta”.  The City “Council recognizes the principle developed in the case law 
of California that water may be appropriated from a groundwater basin if the 
groundwater supply is surplus and exceeds the reasonable and beneficial needs 
of overlying users.” The City lacks the authority to prevent private well owners 
from extracting groundwater for reasonable and beneficial local use. The City 
also provides an exemption from permitting requirements for commercial 
bottling of water as long as the bottling occurs in the City or County, although 
as of 2019 no permits had ever been issued.18 

The City’s municipal code also describes the City’s authority to regulate other 
matters related to groundwater. For example, Section 13.56.035 prohibits the 
discharging of groundwater into the City’s sanitary sewer system. The City’s 
Municipal Code also compels residents to connect to its municipal water 
and sewer services rather than use private wells and septic systems, if their 
property line is within 500 ft of an existing water and/or sewer line; private 
water and sewer systems are only allowed if a property owner is outside that 
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500 ft buffer. The City also has the right to set standards for what types of 
materials are used in septic tank construction and can impose maintenance 
schedules on private sewer disposal systems.  

Thus, despite some groundwater policy topics where the City does have 
primary jurisdiction, the reality is that much of the legal authority for 
groundwater management lies with other local, state, and federal agencies. 
Therefore, inter-agency dialogue and collaboration will be crucial. The existing 
framework provided by IRWM is a useful platform for continuing the inter-
agency coordination of groundwater management. 

Supply
The City receives 100% of its municipal supply from groundwater: Cold Springs 
is the primary source during normal operations, and can be supplemented by 
two municipal supply wells to meet peaks in water demand. The City’s water 
resources have historically been more than sufficient to satisfy residential, 
commercial, and industrial uses. However, the City’s groundwater supplies are 
not infinite, and could potentially be threatened by climate change, drought, or 
commercial exploitation. In some ways, the unique hydrology of Mt Shasta’s 
volcanic aquifer may offer the City a more reliable water supply in the face 
of sustained drought than other California communities that rely exclusively 
on surface water. On the other hand, the City can store only approximately 
one day’s water supply at the headworks of its water system and thus lacks 
any meaningful buffer if groundwater supplies were disrupted. The City has 
no alternative sources of municipal water, besides drilling additional wells, to 
supplement its local groundwater supplies. The 2007 version of the City’s 
General Plan believed “Future water supplies appear to be readily available 
from additional groundwater sources, although storage capacity is currently 
a limiting factor.” This section reviews that assumption in light of historic 
water-use data, California’s record-breaking 2011-17 drought, and improved 
hydrologic understanding of Mt Shasta, in an attempt to highlight vulnerabilities 
to the City’s groundwater supply and improve water resilience. 

Ultimately, all of the City’s groundwater is derived from precipitation that 
falls on the slopes of Mt Shasta and infiltrates into the subsurface, so long-
term precipitation fluctuations have the potential to affect spring and well 
output. USGS scientists have indicated that “Basin-wide, decadal-scale climate 
cycles are the largest factor controlling [groundwater] head and discharge 
fluctuations.” (USGS, 2010). These multi-year fluctuations are difficult to 
model in the best of circumstances, and are complicated substantially in the 
case of Mt Shasta by the mountain’s height and isolation, which create strong 
microclimate effects that are too small in scale to be forecast accurately by 
Global Circulation Models (GCM). Even if forecasts of future climate conditions 
were available, the relationship between precipitation and spring output has 
not yet been accurately quantified. While the City should pursue more robust 
and sophisticated scenario planning and climate forecasting methodologies as 
they become available, at this time they are beyond the capacity of City staff 
to pursue. 
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In the absence of reliable forecasts of groundwater availability in the future, 
the next best option is a thorough examination of historic spring and well 
productivity. 

Goal WRE-3 Improve monitoring of precipitation and groundwater 
conditions in the City’s vicinity in partnership with other local 
stakeholders outside City Limits

Policy WRE-3.1 Pursue watershed management in partnership with Shasta-
Trinity National Forest (STNF) to ensure that watershed management and 
groundwater recharge are priorities.

Program WRE-3.1.1 Develop and maintain groundwater monitoring 
programs.

Program WRE-3.1.2  Using City watershed data, develop and maintain 
a  groundwater model to anticipate changes in groundwater supplies.

Program WRE-3.1.3 Install pressure transducers to measure 
groundwater levels on a constant basis.

Goal WRE-4 Increase the City’s groundwater storage capacity

Policy WRE-4.1 Adequate, reliable groundwater supplies are essential for 
maintaining water service and expanding services to the Sphere of Influence

Program WRE-4.1.1 Prioritize improvements to City spring storage 
projects.

Goal WRE-5 Maintain all and future water source rights

Policy WRE-5.1 The City shall maintain all water rights in full in perpetuity. 

Policy WRE-5.2 The City shall not transfer water rights to any private 
entity for commercial or other purposes.
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Water in the Cascade Gulch Watershed is generally considered to be of excellent 
quality. Primary threats to water quality stem from runoff from transportation 
infrastructure such as paved and unpaved roads and rail.  Additionally, with the 
onset of accelerated climate change coupled with past vegetation management 
practices, the state is experiencing increasing threats to catastrophic wildfires, 
which are known to impact water quality.  The USGS identified the following 
potential impacts:

a) Changes in magnitude and timing of snowmelt runoff, which influences 
filling of water-supply reservoirs

b) Increased sediment loading of water-supply reservoirs, shortened 
reservoir lifetime, increased maintenance costs

c) Increased loading of streams with nutrients, dissolved organic carbon, 
major ions, and metals

d) Post-fire erosion and transport of sediment and debris to downstream 
water-treatment plants, water-supply reservoirs, and aquatic ecosystems

e) Increased turbidity, or heightened iron and manganese concentrations, 
which may increase chemical treatment requirements and produce larger 
volumes of sludge, both possibly raise operating costs

f) Changes in source-water chemistry that can alter drinking-water 
treatment

The aquifer’s chemistry, as sampled by the USGS19 at the City’s public supply 
spring and wells, is characterized by: 

• Low Perchlorate (<0.6 g/L) 
• Slight acidity (<6.5 pH)
• Low total dissolved solids (<500 mg/L). What dissolved minerals are 

present are mostly calcium/sodium-bicarbonate. 
• Low nutrient content (<5 mg/L as N)
• Low radioactivity (Gross Beta 72hr <25 pCi/L and Gross Alpha 72hr 

<7.5 pCi/L)
• General absence of industrial or agricultural contaminants, although 

herbicides or their degradates have occasionally been detected at Well 
01.

8.3 Water Quality
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However, despite this generally optimistic outlook, the State Water Resource 
Control Board has made the City aware of several sites “that impact, or 
have the potential to impact, water quality in California, with emphasis on 
groundwater”20 within the City’s sphere of influence, including some inside 
City Limits. None of the known contamination sites is located up-gradient of 
or within 900 feet of a City Supply Well. Information about each contamination 
source is publicly available through the State Water Board’s GeoTracker 
interface. 

Of the 35 sites identified in the City’s sphere of influence, almost all are due 
to Leaking Underground Storage Tanks (LUST); of these, 31 are listed as 
“Completed- Case Closed” as of April 2019.21 This means that the “Responsible 
Party” (usually the property owner) has already taken corrective action to the 
satisfaction of the SWRCB, which typically includes site assessment, removal of 
contaminated soil, vapor extraction, etc. “Assessment and cleanup is governed 
by the Porter Cologne Water Quality Control Act (Water Code) and Chapter 
16 (Article 11) of the Underground Storage Tank Regulations,”22 and more 
information about leak reporting requirements and cleanup procedures can be 
found at the State Water Board website. The remaining 4 sites near the City 
of Mt Shasta are listed as Open and are in their Site Assessment Phase (WRE 
Table-2).

In addition to these known sources of potential contamination, the City is 
concerned that septic tank failure could lead to groundwater contamination by 
releasing excess nitrates and dissolved solids. Almost all development outside 
City Limits is served by private wells and septic systems.  Of greatest concern 
are those east of the City in the vicinity of McCloud Ave, because those septic 
systems are hydrologically up-gradient from the City’s supply wells, although 
septic tanks west of the City are at risk of failure as well.

The soil report analyzed the effectiveness of soil layers to absorb and naturally 
treat effluent from septic systems within the first 2 to 5 feet in depth.  Soil 
properties included were saturated hydraulic conductivity, depth of water 
table, ponding, depth to bedrock or a cemented pan, and flooding potential.23  
Specific properties such as stones, boulders, ice, bedrock, or cemented pans 
interfere with installation of septic systems.  Slopes also play a major factor 
as excessive slope gradients can cause lateral seepage and surfacing of effluent 
downslope of the source area.  

