THE PRESERVATION AND RESTORATION OF RIPARIANlRESOURCES IN
CONDUCTING FLOOD CONTROL ACTIVITIES

William M. Lockard and Richard A. Burgessz

Abstract.--Flood control activities often require the
modification of riparian resources in the interest of public
safety. Such activities may do considerable damage to ripar-
ian systems. An important goal for those interested in
riparian resource preservation is to work with flood control
organizations so that necessary flood control activities may

be completed in a more environmentally sensitive manner.
This paper proposes a five-point program for the riparian
resource manager which pursues that goal. The paper con-
" cludes that such a program, designed and operated at the

local level, is a superior alternative to one generated by a

state mandate.

INTRODUCTION

The riparian resource manager is confronted
with many of the factors influencing streams and
rivers. Where riparian systems are relatively
pristine and isolated, the manager's primary goal
is to preserve, to the extent possible, natural
fluvial processes. More often, however, riparian
systems are located within agricultural or urban
areas. Normally, in these cases, the riparian
system falls within the jurisdiction of a local
flood control organization.

The first and foremost responsibility of
flood control organizations has been, and contin-
ues to be, the protection of life and property.
However, does such an organization also have a re—
sponsibility as a steward of riparian resources?
Not long ago, the universal answer would have
been no. However, the environmental movement
and certain state mandates, such as the Califor-
nia Environmental Quality Act, have created an
environment for change. While some flood control
organizations already recognize their responsibil-
ity to riparian resources, others may be per-
suaded.

While a state mandate could be created which

would force flood control organizations to pre-

serve and restore riparian systems, this paper
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We do not suggest that flood control organi-
zations should subjugate their primary responsi-
bilities relating to public safety. We suggest
that needed flood control activities can be per-
formed in ways which also preserve and restore
riparian systems. This paper, then, presents a
program for the riparian resource manager to use
when working with flood control organizatious,
The program is based on the Ventura County experi-
ence and contains examples from ongoing programs.
The program contains five basic elements as dis-
cussed below.

A FIVE-POINT RIPARIAN RESOURCE MANAGEMENT
PROGRAM

Establish Political Support

Although this program assumes that a state
mandate is not the motivation for riparian re-
source management, there are other types of state
assistance which might be considered appropriate
support. These include grants-in-aid to develop
the program, technical expertise, educational pro-

grams, guidelines and criteria, and the defini-
tion of sensitive riparian systems of signifi-
cance.

However, the most important political sup-

port for the program should come from the local
decision-making body. Flood control personnel
are normally responsible to their board of direc-
tors or the county board of supervisors. Since a
resource management program involves the expendi-



ture of time and money, it must be sanctioned by

decision-making body. Furthermore, flood flexibility.
personnel need assurances as to what
(new) role as resource manager is. Local For example, five important policies
support is not _sogght as a lever to adopted by the Ventura County Board of Supervi-
program on unwilling employees. For sors as part of the county's Section 208 Areawide
policy guidelines should come from Water Quality Management Plan. These
the political body. Policy guidelines clarify can be found in example 1.

Example 1.--Policy guidelines adopted by the
Ventura County Board of Supervisors

A. PUBLIC SAFETY AND WELFARE POLICY

The Board of Supervisors of the Ventura County Flood Control District is committed
to responsible flood control activities. Nevertheless, the first and foremost re-
sponsibility of the Board of Supervisors, the County staff and all others involved
in flood control activities is the protection of life and property. Therefore, it
is the policy of the Ventura County Board of Supervisors that no action suggested
in this manual shall be accomplished where such action would clearly constitute a
threat to life, property or the public welfare.

B. COORDINATION POLICY

The Ventura County Flood Control District will seek, whenever possible, the exper-—
tise and advice of the California Department of Fish and Game where flood control
activities might have an adverse effect on the County's streams and rivers. Dur-
ing emergeucy flood conditions, the Deputy Director of Public Works, Flood Control
and Water Resources, or his designated representative will provide reports to the
Department of Fish and Game and, in accordance with the [California] Fish and Game
Code, arrange field meetings to discuss emergency flood control work.

The goal of this policy is to provide the concerned parties with a greater under-
standing of the physical and economic constraints of flood control activities and
basic hydrologic and fluvial processes. It is also the purpose of this poliecy to
cause better understanding of the biolegical requirements of riparian environ-
ments, as well as the ecological relationships of riparian and adjacent habitats.
Further, this policy is intended to improve the Flood Control District's ability
to perform necessary flood control activities in an enviroumentally responsible
manuaer.

C. RESTORATION POLICY

It is inevitable that some flood control activities will adversely affect riparian
resources in Ventura County. It is not always possible in such a narrow and sensi-—
tive habitat to avoid adverse effects with certain flood control activities. Such
activities may be necessitated by emergency flood conditions or normal preventa-
tive maintenance. Where physical and economic conditions allow, the District may
mitigate these effects by utilizing various restoration techniques after the flood
control activity is completed. If flood control actiwvities involving such restora-
tion work are to take place in Ventura County, the following policy shall apply:
Where physical and budgetary conditions permit, the Ventura County Flood Control
District shall initiate restoration programs to mitigate alterations to sensitive
or unique riparian resources which have occurred as a result of flood control acti-
vities. Such work shall be accomplished pursuant to the criteria defined in the
"Operators Manual for Conducting Flood Control Activities in Ventura County
Streams and Rivers, April, 1981" [Ventura County Public Works Agency, Flood Con-
trol and Water Resources Department 1981] and shall be coordinated with appropri-
ate State and Federal agencies pursuant to the District's Coordination Policy.

D. BEST MANAGEMENT PRACTICES POLICY

It is the policy of the Board of Supervisors of the Ventura County Flood Control
District to encourage the use of the Best Management Practices defined in the Oper-
ators Manual for Conducting Flood Control Activities in Ventura County Streams and
Rivers, April, 1981" [ibid.]

