CHAPTER 3
WORKING IN THE WATERSHED

All rivers and streams drain from a basin- an adked a watershed. What happens in each watershed
affects the quality of the streams and the fishthathey provide. This chapter gives a basic gemknd
on how watersheds work.

Watershed Basics

The Watershed Approach

What is a Watershed?

Watershed Elements and Processes
Water Quality
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THE WATERSHED APPROACH

Understanding and managing watersheds is usefakimitigation of local road-related environmental
problems because:

» Salmon and steelhead species in our Central Cadetstieds are now listed, or proposed to be listed,
as threatened or endangered under the FederatatedEdangered Species Act, leading to new
legal restrictions on watershed activities.

» Many of the streams in our region are listed unlderfederal Clean Water Act as “impaired” by
excessive sediment & temperature, triggering airement for Total Maximum Daily Load (TMDL)
non-point source pollution limits for each streayatem. You can find a list of these streams and
impairments at http://www.swrch.ca.gov/tmdl/303dtdihtml.

» Since water moves downstream in a watershed, awbwork and other watershed activities can
affect water quality at locations downstream, ketaa “big picture” watershed view to solve human-
caused problems.

» Solutions need to address the causes and nohgusymptoms of stream and fishery conditions — and
the watershed approach provides a way to do this.

WHAT IS A WATERSHED?

The basic definition of a watershed is fairly sigpl

Watershec — an area of land which drains water, sedimemt,digsolved materials into
waterways; defined by the ridges of the hills orumiains that divide them.

Other terms often used to mean the same thingdachasin, drainage, or catchment. While techlyical
the term ‘watershed’ can refer to any size of @aathere is less confusion if terms are consigtestd
and defined by size. A system of terms existsfirdividing large watersheds into smaller onesedhas
on relative watershed size:
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River Basin — A river system or a group of streams composiogastal drainage area.

Subbasin- A geographic area representing part or all sfitfiace drainage area, a combination of
drainage areas, or a distinct hydrologic featubnost all subbasins are larger than 700 squaresnmil
size, though some in Northern California are smalle

Watershed— The next smallest subdivision of a subbasin.

Subwatershed- A logical subdivision of an area within a watexd, based on geography (major
tributary) or a distinctive feature or use (munadipvater supply).

Drainage — An area within a subwatershed based on the olgwelnt of the stream channel network,

including draws and swales.
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Figure 3.1 Drainage area calculation

WATERSHED ELEMENTS AND PROCESSES

Water Courses

Water flowing through channels has many differearhas as well: river, stream, creek, wetlands,
estuaries, gulch, and ditch. Water is also storethe surface in different types of water bodigshsas
lakes, lagoons, reservoirs, and ponds. Togetherf, these flowing and stored surface water bodies
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calledwatercourses In contrast, the body of water stored beneaglstirface of the ground is called
groundwater.

Connectivity is a term that refers to the physical connectidween tributaries and the river, between
surface water and groundwater, and between wetkamdisvater sources. Roads can also be connected to
the stream system when runoff flows along the yetiem before entering the stream network (also
called “hydrologically connected road.”). In tlmanual, our goal is to disconnect roads from steeam

Stream Channels

¢ Stream channels carry runoff flows from precipaatin the watershed. The channel is carved by the
flowing water . Bankful is defined as the typiclaivi that forms the shape of the existing channel.
Most rivers reach bankful stage, at approximately@year reoccurrence interval. If the sediment
load in a stream is greater than the stream’s dggaanove sediment, it becomes deposited in the
stream channel, causing it to fill or aggrade. Tittle sediment, compared to what the stream was
historically carrying, can cause the channel tomtay or degrade in elevation. When either of these
conditions occurs, the stream channel must adpstteam and downstream. Streambank erosion,
channel widening, and headcut (an abrupt stepeichiannel profile) erosion are some of the
symptoms of this readjustment.

¢ Stream crossings on roads, particularly bridges beaseriously effected by the changes in stream
channel depth and width.

