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ABSTRACT: On February 12, 1992 a portion of the Ventura River, California, flowed through the
Ventura Beach RV Resort which had recently been constructed across an historically active
distributary of the Ventura River delta. State and local land-use planners recognized the flood hazards
associated with the site, but decision-makers relied on analytical methods developed by the U.S. Army
Corps of Engineers and flood-hazard categories developed by the Federal Emergency Management
Agency which did not adequately reflect the mobile nature of the Ventura River channel and
distributaries. A better understanding of the historical behavior of the Ventura River could have
averted the flood damages experienced in 1992. Low intensity recreational, agricultural or habitat
restoration use of the site would minimize potential flood damages and obviate the need for structural
flood protection that would impact the river's natural resources. Continued operation of the
recreational vehicle park could result in additional flood damages in the relatively near future;
recognizing the limitations of the flood-modeling methodologies used for the Ventura Beach RV Resort
could prevent similar miscalculations of flood potential in comparable situations.

(KEY TERMS: river flooding; flood-hazard analysis; floodplain management; river history;
southern California.)

INTRODUCTION

Those who cannot remember the past are condemned to repeat it
George Santayana, 1905

It is a commonplace that those who
consistently ignore the lessons of the past,
must bear the consequences when history
repeats itself. While the age old question of
cycles in human history is still actively
debated, the repetitive nature of many
natural phenomena such as floods is
undisputed. The earth has a history, as
much as a country or a community, and we
argue that a better understanding of the
historical behavior of a river can lead to
improved environmental planning and
reduce human tragedy stemming from
natural physicaf processes,

On February 12, 1992 the Ventura
River over-flowed its main channel near
the City of San Buenaventura, California and
ran through a private recreational vehicle
park constructed on the delta of the river
(Figure 1). The park is situated between
two bridges constructed over a natural,
historically active distributary channel of
the lower river. The Hood 'flow of February

12th had a recurrence interval of
approximately 22 years. This was not an
unusual event from a hazards/risk
perspective. The probability of a 22-year
'flood occurring at least once in a 10-year
period is approximately 37 percent. The
probability of a 22-year flood occurring at
least once in a 5-year period is
approximately 21 percent.

The focus of this paper is the
planning and political decisions that
permitted the recreational vehicle park to
be constructed in a hazardous area, ignoring
or dismissing warnings from individuals
and agencies concerning the 'flood hazard of
the site; we have also provided hydrologic
and geomorphic information to serve as a
background for these decisions. With a
better understanding of the circumstances
leading to the construction of the Ventura
Beach RV Resort the authors believe that
similar decisions are less likely to be
repeated in the future.



Figure 1. Path of February 12, 1992 flood flows on the lower Ventura River Delta, looking
upriver from the "Second Mouth" at the Pacific Ocean. Head of distributary channel in upper
left (agricultural field). Distributary channel passes to the (eft of Main Street Bridge; through
the Ventura Beach RV Resort; over the U.S. Interstate Highway 101 "fairweather" crossing;
through Emma Wood State Beach-Ventura Group Camp; and under the Southern Pacific
Transportation Corporation Railroad Bridge over the Second Mouth of the Ventura River. Main
Ventura River and the City of San Buenaventura area located to the right of the photograph .
Aerial photography courtesy of Gary Phelps, aboard Aspin Helicopters.
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VENTURA RIVER SYSTEM

The Ventura River watershed, with a
drainage area of about 585 km2 (226
mi2), has its headwaters in the Santa Ynez
Mountains north of the coastal City of San
Buenaventura, California (U.S. Army Corps
of Engineers, 1971). (Figure 2) The
Ventura River system may be divided into
three distinct zones (Schumm, 1977).