The Best Management Practices herein adopted replace the "Policy Guidelines for

Work Conducted in Streams and Rivers During Emergency Conditions' adopted by the
Board of Supervisors on September 23, 1980.
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Example 1.--Continued.

E. CONTRACTOR'S RESPONSIBILITIES POLICY
The policies and best management practices adopted by the Board of Supervisors as
part of the Operator's Manual shall be referenced into any contracts or agreements
between the County of Ventura or any of its agencies and any contractor or sub-

contractor retained by the County.

Such contracts shall require that the contrac-

tor acknowledge familiarity with the provisions of the Operator's Manual and to

assume responsibility for
accordance with the policies
Manual.

conducting

any work performed under
and best management

such contract in

practices of the Operator's

The purpose of this policy is to put contractors on notice that it is the policy
of the County of Ventura that County-sponsored flood control activities are to be
conducted in a manner which protects riparian resources wherever possible.

The following is a hypothetical conversation
between two people standing along a lush pristine
stream in Ventura County. The first person is
Jake, Field Supervisor for the County Flood Con-
trol District. The second person is Mike, Bio-
logy instructor at a nearby college and member of
a local environmental group. A third party,
astride a weathered D-8 bulldozer, waits nearby
with his engine on an impatient idle.

Mike: What's going on?

Jake: We have to get these lousy bushes out
of here!

Mike: TLousy bushes? This is one of the
best streams in the county. Those
are spawning beds right over there,
and there might even be unarmored
three-spined stickleback in this
stream!

Jake: Unarmored what?

Mike: Unarmored three sp...

Jake interrupts with a disgusted look on his
face and wave of his hand.

Jake: Aw, forget it. T have a job to do.
We're here to protect people, not
fish, and that bulldozer up there is
costing the taxpayers money!

Jake looks at the bulldozer operator and

points an index finger at the stream. The bull-

dozer moves quickly forward and begins removing
the "lousy bushes."

bulldozer has done
if Jake or Mike was right. This
situation 1is relatively easy to imagine. It
illustrates the damage that can result from poor
communication. Effective communication is essen-—
ttal to a successful riparian management program,
and it should be the responsibility of the man-
ager to make it occur. Although we will not go
into great detail in discussing the psychology of
communication, there are a number of common-sense
communication axioms that a resource
should consider.

After the
doesn't matter

its -work; it

manager
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munication

1. There is more to communication than the
spoken word. Body movements, facial expressions,
inflections in the voice, and even inactivity com-
municate a message (Watzlawick et al 1967).

2. The two basic components of communica-
tion are the content (the message) and the rela-
tionship (between communicants). A "healthy" com-
munication is one in which the content of the com-
predominates. Conversely, a ''sick"
conversation is characterized by a constant strug-
gle about the nature of the relationship between
communicants (ibid.).

3. The relationship component of a communi-
cation tends to dominate when an individual feels
defensive, Individuals may feel defensive when
verbal (or non-verbal) communication tends to sug-
gest that: a) he is being evaluated or judged;
b) there is an attempt to control him; c) there
is a strategy or "game" going on; or d) the speak-
er appears uncaring, ungiving, or neutral to the
individual's position (Gibb 1961).

The content aspect of communication tends to
dominate when an individual feels less defensive
and the conversation is more spontaneous and prob-
lem oriented. An individual 1is less defensive
when he views the other communicant as an equal,
as someone who empathizes with his position and/
or wants to know what he has to say (ibid.).

Education Program Design
The orderly mesh of materials, content, and

participants is an essential part of any success-
ful program. A structured program design is not

only common sense, it wusually saves time and
money and helps keep participants interested.
The education program we suggest is discussed

below, with examples provided by ongoing educa-
tional programs in Ventura County.

The Need for Dual Education

It is prudent to acknowledge from the begin-
ning that an education program is not one-sided,
with the resource manager in the role of teacher
and flood control personnel in the role of stu-



dents. In truth, the resource manager may have a
great deal to learn about the flood control organ-

ization and its activities. More importantly,
the goal of the program—-the preservation of
riparian resources——will be primarily realized

through dialogue in the field, as potential imple-
mentation tools are tested and evaluated. In
this regard, everyone in the program is a stu-
dent. 1In fact, the justification for the educa-
tion program must be to provide a mutual frame of
reference for field dialogue. We suggest that
the following subjects should be covered in the
education program to achieve that mutual frame of
reference.

The Fluvial Process

"Fluvial" is defined in Webster's Dictionary

(1971) as that which is '"produced by stream
action." The term may be unfamiliar to some
involved in flood <control activities. Other
terms may come to mind for them such as "hydrau-

lic" (that which is operated or moved by water)
and '"hydrologic'" (dealing with the properties,
distribution and circulation of water). However,
these latter terms do not fully describe what is
to be defined. The critical point 1is that
streams and rivers are part of a process (defined
in Webster's Dictiomary as "a natural phenomenon
marked by gradual changes that lead toward a par-
ticular result"). We suggest that '"fluvial pro-
cess" be defined as: A natural process which
results from the dynamic interaction of the hydro-
logic cycle, the earth's geology, and the living

environment .

Process implies movement . The energy
sources of the fluvial process are often taken
for granted and should be simply defined. These

energy sources include gravity, solar energy, and
geologic wovement (uplifting) of the earth's
crust. Other terms which should be defined
relate to the with physical effects of these
energy sources. These terms include precipita-
tion, transportation, weathering, erosion, and
deposition.