Stream Order

Stream channels connect like the veins on a Idas. fetwork of smaller tributaries flowing into
increasingly larger streams, has several numbegatems. The stream “order” system refers to
numbering tributaries starting in the headwaters.

1. First-order streams have no tributaries;

2. Second-order streams have only first order charasetgbutaries, or they occur where two first-
order streams come together;

3. A third-order stream is formed by the joining oforsecond-order streams, and so on.
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Figure 3.2 Stream order designation (Strahler 1957
Stream Categories
Streams are often identified by their flow conditio

» perennial- those streams which carry water the year roexekpt for infrequent and extended
periods of severe drought.

» ephemeral streams consisting of a dry channel throughastraf the year, bearing water only
during or immediately after a rain..

* intermittent— stream channels which carry water only parhefytear and are dry the other part,
but which receive flow from the groundwater tablean it is high enough.

These stream types are indicated on topograplapg") maps of the U.S. Geological Survey (USGS),
with perennial streams identified by solid blueeBn(“blue line streams”) and intermittent streams b
dash-dot blue lines. However, these USGS mapatidits are only estimates made at the date of the
original map development, and should not be usedsabstitute for more accurate descriptions of
current conditions — especially for smaller creeks

Stream Class

Another way to categorize streams is by the watesés such as for aquatic species or domestic water
supply. The terms below are also commonly usedicpéarly by the California Dept. of Forestry and
Fire Protection (CDF) and the Dept. of Fish and €4DFG) to help define the degree of state forestry
regulations:

Class | Watercoursé stream (or lake) that is used for a domestitewsupply (including
springs) on the site and/or within 100 feet doweestn of the operations area; and/or fish always or
seasonally present onsite, including habitat tétesugish migration and spawning. (It typicallpis
year round, but may flow seasonally.)

Class Il Watercourse\ stream (or lake) that has fish always or seabppresent offsite within
1000 feet downstream, and/or aquatic habitat fofisle aquatic species; excludes Class Il wateas th
are tributary to Class | waters. (These streamsflow year round or seasonally; many springs and
wetlands are also included.)

Class Ill WatercourseA stream channel (or lake) with no aquatic ifesent but showing
evidence of being capable of sediment transpa@iass | or Il waters under normal high water flow
conditions.

Class IV WatercourseMan-made watercourses, usually downstream,diabéished domestic,
agricultural, hydroelectric supply or other benigficise.

Other stream terms are often based on legal defisifrom one or more laws. The Clean Water Act
refers to “Waters of the U.S.”, and “Ordinary Highater Mark”, both of which are defined under tha Ac
in Chapter 2 — Regulations and Permits.

Flood Frequency and Floodplain Size

Floods are natural events and should be expeétfiedt rivers reach bankful stage at approximately a
two-year reoccurrence interval. Bankful is defimsdhe typical flow that forms the shape of thisteng
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channel. While bankful flows are a common occuwregreatastrophic floods may occur any year. The
probability of occurrence of a particular size fipbased on the years of record, is often usedeiiqi
the frequency of floods for planning purposes.eRtil frequency of 25, 50, and 100 year flood ¢éven
are commonly used.

The overflow onto the floodplain makes this ared phthe river system during larger storms.
Floodplains occur in large river valleys and alsdhe valleys of creeks just a few feet wide, lyat a
usually not present along most headwater tribwgarttructures that encroach onto this floodplasueh
as roads and buildings — are encroaching on tkarsts ability to move laterally under higher flowasd
may be damaged or destroyed when flows unto tleelfliain occur. The “100-year floodplain”
represents the area potentially inundated for arswal but possible flood event with the probabitity
occurring once every 100 years on the averages fddtential 100-year flood scenario is being usecem
and more for engineering designs for any structwiten a stream channel or floodplain.

Flood Frequency & Size Concepts: (Mount, 1995)

1. The probability that a 100-year flood will strikeiger in California is the same every year,
regardless of how long it has been since the RGtykar flood.

