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Figure 5. Federal Emergency Management Agency (FEMA) noodplain designations applied to the
Site of the Ventura River Beach R Resort . Adapted from ENVICOM Corporation. 1984, and
FEMA . 1986a.



0.0001

0.00005

Q)
C
o-en
-Q)
c
c:
m

..c:
U

0.1
0.05

0.01
0.005

0.001
0.0005

§
l-

I-

~

=-.....r-, • Ventura Riverl-
I-

- """-I-

" 13rq .- 41
eC11l

I(/e(/

Clatr
~ ~1]9 r-; ,

l- I

~

.....,
~06Qbi°.44l-

i-

~~
<;

I III I I • 1111 I I I I III I I I I III I I I I III 1 I I

16

100 1,000 10,000 100,000 1,000,000

Bankfull Discharge (Qbf,cfs)

Figure 6. Threshold slope separating rivers with unstable braided channels from stable
meandering channels. Adapted from Leopold, Wolman, and Miller, 1964.



the use of the floodway by individuals as
originally stipulated by the Ventura County
Flood Control District, or specify the exact
nature of the flood warning system (San
Buenaventura, 1985a).

The San Buenaventura City Planning
Commission decision was appealed by
several environ mental organizations to the
City Council. Again, because the flooding
issue had been 'framed in technical
engineering terms and had been resolved to
the satisfaction of flood control
professionals, the formal basis of the appeal
did not rest on the potential flood hazards of
the site. Instead, the appeal addressed more
traditional land use issues, including the
allowable uses in the buffer area adjacent to
the main channel of the Ventura River,
landscaping along U.S. Interstate Highway
101, hazards associated with bicycle and
pedestrian traffic, and the density of the
development (Audubon Society, 1985). On
March 5, 1985, again over the
recommendation of the City Planning staff,
the San Buenaventura City Council voted to
deny the appeal and uphold the Planning
Commission's original approval of the
proposed recreational vehicle park.
However, in further recognition of the flood
hazards associated with the site, the City
Council added a condition which required the
applicant to enter into an agreement with
the City in which the applicant acknowledged
the flood hazards associated with the project
site, agreed to assume all risk, and to hold
the City harmless from any liability for
damages which could result from flooding
(San Buenaventura, 1985b; Hubbard,
1987).

Following the City's 'final approval,
the project was appealed by project
opponents to the California Coastal
Commission which had retained appeal
authority over the eastern-most portion of
the project which lay in the designated
nfloodway" adjacent to the main channel of
the Ventura River. The appeal was based
upon inconsistencies with the provisions of
the City's certi'fied LCP, including impacts
to the adjacent Emma Wood State Beach,
inadequate landscaping, inappropriate
density, potential impacts to

environmentally sensitive habitats of the
Ventura River, and alteration of landforms
for site preparation and flood control
(Environmental Coalition of Ventura
County, 1985). The Coastal Commission
staff recommended that the Commission find
that the appeal raised no substantia.1 issue
with respect to the project's consistency
with the City'S certified LCP and the
Commission concurred with the staff's
recommendation (California Coastal
Commission, 1985). While the project was
the subject of several more hearings at the
local level for minor amendments to the
originally approved plan, the planning and
public review process had, after almost 12
years, come to an end. The applicant
commenced construction of the facility and
completed the project in time for the
beginning of the 1988 summer season. The
facility was in operation for only four years
before being struck by the flood of February
12, 1992.

DISCUSSION & CONCLUSIONS

The staffs of the Ventura County
Flood Control District, City of San
Buenaventura, and the California Coastal
Commission initially recommended against
development of a recreational vehicle park
on the Ventura River delta on the grounds
that it was subject to severe flood hazards.
Similar concerns were also raised by the
U.S. Army Corps of Engineers, private
individuals and environmental groups in
numerous public hearings. In the face of
strong counter-arguments advanced by
private 'flood control professionals, and the
moderation of the Ventura County Flood
Control District's initial opposition,
however. these flood hazard concerns were
overridden.