A deeper appreciation of fluvial processes
comes with an understanding of geologic time and
the history of local streams and rivers. Flood
control personnel observe from experience that
drainage basins differ. One is rugged and rocky,
another 1is flat and sandy. One reason for this
probably involves geologic formations. Soil maps
of debris-producing soil formations which were
once ancient oceans and are now high in eleva-
tion could be used to illustrate the forces and
time frame involved in the formation of riparian
systems. If possible, more recent deposits can
be related to existing land features. Figure 1
was used in the "Technical Paper for the Ventura
County 208 Water Quality Management Plan" (Lock-
ard and Burgess 1981). The authors pointed out
in this example how the Santa Clara River changed
course in 1969 from point "b" back to point "a"
resulting in considerable
marina.

3
damage to the Ventura
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The physical elements of a stream or river,
which are a result of the fluvial process, pro-
vide the medium for the biotic components of the
system. The diversity of physical stream ele-
ments has permitted a high diversity of wildlife.
Each element is part of an interdependent whole.
This fact should be stressed as basic stream ele-
ments are identified and discussed. Physical
stream elements which should be discussed in the
education program include: 1) braiding and
stream width; 2) pools and riffles; and 3) rapids
and falls.

In discussing these elements, it may be con-
venient to use the description of a 'textbook
stream' presented in example 2.

Biological Resources and Ecology

A discussion of riparian biology and ecology

can be incredibly fascinating or incredibly bor-
ing, depending on the presentation and the audi-
ence. Realistically, the resource manager should
not expect rabid enthusiasm from flood control

personnel when the subject of riparian biology is
breached. A& realistic goal is to keep the topic
interesting. The resource manager is faced with
the dilemma of deciding what kind and how much of
this complex subject to present. It is suggested
that this aspect of the education program be
broken down into three categories.

1. What are biological resources?

2. How do biological resources interact
with the environment (ecology}?

3. What affect do flood control activities
have on biological resources?

Biological Resources.--In discussing biolo-
gical resources of riparian systems, it is conven-—
ient to divide them into two areas, aquatic and
riparian life. Aquatic is defined as that compon-
ent of the biota which lives in or on the water.
It should be pointed out that aquatic organisms
have not only adapted to the medium of water, but
also to its movement (see example 3). If local
streams provide a significant sports fishery, it
is often worth stressing this, since it is a util-
itarian value to which people relate strongly
(see example 4). Additionally, in discussing aqu-

atic 1life, it is desirable to accentuate the
diversity that exists there. Plants,
microorganisms, algae, aquatic insects, reptiles,
amphibians, and small aquatic mammals, such as

muskrats, should all be discussed briefly.

The importance of the riparian environment
as an interface between aquatic and terrestrial
environments should be covered. A definition of
the plant associations in riparian areas 1is
desirable (fig. 2). A discussion of the diver-
sity of plants and wildlife of riparian systems
is most important. The terrestrial wildlife spe-
cies which wuse riparian systems for food and
cover should also be discussed (example 5).
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Figure 1.--1855 U.S. Coastal Survey map. Significant
points: a) Santa Clara River mouth and approximate
location of present Ventura Marina; b) approximate loca-
tion of existing Santa Clara River mouth; c) estuary
and present location of MecGrath Lake.
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Example 2.--The textbook stream.

The '"textbook" stream begins in the highest points of the drainage basin as
surface runoff or groundwater forming small, fast-moving brooks. Precipitation is
greater here than low lying areas, and weathering tends to be greater. These
first brooks are characterized by relatively cold, clear, fast-moving water. The
overall stream gradient is very steep. The stream tends to be quite erosive, but
little deposition occurs. The streambottom is irregular and primarily composed of
large rounded rocks which have been shaped by the turbulent, forceful movement of
water. The turbulence tends to increase the level of dissolved oxygen in the
water.,
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Example 2.--Continued.

As the brook moves downstream, it joins with other tributaries. The overall
stream gradient becomes less steep, but the water continues to be fast-moving and
turbulent, Both erosion and deposition are evident. The streambottom begins to
be composed of small rocks, pebbles, and sand. The water is not quite as clear
and contains some silt and clay particles in suspension.

As the stream moves out of the mountainous and hilly areas into the coastal
plain, the gradient decreases even more. The streambottom is smoother and com-
posed of sand, silt, and clay deposits.  The volume of water is quite high, but
the water moves much slower and with little turbulence. Deposition 1is much
greater, and stream meander and braiding is more pronounced. Precipitation is
much lower than in the mountain areas. Bank erosion is reduced considerably.

The "textbook'" stream ends as the stream drains into the ocean. The stream
may either form an embayment here or flow directly into the ocean. Gradients are
very shallow, and deposition is at its greatest. The water often has low levels
of dissolved oxygen and high levels of organic matter. There is usually a daily
mix of salt water and fresh water (Clapham 1973).

Example 3.--Invertebrate adaption to water movement in
streams.

The most conspicuous invertebrates in such situations are frequently aquatic
insects which occur as immature forms as well as adults. Insects have been very
successful in adapting to aquatic freshwater habitats and may be quite numerous.
For example, in a study of a California stream, a single riffle area was found to
be inhabited by almost 40 different species of imsects (Reid 1961). Insects which
live in rapidly moving water tend to be strongly modified so that they are not
washed away by the curreant. They may be firmly attached to rocks, such as black
fly larvae (Simulium sp.), or greatly streamlined, such as the naiads of some
types of dragonflies (Order Odonata), mayflies (Order Ephemeroptera), and stone-
flies (Order Plecoptera). Other insects solve the problem of current by living
under or behind objects where the force of water is reduced. The larvae of dobson-
flies (Family Corydalidae), caddisflies (Order Trichoptera), as well as a number
of mayflies (Order Ephemeroptera) are characteristically found in such protected
locations.

Example 4.-—Requirements of fisheries.