Zone 1 is characterized by the
production of water and sediment and
comprises the mountainous areas of the
basin. The major tributaries include
Matilija Creek with a drainage area of 141
km2 (55 mi2), North Fork Matilija Creek
with a drainage area of 40 km2 (16 mi2),

and San Antonio Creek with a drainage area
of 133 km2 (51 mi2). The Matilija
reservoir on Matilija Creek with a storage
capacity of less than 1.2 x 106m3 (1000
acre feet), and the Robles Diversion on the
upper Ventura River with a maximum
capacity of 14 cms (500 cts) , play only a
minor role in the control of major storm
runoff. Coyote Creek and Santa Ana Creek,
with a combined drainage area of 106 km2

(41 mi2), are also in zone 1 but the storm
water runoff and sediment from this portion
of the system are now partially controlled
by Lake Casitas with a storage capacity of
31.3 x 107 m3 (254,000 acre feet) (U.S.
Geological Survey, 1970; California
Department of Water Resources, 1983).
Zone 2 of the Ventura River includes the
main stem downstream from the confluence
of Matilija Creek and the North Fork of
Matilija Creek to the delta of the river at
the Pacific Ocean. This zone is
characterized by storage and transport of
sediment along a broad floodplain with a
short constriction below the confluence of
Coyote Creek. Zone 3 of the Ventura River
is characterized by shifting channels and
deposition characteristic of a deltaic
environment. The delta of the Ventura River
is the result of the interaction between
~iver processes and coastal processes, and
IS an arcuate-shaped landform that extends
from the Pacific Ocean upstream for
approximately 1.6 km (1 mil and stretches

a.long the coast approximately 3.2 km (2
rnl) ,

Geologic evidence suggests that the
Ventura River has slowly migrated to the
west during the past 100,000 years,
leaving a series of stream terraces which
mark former locations of the channel and
floodplain (Putnam, 1942; Rockwell et ai,
1984). The river from Meiners Oaks
downstream crosses numerous active
geologic structures and near the City of San
Buenaventura crosses the actively growing
Ventura Avenue anticline which has had an
uplift rate of about 1 cm/yr for the last
several hundred thousand years (Rockwell
et at, 1988).

The Ventura River is a mixed-load
stream. As a result of rapid tectonic uplift
it has the highest suspended and bedload
yield per unit area of watershed in southern
California (Brownlie and Taylor, 1981;
Taylor, 1983). Deltas of such rivers are
characterized by channels that cannot be
maintained in one location for extended
periods. The land form is produced by a
shifting locus of deposition similar to that
which occurs on alluvial fans in inland
areas; the arcuate shape testifies to this
tendency of channels to migrate (BUll,
1968; Graf, 1988; Schumm, 1977). The
multiple channels of the deltaic system,
called distributary channels, are
characteristically active for a period of
time, then may become inactive, and then
become active again at a later date. Early
mapping of the Ventura River delta (Figure
3A) shows the main stem of the river near
its present position, with numerous
distributary channels. Approximately 0.4
km (0.25 mil to the west of the main river
channel is a prominent distributary channel
identified over 100 years ago by the
Southe rn Pacific Transportation
Corporation as the "North Fork" of the
Ventura River and is today known as the
"Second Mouth" of the Ventura River.

The City of San Buenaventura is
protected from natural flooding of the
Ventura River by a rock levee constructed
on the east side of the main river channel by
the U.S. Army Corps of Engineers in 1948;
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the levee is designed to contain a Standard
Project Flood, which was originally rated at
4,248 cms (150,000 cts), but has since
been revised downward to 2,521 cms
(89,000 crs), primarily as a result of the
construction of Lake Casitas (U.S. Army
Corps of Engineers, 1967; Ventura County
Public Works Agency 1984c). The levee
effectively precludes development of
distributary channels to the east of the
present position of the main river channel.
While this protects the City from flooding,
it results in greater flooding activity in the
main river channel and distributaries to the
west. Figures 3B and 3C show the delta
environment in 1945 and 1989. A major
distributary channel to the west is still
evident on both maps, and the recreational
vehicle park constructed in 1987 is
situated directly across the distributary
channel.