Arguments in favor of the Ventura
Beach RV Resort centered around its
economic and visitor-serving potential
(Kelley, 1992). The project proponents
asserted that it would contribute
approximately $100,000 a year to the City
of San Buenaventura's economy and enhance
coastal access - a major goal of the
California Coastal Act. Actual revenues
generated by the park amounted to
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$159,462 over the four year period from
1988 through 1992, an annual average of
$40,000 per year. or less than half of the
annual projected revenues (San
Buenaventura, 1992a). A portion of these
revenues were subsequently offset when the
City expended approximately $28,000 on
immediate emergency rescue, and an
add iti anal sum (on Iy partially
reimbursable) on post-flood clean-up and
repair (San Buenaventura. 1992b.
1992f). Regarding the provision of
additional coastal access, it is significant
that the California Coastal Commission had
previously limited the size of the facilities
at the adjacent Emma Wood State Beach
Ventura River Group Camp in order to
protect the area's environmentaJly sensitive
habitats. including wetlands. coastal dunes.
and intertidal cobble fields (California
Coastal Commission, 1978a, 1978b).
Furthermore, State park records indicate
that the day-use parking facilities at the
Emma Wood State Beach-Ventura Group
Camp have been rarely used to capacity. and
that the Ventura Beach RV Resort has not
been used as a regular staging area to gain
access to the adjacent beach (California
Department of Parks and Recreation,
1992).

Neve rth e less. th e project
proponents were ultimately successful in
persuading City and State decision-makers
to allow the site to be used for a high
density recreational vehicle park. An
independent flood evaluation funded by the
developer supported the contention that
flooding was not likely to be a major
problem at the site, or could be mitigated
with proper engineering (Hawks &
Associates 1981a. 1981b. 1982a, 1982b).
All engineering studies to evaluate the site's
flood-hazards utilized the standard HEC-2
computer model developed by the U.S. Army
Corps of Engineers. As previously noted.
the model assumes a constant channel cross
section that remains stable during floods.
This assumption is not appropriate for the
main stem of the Ventura River or the delta
because of the mobility of the channel
resulting from sediment transport and
avulsion- clogging of the active channel

with sediment and diversion of water to
alternative distributary channels.

The limitations of the HEC-2 studies
were compounded by reliance on the flood
hazard categories used by the FEMA and
applied to the project site. The FEMA
flood insurance program employs the terms
"floodway" and "floodway fringe" to
characterize flood patterns and flood
potential for determining eligibility for
flood insurance. The term "floodway" is a
technical term used by FEMA to designate a
lateral area into which a discharge from a
100-year ttood can theoretically be
compressed without increasing the vertical
height of the flood flow more than 0.3 m
(one tt). This term was not intended to
describe those areas which will be inundated
only during a 100-year flood. The term
"flood fringe" is a technical term used to
designate that portion of the natural 100
year floodplain that would be theoretically
left dry after compressing the 100-year
flood flow into the "floodway". It does not
describe that portion of the floodplain which
is necessarily less prone to 'flooding
(Federal Emergency Management Agency,
1985b)

Both terms are artificial; neither
were intended or purport to describe the
natural pattern or extent of floodlnq, but
rather areas into which flood flows may be
artificially channeled. They specifically
were not intended to describe the pattern of
flooding in either braided channels or on
deltas with a system of distributary
channels such as the Ventura River. The
FEMA standards are minimum requirements
developed primarily for insurance
purposes, and local agencies may adopt
stricter regulations. The February 12,
1992 flood underscores the problem of
relying exclusively on standard rlooo
modeling methodologies. and FEMA flood
regulations which focus on the 100-year
flood rather than on the discharge level
where inundation of overbank areas may
actually begin. In retrospect, the Ventura
County Flood Control District has recognized
that stricter requirements are probably
justified for the Ventura River delta where
a braided channel pattern and a system of
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delta distributary channels complicate flood
hazard evaluation (J. Weikel. Ventura
County Flood Control District, personal
communication, 1992).

Fluvial geomorphologists have long
recognized the special behavioral
characteristics of rivers and streams in
arid and semi-arid regions with highly
variable discharges. Radical short-term
variations in discharge can generate a
channel morphology that is suited to high
flow, but that is not in equilibrium with
subsequent low flows (Schumm and Lichty,
1963). Graf has pointed out (1988) that
the radical spatial and temporal changes in
channel form which occur abruptly are not
accommodated by general mathematical
models of channel behavior. Knowledge of
prior floods is also critical to an
understanding of the channel configuration
observed at any given time. Consequently, a
statistical summary of floods such as a
flood-frequency analysis that does not
account for the order of occurrence of tloods
is likely to be unrealistic and even
misleading.