Many of the streams in Ventura County still support a viable sport fishery.
Although game species such as bluegill (Lepomis macrochirus), green sunfish
(L. cyanellus), and large mouth bass (Micropterus salmoides) have been
introduced and are found with some regularity in county streams, they are more

characteristic of lakes. By far the most important game fish in the streams and
rivers of Ventura County is the rainbow trout (Salmo gairdneri) and its ocean-
going relative, the steelhead rainbow trout (S. g. gairdneri). Both of

these fish are native to the county; however, populations of rainbow trout are sup-—
plemented with hatchery fish by the California Department of Fish and Game.

Rainbow trout require cool, clear, well-aerated water and are thus found in
the larger, less-disturbed watercourses. Depending on the water coaditions, trout
in Ventura County generally begin spawning in late February (Moore 1979). The
female builds a nest in clean gravel where she lays from 200 to 21,000 eggs.
These are fertilized by the male, lightly covered with gravel, and abandoned. The
young fish begin emerging from the spawning beds in about three weeks and usually
reach catchable size within two years (Palmer and Fowler 1975).
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Example 4.--Continued.

The steelhead rainbow trout has essentially the same spawning requirements as
the rainbow trout, but differs in that it is anadromous. Anadromous fish are
those which spend a portion of their life cycle in marine water but must enter
fresh water to spawn. Probably because conditions for growth are optimum in the
sea, steelhead trout attain a much larger size than do their non-migratory
relatives.
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Figure 2.--A definition of plant associations in riparian
areas.

Example 5.,--Wildlife which use riparian areas.

In addition to providing food and habitat for endemic animals, riparian wood-
lands are also important to more wide-ranging species. In Ventura County, which
experiences a long dry season, water can be a limiting factor to wildlife. The
dense riparian plant growth provides cover for animals such as mule deer (0do-
coileus hemionus californicus), which may spend most of their time else-
where, but come to streams to drink. Riparian woodlands also serve as important
migration routes for many species of animals, providing corridors with readily
available food, water, and cover (Odum 1978).

Riparian _ Ecology.--The education program Effects of Flood
should discuss riparian ecology as a subject
separate from that of biological resources
so that the interdependence of aquatic, riparian,
and terrestrial systems can be better understood. in accomplishing that goal is to make those in-
In addition to a general discussion of ecology, volved in flood control activities more Ffully
presenting the concept of energy exchange is use- aware of the effects of their actions. This is

ful. Figures 3 and 4 could be used to illustrate based on the premise that with understanding goes
the concept of energy exchange. responsibility.

Control Activities.,--We
suggest that flood control organizations be given
the stewardship responsibility for preserving and
restoring riparian resources. A legitimate step
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It is useful to first discuss the potential
(hypothetical) effects of flood control activi-

ties. The most obvious effect of flood control
activities 1is the confinement of the natural
floodplain. Associated with this are a decrease

in river meandering, reduced deposition of soils
and nutrients, and the separation of riparian sys-
tems from each other and from the stream. Other
potential effects are disruptiom of  natural
stream elements and disruption of stream biology
and ecology. Example 6 presents a discussion of
the effects of induced turbidity and sedimenta-
tion on fish populations.

It

should be noted that organisms
rarely feed consistently at one trophic level.
as the

Indeed,

raccoon may feed at all levels,
utilizing a variety of plant and animal matter.
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Discussions of environmental effects based
on past actions of the flood control organization
may be an effective educational tool, but pose a
threat to friendly open communication. This sub-
ject should be presented discreetly, and with a
minimum of personal judgment. As the program pro-

gresses, flood control personnel should have a
greater role 1in evaluating local projects and
their effects. An example of a 1978 emergency

project which weas evaluated during the prepara-
tion of the County's 208 Water Quality Management
Plan is contained in example 7.



Example 6.--Effects of turbidity on fish population.

During storm periods, water velocities are usually sufficient to keep sedi-
ment in suspension (Shaw and Maga 1943). However, when instream flood control
activities take place during periods when the water flow is insufficient to carry
the sediment in suspension, the sediments settle out and, in addition to reducing
invertebrate populations, cover fish eggs and spawning sites, as well as prevent-
ing the emergence of recently hatched young (Cordone and Kelley 1961). Moore
found that instream flood control work in the Ventura River and San Antonio Creek,
in the spring of 1978, produced heavy sedimentation during the months when juve-
nile fish were emerging and resulted in depressed numbers of salmonids in subsequ-
ent sampling periods (Moore 1980).

Example 7.--Evaluation of the effects of a flood control
project.

The diversity and richness of life in riparian systems is well documented
throughout the world. They do not, of course, exist in isolation, but are part of
the larger natural ecosystem. The "edge" between riparian systems and terrestrial
systems becomes extremely important. Therefore, the confinement of natural flood-
plains, partially through flood control activities, allows the development of
urban and agricultural uses immediately adjacent to streams and rivers. This has,
in Ventura County, resulted in the separation of riparian vegetation from natural
riparian areas and from terrestrial systems. The consequences are: a) loss or
reduction of plant and wildlife species which have specifically adapted to the
"edge" between riparian and terrestrial systems; b) blocking and loss of vegeta—
tive cover used by terrestrial wildlife in migrating to riparian areas for food
and water; c) degradation of water quality where rising groundwater is trapped and
isolated from the natural stream; and d) isolation of riparian areas from periodic
flooding and the related supply of water and nutrients required for riparian
plants. Without sufficient water and nutrients, riparian plant communities eventu-
ally are replaced by less biologically productive terrestrial vegetation (Eig. w50

e
AT

Figure 5.--Separation of riparian areas: a) Highway 33; b)
isolated area with ponding water and cattails; c¢) levee
built in 1978 in the Ventura River just downstream of
its confluence with San Antonio Creek. (Photograph
taken in March, 1981).
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Flood Control Activities and Equipment

The resource manager must become a student
as well. He needs to understand certain basics
of flood control activities before meaningful dia-
logue is possible. These basics include the fun-
damentals of flood control engineering, watershed
management techniques, flood control structures,
and maintenance equipment and operations. A
grasp of flood control terminology will greatly
assist the resource manager in achieving 'heal-
thy" communication. Finally, the resource man-
ager will find it highly useful to understand the
realities of the fiscal constraints under which
the flood control organization operates.