The result of the report shows that a significant portion of the Cascade Gulch 
watershed consists of loose sand and gravel, or fractured bedrock at a depth 
of less than 4 feet beneath the system may not adequately filter effluent and 
contaminate groundwater. The soil is also characterized as corrosive to septic 
systems. These factors and the prevalence of septic systems up-gradient of the 
City’s municipals wells is cause for concern.
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Goal WRE-6 Maintain healthy Drinking Water standards as per 
State and Federal regulations

Policy WRE-6.1 City will maintain municipal water quality at or above healthy 
drinking water standards 

Program WRE-6.1.1 Develop and deploy emergency protocols for 
water service contamination events.

Program WRE-6.1.2 Prioritize infrastructure projects which improve 
and maintain healthy drinking water standards.

Program WRE-6.1.3 Maintain accurate water system maps for age, 
condition, and location of water service lines and supporting features.

Program WRE-6.1.4 Educational programs and outreach shall be 
continued to promote water quality protection and limit pollution from 
pesticides and nutrients in urban and domestic settings

Policy WRE-6.2 The City shall cooperate with State and county agencies in 
efforts to identify and eliminate or minimize all sources of existing and potential 
point and non-point sources of pollution to ground and surface waters, 
including leaking fuel tanks, discharges from storm drains, auto dismantling, 
dump sites, sanitary waste systems, parking lots, roadways and logging and 
mining operations

Site name N MT. SHASTA BLVD 
KEROSENE SPILL, MT 
SHASTA

PRIVATE RESIDENCE PRIVATE RESIDENCE PRIVATE RESIDENCE

Global ID T10000012166 T10000011803 T10000011566 T10000011177

Site Type CLEANUP PROGRAM SITE CLEANUP PROGRAM SITE LUST CLEANUP SITE LUST CLEANUP SITE

Address 630 NORTH MT. SHASTA 
BLVD.

PRIVATE RESIDENCE PRIVATE RESIDENCE PRIVATE RESIDENCE

Clean Up 
Status

OPEN - SITE ASSESSMENT 
AS OF 7/16/2018

OPEN - SITE ASSESSMENT 
AS OF 7/16/2018

OPEN - SITE ASSESSMENT 
AS OF 4/20/2018

OPEN - SITE ASSESSMENT 
AS OF 12/15/2017

Potential 
Contaminants 
of Concern

HEATING OIL / FUEL OIL, 
KEROSENE

DIESEL, ETHYLBENZENE, 
NAPHTHALENE, TOLUENE, 
XYLENE

DIESEL DIESEL, HEATING OIL / 
FUEL OIL

Potential 
Impacts of 
Concern

OTHER GROUNDWATER 
(USES OTHER THAN 
DRINKING WATER), SOIL

NONE SPECIFIED  SOIL NONE SPECIFIED

SOURCE: State Water Board Geotracker Database, Retrieved 2019
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Policy WRE-6.3 Support conversion of septic systems to municipal sewer 
service; with higher priority given to septic systems up-gradient from the City’s 
water sources.

Program WRE-6.3.1 Require all properties with septic systems 25 
years or older to convert to City sewer service 

Program WRE-6.3.2 Support programs to reduce coliform bacteria 
and nitrate discharges from septic systems that do not meet operational 
standards. 

Program WRE-6.3.3  Work cooperatively with Environment Health 
to assess the need for land use controls in areas where septic discharge 
threatens public health or beneficial uses.

Policy WRE-6.4 Utilize land use policies and special districts to protect 
municipal water source quality.

Program WRE-6.4.1 Develop, map, and designate Critical Water 
Supply Areas which include City municipal water sources, infrastructure, 
and anticipated water system areas.

Program WRE-6.4.2 The designation by the City Council of Critical 
Water Supply Areas shall be a public process, involving a recommendation 
from the Planning Commission and input from the public, affected water 
providers, and  state and federal agencies.

Program WRE-6.4.3 Ministerial land use development proposed 
within Critical Water Supply areas shall comply with performance standards 
adopted by ordinance. Discretionary development shall comply with 
performance standards and supplemental permit conditions. Standards 
and permit conditions shall require: 1) demonstrating that no risk of 
contamination to the water supply would occur due to the development 
activity; and 2) avoiding degradation of municipal water supplies by reducing 
cumulative impacts to surface water quality and water quantity during low-
flow periods to below levels of significance.

Program WRE-6.4.4  Where appropriate, new development shall be 
Low Impact Development (LID) that minimizes impervious area, minimizes 
runoff and pollution and incorporates best management practices.
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Sisson Meadow in June.

Before European settlement, much of what is now the City of Mt Shasta was 
wetland. In the early 20th century, most of this area was deliberately drained 
by ditches constructed to lower the water table and thereby converting 
saturated meadows to fields suitable for agriculture and urban development. 
These ditches were built gradually in an ad hoc manner, without guidance 
from any City-wide planning documents, and many remain in use today as 
key conveyances in the City’s stormwater infrastructure. Today, small remnant 
wetlands are found in many locations throughout the City, although their exact 
locations have not been accurately delineated in many cases. 

Human activity, both past and present, can alter or impair natural wetland 
functionality. Although individually small in scale, it is possible for the effects 
of these activities to be additive and permanently alter wetland function.24 
The City has a clear need to develop policies to guide the management of 
wetlands within its borders for a number of reasons. First, these ecosystems 
provide valuable habitat, recreation opportunities, and environmental services. 
The City’s wetlands are also hydrologically interconnected to the City’s storm 
drain system and can serve as natural infrastructure, buffering peak storm 
flows and filtering out pollutants from stormwater. Without guidance from 
the City, new development in wetland areas could potentially damage these 
sensitive ecosystems and trigger flooding on nearby properties. This General 
Plan update is an opportunity for the City to develop policy to protect and 
restore the alpine wetlands of the Mount Shasta region for the benefit of 
ecosystems and people. 

Wetland Definitions
What is a wetland? Marshes, swamps, bogs, fens, wet meadows, vernal pools 
and other related features have been well-known for centuries, but only since 
the mid-1970s have there been attempts to group them all under the term 
“wetlands.” This became a necessity as various government agencies needed a 
definition for effective wetland management. However, it is difficult to adopt a 
“single, correct, indisputable, ecologically sound” definition that fits all intents 
and purposes, since the diversity of wetlands and the boundaries of wet and 
dry environments range along a spectrum of possibilities.25 This complexity 
and diversity has led different government agencies to adopt different criteria 
for defining wetlands. Three major characteristics of wetlands that are the 
subject of debate between various agencies include: wetland hydrology, 
hydrophytic vegetation, and hydric soils. 

Wetland Hydrology refers to the ways water moves through and is stored. 
Wetlands generally occur where water pools longer at the surface than the 
surrounding land area, and it is this long term pooling that defines wetland 
hydrology. Wetlands commonly occur on floodplains and over poorly-drained 
soils, and are capable of modifying floodwaters by spreading flows over large 
areas. By temporarily storing water, wetlands decrease runoff velocity and 
reduce flood peaks. Within a watershed, wetlands covering more area will 

8.4 Wetland Management
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typically lead to lower flood peaks, which can make these natural features 
a cost-effective tool for flood-control. Other important hydrologic functions 
of wetlands include ground-water recharge and/or discharge, local effects 
on precipitation and evaporation, protection of water quality, and erosion 
reduction.26 

Hydrophytic vegetation (“water-loving” plants) is another defining 
characteristic of wetlands. Also called hydrophytes, the plant communities 
found in wetlands are specifically adapted to grow in soil that is constantly 
or periodically flooded. These plants provide food and critical habitat for 
organisms that live nearby, such as algae, macroinvertebrates, amphibians, fish 
and birds. Hydrophytic vegetation also participates in maintaining water quality 
and stabilizing sediment from erosion. Many wetland plants are so specifically 
adapted to their ecological niches that even small changes in surrounding 
environmental conditions will create stressors that lead to large changes in 
plant communities. Shifts in the location or health of hydrophytic vegetation 
are often the most visible indicators of stress on wetland ecosystems. Human 
disturbances can cause new species to be introduced and possibly become 
invasive, and drainage of water from a wetland can also allow more woody 
species to encroach on wetland territory. Different plant species show different 
levels of tolerance to various stressors, which has led to some disagreement 
between agencies about whether hydrophytic vegetation should be considered 
a required criteria when identifying wetlands.27 

Hydric Soils are also important to wetland identification and function. Hydric 
soils form under conditions of saturation, flooding, or ponding long enough 
during the growing season to develop anaerobic conditions in the upper part.28 
In other words, hydric soils are defined by the chemical changes induced by the 
prolonged presence of standing water, because saturation dramatically reduces 
the amount of oxygen available to organisms. While most soils types contain 
small air pockets that plant roots use to respire, hydric soils have neither air 
pockets nor free oxygen. Instead, hydric soils usually contain distinct plant 
and microbe communities that have adapted to thrive in saturated, oxygen-
poor conditions, and these soils usually underlie wetlands. Even if a wetland is 
drained or disturbed by humans, hydric soils will remain. Such an area can often 
be restored back to a functional wetland due to its soil’s hydric characteristics, 
which make hydric soils an important indicator of historic wetland extent and a 
proxy for areas with the potential for wetland restoration. Hydric soils underlie 
large parts of the City of Mt Shasta.29

Federal definitions for wetlands vary by agency, but the most important was 
developed by the Army Corps of Engineers (ACE). Current ACE regulations 
require the presence of all 3 of the above criteria in order for a piece of land to 
be considered a wetland: wetland hydrology, hydrophytic vegetation, and hydric 
soils. These criteria are explained in more detail in the 1987 Corps of Engineers 
Wetlands Delineation Manual and Regional Supplements.30 The ACE definition 
is particularly important because it determines whether a given plot of land is 

Stormwater in wetland 
area during severe 
rain event, Mt. Shasta 
February 2017.