2. ltis not certain that the 100-year event will acsametime in the next 100 years (although it ettgr
likely).

3. In California, where historic data sets are snth#,100-year floodplain is likely to grow followirey
major flooding event.

4. ltis a virtual certainty that the defined 100-y8laodplain is not the actual 100-year floodplain.

WATERSHED PROCESSES

Understanding the physical processes that shameashed’s condition can help in making better
decisions about road management practices. THeyqoiathe stream and its fish habitat is directly
influenced by these watershed processes.

Rainfall, Streamflow, and Runoff

¢ Hydrologic cycleis theterm used to describe the continuous circulatiohefEarth’s waters from
the ocean, to the atmosphere, to the land, andahento the ocearHydrology is the science of
water, or the study of water and its environmenh@hydrologic cycle. Water falling to earth, or
precipitation, can be in the forrof rainfall or snow. Rainfall or snowmelt enteriagtream channel
becomes stream flow.

¢ Runoff occurs when the ground in the watershed is nodoogpable of absorbing the precipitation.
* Some soils absorb water from rainfall more easigntothers, so runoff occurs less rapidly.
* Vegetation can affect the rate of runoff, with maraoff usually coming off bare areas.
* Urban or paved areas speed the movement of walestamten the time between rainfall and
runoff. The effects of urbanization and deforestatan alter the hydrograph, increasing
peak run-off flows in a watershed and increase obhan frequency of flooding.

¢ Precipitation affects runoff based on the following aspects:
» Intensity of rainfal- measured in inches per hour — varies from lohigb; high intensity
rainfall leads to large amounts of runoff.
» Duration of rainfal] together with intensity, affects the runoff — tbheger the rain storm, the
greater the amount of water to runoff.
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» Frequency of rain stornduring a period of time — multiple storms ovehars period of
time create greater runoff than single storm$ios¢ spread out over a long period of time.
» Type of precipitatior rain or snow — controls the timing of runoffpsypack spreads out
the effects of storms, leading to delayed runofivarmer months.

Geology and Soil Landscape

¢+ Geologyis the science of the earth. A more specific sisgyeomorphology or the study of the
physical features of the surface of the earth. ddstanding the regional landscape of Central
California requires reference to these sciences.

¢ Soils are weathered rocks mixed with other orgaraterials. The stability of soils in the region
varies by type, and is closely associated withgiinities of their underlying rocks. Two soil tyge
known for their high tendency for erosion are:
* “Blue goo”soils in the Coastal Franciscan formatitrese soils are derived from
incompetent schist high in clay content and tenalctosery “slippery” on steep slopes.
Slopes composed of this type of soil are often hooky and grass-covered.
» Decomposed granite (or “DG”) soils; these soilsxdostick together well (are “non-
cohesive”) due to high sand and low silt and clagtent.

Soil Erosion and Sedimentation

¢ Erosion Processes

. Soil erosion is mainly caused by water and wind.
. Erosion is a natural process linked to the hydriclogcle.
. Not all soil that is eroded enters the stream @indige system .Streams do work by

eroding, transporting, and depositing materialt,(8bnd, gravel, cobbles, boulders).
Examples of this process include streambank erpsiarddy streams, and new gravel
bars.

¢+ Types of Erosion

* Gully — An erosion channel formed by concentrated runffially larger than one foot deep
and wide. Gullies often form where road surfacditah runoff is directed onto unprotected
slopes.

» Sheet & Rill- Sheet erosion is the loss of soil in thin lay#rsoil across a large surface
area, while rill erosion is a small erosion char(feglger channels are called gullies). Rill
erosion can be seen where rainfall and surfacefrismooncentrated on unprotected
fillslopes, cutbanks, and ditches.

» Dry Ravel- On steeper slopes, gravity can bring dry soidmtdll. Frost heaves can create
this condition also. Raveling is most obvious gltvare, steep road cuts.