The fundamentals of flood control engineer-

ing are primarily related to the principles of
hydraulics, since the function of flood control
operations is to contain floodwaters. Some impor-
tant hydraulic principles that should be under-
stood are presented below.
l. The quantity of water ("Q") passing any
given point is a function of chaunel gradient and
cross—sectional area and water velocity, and is
usually expressed in cubic feet per second (cfs).

2. The ability of water to hold debris
(rock, sand, silt, clay and organic materials) in
suspension is primarily a function of channel gra-
dient and water velocity. Therefore, water that
ls carrying near its capacity of suspended solids

is less able to erode than water carrying less
than its capacity.
3. Surface runoff and the consequent volume

of floodflows is a [function of the permeability

of the land surface. Vegetated land dissipates
the energy of rainfall and absorbs water in the
soil and plants. Urban areas have a much greater

proportion of impervious surfaces {paved surfaces
and roofs) and generate a proportionally greater
runoff. In fact, areas that are over 80% urban
may generate twice the floodflow of a correspond-
ing natural area (Waananen et al. 1977).

4. Water velocity is a function of gradient
and the surface resistance of the channel bottom
and banks. Rougher, rockier bottoms and sides
tend to reduce velocities, while smoother sur-
faces (such as concrete) increase velocities.

Watershed management involves flood coatrol
activities which attempt to reduce runoff and ero-

sion. These practices include revegetating bare
soil and encouraging deep-rooted plants. It may
also include fuel modification programs which
help avoid excessive runoff, which commonly
occurs after a large, uncontrollable fire. Most
importantly, watershed management should provide
for the acquisition of floodplains and their

exclusion from agricultural and urban conversion.
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Flood control structures range from relative-
ly simple and unobtrusive facilities to those
that completely control and subjugate natural pro-
cesses. Some flood control dams are meant to per—
manently hold floodflows (reservoirs) or to hold
flows temporarily (retention basins), so that
peak discharges can be held and released over lon-
ger periods of time (fig. 6). Other dams (debris
basins) are constructed primarily to reduce the
velocity of flows and encourage the deposition of
suspended solids behind the dam. This allows
"cleaner" water to pass through the dam. While
this decreases the deposition of material down-
stream, it leaves the cleaner water with greater
potential energy for erosion. Often, in these
cases, energy dissipation or drop Structures are
placed downstream.

Figure 6.--Flood retention dam, Sycamore Canyon
Dam, Siml Valley, California.
Flood control structures which mainly con-

fine the channel (usually called channel improve-
ments) include levees, pilot channels, new earth-
en channels, trapezoidal channels with rock side-
slopes, open concrete channels and concrete con-
duiits - Cfig. 7).

The resource manager should become familiar
with the equipment used in flood control activi-
ties. Each type of equipment has a purpose and a
unique impact on riparian systems (fig. 8).
Flood control:  maintenance operations often use
this equipment to remove earth so that adequate
channel capacity is maintained. This 1is more
necessary where the channel is confined by urban
or agricultural uses. However, riparian vegeta-
tion may also seriously reduce channel capacity
by consuming cross-sectional volume and decreas-
ing flow velocities. For this reason, flood
control maintenance activities often involve the
removal of riparian vegetation.
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Figure 7.--Reinforced concrete box conduit
construction, Santa Susana West Drain,
Valley, California, 1974.

8.--Bulldozer
January,

crane clearing debris
flood, Pole Creek,

and
1969

Figure
after
Fillmore, California.

Finally, the resource manager's education is
not complete without some insight into the fiscal
structure of the flood control organization. Any
riparian resource management program will cost
money to design and initiate. In the field, some
of the best management practices may be more
expensive to implement. Additionally, monitoring
the program will require time and money. The
resource manager should be prepared to answer
inevitable questions about the costs of the pro-
gram and how they relate to the total fiscal
structure of the flood control organization.
Unfortunately, he may find himself trying to bal-
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ance the tangible fiscal costs of the progran
against the more intangible benefits of riparim
resource preservation and restoration.

Define Environmentally Semsitive
Management Practices

As already implied, those in flood control

activities are, whether they know it or not, in-
volved in riparian resource management. Structur-
al projects, flood control maintenance, and moni-

toring of private development all require actions

which affect riparian resources. The goal of the

resource management program 1s to guide these
activities 1in a more environmentally sensitive
direction. The program should, therefore, pro-

vide direction to implement new '"environmentally
sensitive' management practices. Such practices
will relate to the organization's own activities
as well as those private sector activities over

which it has authority,

Best Management Practices

The management practices
carefully thought out ''clay pigeons.'" They were
created out of the experiences and knowledge of
the program participants. We expect them to
change as their results are monitored and ana-
lyzed. The flood control personnel will evaluate
the practices' effects on channel hydraulics and
capacity, and the potential threat to life or pro-
perty. The resource manager will evaluate the
practices' effects on physical stream
biological productivity, etec. All participants
in the program will collectively weigh the mone-
tary and environmental cost:benefit relation-
ships of the practices.

suggested here are

elements,

Environmentally seasitive mangement prac-

tices exerpted from the Ventura County's 208
Water Quality Management Plan, (approved in
1981), are presented in example 8. Most have not

yet been applied in the field, so evaluation is
difficult., [Each is denoted as a best management
practice (BMP) and numbered.