Flooding on alluvial fans or deltas is
particularly difficult to predict.
Researchers have identified a number of
contributing factors. The distributaries
formed upon the surface of an alluvial fan
by a major flood event are modified and
filled in during subsequent smaller flood
events. As a result, a subsequent major
flood "does not necessarily follow the path of
a previous event." (Dawdy, 1979)
Another uncertainty results from the
variably in the amount of sediment
delivered to an alluvial fan by a particular
flood event. A sediment rich event will
carry more sediment to the apex than the
flow can transport across the fan causing
channel avulsions. A sediment deficient
event will tend to generate erosion in the
vicinity of the apex and create a channel
which will carry sediment away from the
alluvial fan. (Dawdy, 1979; Dawdy and
Hill, 1987; Hill and Dawdy, 1987).

As as result of these variables, Dawdy
(1979) has argued that the probability
with which a flood occurs at the apex of an

alluvial fan does not alone determine the
probability of a flood or flood depth at any
point on an alluvial fan below the apex. The
most recently revised FEMA Guidelines have
recognized these characteristics of alluvial
fans and note that "Belowthe apex of the fan
. . . the channel will occur at random
locations at any place on the fan surface;
under natural conditions, it is not more
likely to follow a preexisting flowpath than
it is to follow a new flowpath. n (Federal
Emergency Management Agency, 1985a)
Graf (1988) has also concluded that
"Present geomorphological theory does not
provide for the calculation of the
probability that any particular distributary
channel will receive flow. On natural fan
surfaces the rtood hazard is therefore
largely Indetermtnate." (See also, Cooke
1984; Dawdy. 1984; Dawdy, et ai, 1989;
Edwards and Thielmann, 1984; Hill, et at,
1989; National Research Council, 1982)

An engineering perspective, such as
characterized the flood hazard analysis of
the Ventura Beach RV Resort site, is
particularly limited in arid and semi-arid
regions where rivers are characterized by
highly mobile beds and unstable banks that
can change configuration during major
tloods. These behavioral characteristics can
limit the usefulness of fixed cross-sectional
surveys and the basic assumptions upon
which the HEC-2 methodology relies. The
inadequacy of the HEC-2 computer modeling
was tragically demonstrated when the
Ventura Beach RV Resort was inundated with
a 1,322 ems (46,700 cts) flow. while the
model, as applied by the owner's
engineering consultant, predicted that a
majority of the site was above the elevation
of a 100+ year flood with an estimated
2,209 ems (78,000 cts) discharge (Hawks
& Associates, 1982a).

A geomorphic perspective, which
includes an historical component, can
provide additional insight into the possible
future behavior of a river system, though
predicting the precise timing of such
behavior remains an art more than a
science. What was ignored, dismissed, or
not recognized in the case of the February
1992 flood on the Ventura River was the
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history of the river system itself. None of
the flood analyses of the river discussed the
delta environment in which the Ventura
Beach RV Resort was to be situated, or
recognized that distributary channels had
been active in the recent past. As noted, the
consulting flood control engineer for the
project reported no defined distributaries
on the Ventura River delta. While recent
evidence of such distributaries may have
been obscured as a result of the intensive
manipulation of the land for agricultural
and other purposes, historical aerial
photographs reveal clearly demarked
distributary channels and patterns of
riparian vegetation which trace
temporarily abandoned distributaries. (See
Figures 3A and 3B.)

Conventional (and in this case
inadequate) engineering analysis suggested
that the Ventura Beach RV Resort site would
likely only be flooded by a 100+ year flood,
and that in the event of an inundating flood, a
flood-warning system would be adequate for
evacuation. Both of these assessments
proved to be incorrect.

Current Situation

Ironically, the City of San
Buenaventura has allowed the Ventura Beach
RV Resort to reopen, without even the
original flood-waminq system provided by
the Ventura County Flood Control District in
place (San Buenaventura, 1992c, 1992d;
Ventura County Public Works Agency.
1992c). The Ventura County Flood Control
District is presently working to develop a
new flood-warning system for the Ventura
Beach RV Resort. Major new objectives and
elements under consideration for an
improved flood-warning system include
(Ventura County Pubic Works Agency,
1992e; Ventura County Sheriff's
Department, 1992; J. Weikel, personal
communication 1992):

• Improve the Ventura County Flood
Control Dlstrtct's existing Flood
Warning System by adding an
automated self-reporting stream
gage on Canada Largaand refiningthe

National Weather Service forecast
model for the Ventura River.