VENTURA RIVER FLOODING: RECENT
HISTORY

Coastal, rivers in Southern
California are characterized by extreme
variability of flow as a result of the
extreme variability in seasonal
precipitation which is characteristic of the
region's Mediterranean climate. The mean
annual rainfall in the Ventura River
drainage basin varies from approximately
6.6 cm (16 inches) near the river's mouth
at the Pacific Ocean to over 16 cm (40
inches) in the mountainous headwaters. The
concept of mean annual precipitation,
however, has little significance in Southern
California where the variability from the
mean may be several hundred percent for a
given year (Goodridge, 1982; Weaver,
1962). As a result, Southern California
rivers tend to be "flashy", characterized by
a sudden rise in discharge and "'flash
floodingll

• In regions such as the Eastern
United States or Great Britain it is not
uncommon for a 20-year flood to have a
discharge of only 1 or 2 times the mean
annual flood (the mean annual flood is a
flood with a recurrence interval of
approximately 2.33 years). However, for
rivers in Southern California the discharge
of the 20-year flood may be many times
that of the mean annual event. For example,

the discharge of a 20-year flood in the
Ventura River is approximately 10 times
that of the mean annual event. As a result, a
20-year flood in the Ventura River has the
competency and capacity to cause greater
scour and deposition than do floods of a
similar recurrence interval that occur in
Great Britain, where little change in the
channel and floodplain occur (Lewin,
1981).

The Ventura River has a long history
of flooding (U.S. Army Corps of Engineers,
1971, 1974a, 1974b; Ventura County
Public Works Agency, 1983, 1990). Since
1938 there have been nine major floods
(Table 1), the largest of which occurred in
February 1978 with a peak discharge of
1,801 cms (63,600 cts), This flow has an
estimated recurrence interval of
approximately 55 years.

The February 1992, flood with a
discharge of approximately 1,322 cms
(46,700 cts), has a recurrence interval of
approximately 22 years. Portions of the
distributary channel which runs through
the Ventura Beach RV Resort and discharges
through the "Second Mouth" of the Ventura
River were used to pass flood waters during
the 1969, 1978, 1982, and 1992 flood
events, an average of once every six years
during the previous 25 years.

FEBRUARY 12, 1992 FLOOD

On February 12, 1992 the Ventura
River overflowed its main channel several
hundred meters above the Main Street
Bridge near the apex of the Ventura River
delta. The river reoccupied the distributary
channel shown on Figures 3A, 3B, and 3C,
flowing over the west end of Main Street,
directly across the eastern end of the
Ventura Beach RV Resort, over U.S.
Interstate Highway 101, and into the Pacific
Ocean after flowing beneath the Southern
Pacific Transportation Corporation railroad
bridge built over the "North Forkll or
"secono Mouth" of the Ventura River.

The precise distribution of floodwaters
which left the main channel of the Ventura
River was influenced by developments on
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Table 1. (A) Major Floods and Approximate Recurrence Intervals on
the Ventura River Between 1938-1992; (B) Approximate Peak
Discharge Levels for 5, 10, 25, 50, 100, and 200 Year Floods.

6

A. Date Peak Discharge*

cms (cfs)

Approximate
Recurrence
Interval (yrs)**

March 1938 1,110 (39,200) 14
January 1943 991 (35,000) 13
January 1952 835 (29,500) 9
January 1969 1,642 (58,000) 40
February 1969 1,133 (40,000) 15
February 1978 1,801 (63,600) 55
February 1980 1,073 (37,900) 14
March 1983 765 (27,000) 8
February 1992 1,322 (46,700) 22

B. Peak Discharge*

cms

504
867

1,383
1,766
2,129
2,467

(cfs)

(17,816)
(30,622)
(48,832)
(62,364)
(75,184)
(87,105)

Approximate Recurrence
Interval (yrs )**

5
10
25
50

100
200

* Peak discharges are for the gaging station (#11118500) located about 2 km
upstream from Canada Larga (Figure 2), with the exception of the February 1992 flood
estimate, which represents peak flow to the ocean. Assuming that Canada Larga can
carry several hundred ems during a 100-year flood, we estimate that the 100-year
flood downstream at the delta to be about 2,265 cms (80,000 cts).