* Landslides The downslope movement of a mass of earth daoggravity. Examples
include debris slides, torrents, rock falls, delralanches, and soil creep. They may be
caused by natural erosional processes, naturarlgsices (earthquakes, floods, fires), or
human disturbances.

¢ Sedimentation
» Solil erosion that enters the stream channel ondga system (ditches, storm water drains,
etc.) becomes sediment.
* Natural levels of sediment in a stream systemeferned to as “background levels”.
» Excessive levels of sediment are those amountsedi@ekground, and can cause habitat
problems when pools and spawning gravels are filligl fine sediment.
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* High levels of sediment suspended in the stream ¢@ause cloudy water, or turbidity.
Persistent muddy appearance is usually due todiiglind clay content.

* Sediment becomes deposited in the stream chanmel thke flows slow down, such as in
gravel or sand bars, pools, or other areas oftteara bed. Floods can cause sediment to
deposit outside of the channel in the flood plain.

With land use activity, the natural background fterosion can be accelerated or resutthronic
delivery of sediment to stream channels over maoades. Three geomorphic processes are responsible
for most sediment delivery from upland areas. Tlagse

» Chronic surface erosion from bare soil areas
* Fluvial erosion, including gully and stream chaner@sion
* Mass wasting or landslides

Understanding these processes is necessary toaasuticessful upslope assessment and restoration.
Most of these processes, once initiated, resdtasion of sediment, which transports to hillslopes
stream channels. Whether the sediment remairtsiage either on the hillslope or within the stream
channel depends on the sediment types, and thegtimiagnitude and frequency of storm events wihin
region. Once sediment suspends in water, or islenafthin the stream bed, sediment becomes part of
the “net watershed sediment yield.”

Vegetation

The type and extent of vegetation throughout thiershed affects the amount and pattern of stormoffun
in the watershed and influences the amount of @ndsiat occurs.

Upland Vegetation

* Vegetation on the slopes helps to slow runoff, Wwialtows better seepage of rainfall into the
soils and groundwater and better water storagsuioimer streamflows.

* Plant roots hold soil in place, with deeper-rodiregs helping to prevent deep seated erosion like
landslides.

» Plant litter, such as dead leaves, needles andleanprovides a protective layer over the soll
from the erosive impacts of rainfall and snowmelt.

» Loss of vegetation, from fires, disease, loggirrgzmng, or urbanization, can increase soil erosion
and increase the rate of runoff.

Riparian Vegetation
¢ Streams provide both surface and underground w@tgvarian vegetation.. Streamside vegetation
provides many benefits to a healthy stream, such as

* Shade to the stream helps provides the cold waa¢isalmonids need;

* Food for fish from insects, leaf litter and orgamaterial falling into the stream (also known
as allocthanus material);

* Protection from bank erosion through root strength;

» Structure for instream habitat when trees fall i@ stream (also known as Large Woody
Debris, or LWD), which helps create scour pools tiads sediment for slow release during
storms;

» Filter or buffers from sources of surface erostbns minimizing instream sedimentation;

» During floods, slows the energy of the flow andsesisediment to deposit in the floodplain
instead of in the channel.
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* This narrow riparian plant zone offers habitatrf@ny animal species dependent on its
unique features.

Riparian Zone

The riparian zone borders the stream and is timsitran area to the upper watershed. The

zone interacts with the channel and bears stromglyhe structure and function of the aquatic
ecosystem. The structure and composition of treiap zone can be affected by the stream type
and its active channel, as well as by geologictapdgraphic features (Figure 3-3).
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Functions of the riparian zone include:

- Controlling the amount of light reaching the streach affects temperature and
productivity.

- Providing litter and invertebrate fall.

- Providing stream bank cohesion and buffering imp&am adjacent uplands.

- Providing large woody debris.

Wetlands:
¢ These areas generally include, but are not limiedarshes, bogs, estuaries, and similar areas.
Some are near or directly connected to the strdamne| system. They can also include manmade
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wetlands found in but not limited to ditches behswoil berms or shallow excavations. If a wetland
area is encountered while working in the field, éippropriate regulatory agencies must be contacted.