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1046494.pdf
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Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN,
GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), (c)
OpenStreetMap contributors, and the GIS User Community
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Wetland areas in the City of Mt. Shasta as identified by the Department 
of Fish and Wildlife based on 1983 aerial photography. These delineations 
are tentative and not legally binding. No legally binding wetland delineation 
by the Army Corp of Engineers or State Water Board standards has been 
completed in Mt. Shasta area, and the legal boundaries of wetlands may 
prove to be different than shown here. 
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considered to be a Water of the United States (WOTUS), and thus subject to 
regulation under the Clean Water Act (CWA). In particular, “Section 404 [of 
the CWA] requires a permit from the [Army] Corps or authorized state for the 
discharge of dredged or fill material” into wetlands,31 which could potentially 
affect development in large parts of the City. The ACE wetland definition is 
legally binding, but the ACE does not actually produce detailed maps showing 
exactly which areas in Mt Shasta qualify as wetlands. Rather, ACE publishes its 
rules and encourages others to complete wetland delineations themselves. If a 
detailed wetland delineation took place throughout the Mount Shasta region, 
it is very possible that significant areas of the City of Mt Shasta would be 
designated as wetlands according to the ACE definition, and thus be WOTUS 
and subject to the CWA. For these reasons, the ACE wetland definition could 
have a huge effect on development within the City of Mt Shasta. 

Another Federal agency, the US Fish and Wildlife Service (FWS), has already 
identified many wetlands in the City. However, this designation comes with 
important caveats: the FWS definition is non-regulatory,32 meaning the FWS 
definition is motivated by its agency’s interest in managing wildlife habitat but 
does not affect the jurisdiction of Federal law. The FWS also uses a more 
inclusive wetland definition that only requires at least 1 of the 3 criteria 
(hydrology, vegetation, soils) to be satisfied in order for a piece of land to be 
considered a wetland. The FWS National Wetland Inventory has identified 
7.69% of the City (180 acres) as wetland based on 1983 aerial imagery. 
Importantly, the FWS stipulates that its wetland maps do not define “the limits 
of proprietary jurisdiction of any Federal, state, or local government or to 
establish the geographical scope of the regulatory programs of government 
agencies. Persons intending to engage in activities involving modifications within 
or adjacent to wetland areas should seek the advice of appropriate federal, 
state, or local agencies concerning specified agency regulatory programs and 
proprietary jurisdictions that may affect such activities.”33 In effect, the FWS 
suggests consulting other agencies and not relying on their maps to determine 
the geographic scope of the CWA. FWS wetland maps show areas where 
wetlands might potentially be, not where they are officially delineated in a legally 
binding sense. WRE-Map 3 shows the wetlands the FWS has identified in the 
City’s vicinity, but the FWS defers to the ACE in terms of actually regulating 
wetlands. From the City’s perspective, the FWS definition is a useful starting 
point as it indicates the approximate extent of wetland areas in the City which 
could be affected by Federal regulation. 

The State Water Board is the primary state-level agency with legal 
jurisdiction over wetlands in California and adopted its first definition for 
wetlands in April 2019 in order to protect this valuable natural resource. The 
State’s definition was based closely on the ACE definition, with the only major 
difference being the Water Board’s wording on the hydrophytic vegetation 
criteria: “[a wetland] area’s vegetation is dominated by hydrophytes or the 
area lacks vegetation.” This slightly broader definition allows California’s arid 
desert playas which lack vegetation to still be protected as wetlands, but the 
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broader definition has little practical effect in the Mount Shasta region. For the 
purposes of the City, the State and Federal definitions are very similar. The 
State established its definition in part to continue protecting Waters of the 
State even in the event that Federal rule changes rolled back the enforcement of 
the CWA.34 The new definition not only clarifies what is considered a wetland, 
but also: provides a common framework for monitoring and reporting the 
quality of wetlands within the state; ensures “no overall net loss” in wetlands 
by promoting an increase in quantity, quality, and sustainability of waters of 
the state; improves transparency and consistency across the State Water 
Board in how discharges of dredged or fill material in sensitive waterways are 
monitored and regulated; and streamlines requirements to cover all waters of 
the state, so both state and federal environmental concerns are addressed at 
once.35 Within California, some cities, counties, and water districts have taken 
the State definition and added further detail to define their specific wetland 
areas. Given the unique environmental setting of Mt Shasta, the City could 
establish its own definition and accompanying ordinances to achieve its desired 
balance between environmental protection and development.

Characteristics of Mt Shasta’s wetlands 
Wetlands are found throughout the United States, from coastal margins to 
mountain ranges. Environmental factors like local geology, topography, water 
source(s), climate, and degree of natural or human-induced disturbance 
have created a diversity of wetland types, with varying distribution patterns, 
hydrology, vegetation, and soils.36 The typical characteristics of wetlands in and 
around the City of Mt Shasta are discussed below. 

The City sits at the foot of Mount Shasta, a dormant stratovolcano. This geologic 
setting has affected the formation of the City’s wetlands. The conical shape of 
Mount Shasta creates a broad floodplain on the mountain’s lower flanks which, 
in the vicinity of the City, slopes approximately 5° to the southwest. This 
relatively smooth, flat topography immediately around the City historically 
allowed water to spread out over wide, flat areas rather than be confined 
in narrow channels. The upper part of Mount Shasta recharges significant 
amounts of groundwater from melting snow, and some of this groundwater 
emerges from springs and seeps in wetlands around the City. While much of 
this landscape has been altered by human activity and urban development, 
many wetlands remain today. 

The City’s wetlands are of a few distinct types: Riverine wetlands confined to 
distinct drainage channels, typically in the steep mountain gullies above the 
City; Freshwater Forested/Shrub Wetlands with persistent woody vegetation 
like willows and alders; and Freshwater Emergent Wetlands dominated by 
herbaceous (non-woody) vegetation typical of wet meadows.37 The vast majority 
of the City’s wetlands are of the latter two categories, as shown on WRE-Map 
3. These wetlands probably receive water from groundwater, surface runoff, 
and direct precipitation, but there have not been detailed scientific studies to 
measure the percentage of water contributed to Mt Shasta’s wetlands from 
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Water depth, or water table, refers to the saturation level 
of soil. Water depth shows where drainage may be needed 
to develop an area. The higher the soil rating the deeper the 
water depth. The water table depth correlates with existing 
and historic wetland areas in the City of Mt. Shasta.
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Purple Lupines in 
Sisson Meadow 
wetland area.

each water source. The vast majority of the City’s wetlands are underlain by 
soils composed of Diyou loam with peat substratum, with lesser amounts of 
Odas sandy loam soils found near Big Springs.38 Both of these soils groups are 
hydric, poorly drained, and characteristic of wet meadows and floodplains. As 
shown in WRE-Map 6, these soils also underlie a much larger area of the City 
than are now mapped as wetlands, which can serve as both an indication of 
wetlands’ historical extent before urban development and a proxy for areas 
with the potential for wetland restoration. 