Annual Development Plan

The best management practices in example 8
are oriented toward the activities carried out by
the flood control organization itself. However,
there are similar activities carried out by the
private sector over which the flood control organ-
ization often has some control. The most common
of these private-sector activities is sand and
gravel mining. In Ventura County, sand and
gravel mining operations are required to obtain a
watercourse permit to operate in any channel with-
in the jurisdiction of the Ventura County Flood
Control District. The primary purpose of this
permit is to ensure that mining operations are
not carried out in a manner which would create a
potential flood danger.




Example 8.--Best management practices adopted by the Ventura
County Board of Supervisors.

BMP-1. Keep work in streams to an absolute minimum.

Description: Doing the minimum work necessary is, in most cases, something
that results from budgetary constraints and good sense. It is, however, the most
environmentally sound management practice that can be pursued and is, therefore,
worthy of comment here.

Why needed: Streams are the result of millions of years of evolution. Man,
however, has the capability of applying great amounts of energy (via earth-moving
equipment) in a sudden manner and otherwise disrupting the ecological balance
resulting from that evolutionary process.

No amount of money or human effort can result in an exact duplication of
nature. Given a million years, certain riparian species may adapt to or even be
dependent upon the changes man is able to make through flood control activities.
Now, however, the best we can hope to do, even with good management practices, is
to assist nature in restoring damaged portions of the ecosystems. Therefore, the
best management practice is to disturb this unique, important environmental re-
source as little as possible.

BMP-2. Where flood control activities are necessary, main-
tain a portion of the stream in its natural condition
and isolate it from the required work.

Description: There are a number of ways in which this management practice
can be achieved. Where work must be done in an area where one main channel
exists, it may be possible to leave one side of the channel intact. It may be
possible to selectively leave portions of the stream vegetation on both sides. In
either case, it is essential to maintain the main stream flow adjacent to or
through those riparian areas left intact.

Where it is necessary to work in a riparian area that contains more than one
channel, it is desirable to leave at least one channel intact with a '"buffer zone"
of riparian wvegetation of at least 50 feet on each side of the flowing water.
This normally requires the insertion of a "soft plug'" at the upstream terminus of
the channels. The "soft plug" should be engineered to maintain low flows in the
channel left intact, but allow larger storm flows to wash out the plug.

When there exists a choice of preserving one of several channels, the most
environmentally sound choice involves consideration of several factors. These
factors include: Proximity to other terrestrial habitats, time of year, existence
of unique aquatic resources such as pools, riffle and spawning beds, etc. It is
desirable to seek the advice of qualified experts in cousidering these factors,
such as the California Department of Fish and Game and the USDI Fish and Wildlife
Service.

Why needed: This wmanagement practice will be, in many cases, the fastest,
most economical and most environmentally sound technique for preserving riparian
resources. Except for the diversion of flows, it does little to the area left in-
tact. During dry periods or when natural flows are being diverted upstream, it
may be an "aquatic plus'" by concentrating low flows into one channel. If the same
low flow channel is used over a period of several years, it allows for the growth
of mature riparian plant communities.

BMP-3. Where the earth must be physically moved, store the
top two to three feet of material and redistribute
after the work is completed.

Description: This practice involves the skimming off of observable
nutrient-laden soils, stockpiling them and then redistributing them over finished
work areas. This is a desirable practice, particularly near new stream channels.

It is extremely important, however, that stockpiled material not be pushed into
flowing water. This practice should be employed in rocky sandy stream areas where
nutrients (in clay and silts) are scarce. This practice need not be utilized
where stream gradients and adjacent soil profiles provide a rich abundance of soil
nutrients.
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Example 8.--Continued,.

Why needed: One of the most basic characteristics of streams and rivers is
that they carry materials from upstream areas and deposit them in downstream
areas. Some of these materials are nutrients essential to aquatic and terrestrial
species along streams and rivers. As flood flows decrease, these nutrients depos-
it along the receding stream along with native plant seeds and soil dwelling organ-—
isms. Since many of the desirable elements do not remain for long, the riparian
plant community has adapted by being extremely fast growing and hardy. Neverthe-
less, even the riparian plants cannot grow well (or at all) without essential
nutrients. Unfortunately, many control practices remove or bury nutrient-laden
soils. They also remove them from their essential close proximity to the flowing
water. This not only results in the reduction (or absence) of riparian plant
species, but also promotes higher water temperatures (from less shade), less dis-
solved oxygen, less wildlife cover, etc.

BMP-4. Where earth work is required, restore natural fea-
tures such as meanders, pools, turbulence and braiding.

Description: The primary aim of this management practice is not to replace
visual aesthetics (although that is a legitimate goal). Rather, the purpose is to
assist nature in bringing the disturbed riparian environment back Lo its desired
ecological balance. The manner in which these natural features are restored
depends on the previous 'natural" circumstances. In a large river system such as
the Santa Clara system, it may be appropriate to cut new channels, encourage
meander and build pool areas with heavy equipment. In a smaller system such as
the Ventura system, it may be appropriate in some areas to create small falls and
pools by hand.

In utilizing this management practice, there are no pre—set plans which can
be applied to a specific situation. Each stream area will likely have a unique
combination of stream elements. A degree of subjective judgment must be used in
deciding how to restore natural stream elements. While there is not necessarily a
"right" solution, there are "better' solutions. Obviously, the "better' solution
is going to result from careful evaluation of the natural stream elements and know-
ledge of the probable consequences of flood control work. In most situations, the
evaluation should be done in the field with input from a qualified maintenance
supervisor and a qualified biologist. The primary factors to be covered in the
evaluation are found in "Work Sheet for Field Evaluations" [example 9].

Once this evaluation is made, initial decisions can be made as to which natur-
al features are to be restored. Some decisions must be made as work progresses
and will require a degree of creativity on the part of the maintenance supervisor.
Even though each situation will be unique, there are certain benchmark criteria
which can be useful in making field decisions. These "benchmarks" are defined
below.