** Caculated using the log-Pearson Type 1/1 distribution (United States Water Resources
Council, 1981) and annual data (1933-1992) from the Federal Emergency
Management Agency, 1985; the U.S. Geological Survey, 1987-1990, 1991-1992; and
the Ventura County Public Works Agency, 1992d.
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the delta. While the major portion of the
'flood 'flows were directed down the main
channel to the immediate east of the
recreational vehicle park, a row of
Eucalyptus trees planted as an agricultural
wind break and an associated chain link
fence constructed along the north side of the
Main Street Bridge shunted shallow flood
waters to the west and under a secondary
bridge constructed in 1932 over a smaller
distributary channel. This obstruction
increased the backwater effect on the
adjacent agricultural fields, but did not
influence the breakout which occurred
several hundred meters upstream and prior
to the development of a backwater effect.
Further, the construction of a concrete
berm following the 1969 floods along the
north side of the U.S. Interstate Highway
101 "fairweather crossing" by the
California Department of Transportation
acted as a dam, and as a result, increased the
backwater effect upstream on the site of the
recreational vehicle park (California
Department of Trans portatlon, 1981;
Ventura County Public Works Agency,
1984a, 1984b). The increased backwater
effect reduced flow velocity, but increased
water depths in the recreational vehicle
park, thus facilitating the flotation of
recreational vehicles.

The flood on February 12 reached an
estimated peak discharge of 1,322 cms
(46,700 cts) at approximately 10 a.m
(Ventura County Public Works Agency,
1992a). The flood reportedly caused
$1,000,000 in damages to the Ventura
Beach RV Resort and approximately
$40,000 in damages to the Emma Wood
State Beach - Ventura River Group Camp
(Kelley, 1992b; W. Deleu, Calitorn ia
Department of Parks and Recreation,
personal communication, 1992). The City
of San Buenaventura expended an estimated
$28,000 in immediate emergency services,
and an additional $24,000 in post-flood
clean-up and repairs. However, the bulk of
the local emergency services (largely
unreimbursable) were incurred by the
Ventura County Sheriff and Fire
Departments for police and helicopter
rescue services (City ot San Buenaventura,
1992b, 1992f; Kish, 1992).

At the time the Ventura River
overflowed its main channel and reoccupied
the western distributary, the recreational
vehicle park was occupied by about 100
individuals in recreational vehicles. Many
individuals had been living in their vehicles
for extended periods, in violation of the
conditions of the City's permit which
limited the stay of the occupants to ensure
the facility was used as a visitor-serving
facility; as result, several vehicles had flat
tires or were otherwise not in a condition to
evacuate quickly (San Buenaventura,
1992e, 1992f, 1992g). The Emma Wood
State Beach-Ventura River Group Camp was
largely vacant because of the preceding
several days of rain, and the few remaining
campers had been evacuated earlier in the
morning. The flows inundating the Ventura
Beach RV Resort were of sufficientdepth and
velocity to pick up several of the larger
recreational vehicres and carry them about
1 km to the ocean. Approximately 20
individuals were airlifted by helicopter
from the tops of vehicles in the recreational
vehicle park, and 10 stranded individuals
from along the river channel. One homeless
individual was drowned (Gmntfest and Taft.
1992; Kelley, 1992a; Reed, 1992;
Reynolds, 1992; Ventura County Sheriffs
Department, 1992).

The bulk of the rain fell early in the
morning of February 12th; the river
responded quickly with flow rising from
less than 3 cms (100 cts) to 1,322 cms
(46,700 cts) within about three hours.
Although flash-flood warnings were issued
the previous day, the very rapid response of
the river made it difficult for floodplain
evacuation to be effective (Fox Weather.
1992a, 1992b). The flood flows reached
their peak during the mid-morning after
the quickly moving storm center had passed,
providing good visibility and making aerial
rescue operations possible. Figure 4 shows
the relationship between rainfall and the
river 'flow on February 11 and 12, 1992.

The basic branching pattern of
distributaries in the Ventura River delta
had been previously recognized in the design
of railroad and highway bridges constructed
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earlier in the century, as well as in the
more recently constructed Emma Wood State
Beach - Ventura River Group Camp, but was
not recognized, or ignored in the
developmentof the Ventura Beach RV Resort.