Water Budgets
In order to understand and quantify the amount of water flowing in and 
out of a wetland, scientists will commonly calculate a water budget. These 
numerical models track total inflows and outflows of a wetland system. After 
identifying possible water inputs and outputs, it is necessary to identify the 
timescale of interest. The timescale will directly affect the monitoring methods 
necessary. Other variables such as climate and streamflow data, precipitation, 
evapotranspiration, and groundwater levels must be measured to characterize 
regional hydrology. The end product of this scientific investigation is a better 
understanding of a wetland’s hydropattern, which is the typical or average 
behavior of a wetland’s water levels. A wetland water budget can be more 
finely or coarsely developed depending on the project scope.39 The City of 
Mt Shasta currently lacks this type of detailed data regarding the behavior of 
wetlands inside its jurisdiction, but would benefit from such research, especially 
because wetlands are so extensively interconnected to the City’s stormdrain 
system. Partnerships with nearby academic institutions and/or state agencies 
could potentially be a cost-effective way to generate more information about 
Mt Shasta’s wetlands’ water budgets. 

https://casoilresource.lawr.ucdavis.edu/soil_web/ssurgo.php?action=explain_mapunit&mukey=459047
https://casoilresource.lawr.ucdavis.edu/soil_web/ssurgo.php?action=explain_mapunit&mukey=459107
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Hydorlogic soil ratings are based on the estimated run-off 
potential. The ratings take into account the rate of water 
inflitration if there was no vegetation protection, soil is 
thoroughly wet, and there is a long-duration of precipi-
tation.

Group A soils have high infiltration with deep, well 
drained sand or gravelly soil. Group B have a moderate 
infiltraiton when thoroughly wet. These soils consist of 
moderately deep, well drained soils with fine to course 
texture. Group A/D is a mixture of high infilitration and 
slow infiltration. Slow infiltration areas are typically clay, 
soils with high water table, and impervious material.
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The hydric soil rating indicates the percentage of hydric 
soil found in each map area. The higher the percentage 
of hydric soil are areas that are more saturated with wa-
ter, flood easily, and allow ponds to form. Under natural 
conditions, these soils are inundated with water enough 
to support vegetation submerged in water. Higher per-
centage soils are typcially associated with wetland and 
swamp areas. 
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Water Storage
A wetland’s storage capacity refers to its ability to catch and retain water, which 
includes surface water, soil moisture, and groundwater. In general, if the water 
table is high and close to the ground’s surface, the wetland in question has less 
water storage capacity. Water table levels usually fluctuate with the seasons, 
with lower levels during dry months and higher levels in wetter months. This 
means Mt Shasta’s wetlands probably have less storage capacity during the wetter 
winter months when snow is melting and plants are not transpiring. High water 
tables and low storage capacity can cause additional water entering a wetland 
to rapidly exit the wetland system without being stored for significant amounts 
of time. During the growing season (warmer months), water tables typically 
lower and evapotranspiration intensifies, increasing storage capacity. It is during 
warmer months when groundwater recharge may occur and runoff storage by 
the wetland is most effective.40 A water budget, as discussed above, would help 
the City understand wetland water storage in more detail. 

Water Quality
A widely known benefit of wetlands is their ability to influence water quality. 
Ground and surface water transport sediments, nutrients, trace metals, and 
organic materials, but wetlands are able to trap, precipitate, transform, recycle, 
and/or export much of this material, allowing a wetland’s outflowing water to 
have significantly different chemistry from its inflow.4142  Wetlands generally reduce 
erosion by stabilizing sediment and preventing stream flow and high winds from 
removing large amounts of land material. When currents are strong, sediment 
may erode from creeks if there is no anchoring support, but wetland vegetation 
decreases stormflow velocities through friction, which allows for deposition of 
sediment and nutrients.43 This process creates natural levees and flood cycles that 
allow wetlands to continue and propagate. Thus, wetlands can become “sinks” 
where material is trapped and held for extended periods of time. For example, 
heavy metals can be major deposits on wetland substrates after being filtered 
from incoming water. In effect, wetlands act as natural biological and chemical 
water filters for their watersheds.

Sometimes, wetlands can contribute new chemicals to their outflow, such as 
organic carbon.44 Of far greater concern, however, is the heavy metal mercury, 
which is naturally occurring (especially near volcanoes) but highly toxic. Because 
of their distinct chemistry, wetlands have been widely documented as efficient 
converters of inorganic mercury to “the more bioaccumulative and toxic form 
of mercury (methylmercury).”45 In other words, wetlands can cause naturally 
occurring mercury from incoming waters to convert to a form that is more 
toxic and more easily absorbed by living organisms. Multiple studies have found 
that forested watersheds with abundant wetlands have higher methylmercury 
concentrations in fish than those sampled from urban streams, even in cases where 
the urban streams have much higher inputs of inorganic mercury.4647  Immediately 
downstream of the City of Mt Shasta and its wetlands is Lake Siskiyou, which was 
recently listed under section 303(d) of the CWA for excess mercury.48 While the 
source of the lake’s mercury has not been identified and no total maximum daily 
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load (TDML) has been set, mercury levels in local water bodies are a concern 
to the City and local wetland management could be a factor. Unfortunately, 
to date there has been very little research on local water quality in general or 
on local wetlands’ effect on methylmercury production specifically. Without 
robust science, it will be difficult to evaluate the performance of different 
policies. The City should seek opportunities to work collaboratively with 
regulatory agencies and research institutions to gain a better understanding of 
how wetlands in Mt Shasta may be affecting mercury levels downstream. While 
the conversion of inorganic mercury to methylmercury is a natural process, 
there may be management options available to the City that can help protect 
wetlands and watershed health.

Wetlands also have other, more positive effects on watershed health. 
Watersheds with more wetlands have been measured to have lower specific 
conductance and lower concentrations of chloride, lead, inorganic nitrogen, 
suspended solids, and total and dissolved compounds. Flow velocity through a 
wetland also influences its ability to filter different particles. More specifically, 
wetlands can effectively remove suspended solids, phosphorus, and ammonia 
during high-flow, while effectively removing nitrates at low-flow periods.49 
Water purification functions such as these depend on four principal wetland 
characteristics: substrate, water, vegetation, and microbial populations.50 The 
influence of Mt Shasta’s wetlands on water quality have not been studied in 
detail, and more research is needed to understand how local wetlands influence 
water quality in the Upper Sacramento River. 

Weather Impacts
Due to the presence of water, wetlands have a tendency to locally moderate 
seasonal temperature changes through evapotranspiration and release of latent 
heat. Wetlands can produce cooler temperatures in their vicinity during warmer 
months and warmer temperatures in colder months. These temperature 
differences can modify local atmospheric circulation and affect humidity, cloud 
formation, thunderstorms, and precipitation patterns. As a result, if wetlands 
are removed, it is possible for localized weather or climate patterns to change 
in response.51 Conversely, preserving wetlands may be an effective method for 
reducing the local risk of extreme heat waves due to climate change. 

Climate Change Impacts
As a changing climate shifts patterns of temperature and precipitation, 
wetlands are likely to be impacted in multiple ways. Hydrologic changes have 
arguably been the most studied. Wetlands that historically rarely dried out 
are expected to experience more frequent drying in some areas. It is also 
anticipated that frequently dry wetlands will disappear altogether. In areas 
where precipitation is expected to increase, wetlands may become wetter, 
with subsequent changes in plant or animal communities expected to follow. 
52Emergent plant communities (those that are rooted below water but grow 
up to emerge above the surface) have been found to be most sensitive to 
hydrological alterations. The State of Washington’s Department of Ecology 
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identified mountain wetlands to be particularly at risk due less snowpack, 
earlier snowmelt, and rising temperatures. These impacts could cause a loss of 
more seasonal wetlands and the habitats they provide for plants, amphibians, 
and wetland invertebrates.53 

The more frequent drying of wetlands may trigger other impacts. Mt Shasta’s 
wetlands contain large amounts of decomposing vegetation called peat, which 
plays an important role in the carbon cycle by capturing carbon in the form 
of biomass, dissolved organic material, and organic sediment. When wetlands 
are drained or partially dried, they can change from a carbon sink to a carbon 
source through the release of methane and carbon dioxide, two greenhouse 
gases that contribute to climate change.54 This is especially problematic since 
it can take up to 250 years for an inch of peat to accumulate. Undisturbed 
wetlands have been observed to store twice as much carbon as a human-
disturbed wetlands,55 which makes the protection of Mt Shasta’s remaining 
wetlands of even greater importance.

While many of these changes will be global in nature, local events still play 
an important role in protecting wetlands in the future. Scientists currently 
identify moisture availability, impacts of land use, and altered disturbance 
regimes to be the most important influences on the structure of vegetation 
communities, as opposed to changes in temperature.56 For these reasons, 
the careful management of regional groundwater and local land use can help 
protect wetland ecosystems, even in the face of an uncertain future.

Goal WRE-7 Protect, maintain, and increase wetland areas in the 
City’s Sphere of Influence

Policy WRE-7.1 Protect existing wetland areas from high impact and urban  
development. 

Program WRE-7.1.1 Develop City’ specific wetland definition and 
standards

Program WRE-7.1.2 Identify and map all wetland areas meeting City’s 
definition in City Sphere of Influence

Program WRE-7.1.3 Develop and promote wetland maintenance  
standards to ensure effective stormwater retention, surface water 
purification, minimize invasive species encroachment, and support wildlife 
habitat. 