Benchmark Criteria for Restoring Natural Stream Features.

l. Place a 1l to 2-ft. fall at approximately 1/8 mile intervals.

2. Creation of depressions for ponds should be in a ratio of approximately
3:1 with the adjacent stream (i.e., a 3-ft. wide pool would be in proper-
tion to a l1-ft. wide stream).

3. Construct potential stream channels that will meander, rather than flow in
a straight line where work exceeds 1/8 mile in length.

4. In all areas except ponds, leave bottoms rough and irregular rather than
smooth.

5. Use existing elements, such as large rocks over 4-ft. in diameter and
existing falls as much as possible,

6. Use hand methods in creating smaller falls, pools and braiding.

Why needed: The natural features of a stream can be best described as na-
ture's most efficient and diversified molding of the physical environment. The
biological environment has evolved to take maximum advantage of these natural fea-
tures in an evolutionary process which has taken millions of years. Unfortunately
man, through flood control activities, has the capacity to disrupt these natural
features and therefore place stress on the biological environment. However, some
of these features can be replaced or at least assisted back.
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Example 8.--Continued.

BMP-5. Install culverts, silt curtains and other devices
that control turbidity where work must be conducted in
or adjacent to stream water.

The effects of turbidity on aquatic ecosystems have been discussed. The pre-
vious discussion of other best management practices has stressed the need to avoid
work in flowing water unless absolutely necessary. If flood control activities
are necessary in stream waters, there are a number of ways in which habitat
destruction and stream turbidity can be minimized. The following general criteria
should be used in applying this management technique.

1. Where equipment must cross flowing water on more than one occasion, in-
stall a pipe culvert of sufficient capacity to handle existing flows. The pipe
invert should be at or slightly below the existing stream bottom at both ends.
Use clean sand and rock to cover the pipe and avoid the use of silts and clays.

2. Where equipment must work adjacent to a stream or pond, establish a bar-
rier to keep equipment and soil from getting in the water. The best barrier is
distance and no barrier is necessary if work is in excess of 20-ft. from the edge
of water. The next best barrier is native vegetation and no additional barrier is
needed if a 20-ft. wide strip of vegetation greater than 6-ft. high remains
between the water and the work.

Where work must be conducted closer than 20-ft., a temporary barrier of large
rock and sand 2- to 4-ft. high can be constructed. In unique circumstances, a
temporary barrier of wood or metal may be used.

3, Where work must be conducted directly in water and flows cannot be divert-
ed, the work should be completed as quickly as possible. In larger water bodies,
and where flow velocities permit, plastic silt curtains should be placed down from
the work. In faster flowing water, a series of small falls (2- to 3-ft.) can be
constructed of larger rock to slow water and encourage the deposition of silts and
clays.

Why needed: The primary purpose of this management practice is to avoid the
direct and indirect destruction of aquatic systems. Direct effects include the re-

moval of natural stream elements such as pools, falls, rapids, spawning beds, etc.
Indirect effects include the disruption of key elements of the overall riparian

| system and the creation of turbidity which is carried downstream. Increased down-
stream turbidity may cover spawning beds and benthic (bottom) organisms. It may
reduce total dissolved oxygen in the water and otherwise place additional stress
on fish, aquatic plants and other aquatic organisms. Finally, turbidity can
affect aquatic systems for many miles downstream of the occurrence.

Past experience with watercourse permits 2. April=--The company submits a proposed ADP
indicated that the conditions defined in some per- which includes the aerial photographs, topography
mits were not always consistent with those de- and proposed vertical and horizontal exteat of
fined in permits required by other agencies. excavation for the coming year.

Specifically, it was found that the conditions of

the watercourse permit and the Stream Alteration 3. May-—-Meetings are held with the appli-

Agreement required by the California Fish and cant, flood control district engineers, and repre-

Game Code were sometimes at odds. Therefore, in sentatives of the California Department of Fish

the interest of better cooperation and resource and Game (DFG). The purpose of these meetings is

management , the Ventura County Flood Control Dis- to identify the concerns of each party and to

trict initiated the Annual Development Plan (ADP) reach agreement on a plan.

process. in 1978. A typical annual development

plan is developed according to the general sched- 4. May to June-—-Once a compromise agreement

ule defined below. is reached, the ADP is finalized. The final ADP
consists of: a) an aerial photograph with hori-

1. Early spring--The sand and gravel com- zontal elements identified (for example, see
pany obtains aerial photographs and topography figure 9); b) topography maps, cross sections and
maps of the proposed excavation site after the profiles defining vertical elements; c¢) the water-
winter rains are over. course permit for the year; d) the DFG permit.
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Figure 9,--Aerial photograph indicating typical items agreed

upon for an Annual Development Plan:
b} wildlife corridor from mountainous
c )i soht

tial excavation;

area to top of photo;

low-flow corridor.

The Annual Development Plan process has pro-
ven to be reasonably successful in preserving
riparian resources. All ADPs issued thus far
have preserved a riparian corridor through excava—
tion areas. A minimum buffer zone of 12-15 m.
(40-50 ft.) on either side of the "low—flow"
stream (fig. 9) has been maintained, Wildlife
migration corridors been identifed and re-
served. Culverts are required at all stream cros-—
sings to protect the aquatic enviroonment from
turbidity. Finally, there has been an effort to
create and maintain permanent low-flow areas and
preserve significant mature riparian areas.

have

Implement and Monitor the Program
Implementation of the best management prac-
tices marks the true beginning of the riparian
resource management program. Political commit-
ment, a healthy communication environment, and a
successful education program mean little without
measurable physical improvement in riparian
sources. Therefore, in order to evaluate the con-
tinued relative value of the program, monitoring
activities are suggested. Areas of the program
which should be monitored are discussed below.

re—

Policy Guidelines

As the resource program progresses, it
should be evaluated periodically for consistency

with the adopted policy guidelines of the local
decision-making body. Lessons learned in the
field may suggest new management practices.