¢ Wetland plants aid in trapping sediment and fittgréexcess nutrients, which can improve water
quality.

¢ Wetlands help slow floodwaters and function to exgk groundwater areas or aquifers.

¢+ Many wildlife species are dependent upon wetlaondsieir habitat.

WATER QUALITY

Clean water means good water quality. Water quilitonsidered impaired, for example, when a strea
is too muddy (or turbid) or too warm to support tfegural and human uses dependent on the water.
These natural and human uses are termed “benafggal’ and include recreation, drinking water, and
cold water for salmon fisheries. Control of their®es of water pollution is a major focus of state
federal laws.

Types of Water Pollution

Pollution from sewage and industrial wastes — Ug@gltering the water from pipes — is known as poin
source pollution. Runoff or indirect pollution refn a variety of less obvious sources —is called
nonpoint source (NPS) pollution. Rural roads avatirmaintenance activities have the potential to
contribute to nonpoint pollution, the major typevedter pollution problem in California today. Road
maintenance yards and other “industrial” type faes, if not managed well, can be the source nbfu

or “storm water” pollution and even hazardous wastgamination of the surface (stream) and ground
waters

Water Quality Protection and Improvement

A watershed approach looks at both point and nantgources of pollution and looks for solutions
across all land ownerships. Ways can be foundeawegmt, reverse, and eliminate damage caused by both
types of pollution. Sometime the solutions, esglcfor nonpoint runoff sources, need to be quite
creative as standard pollution treatment plantsneif work. Prevention is always the first and best
approach, and the cheapest.

Water quality protection laws and programs segkéwent pollution or to clean it up. For this @i
water quality objectives are set, and beneficiabluae stated for each water body in the RegioasinB
Plans adopted by the Regional Water Quality CorBozirds (RWQCB) and the State Water Resources
Control Board (SWRCB). These objectives relatmémy water quality factors, such as temperature,
sediment, turbidity, oil and grease, bacteria,dibxi pesticides, and specific chemicals. For more
information, refer to the section on the Clean Waigt in Chapter 2Regulations and Permits

Finding cooperative ways to protect and restorergaed health among all of the owners and usas of
watershed is becoming a common aspect of the “slagerapproach”. Community-based watershed
groups form and seek common solutions to the wagel's problems. Often, a watershed assessofient
the current and historic conditions is performetlpfved by a jointly prepared strategy or plan for
solving identified problems. For county road issubis cooperative approach can be of benefit when
other road ownerships are part of the problem anwipn-county upslope or upstream sources create
erosion or runoff problems on county roads

TMDLs — Coming to a River Near You!

TMDL = Total Maximum Daily Load = pollution limitby stream and by pollutant type
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When a river does not meet state and federal watdity standards, it usually becomes earmarked for
remedial strategy under the federal Clean Water Aut state has identified streams that are pallute
with various pollutants. This list of “impaired tea bodies” was adopted by the Stare Water Ressurce
Control Board and the Regional Water Quality CdriB@ards in 1998 and is referred to as the “303(d)
list”, which refers to a section of the Clean Waket. The 303(d) list was updated in 2002. Also
mandated by the act is the establishment of TotatiMum Daily Loads (TMDLS) as a means to address
each pollutant.

The amount and sources of each pollutant are fiEhtand a strategy is developed for restoring the
stream to state standards. Since roads are a ksmwvoe of sediment, each of the sediment TMDLE wil
be addressing limits to the amount of erosion a&uihsent that will be allowable from roads: both jub
and private. The methods will be outlined in apliementation Plan. Getting ahead of the curve in
meeting this challenging regulation by implementing BMPS contained in these guidelines will benefi
counties and county road managéfeu can view the 303(d) list at
http://www.swrcb.ca.gov/tmdl/303d_lists.html.
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