Policy WRE-7.2 Expand wetland areas in areas prone to stormwater run-off 
and areas where wetlands historically existed.

Program WRE-7.2.1 Develop incentive programs for creation and 
conservation of wetlands on private property.
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Program WRE-7.2.2 Create and maintain a Wetland Expansion Map 
with potential wetland creation areas.

Program WRE-7.2.3 Create development standards which include 
wetland creation and maintenance for commercial and multi-housing 
properties in Wetland Expansion Areas.
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All California communities must contend with the possibility of drought 
disrupting their way of life. The National Drought Mitigation Center (NDMC), 
defines drought as “a period of excessive dryness long or intense enough to 
affect agriculture, habitats, or people.” The definition suggests that drought 
is not only a matter of precipitation or lack thereof; rather, drought is also 
determined by how water scarcity disrupts the status quo for people and 
ecosystems. Thus, drought is as much about water demand as it is about water 
supply. 

The American Planning Association’s Report on Planning and Drought 
states that, “Life depends upon water. When nature fails to deliver expected 
quantities to a given area over an extended period of time, communities must 
make adjustments. How well they are prepared for those adjustments, or 
even recognize the need for them before it is too late, is a critical factor in 
determining the impact of drought.”57 

Accordingly, this section is divided into 3 parts: A) factors that contribute 
to the City of Mt Shasta’s existing resilience to drought; B) current drought-
related vulnerabilities; C) the City’s definition of drought.

Existing Resilience
• The City is not vulnerable to competing claims on surface water rights to 

its primary supply source, Cold Springs.
• High quality groundwater supplies appear to be readily available should the 

City wish to install additional production wells. 
• The City’s springs and wells are both fed by the same volcanic groundwater 

aquifer, which to date has supplied naturally potable water of sufficient 
quantity to satisfy the City’s needs without regular use of demand-side 
restrictions. 

• The local volcanic aquifer may prove more resilient to the disruptive effects 
of Climate Change than water supplies elsewhere in California. A warmer 
climate may also shift the seasonal timing of peak snowmelt earlier into 
the spring or late winter, but the groundwater-dominated hydrology of Mt 
Shasta is expected to lessen this effect and help maintain the productivity 
of Cold Springs in the late-summer and fall. Compared to cities whose 
water supply is provided primarily by surface flow, Mt Shasta reliance on 
groundwater makes it less vulnerable to potential reductions in dry season 
water availability. 

• The City installed meters in 2015. These water meters now make the 
City eligible for additional grants and have already helped the City achieve 
substantial demand-reductions compared to pre-2015 water usage. 

• Because the City has pursued far fewer demand-side water restrictions to 
date when compared to most other California cities, the City of Mt Shasta 
may still have relatively “low-hanging fruit” when it comes to available 
water conservation actions. 

8.5 Drought Tolerance and Water Conservation

Additional discussion 
on drought conditions 
and related goals can 
be found in the Safety 
Element 7.X.
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• There is broad community support for protecting the City’s water resources 
and many existing community organizations for whom water stewardship 
is a priority.

Vulnerabilities
• The City lies outside any protected groundwater basin , and thus will not 

be subject to the mandatory groundwater pumping restrictions that may 
be imposed on some other groundwater users. The only factors currently 
limiting the City’s access to groundwater supplies are: 1) the capacity 
of existing wells and the cost of running their pumps and 2) California’s 
“reasonable use” doctrine which legally forbids the wasting of water. 

• The City’s total storage capacity of 1.5 million gallons (MG) in Tanks 
2-4 is too small to meet peak hourly demand (PHD) and fire storage 
requirements.58 The Water Master Plan states that the City requires a total 
of 1.78 MG to meet four hours of PHD and three hours of fire flows at 
3500 gallons/minute. Therefore, the City currently has a storage deficit of 
0.28 MG. (This requirement has not been recalculated since the City-wide 
installation of water meters in 2015, which has likely reduced PHD.)

• The effects of Climate Change remain uncertain, but potential impacts 
that could increase the frequency of drought conditions in future include: 
less precipitation, a shift in winter precipitation from snow to rain, changes 
in the timing and intensity of precipitation, warmer temperatures, earlier 
seasonal thawing of snowpack, and changes in vegetation distribution that 
decrease groundwater recharge. 

• The physical factors that control the output of Cold Springs have not been 
well studied or quantified. As a result, there is no method to forecast Cold 
Springs’ output in advance. It is also uncertain how a long-term shift to 
warmer temperatures and more precipitation falling as rain instead of snow, 
as is predicted in the context of Climate Change, may affect groundwater 
recharge or the seasonal timing of Cold Springs output. Studies of 
geologically similar watersheds in the Oregon High Cascades indicate that 
Climate Change will cause a reduction in groundwater recharge and will 
reduce late summer and fall stream flows, but no comparable studies have 
been conducted for Mount Shasta or Cold Springs. 

• In general, the City lacks a precise understanding of the hydrologic processes 
of Mount Shasta’s volcanic aquifer. Furthermore, the City lies outside of a 
groundwater basin recognized by the State of California and is therefore 
ineligible for the snowpack and groundwater monitoring assistance DWR 
has provided for the nearby Shasta Valley Groundwater Basin. In the 
absence of State assistance, the City may be unable to accurately quantify 
changes in snowpack and groundwater levels over time. 

• The City’s storage tanks need to maintain turnover to avoid stagnation, 
high temperatures, and deteriorating water quality, especially in the warmer 
summer months. Increased age and temperature of water in the storage 
and distribution system during a drought could impair water quality given 
the untreated nature of the City’s supply. 

• The City has no treatment facilities at either of its 2 production wells, so 
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if either well failed to meet any State-mandated water quality standards, 
the City could suddenly lose a significant portion of its auxiliary supply 
until treatment facilities were installed or water quality improved. Some 
sources of potential groundwater contamination, including private septic 
systems installed in soil with severe septic limitations, are believed to exist 
hydrologically up-gradient from City wells east of City Limits. 

• The City’s water system is entirely gravity-fed when utilizing only Cold 
Springs. Reliance on wells during drought means that energy use for the 
City will go up significantly as pumping becomes necessary. 

• The City must maintain infrastructure such as water collection and 
distribution systems regardless of how much water is sold to customers. A 
reduction in water consumption during a drought could lead to a reduction 
in City revenues. Charging a high base-fee for water service could reduce 
this vulnerability, but such an approach reduces the price signal to reduce 
consumption during a drought and could place an undue burden on low-
income households. 

• As residents reduce their indoor water use during a drought, they create 
decreased flow volumes in the City’s Waste Water system, which could 
create clogging in the collection system, or increase the concentration of 
pollutants in the treatment plant’s influent stream in ways that negatively 
affect the treatment process. 

• “The decreased volume of water in lakes, rivers, and other receiving 
bodies reduces their ability to absorb contaminants and increases the 
concentration of both point and non-point sources of pollution. Potential 
point sources of pollution include municipal sewer outfalls, industrial 
discharges, and thermo-electric power plant return flows. The discharges 
from point sources may need to be reduced to meet environmental 
standards if the concentration of contaminants becomes too high when 
water levels in receiving water bodies are low.” This could be a concern for 
the City’s Wastewater Treatment Plant, although in the summer effluent 
from the WWTP is typically applied to the Mt Shasta Resort golf course 
rather than being discharged to the Upper Sacramento River. 

• The City’s demand for water is highest during summer; this seasonal peak 
is driven largely by outdoor use for landscape irrigation during the dry 
season. Outdoor demand may be even higher during drought, especially 
for higher-end residences with extensive landscaping.

• Restrictions in outdoor water use may negatively affect City-maintained 
properties, including athletic facilities at public schools. Sustained drought 
can lead to turf damage and interruptions to school athletics programs if 
water is not available to irrigate sports fields. The aesthetic landscaping of 
City-owned properties, including City Hall, the City’s North and South 
entrances along Mt Shasta Blvd, and right of way landscaping in streets 
could also face drought impacts.