Flood control personnel and the resource manager
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a) area of poten-

plug; d} haul road; e)

may find it prudent to recommend new policies com-
mensurate with the new management practices. In
any case, the decision-making body should receive
annual reports from the staff in order to evalu-

ate for themselves the consequences of their
policy.
Education Program

The education program 1is an ongoing tool

which allows the participants to make intelligent
decisions about the best management practices and
other field tools. The content of the educartion
program should be periodically reviewed by the
participants to see if it fits their level of
expertise. New personnel will need to be made
familiar with the background and the goals of the
program.

Best Management Practices

As discussed earlier, the best management
practices listed in example 8 are meant to change
as field experience dictates. The monitoring of
the best management practices should be systemati-
cally recorded. Photographs should be taken at
least four times a year to record any changes in

the managed area. Both ground-level and aerial
photographs are desirable. The flood control
personnel may also wish to monitor changes in
stream elevations. This type of information is

usually obtained from stereo-aerial photographs.

Evaluation of the best management
should also be recorded in writing.

practices
For this pur-




Example 9.--Work sheet for field

evaluations.

I. PHYSICAL FEATURES

A. MName of channel

B. Flood Zone R Eecation
{ D. Stream width E. Approximate Llow
| F. Braiding? How many?
G. Type of bottom: Rocky Gravels Sand
S5ilt
H. Water clarity: Clear Turbid

I. Visual appearance of stream (attach pictures if taken)

II. BIOLOGICAL FEATURES

C. Wildlife observed:
1. Invertebrates

A. Dominant riparian vegetation: Willow Mule Fat
Giant Cain Sycamore Alder
Cottonwood QOther

B. Aquatic vegetation: Tules Cattails
Watercress Algae Pond Weed
Other

2. Mammals

3. Birds

4. Fish

D. Apparent biological productivity of area

pose, a 'Worksheet for Field Evaluations" was
created for the Ventura County 208 Water Quality
Management Plan and 1is shown in example 9. The
back of the worksheet provides space for a
graphic plan of action and for biological and
maintenance comments.

CONCLUSION

Flood control operations have a significant
and often severe impact on riparian resources in
California. The traditional approach of flood
control organizations is to consider public safe-
ty as its only function. However, with local
political support, improved communication, educa-
tion, and better management practices, it is pos-
sible to assist flood control oganizations in
accepting responsibility for the stewardship of
riparian resources.

This concept may not be acceptable to some,
particularly those more accustomed to bureaucrat-
ic  combat with flood control organizations.
Nevertheless, such a program has been initiated
in Ventura County and appears to offer consider-
able promise. It is suggested that local organi-
zations should be given the responsibility for
riparian resource wmanagement rather than being
burdened by yet another state mandate.

859

LITERATURE CITED

Clapham, W.B., Jr. 1973, Natural ecosystems.
248 p. Macmillan Company. New York, N.Y.

Cordone, E., and D.W. Kelley. 1961. The in-
fluence of inorganic sediments on the aqua-

tic life of streams. Calif. Fish and Game
47(2).

Gibb, J.R. 1973. Defensive communication. p.
284-291., In: C. D. Morteasen. Basic
readings in communication theory. 358 p.

Harper and Row, New York, N.Y.

Lockard, W.M., and R.A. Burgess. 198l. Techni-
cal paper for conducting flood control acti-

vities 1in Ventura County. 71 p. Ventura
County. Public Works Agency, Flood Control
and Water Resources Department, Ventura,
Calif.

Moore, M.R. 1979. Stream survey: 0Ojai Ranger
District, Los Padres National Forest. 29+
p. USDA Forest Service.




Moore, M.R. 1980, Factors influencing the survi-
val of juvenile steelhead rainbow trout
(Salmo gairdneri gairdneri) in the Ven-

tura River, California. 82 p. M.S. Thesis,
Humbo ldt State University, Arcata, Calif.

Odum, E.P. 1978. Ecological importance of the
riparian zone. p- 2~4. In R.R. Jchnson
and J.F. McCormick (tech. coord.). Strate-
gies for protection and management of flood-
plain wetlands and other riparian eco-
systems: Proceedings of the symposium.
[Callaway Gardens, Georgia, December 11-13,
1978.] USDA  Forest Service GTR-WO-12,
Washington, D.C. 410 p.

Palmer, E.L. 1975, Fieldbook of natural his-
tory. Second edition (revised by H.S.
Fowler). 779 p. McGraw-Hill Book Company,

New York, N.Y.

Reid, G.K. 1961. Ecology of inland waters and
‘estuaries. 375 p. D. Van Nostrand Co., New
York, N.Y.

Shaw, P.A., and J.A. Maga. 1943, The effect of
mining silt on yield of fry from salmon
spawning beds. Calif. Fish and Game 29(1):
29-41.

360

Ventura County Public Works Agency, Flood Control

and Water Resources Department. 1981. Oper-
ator's manual for conducting flood control
activities in Ventura County streams and
rivers. 21 p. Ventura County Flood Control
and Water Resources Department, Ventura,
Catlif.

Waananen, A.0., J.T. Limerinos, and W.J. Kockel-
man, et al. 1977. Flood-prone  areas
and land-use planning--selected examples
from the San Francisco Bay Region, Califor-
nia. Geological Survey Professional Paper
942. fi=) i e U.S. Government Printing
Office, Washington, D.C.

Watzlawick, P., J.H. Beavin, and D.D. Jackson.
1967. Pragmatics of human communication.
296 p. W.W. Norton and Company, New York,
N.Y.

Webster's Seventh New Collegiate Dictionary.

1978, 1,298 ‘5.  .G.
Springfield, Mass.

and C. Merriam Company,