The Southern Paci'fic Transportation
Corporation acknowledged that the western
distributary channel, referred to as the
"North Fork" of the Ventura River, was still
active, and built a bridge in 1914 with two
46 m (150 tt) clear spans - adequate to
allow passage of flood flows. As noted, this
bridge was utilized in 1969, 1978, 1982,
and 1992 to pass flood flows. (A portion of
this bridge was removed in 1971.) When
the original U.S. Interstate Highway 101
bridge (now Main Street) was constructed
across the Ventura River in 1932. the
design of the structure reflected the flood
hazard posed by the distributary channels
and provided a bridge which spanned the
main river channel and distributary. as
well as a smaller bridge further west to
accommodate a minor distributary. (See
Figure 3B.)

The current U.S. Interstate Highway
101 bridge was constructed in 1964 over
the main river channel and included a large
swale termed a "fairweather crossing"
across the western distributary channel. as
well as several box culverts further to the
west. This 366 m (1200 foot) section of
U.S. Interstate Highway 101 was originally
designed to be inundated only during a 100
year flood, estimated by the California
Department of Transportation at 2,407 cms
(85.000 cfs) at the time of construction.
As noted above, following the 1969 floods
(estimated at less than a 50-year flood)
which overtopped the "talrweather
crossing". a small concrete berm (also
referred to as a weir) was added along the
north side of the roadway for the purpose of
provtdlnq protection against flood flows
(California Department of Transportation,
1981; Ventura County Public Works
Agency, 1984a, 1984b). The 100-year
flood (2,407 ems) projected by the
California Department of Transportation is
higher than the 2,129 cms we calculate
using the log-Pearson type III distribution
for the annual data (1933-1992) from the

gauging station located about 2 km upstream
of cannaoa Larga (Figure 2). Due to the
potential contribution of Canada Larga, we
estimate the discharge of the 100-year
nood at the delta near the ocean to be about
2,265 cms (80,000 cts), Significantly,
the "fairweather" crossing" was inundated
during the January 1969 flood with a
discharge of 1,642 cms (58,000 cts) and a
recurrence interval of 40 years, and after
the construction of the berm, during me
1992 flood with a discharge of 1,322 cms
(4Q,700 cts) and a recurrence interval of
only 22 years.

Emma Wood State Beach-Ventura
River Group Camp was constructed between
U.S. Interstate Highway 101 and the
Southern Pacific Trans portation
Corporation railroad line in 1981.
Originally the plan included a 550 space
recreational vehicle park within the -flood
easement of the Ventura County Flood
Control District (California Department of
Parks and Recreation, 1970). This element
of the park was eliminated atter questions
were raised by the City of San Buenaventura
and others regarding the placement of
substantial improvements within the
f1oodway; as a result, all park facilities
were placed to the west of the Ventura
County Flood Control District flood control
easement (California Coastal Commission,
1978a, 1978b). A proposal to restore
several acres of wetlands at the "Second
Mouth" of the Ventura River as part of the
Emma Wood State Beach improvements was
also abandoned when a flood analysis
performed by the U.S. Army Corps of
Engineers indicated that the area would be
subjected to inundation from a 1a-year
Hood estimated by the Corps at 963 cms
(34,000 cts) (California Coastal
Commission. 1978c; U.S. Army Corps of
Engineers, 1978; California Department of
Parks and Recreation, 1979).

The western distributary channels of
the Ventura River delta have been
irregularly. but relatively frequently used
during major floods. Nevertheless, in
1987 the Ventura Beach RV Resort was
constructed with one-third of the eastern
end of the facility sited directly across the
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Table 2. Critical Decisions Leading to the Development of the Ventura Beach RV Resort
Across a Distributary Channel of the Ventura River Delta.