• The City may experience demand hardening, which is a “reduction in the 
ability of a customer to achieve further water reductions after the relatively 
easy and cost effective water reductions have been implemented,” as 
conservation efforts continue.59 
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• Land use directly affects water use, and many local land use decisions fall 
under County jurisdiction. Siskiyou County, rather than City officials, will 
be responsible for regulating development outside City Limits, including: 
the installation of new private wells in the City’s vicinity, the water use and 
landscaping practices of those developments, and commercial extraction by 
beverage bottling companies. In these unincorporated areas, groundwater 
extraction via private wells is limited only by the legal doctrine of “reasonable 
and beneficial use.” No Memorandum of Understanding (MOU) currently 
exists between the City and County regarding drought restrictions on 
groundwater extraction in the City’s SOI during times of drought. The City’s 
Resiliency Dialogue Synthesis Report states that “Success generated by 
household involvement [conserving water] will be limited unless companies 
investing in local water resources are brought to the table to collaborate 
on efforts. A multi-stakeholder conversation about what water resilience 
looks like in Mt. Shasta (economically, aesthetically, ethically, ecosystem-
centric) will be a valuable start to this conversation.”60 

• Drought creates related health issues from heat and air quality, which 
especially affect young, old, and economically vulnerable populations. Mt 
Shasta has a high number of very young and very old residents. “Ash from 
drought-related wildfires and dust from dry land can drastically reduce air 
quality, with higher concentrations of particulate matter in the air in areas 
affected by drought.” Furthermore, many buildings in the City lack HVAC 
systems that can adequately filter smoke or provide thermal relief from 
extreme heat; drought-related air pollution will therefore affect indoor air 
quality for many residents Drought can trigger economic impacts that create 
severe psychological stress. “Stress can be caused by financial concerns and 
lack of productive work, and it can lead to serious depression, anxiety, 
alcohol abuse, and even suicide. These outcomes mainly occur among 
rural populations.”61 Mt Shasta residents’ mental health may be particularly 
affected because water is important to the City’s cultural sense of place 
and tourism industry. Residents involved in landscaping, tourism, recreation, 
and hospitality industries may be most vulnerable to economic disruptions 
and the ensuing financial stress. 

• Mt Shasta’s single largest risk for human life and financial loss is wildfire. 
According to CalFire, 70.2% of the City is within a Very High Fire Hazard 
Severity Zone, as well as much of the land surrounding the City. “Drought 
can increase wildfire potential, encourage invasive species, or increase 
forest mortality, resulting in short-term water quality problems and long-
term watershed complications.” Forest health can decline as trees become 
stressed and vulnerable to pests and disease, invasive species. Wildfire 
hazards will be greatest during the late summer and fall when spring output 
is declining, which may have serious implications for water availability for 
fire-fighting. Fire hazards are further compounded by the City’s limited 
water storage capacity. 

• Mt Shasta’s precipitation is seasonal and driven by cyclonic storms in the 
Eastern Pacific. If the City has an extremely dry winter, the next opportunity 
for recovery will be the following winter/ spring.. 



DRAFT

Mt. Shasta General Plan 2045
Water Resource Element

50

Defining Drought
The City’s springs and wells are fed by relatively young groundwater, winter 
precipitation is believed to be a key factor that affects spring output. Therefore, 
drought can be anticipated in advance whenever high elevation areas of Mount 
Shasta experiences an unusually dry winter. The City determine measurements 
to identify Moderate, Severe, and End of Drought conditions. For example, If 
total snowfall accumulation as measured at less than X at a given location by 
a certain date, the City can reasonably assume that Cold Springs output will 
be below average in the coming year. Such a determination will trigger a City 
designation of Moderate Drought. 

If Cold Springs output falls below 70% of its long term average output for a 
given month, this condition will trigger a City designation of Severe Drought.
 
This drought designation will stay in effect until snowpack recovers, which 
may or may not be the following winter. Multi-year droughts may be the new 
normal, and the City’s definition should account for the high likelihood of 
multiple dry years occurring in a row. When snowpack recovers to above a 
certain level at a given location by a specific date, the City will issue an End of 
Drought notice to residents. 

Water Conservation
The act of conserving water is centered on reducing use of water from the 
environment, using technology to use water more efficiently, and reusing 
graywater before it enters the wastewater stream. Water conservation in 
California has been a way of life for many communities due to lack of access to 
potable water and severe drought. These communities have been employing 
water conservation practices for necessity and state mandates.

The City of Mt. Shasta due to its abundant water supplies is not one of the 
communities that has effectively implemented water conservation practices. 
The only meaningful practice worth noting was the installation of water meters 
in 2015. The lack of water conservation practices in the City means that 
there are many areas to improve and reduce the amount of water usage. The 
major benefits the City could see in employing water conservation practices 
is reduced impact on existing water facilities and lower long-term impact on 
groundwater supplies. This would lead to long-term cost savings and increased 
water supply.
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Goal WRE-8  Develop a drought definition and restrictions for water 
users.

Policy WRE-8.1 Involve water users in discussions on drought conditions and 
restrictions.

Program WRE-8.1.1 Collect public comment from as broad a cross-section 
of the community as possible as soon as feasible regarding experiences during 
the previous 2013-2016 historic drought

Program WRE-8.1.2  When the City determines it is experiencing drought 
conditions, notification is sent to all water users. Include in those notices all 
legally required actions as well as additional voluntary actions users can pursue.
 

Policy WRE-8.2 Develop, communicate, and enforce drought conditions specific to 
the City of Mt. Shasta.

Program WRE-8.2.1Develop specific measurements to determine drought 
conditions and end of drought conditions.

Program WRE-8.2.2 Develop Drought Policies and Regulations to limit 
water usage during drought conditions.

Program WRE-8.2.3 Develop public outreach materials in multiple languages 
to notify and educate the public on water conserving measures during drought 
conditions.

Program WRE-8.2.4 Reissue Resolution No. CCR-15-16 A Resolution of 
the City of Mt Shasta Establishing an Emergency Drought Condition Water 
Reduction Policy when new levels are established.

Policy WRE-8.3 Include drought restrictions in City landscaping ordinances

Program WRE-8.3.1 Establish land use and landscaping ordinances that 
promote water-smart design in all new development.

Program WRE-8.3.2 Provide incentives or requirements for xeriscaping, 
drought tolerant landscaping, water efficient appliances, and water conscious 
building design

Goal WRE-9 Promote water capture systems and gray water reuse.

Policy WRE-9.1 Involve water users in discussions on drought conditions and 
restrictions.
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Program WRE-9.1.1 Implement programs that would expand the use of 
rainwater harvesting technologies or other forms of water reuse (such as 
“graywater irrigation”) on a property-scale. 

Goal WRE-10 Improve existing water infrastructure to minimize 
water loss.

Policy WRE-10.1 Use constant-use water meter data to identify potential leaks on 
the customer-side of water meters.

Program WRE-10.1.1 Develop household scale water system improvement 
program to repair leaks and improve overall efficiency.

Program WRE-10.1.2 Develop repair schedule for City-wide infrastructure 
leaks and improve overall efficiency.

Goal WRE-11 Promote water conservation measures to reduce water 
usage.

Policy WRE-11.1 Implement water conservation programs involving education, 
infrastructure improvements, and household practices. 

Program WRE-11.1.1 Reinstate program of public “Water Talks” to educate 
the community about the need to conserve water.
 
Program WRE-11.1.2 Establish incentives to encourage existing property 
owners to comply with the overall goals of water conservation.
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The City of Mt. Shasta maintains a Municipal Separate Storm Sewer System 
(MS4) to convey runoff from impervious surfaces within the City to receiving 
water bodies. These storm drains are critical infrastructure which reduce the 
risk of flooding, protect public and private property, and improve water quality 
downstream. This MS4 consists of both surface drainage features (including 
natural waterways, man-made ditches, and/or remnants of natural watercourses) 
and subsurface drainage features that have been enclosed with some type of 
pipe. Prior to the 1990s, there was no accurate City-wide drainage plan for Mt 
Shasta. Drainage plans were required for individual projects, but attempting 
to manage stormwater only at a property scale has obvious limitations and 
disadvantages. The City of Mt. Shasta updated the Stormwater Master Plan in 
2020 which includes climate adaptation, green infrastrcuture, and prioritizes 
stormwater infrastructure projects and programs. 

Two small streams, Big Springs Creek and Cold Creek, originate from springs 
in or just above the City and drain through it northeast to southwest. Prior 
to the City’s development at the turn of the 20th Century, much of what is 
now the City of Mt Shasta was a complex of wetlands and wet/dry meadows. 
As the City developed, much of the original wetland was altered or filled, 
and runoff from impermeable surfaces was increasingly directed through gray 
infrastructure drainage features to tributaries of the Upper Sacramento River. 
The average slope of the City of Mt Shasta east of Interstate-5 is 5° and 
generally slopes towards the Interstate. When I-5 was constructed in the 
1960s, CalTrans installed culverts under the interstate to accommodate 
drainage from the east, and the capacity of these culverts now represents a 
strict upper limit on the maximum flow of stormwater from the City of Mt 
Shasta.

The Federal Emergency Management Agency (FEMA) has not mapped any 
floodplains in the City of Mt Shasta’s sphere of influence (SOI), with the 
exception of the shores of Lake Siskiyou. The remainder of the SOI, including 
100% of land within City Limits, is designated as an “area of minimal flood 
hazard.” However, the FEMA map stipulates that “It does not necessarily 
identify all areas subject to flooding, particularly from local drainage sources 
of small size.” 