• Ascertain the minimum time
necessary to evacuate a fully
occupied recreational vehicle resort
and utilize a more conservative
threshold for issuing Hood warnings.

• Install a computer terminal and
modem hookup at the recreational
vehicle park to receive current
Ventura County' Flood Control
District 'flood advisories. as well as a
radio receiver to receive National
Weather Service Flood Warnings.

• Develop an evacuation protocol
and install a public address system
to enable the management of the
recreational vehicle resort to
provide clear instructions to
occupants in the event of a flood.

Establish a formal written
agreement between the Ventura
County Flood Control District and the
owners/operators of the
recreational vehicle resort which
embodies a comprehensive nood
detection, warning, and evacuation
program.

An improved flood-warning system
may provide greater response time than the
previous system which allowed only about
45 minutes for evacuation during the
February 12, 1992 flood. However, while
these provisions may provide additional
protection to the users of the Ventura Beach
RV Resort, they also underscore the
inherent flood-hazards associated with the
site. The Ventura County Flood Control
District has prudently cautioned against too
heavy a reliance on warning systems to
reduce risks, noting that the "flood warning
is only as good as the data that we get - any
reliance on any kind of forecasting should be
very. very carefully considered" (Ventura
County Public Works Agency, 1992b).

The residents of the City of San
Buenaventura are at a cross-roads
concerning the management of the Ventura
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River. Currently, the City is developing a
management plan for the lower Ventura
River that is intended restore and manage
the natural resources of the lower river
(San Buenaventura, 1990: Wetlands
Research Associates, et al 1991). At the
same time, it is being pressured to support
additional flood control to protect the
continuance of the Ventura Beach RV Resort.

The flood on February 12th flood
occurred after 5 years of below normal
rainfall which prevented the natural annual
scouring of the main Ventura River channel;
as a consequence, some have suggested that
the flooding was the result of riparian
vegetation that piled up in several locations
causing a backwater effect that facilitated
overbank flow and reoccupation of the
distributary channel (Hawks & Associates,
1992; Ventura County Sheriffs Department,
1992; Taylor, 1992; U.S. Army Corps of
Engineers, 1992b). While some riparian
vegetation was dislodged during the flood,
and did pile up at a number of locations
including bridges and fences, the presence of
riparian vegetation can 110t account for the
basic branching behavior of the flows across
the Ventura River delta which was exhibited
during the February 12, 1992 flood. As
noted, the dislodging of vegetation is a
natural process by wnlcn river channels
are cleared of choking vegetation. In the
case of the February 12th flood a majority
of this vegetation was passed to the ocean
during the flood event as evidenced by the
considerable vegetative debris which
accumulated on local beaches (U.S. Army
Corps of Engineers, 1992b). Major debris
piles did accumulate on the Main Street, U.S.
101, and Southern Pacific Railroad bridges;
however, these structures are all situated
several hundred meters below the head of
the branching distributary which caused the
flooding of the Ventura Beach RV Resort.

Should the Ventura County Flood
Control District or other agencies
periodically clear the riparian vegetation,
important elements of the Ventura River
environment (e.g., riparian habitat,
pool/riffle channel morphology) will be
degraded or lost (Keller, 1976, 1977,
1989). Elimination of periodic discharges

through distributaries would also reduce
the ability of the Ventura River to maintain
historic wetlands which were originally
created by and are dependent upon periodic
scour to remove the natural build-up of
sediment. This process of wetland
rejuvenation was demonstrated during the
February 12th flood when the reactivated
"North Fork" of the Ventura River re
excavated the wetland at the "Second Mouthll

of the river wnlcn had been almost
completely filled in as a result of natural
and artificial accumulation of sediments.
Further, removal of vegetation would tend to
destabilize channel banks by removing root
systems which add to the shear strength of
the loosely consolidated bank material,
rendering channel banks even more likely to
erode and shift during smaller floods
(Keller and Swanson, 1979).

Radical channelization that would
include additional levees or perhaps even
concrete lining of the lower Ventura River
is another option. This would contain all but
the very largest floods and would allow for
additional floodplain encroachment.
However, there is increasing resistance to
radical channelization that transform the
Ventura River into a small version of the
concrete lined Los Angeles River, extensive
sections of which function more like an
hydraulic flume than a river system.
Additional ffood constraints on the west side
of the river would also place added stress on
the existing Ventura River levee which.
serves to protect the urbanized portion of
the City of San Buenaventura (U.S. Army
Corps of Engineers, 1981). Increased flood
elevations on the west side of the levee could
also adversely affect the operation of a
series of storm drains which serve the
residential and commercial community on
the east side of the Ventura River levee.