12

1968

1972

1975

1978

1981

1981

1981

1985

1985

1985

1986

1987

1992

Site of future Ventura Beach RV Resort annexed to the City of San
Buenaventura;

Site of future Ventura Beach RV Resort acquired for commercial
development;

Owner develops options for commercial use of the site of future Ventura
Beach RV resort;

Site stripped of secondary growth native riparian and chaparral
vegetation and commercial ornamental flower-growing operation
commenced; City approached with proposal to develop the site with
recreational vehicle resort;

Owner applies to the City of change of land use/zone designation from
agriculture to commercial recreation;

California Regional Coastal Commission approved City's Local Coastal
Program (not including future RV site); California State Coastal
Commission certified City's Local Coastal Program (not including future
RV site);

California State Coastal Commission certifies City Local Coastal Program
with recreational land use designations and development standards for
future RV site;

San Buenaventura City Planning Commission certifies Final
Environmental Impact Report (EIR) and approves 144 space
recreational vehicle resort for site. Environmental groups appeal
decision of City Planning Commission on 144 space recreational vehicle
resort;

San Buenaventura City councn rejects appeal of Planning Commission
decision to approve recreational vehicle resort. Environmental groups
appeal decision of San Buenaventura City Council to the California State
Coastal Commission;

California State Coastal Commission rejects appeal of San Buenaventura
City Council decision to approve recreational vehicle resort;

San Buenaventura City Council adopts floodplain ordinance which
prohibits new recreational vehicle park uses within designated 100 year
'floodplain;

Construction of Ventura Beach RV Resort completed;

Ventura River inundates Ventura Beach RV Resort; San Buenaventura City
Council votes to allow continuation of Ventura Beach RV Resort with no
changes to original permit.



distributary channel spanned by the Main
Street Bridge, the U.S. Interstate Highway
101 "fairweather" crossing and the
Southern Pacific Transportation
Corporation's railroad bridge over the
"Second Mouth" of the Ventura River. The
western third of the facility was sited
across a remnant of a smaller distributary
which was mistakenly characterized as a
drainage channel carrying only local runoff.

The remainder of this paper focuses
upon the series of local and State decisions
that allowed the recreational vehicle park to
be constructed in what many individuals and
agencies considered to be a hazardous
location and the limitations of the flood
modeling methodologies and insurance
categories used to assess the flood potential
of the site.

LAND USE HISTORY

Prior to its annexation to the City of
San Buenaventura in 1968, the 7.3 ha (18
acre) site of the future Ventura Beach RV
Resort, had been dry-farmed with various
row crops through the early 1950's. The
parcel had been fallow sinee the mid
1950's, and immediately prior to its
purchase by the current owner in 1972,
was covered with a mix of native coastal
sage and riparian vegetation as a result of
secondary plant succession. The parcel,
however, remained zoned for agriculture,
and under the City of San Buenaventura's
Flood Plain Ordinance was not developable
with structures. Table 2 lists the critical
decisions that eventually led to the
development of the Ventura Beach RV Resort.

In 1975 the current owner began
developing options for the commercial use of
the property which 12 years later
culminated in the construction of the
Ventura Beach RV Resort. Because the
parcel lies within California's Coastal Zone
(created with the passage of Proposition 20
in 1973) and is subject to the land-use
polices of the California Coastal Act of
1976, clearing of the site's secondary
growth of native chaparral and riparian
vegetation to accommodate a non
agricultural commercial use posed potential

conrllcts with the Act's land-use policies.
The Coastal Act contains specific policies
providing for protection of environmentally
sensitive habitat, including native plant
communities, and the siting of development
in areas subject to floods or other natural
hazards (e.q., §30240, §30253). Removal
of native vegetation for agricu ltural
purposes, however, was excluded from the
deftmtlon of development (See §30106) in
the Coastal Act and therefore not subject to
the permit requirements of the California
Coastal Commission (California Legislature,
1976). Accordingly, in late 1978 the
owner stripped the entire portion of the site
outside the main channel of the river of all
native vegetation and initiated an
ornamental flower growing operation. At
the same time the property owner
approached the City of San Buenaventura
with a proposal to develop a recreational
vehicle park on the site (San Buenaventura,
1978a, 1978b).