Historic evidence suggests that past flood events in the SOI and City are precisely 
the type of hazards excluded from FEMA maps: localized street and basement 
flooding associated with small streams, wetlands, and insufficient local capacity 
of the City’s MS4. Such flood events are caused by seasonal precipitation and 
peak storm events, which generate significant runoff from impermeable surfaces 
like roofs and pavement. Runoff is directed through a network of surface and 
subsurface drainage features, under critical transportation infrastructure, and 
ultimately to Lake Siskiyou and the Sacramento River. However, in the absence 
of maintenance or improvements, the City’s MS4 may prove unable to meet 
its designed capacity. Of particular concern are rain-on-snow events, which 

8.6 Stormwater
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"Discharge" means the release, threatened release, or placement of any material into the city's 
stormwater conveyance system or receiving waters, including but not limited to stormwater, wastewater, 
solid materials, liquids, hazardous waste, raw materials, debris, litter, or any other substance.”69

"Illicit connection" means either of the following: 1. Any drain or conveyance, whether on the 
surface or subsurface which allows an illicit discharge to enter the city's stormwater conveyance system 
including but not limited to any conveyances which allow any non-stormwater discharge including 
sewage, process wastewater, and wash water to enter the city's stormwater conveyance system and 
any collections to the city's stormwater conveyance system from indoor drains and sinks, regardless of 
whether said drain or connection had been previously allowed, permitted, or approved by a government 
agency; or 2. Any drain or conveyance connected from a commercial or industrial land use to the city's 
stormwater conveyance system which has not been documented in plans, maps, or equivalent records 
and approved by the city.”

exacerbate street flooding because snow berms plowed to the sides of streets 
redirect runoff away from storm drain inlets. In the context of climate change, 
these hazards will only become more pronounced with time. 

However, the City updated the Stormwater Master Plan in 2020. The update  
reframed stormwater as a resource to be valued rather than a waste product to 
be disposed of. This paradigm shift emphasizes the use of “green infrastructure” 
to naturally clean runoff and low-impact development (LID) techniques that 
reduce the volume of runoff being generated. These strategies offer multiple 
co-benefits, including improved water quality, reduced number of costly 
flood events, restored aquatic habitat, improved groundwater recharge, and 
enhanced neighborhood beauty.

Not all MS4s are regulated under the CWA; the MS4s of small cities with 
populations of less than 10,000 like the City of Mt. Shasta are usually exempt 
from permitting requirements.62 However, the USEPA and State Water Board 
retain the discretion to force small municipalities to undergo NPDES permitting 
for a number of reasons, including if the municipality’s MS4 discharges to 
sensitive waters as defined by §303(d). The only §303(d) listed water body near 
the City of Mt. Shasta is Lake Siskiyou, which was recently listed for excess 
mercury (Hg). No Total Minimum Daily Load (TMDL) has been established 
yet, nor has the source of the excess mercury been identified. While the City 
of Mt. Shasta is currently not required to obtain a NPDES permit for its MS4, 
it could conceivably be forced to in the future if water quality downstream of 
the City deteriorates.
Additionally, there are no non-traditional small MS4 permit holders in SOI, 
but they are required for construction projects disturbing more than 5 acres 
of land. Currently, the only NPDES permit in the City’s SOI is for its Waste 
Water Treatment Plant (NPDES Permit No. CA0078051).

Despite not being legally obligated to do so, improving the performance of the 
City’s MS4 is desirable if it reduces nuisance flooding and furthers the City’s 
stewardship of culturally, economically, and environmentally important water 

https://www.epa.gov/tmdl/overview-listing-impaired-waters-under-cwa-section-303d
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resources. Additionally, the City being proactive in drainage planning creates 
the best possible chance of avoiding the obligations of State-level regulation 
that would follow if the City were designated as a Regulated Small MS4.  

Impacts of Climate Change
Like many alpine regions in California, the City experiences a Mediterranean 
Climate characterized by warm, dry summers and cold, wet winters. Long term 
average precipitation in the City is approximately 40 inches.63 Most precipitation 
in the watershed falls between October and May, with December through 
February being the wettest months on average (Figure 1).64 Major precipitation 
events are often associated with cyclonic storms from the Eastern Pacific in the 
winter months; summer thunderstorms occur but rarely produce significant 
rainfall.65 However, long term average values can be misleading because there 
is significant variability in precipitation year-to-year, with extreme wet and dry 
years being much more common than “average” years (Figure 2). 

Climate change is expected to further exacerbate the region’s year-to-year 
precipitation variability, with models predicting more “frequent, dramatic 
swings between wet and dry years” in what has been termed “precipitation 
whiplash” (Figure 3)66. Experts also predict that a greater percentage of the 
region’s precipitation will be concentrated in a few major storms, called 
atmospheric rivers, which may increase the risk of both droughts and floods.67

Because of the very large elevation change between the City and Mount 
Shasta’s summit (over 10,500 vertical ft in less than 9 miles), there are strong 
micro-climate effects on and around the mountain. The most important effect 
is precipitation’s dramatic increase with elevation, from an annual average of 
40 inches in City Limits to over 70 inches above 7,000 ft. While the City 
experiences both rain and snow, precipitation is almost exclusively snow 
at elevations above 7,000 ft. In general, the south side of Mount Shasta is 
wetter and less windy, while a rain-shadow effect makes the north side of the 
mountain more windy and arid.68 The City of Mt. Shasta sits on the southwest 
flank of the mountain between these extremes, with variable micro-climate 
effects that can be difficult to predict.

Due to its alpine location, the City experiences cold snowy winters, which 
have important implications for drainage that most California cities don’t need 
to consider. The Public Works Department must remove snow from roads 
after winter storms by plowing, and individual residents are responsible for 
clearing their own driveways and sidewalks. Large snow berms form during 
the winter months, so runoff from impervious surfaces is often delayed or 
redirected, which allows for pollutants to become concentrated in snow banks 
before they are mobilized in runoff during thaw. Throughout the winter and 
early spring, the City experiences repeated freeze-thaw cycles which allow 
water to fill fractures and then widen them as water freezes and expands. 
This process, called  frost-wedging, can significantly damage pavement, pipes, 
and other infrastructure. Other snow-related considerations include the City’s 
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Figure 1: Average monthly normal precipitation levels in the City of Mt. Shasta. Data obtained from: 
https://www.ncdc.noaa.gov/cdo-web/datatools/normals

Figure 2: Observed and projected precipitation levels in the City of Mt. Shasta using CanESM2. Note the observed data is 
graphed using points which indicates true values, whereas the projected data is drawn as simple lines. Source: CalAdapt

https://www.ncdc.noaa.gov/cdo-web/datatools/normals
https://cal-adapt.org/
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deployment of anti-skid sand and cinders to its roads for traction purposes during 
snowy conditions, which add fine sediment to runoff when snow melts. Although 
the City is small, the presence of paved surfaces produces a small but noticeable 
urban heat island effect which accelerates snowmelt within the City compared 
to less developed locations just outside the City of Mt. Shasta. Finally, because 
the coldest months are also the City’s wettest, most of the City’s stormwater 
runoff is generated in the winter when biological activity is seasonally dormant. The 
climate of Mt. Shasta may therefore limit the effectiveness of green infrastructure 
techniques that have been proven effective in warmer regions of California. 
Vegetation management and green infrastructure techniques at higher elevations 
would be more successful at slowing snow melt, decreasing the severity of rain-on-
snow melt, and cleaning surface waters. 

Goal WRE-12 Update and maintain the Stormwater Master Plan on 
a 5 year cycle.

Policy WRE-12.1 The City shall maintain and update the Stormwater Master Plan 
every 5 years to include all necessary infrastructure projects and Stormwater 
Resource Planning best practices.

Program WRE-12.1.1 Prioritize green infrastructure over gray infrastructure 
projects in the Stormwater Master Plan.