Land uses compatible with the
dynamic, unpredictable nature of flood flows
on the Ventura River delta, and which would
not necessitate the modification of the
riverine environment for 'flood protection,
include use of the western portion of the
site as a summer campground with minimal
structural development; returning a portion
of the site to agricultural use; and
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restoration of historic riparian wetlands
and coastal sage scrub habitat. Amortization
of the current high-intensity recreational
use and public acquisition of the site would
create opportunities for uses compatible
with both the inherent hazards and
resources values of the site and the adjacent
lower Ventura River and Ventura River
estuary. Such uses would be consistent with
the original recommendations of U.S. Army
Corps of Engineers as well as the
recommendations recently developed by the
Federal Interagency Hazard Mitigation Team.

During the initial review of the
proposed recreational vehicle park the U.S.
Army Corps of Engineers advised that
"Passive recreation would be most
compatible with the resource values in the
floodway. Another acceptable alternative
could be restoration of the rloodway to
natural habitat and allowing camping and/or
day use, but no vehicles in selected parts of
the floodway. Use should be restricted to the
season when no flood hazard exists:' (U.S.
Army Corps of Engineers, 1981) Following
the February 1992 'floods in Southern
California, the Federal Interagency Hazard
Mitigation Team developed similar
recommendations for all recreational
vehicle parks in 'floodways: "Floodways
should be maintained in a manner that
ensures unrestricted downstream movement
of water, therefore, development and use of
floodways for any recreational purpose
should be prohibited. Exceptions are made
for open field recreation, trails and other
like activities, restricted to day use only,
that do not obstruct the water flow during
any rainfall and do not experience
significant darnaqe." (Federal Emergency
Management Agency, 1992).

Future Prospects

If the history of the Ventura River
system continues to be ignored or dismissed,
the flooding experienced in February 1992
will be repeated. The probability of at least
a 22-year 'flood occurring in the next ten
years is relatively high at about 37 percent.
The probability of the 1992 flood event
reoccurring at least once in the next five
years is approximately 21 percent. History

reveals that the Ventura River has
previously occupied the distributary
channel across the Ventura Beach RV Resort,
and that it is likely that it will again in the
relatively near 'future.

Finally, the experience of the
Ventura Beach RV Resort is not an isolated
instance of an unsuccessful effort by
consultants, planners, and decision-makers
using standard flood-modeling methodologies
and flood insurance categories to accurately
predict and assess the flood potential on a
development site. While proposed
development in 'flood-prone areas in the
United States is generally reviewed using
accepted flood-modeling methodologies, the
total national annual flood-related damages
continues to rise (Federal Emergency
Management Agency, 1992a; U.S. Army
Corps of Engineers, 1992a; U.S.
Department of Commerce, 1990).
Significantly, the FEMA's Nation-Wide Flood
Insurance Program is based upon flooding
projections which rely on the same flood
modeling techniques which were utilized to
predict and assess the flooding potential on
the Ventura Beach RV Resort site.

The Ventura Beach RV Resort
experience dramatically illustrates the need
for a more critical approach to the
application of standard flood-modeling
methodologies such as the U.S. Army Corps
of Engineers' HEC series. These models have
provided a valuable tool for predicting the
areal extent of flooding under specified 'now
conditions for planning, designing, and
management purposes. However, where
rivers or sections of rivers have highly
mobile channels or are characterized by
high sediment yields. such models must be
used with caution, and preferably
supplemented with a fluvial geomorphic
analysis which takes into account the
historic behavior of the watercourse; this is
especially critical for development proposed
on alluvial fans or deltas. While the
practitioners of flood modeling are cognizant
of the model's limitations, those relying on
the models to make discretionary decisions
may not be fully aware of these limitations.
This may be particularly true of land-use
planning staffs, as well as appointed or
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elected decision-makers who frequently
lack sufficient technical training to
independently evaluate the models, and who
must therefore rely on the jUdgements of
those responsible for developing and
applying the flood-prediction models.
Failure to fully appreciate the historical
dimensions of rivers and streams as well as
the limitations of current flood-modeling
methodologies, or to adequately inform
decision-makers of these dimensions and
limitations, invites repetition of the tragedy
which struck the Ventura Beach RV Resort.
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