The potential for flooding of the site
was acknowledged from the outset of the
planning for the Ventura Beach RV Resort,
though the exact nature and extent of the
flooding was not clearly understood.
Consequently, in August of 1978 the City of
San Buenaventura notified the Ventura
County Flood Control District (which
controls a 'nood easement across the eastern
half of the property) of the owner's
intention to develop a recreational vehicle
park and requested the Districfs review and
comments (San Buenaventura, 1978a). The
District responded with a retter expressing
concern about the 'flood hazards associated
with the site, and indicating their opposition
to the project. The District noted that the
entire site was located within the floodplain
and warned that "Flooding of the site could
occur rapidly, thereby trapping users on
the floodplain with no escape." The District
also suggested, however, that recreational
uses of floodplain areas are generally
compatible with flood-hazard concerns, and
recommended that if the applicant pursued
the proposal, two conditions be applied to
any permit for the development: (1) "No
one should be permitted within the Flood
Control District's easement.", and (2) "An
adequate warning system should be
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established that would lead to safe
evacuation of the site.II The District did not
indicate what elements comprised an
"adequate warning system": for example,
how much time would be needed in advance
of an inundating flood flow to evacuate the
facility; how projections of potential
flooding would be made; or who would be
responsible for providing the necessary
flood warning (Ventura County Public
Works Agency, 1978).

While conducting the flower
growing operation, the owner applied to the
City for a land use/zone change from
agriculture to recreation in 1980. The City
granted the land use/zone change without
preparing an Environmental Impact Report
(EIR) pursuant to the California
Environmental Quality Act (CEQA), thereby
committing the City to a more intense use of
the site without having the benefit of an
analysis of the direct and indirect impacts
associated with a more intense, non
agricultural of the site. The City, however,
but was unable to process the necessary
Coastal Development Permit for the
proposed commercial recreational vehicle
resort until the land use/zone change and
related development policies were certified
as part of the City's Local Coastal Program
(LCP) mandated by the California Coastal
Act of 1976.

In December of 1980, the City
submitted its proposed Local Coastal
Program Land Use Plan (LCP/LUP) to the
South Central Coast Regional Coastal
Commission for approval. The plan included
a recreational designation for the proposed
recreational vehicle site, along with
soectnc development policies dealing with
flood hazards and the protection of the
environmentally sensitive habitat which
persisted on the eastern portion of the site.
Because of the flooding potential on the site
and the potential impacts to
environmentally sensitive habitat issues,
however, the Regional Coastal Commission,
and subsequently the State Coastal
Commission, initially refused to certify a
recreational land use designation and set of
development policies for the site (California
Coastal Commission, 1981a, 1981b).

Potential flooding was a major issue
at several hearings held by the Regional and
State Coastal Commission's on the City's
LCP/LUP between 1981 and 1984. The
Commissions' planning staffs noted that the
site of the proposed recreational vehicle
park was situated on the delta of the Ventura
River which contained several distributary
channels, and had been subjected to repeated
Hooding, most recently in 1969 and 1978.
The Commssions' planning staffs initially
recommended against the recreational land
use designation. (California Coastal
Commission, 1981C) However, the project
proponent's engineering consultant
contended that a recent survey revealed
there were "no defined distributaries
meandering across the river delta since the
construction of man-made improvements
such as the freeway and Main Street."
(Hawks & Associates, 1981b)

Furthermore, in a follow-up letter
of October 21, 1981, written in response
to the Commission staff's request for
additional information, the Ventura County
Flood Control District moderated its
objection to the development of the site, and
in particular dropped its objection to
allowing individuals in the Flood Control
District's easement; the District also
reiterated its contention that "recreational
uses of the floodplain are basically
compatible with the [flood) hazard, subject
to the condition that high value structures
be protected either by elevation or by flood
proofing" (Ventura County Public Works
Agency, 1981).