Figure 3: Projected precipitation levels in the City of Mt. Shasta under RCP 4.5 Conditions; emissions peaking 
around 2040 then declining. The projected average value of 53.5 inches/year and corresponding standard devi-
ation (σ), seen as a shaded buffer, represent the projected annual average under current climate conditions and 
were modelled using CanESM2. Model CNRM-CM5 was used to predict annual precipitation rates for “Wetter_
Scenario” years and model HadGEM2-ES was used to show “Drier_Scenario” years. Source: CalAdapt

https://cal-adapt.org/
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The City of Mt Shasta has had a long, and at times extremely controversial 
history with the beverage industry. The region’s abundant high quality water 
supplies originally attracted Native Americans to the area, and later Euro-
American settlers began commercial use of water soon after their arrival. 
In 1855, Ross McCloud opened a resort at Soda Springs near Dunsmuir. As 
the stagecoach road and later railroad brought increasing numbers of visitors 
through the Mt Shasta region, resorts along the transportation corridor 
grew, many of which marketed their clean water supplies to tourists. Nearly 
all were located next to springs, in some cases on the same sites as earlier 
Native American villages. “In 1889, Thomas Hall started the Mt Shasta Mineral 
Springs Company and began bottling the water and delivering it by rail to 
nine locations from Portland to Los Angeles… For those not staying at [Hall’s 
Shasta Springs] resort, trains made 10-minute stops so passengers could get 
out and sample the water at no cost.”70 John Ney’s Ney Springs Hotel also 
made early attempts to bottle and sell spring water commercially. In the new 
town of Sisson, breweries and saloons took advantage of the clean water and 
natural refrigeration provided by springs; numerous breweries sprang up along 
“Whiskey Row” to market to tourists and lumber mill workers alike.71 

The twentieth century brought another wave of commercial bottling plants to 
the Mt. Shasta region with the re-purposing of the Ski Village mill site to the 
Coca Cola Dannon bottling enterprise and establishment of the Pepsi Cola 
plant on Chestnut Street. The bottling plants remained in consistent operation 
until the early 2000s. Pepsi Cola’s facility was re-purposed to a distribution 
point due to plastic bottles replacing glass in 1988. 
 
On October 2nd, 2013 Crystal Geyser purchased the Dannon bottling facility 
just outside Mt Shasta city limits, originally hoping to have in up and running 
within 2 years. At the time of purchase, no Environmental Impact Report (EIR) 
was required because County considered bottling an already permitted use. 
CG obtained unlimited pumping rights with the purchase of the property, and 
began planning to connect with the City of Mt Shasta sewer for disposal of 
industrial effluent. 

Concerned residents for the communities surrounding the bottling plant 
began organizing opposition to the bottling plant. They began groundwater 
monitoring as a baseline. CASGEM baseline established under 2014 historic 
drought conditions but prior to CG plant beginning operations. In June, 2015 
We Advocate Through Environmental Review (WATER) threatened to sue 
Siskiyou County, in August they did file suit related to potential negative 
environmental impacts. In September 2015, CG announced it would do 
a comprehensive EIR after being asked to apply for permits from Siskiyou 
County. Ultimately, after litigation and delays, the County approved EIR for 
bottling plant in Dec 2017. The County decision has since been taken to court 
with no anticipated opening date for the bottling plant.

8.7 Commercial Exporting
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Scientifically, the City of Mt. Shasta has not explored the cumulative impacts 
of commercial water exporting enough. The majority of scientific study on 
groundwater impacts in relation to groundwater exporting has been funded 
and promoted by partisan groups that are strongly in fair or against the industry.  
These studies may be considered accurate for the purposes in which they 
were developed, but for the City to support and set groundwater extraction 
limits, there must be more robust, repeated scientific study and modeling.

As discussion in section 8.2, the fractured volcanic groundwater area that 
supplies municipal and commercial water enterprises has not be thoroughly 
studied to determine flow paths, longevity, drought tolerance, and impacts of 
current and future water demand. The City will need to support additional 
studies to develop and promote a safe extract limit for both municipal and 
commercial water demand. 

Trend-wise in the state of California, many jurisdictions are developing and 
adopting groundwater extraction levels and drought policies to ensure City and 
County supplies are adequate to meet current and future demand of residents. 
As previously discussed in Section 8.2, groundwater basins are requiring 
commercial exporters to have consumption limits under state regulations. 
Although the City of Mt. Shasta is not within one of these groundwater basins,  
water resources in the Mt. Shasta are significant factors to the City adjusting to 
climate change, promoting recreational tourism, and supporting future growth.

Goal WRE-13 Develop and promote groundwater extraction 
limits for commercial and municipal consumption.

Policy WRE-13.1 The City shall advocate for scientifically supported 
groundwater water extraction limits to ensure sustainable water levels for 
current and future growth.

Program WRE-13.1.1 Commission study on the City’s groundwater 
area to determine appropriate, safe levels of groundwater extraction for 
municipal and commercial users.

Policy WRE-13.2 Water export projects will not be approved or supported 
unless the specific requirements of California Water Code Section 10505 
protecting development rights and Section 11460 protecting beneficial uses of 
the watersheds are met and substantiated through a scientifically based public 
process.

Program WRE-13.2.1 Update groundwater extraction local regulations 
to ensure that all new export proposals and renewal of licenses for 
existing water exports shall include a full assessment of impacts on the 
environment, economy, and water supply needs of the city.
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Program WRE-13.2.2  The City shall require that exports not damage the 
City’s environmental and economic setting by ensuring that no unreasonable 
effect occurs in the transfer and withdrawal of water resources pursuant 
to Section 1810 of the State Water Code.  City standards for defining no 
unreasonable effect include actions that will not: A. Contribute to a decline 
in the population of any sensitive or protected plant, fish, or wildlife species. 
B. Reduce water levels in any existing public or private groundwater wells 
to levels that preclude withdrawal by existing users or would substantially 
increase the costs or such withdrawal. C. Contribute to any impacts on 
water quality that reduces water quality below health standards or federal 
or state water quality standards. D. Contribute to effects on water quality 
that would result in a deficiency by the water treatment agency’s ability 
to treat water to appropriate standards. E. Reduce available groundwater 
or surface water resources to levels that would make access and/or use 
of these waters uneconomical for development planned in accordance 
with this General Plan. F. Directly or indirectly discharge contaminants into 
surface or groundwater resources  
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The Indigenous Peoples of the area can be summarized into five major tribes; 
Pit River, Karuk, Winnemem Wintu, Modoc Nation, and Shasta Tribe. Each 
tribe is unique with multiple, diverse bands that differ in culture and original 
tribal lands. The commonalities between the tribes are their location to Mount 
Shasta and belief systems which hold the mountain, its springs, and waters as 
the central point of creation and the universe. 

In 19th century, Euro-Americans began to infringe on the Mount Shasta region 
by way of the Siskiyou Trail between the Central Valley and Oregon. The 
abundance of natural springs and fisheries drew the European immigrants to 
permanently locate in the region. Some of the early visitors included famous 
preservationist, John Muir. Muir advocated for the preservation of forests and 
watershed as wilderness instead of allowing private property development. 
Unfortunately, most of the white settlers favored the idea of private property 
and resource extraction, which were in sharp contrast with both Tribal views 
and Muir’s promotion of preservation.

With the completion of the Central Pacific Railroad in 1887, the timber 
industry increased which accelerated the displacement of Native Peoples The 
loss of Native practices and rapid growth of timber and mining permanently 
changed the regional ecosystem and watershed. 

Eighteen years after the completion of the railroad line, the Town of Sisson 
(later renamed Mt. Shasta) was founded around the new lumber mills and 
nature-based tourism. Although timber was the primary industry, the railroad 
brought many visitors from congested cities to enjoy the wildness of the region. 
Tourism grew more with the change from rail to automobile transportation 
with completion of US Highway 99 and Interstate 5. 

The 1980’s saw a in the decline of the timber industry due to changes in 
timber pricing and increasing environmental concern over timber management 
practices. The decline of industry in the City and the nation have shifted the 
economy to a tourism-based economy. The tourism economy is especially 
vulnerable to climate change and unpredictable weather patters. 

The City of Mt. Shasta places weight in the cultural and historical significance 
to the water resources of the region. The value that the residents and visitors 
place on water is not quantified, but widely understood to be significant. 
Further discovery is needed to develop a better understanding of the social  
and cultural value the various groups in the City place on water features and 
resources.

8.8 Historic and Cultural Significance of Water
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Goal WRE-14 Develop and enhance City understanding of the 
historic, social, and cultural value of water resources.

Policy WRE-14.1 Create and support avenues for social expression of the 
value of water through historic, tribal, and cultural contexts.

Program WRE-14.1.1 Develop public and performance art 
programming and events to showcase social value of water.

Program WRE-14.1.2 Develop outreach and education program 
to explore and understand the historic and cultural context of water 
resources.

Program WRE-14.1.3 Develop wayfinding signage and educational 
kiosks on-site to illustrate water resource cultural and historical context.

Policy WRE-14.2 Respect and support tribal agencies in communicating and 
developing programs to identify and promote tribal value of water resources.

Program WRE 14.2.1 Commission a cultural, anthropological, and 
historic study of tribal water values and practices

Policy WRE-14.3 Include historic, tribal, and cultural elements in open space 
and conservation projects involving water resources.

Program WRE-14.3.1 Require all open space projects with a focus 
on water resources to dedicate funds to provide cultural, historic, and/or 
tribal features

Program WRE-14.3.2 Partner with outside agencies to integrate tribal, 
historic, and cultural aspects of water resources into existing and future 
public spaces.
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