The District's analysis of the site's
Hooding potential relied on the Federal
Emergency Management Agency (FEMA)
National Flood Insurance Act insurance
program to define acceptable levels of risk
from future flooding. The FEMA program in
turn relies on the U.S. Army Corps of
Engineers HEC-2 flood-modeling
methodology to determine flood elevations
for mapping purposes. As discussed below,
this methodology assumes a fixed river
channel which limits its usefulness in many
situations (U.S. Army Corps of Engineers,
1982). Further, the categories of
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"floodway' and "floodway fringe" used by
FEMA to delineate flood hazardous areas do
not provide a realistic picture of potential
flood patterns for rivers with mobile
channels, or deltas with active
distributaries. Nevertheless, both terms
were used throughout the planning and
decision making process to designate areas
of the Ventura Beach RV Resort that would
experience projected levels of flooding
under specific levels of flow (California
Coastal Commission. 1981a, 1981b;
ENVICOM, 1984; Federal Emergency
Management Agency, 1986a, 1986b; Hawks
& Associates, 1982a, 1982b;). See Figure
5 for the application of these terms to the
site of the Ventura Beach RV Resort.

The Regional and State Coastal
Commissions ultimately deferred to the
flood hazard analysis presented by the
project proponent and to the revised
evaluation prepared by the Ventura County
Flood Control District (Ventura County
Public Works Agency, 1981). Following
several public hearings on the City's
proposal for the site the State Coastal
Commission finally certified the City's Local
Coastal Program Land Use Plan (LCP/LUP)
in December 1981. The certified LCP/LUP
allowed recreational uses, including a
recreational vehicle resort, on the project
site; in addition, it established a number of
development polices to address both
environmentally sensitive habitat and
flooding issues. The LCP/LUP also included
general policies regarding development in
all 'floodplains within the City's Coastal
Zone. These policies allowed development in
the designated "floodway" providing that
such development did not reduce the cross
sectional area of the main channel, and the
so called "overbank" areas, consistent with
FEMA regulations. However, the policies
which applied specifically to the Ventura
Beach RV Resort site, also provided that "no
permanent improvements (above grade
improvements) would be allowed" in the
designated "tloodway" (California Coastal
Commission, 1981a, 1981b, 1983; San
Buenaventura, 1982).

Following the California Coastal
Commission's certification of the City's LCP

and the transfer of coastal permitting
authority to the City, the property owner
applied to the City for a Coastal Development
and Development Plan Permit to construct a
144 space recreational vehicle resort on a
4.9 ha (12 acre) portion of the 7.3 na (18
acre) site. The City determined that the
project had the potential to adversely
impact the environment and required the
preparation of an EIR pursuant to the CEOA
(ENVICOM, 1984). The Ilood-hazard
analysis in the EIR relied upon a flooding
analysis which used the HEC·2 methodology
developed by the U.S. Army Corps of
Engineers. As noted, this model for
predicting the areal extent of flooding under
a given magnitude of flow (expressed as a
frequency of recurrence) assumes a stable
cross-sectional channel area, and has
limited applicability to watercourses with
highly mobile channels (l.e., scour and/or
-fill during flow events) and distributaries
such as are present on the delta of the
Ventura River. Figure 6 illustrates the
relative instability of the Ventura River
channel based on the relationship between
channel slope and bankful discharge
developed by Leopold, et al.

On January 8, 1985, over the
recommendation of denial of the project by
the San Buenaventura City Planning staff,
the City Planning Commission approved the
EIR and a Coastal Development Permit in
conjunction with a Planned Development
Permit for a 144 space recreational vehicle
resort on the site. Because the flood issue
was perceived as a technical issue beyond
the expertise of the planning staff, the
formal basis for the recommendation for
denial did not include the potential Hood
hazards associated with the site.
Nevertheless, the Planning Commission's
approval included several conditions
intended to mitigate impacts from potential
flooding identi'fied in the EIR to a level of
insignificance. These included modification
of an existing distributary (characterized
as a local drainage channel) across the
western portion of the parcel to carry a
1oo-year flow; prohibition of grading in
the designated noodwav: and implementation
of a flood-warning system. Significantly,
the Planning Commission did not prohibit
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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

21



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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